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MAIJU!1'.t.1f DlST.!IOT msm:ar 
BOOI: Uil , 1.08 ALAJOS Ptl>Jmf (Y) 

'fOLUKI a. !romnrJL 

JOp!plm 

!hle volue p:na•t• 'ha' part -1 tu Maaha\ka Dl•\rie' B1et•17 

which 4.eal• vt\h the 'eobaioal aoU'f'iH.ea 9f ho.f•' ay•. the Lff Alamo• 

ProJ~'· troa 1ta laceptlan utU Aucu.a\ 1Mfi. It vu wri\\• 'b7 Dr .. Dana 

Bavklu, a ._ber .r the 'eohaical ataff .r •u Loa Alaaoa Laborato17 41l11..ac 

lle&l'l7 \he Whol• of tha\ part.o4. 

!he \r•'•a\ and •\hod et wrl\bc at thle tec:Wdoal part ef tU 

hl•t•17, whioh a.la pri-.ri.17 with th• a.r...i..,...t and pro4uct1oa of the 

atoalc 'bOllb tt•elf, 41ffer fro.a \ho•• .t o\b.er pori1ou •t the Kaaha'taa 

Diatrlc\ Hiate171 thia hu ree11l.\e4 pa1'il7 froa 4Hferaoee ta ~ aatun 

et the L•• .Al .... ProJeot 1md t.a the mane lll whloh it wu flt\el tau \he 

) Malah&ttan Dl•tnot orpaisatlcm an4 panl7 froa the fact -ha\ 1\a \echnteal 

author wa• not requ1re4 t• ooato:ra ~17 \o the aethod.9 uul.17 premcrlbed. 

tor other writ••· !o •••• «den\ no fOl'll of Ute ftl-. follft'• the aaaple 

) 

·••' lt7 Dr. B. ». 8ll;J\1l h vrltlq \ho a.,t!l a.port;. lfla9 Yol11U ha• l>.­

n.bJeat.4 to a ld.alm •f Hitt.c. other \bu. that which vu abl7 perforucl 

¥ Dr. Hav1claa ldaaelf. an4 in. erder to nc1Dc• ~ aHIU'lt ot .Uthe •• 

mah u P••l'blo \M 'W'huloal f eatvoa al•• (f •r Ullll))le, \he ohapter, 

paracraph an4 pap arruaea•\•) laaft aot 1Mtea al torel •o oontona to the 

lt le 1Ml.1ned \ha.\ w-. '11• ua-tecaba1cal reader will ftad the 
! 

f'aUhtul porirqal. of probl•• u4 nu'• froa the ec1at1•''• point t4 

rtew, and 'he ei.llJ>le , aoatl7 aoa-teohllloal. uaortptl•• of ~· brilliant 

Th• oonUnuat ton. of the teelmloal hietoX"T •f th• Loa .ilaaoa Project. 
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SECRET 

RESTRIDATA 
Atomic E11 y Act 1946 
Specific c i~ted Data 
Clee:rar.ia Requ i red 



, . 
from Augus' 19-45 untU 3l December 1946. when the Manhattan Dhtdot 

reliaquiehed ltt: oontrcl, will be fO'W'ld in the "SUpplomeut" to thiil TOlllllle • 

The euppleseat, written by others, follcnn in general the •SJne methode of 

vr1U.nc and the nae mechanical. arn.nceaenta a• this nl'11le, ao '1lat there 

ie tha lea.et diaturbance of the contlnlllt7 of the vhole. 

'fhe aOA•ac1ent1f1c pan of the •t" Project, fro• it• iacepUon 

through 1946, ia COYere4 bJ' 'foluae l of Book TIII, •General.1• 

Vol121te 3 of thi• book oner• oer\aia "A.'1.rll.l&17 Act1rltiea• of tile 

Loe .Alaaoe ProJect. 1aclu41ag the Loe .Alamo• Proou.rellellt Office, C&Ml 

Project, A.cUrltiee of Ohio State C17ogentc Laborato17, D&J"ton Project, 

kTT Participation, and a number of other•. 

Oc\ober 19'8 

- 2 -
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PRF..F;~CE .. ---­- --
Project Y, the Los AJ.amos l'ro j ect• has been one of a group of o~·gan·-

iz tions known collectively as the- Developrrent of Substitut.e Materials l'roject, 
. . 

devoted to t he wartime developn.ent of the atomic bomb. This branch of the DSM 

organization was created ear)Jr in the year 1943. During t he period of its 

existence it has been the center of activities connected with bomb development 

and production, as distinguished from the developrrent and production of nuclear 

explosive materials. 

The hi.!5tor.}' of all DSM activities possesses a peculiar interest and 

i mportc.nce, not only because of the remarkable achievements and potentialities 

of n~lear technology, but also because of the ftartime character and motivation 

of its initial develoµnmt. Because of its large socia.l cost, a scrupulous 

accounting of the entire venture is evidently required. Froject Y has been, of 

· itself, sma.11 compared to the qther DSM projects. It hc.s, however, occupied 

a crucial position. The vmrtime success of the entirE! undertaking has 

depended upon its success. 

The nature of the present chronicle of IDs Alamos is thus detennined 
J 

by the requirement that there exist a careful accounting of its technical, 

administrative and. policy-making activities. This document is a record, nc:_>t 

an interpretation_ of events. Within the limitations thus implied, however, 

it has n<>t been forgotten tbat the events recorded have taken place within a 

vrider context, t he evolut ion of organized ocientific research and of world 

technology. The problems of organization and policy that lie here , sharpened 

by t he advent of control over nuclear energies, will call for the most 

. searchir.ie interpretation and analysis. It is hoped that in this record of fac~ 

\ . 



n~thi r•f: has b8e!1 omitted o r s1 t~l 1 t:cad that may be of int ~rest to those who 

) 
5· ·ek l iii;ht upon questions gti 1] r,o b e irnswerf.d. 

Ano tht'r limitation is i.nhere::lt in the nature of an official r&-Ja rC.. 

'I b:i s is the neces sary lJmission of !Mny subjective fac t ors. The 1'UOcess of is o 

ocmpl ex and uncerttt i n Ii ventur t-1 as Los Alamos depen~ s upon its ability to 

ext end knowl1icge of the explicit nnd publicly a.ccountabJe sort at which science 

ai.mt1. But t hi s ability c!epe nc i:. , in t 1.1rn, upon an accumulation of experience 

l\n<'l t>ld ll in t ~chnioal an<! human affairs inse~rubJ~· connected with the qualities, 

an·: even t·he vag;arie$, nf pe rsonality~ 711iet appears in retrospect a.& a natural 

ur ,fo1d inr o!' posi>ib i1iti es ac q uired t h is ap pearance only thronp;h the interaction 

!inc on occas ion the clr..sh of op inion, in an a.tmoa.phere domir..o.ted by the 

?r ::rnl ew. t ic and t ne uncertain. The omis&ion is inevi te. bl f' in an account which 

~ ~Rl its~Jf be based upon objective evidenc€. 

lt i s_ however, proper to stfl t e here the writer's belief t hat t':tese 

) l ie-::es sary orr. isslone c!o r.ot seriously C.is~::rJrt the pict ., re, as they woul d if 
' 

important occurr~nces nnd t~ndencies were not objectivel y justified. The.t the 

pa.tt~rr~ of c! '3 velopment is so largely a rational one h a tributt! to the unity 

of p urp%e 0 f o.11 concerr.ed i admini::;tra.tors anc scientists, civilian anc military. 

A lal'"ge share of the credit t~t t ~i s has b een so rr.ust be t;iven to the 

Director, Dr. Op penheimer; net onJy for his general leadership, but a.lso more 

specifically boc~usE:· he underatooc the necessity for unity and sought in every 

The 1·ea.der wi1 i obser~e frorr. t he tutle of contents tha.t the history 

c f Los Alamo f, ho.::; bten divided into two pe:-ioc!s. the first extericing to Auguat, 

l 'ii~ . anc i. hf~ ~e·".onc frou. Au,rnst 191.4 t o Au g:u st 19L•~· This civisi on does not 

_) corz·t~spond t o t1.r..y ITlbj or break in the continu ity of the Laboratory's work, aJthough 



( 

( 
\ 
' --

it does con:e at the t ime of an extensive e:.dministration reorganization. The 

. ree l purpose of this division is to permit some chance to summarize and conr,cct 

' activities which, a lthough const.'.lr;tly interrf!lated'- in practice, must be written 

a bout in separa te cha pters. And althoug h nc distinct separa tion into pha.ses :la 

possible, t he d: .. t e chosen mc.rks as welJ. as any the transition at Los Ala.mes from 

n ,sea rc h t o dev€lopment, from scheruat i za tion to engineering. 

;\t thi,g pl.ace I wish to i:lcknowledge the assista nce I have received 

from many mer. bers of tl.e Los /d .. amos L:l.boratory. In particular I wish to thank 

t he follo'lling: ~. '.<lj or J. A. Ackerman, 3 . E. Allison, E. Anderson, K. T. Bai nbridge, 

~~. L. Critchfield, f . Duffield, A. C. Graves, E. Graves, L. H. Hempelma.nn, 

T/4 A. U. Henshey, !-~ .I. Miller, E. !,'.orrison, I-'. Eorrison, N. H. Ramsey, F. Reines, 

;.!ajar P..a.lph Carli.: le 3mit.h, and E. To.schek. These persons have materially helped 

me in ga thering data, in dr.::.. fting various sections of the report, or in extenslve 

critic i sm of ea.rlier drafts. I wish especially to thank Emily Morrison and 

Priscilla Duffield for ingenious r~searches in the records of an organization 

that was fre 1.1uent.ly too busy to be concerned with posterity. Mr•· Morrison 

has prepared the graphical ma. terial, has draftEd several of the chapter~, and 

has given invaluable genera l assistan_ce. Finally it must be made clear that all 

errors of f a ct in this record are the sole responsibility of the author" 

David Hawkins 

August 6, 191..i6 
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Cha pter· I 

INTRODUCTION 

Objective and Organization 

REASO?\S FCR NEW PROJECT 

1. 1 During the early period of the DSM rI'oject t h$ most urgent 

Nquirement was the_ large scale product.ion of nucil.ear explosives. There could 

be no atanic banb without' usable amounts of !is.sionable material.It.. Both · the 

239 . 
separation of u235 and t.h• production ot Pu · preaented major scientific and 

indu.'!ltria~ probleD18. Until these probleru.<3 were o.n thei r way to solution, there 

was little need or ~ime for detailed t.liaoretical ~r -xp~rimental work on the 

mechanism ot the nuclear explosion. Ttrl.a work had in tact not progressed. very tar 

beyond what was need~d to show the probable feasibility and · effecti veness ot the 

fission bomb as a· weapo1' for the present. war. .BY the mickile o! 19421 however, it 
I 

( 1 .had become clear that the scientif'ic and engineering problem8 camected with the 

developilent of such· a weapon and its use in canbat called tor earJ.¥ and intai•ive 

effort. At this time overall responsibility for the physics ot bCIDb develoµie nt 

had been given to the Metallurgical I.abor~tory of the Universit y ot Chicago. 

Thia organization was geared, however, to its own problems, and in part icular to 

• - the developnent of the slow neutron chain re<\~tion as a. source of pluton ium., 

Work on fast neutr on chain r eactions , looking toward banb develoµnent, was going 

w;>n, but largeJ...Y undor various sub-con.t l"actors of the Metallurgica l Laboratory. 

1.2 The t i.rat .step toward a ino:re concer t ed program. ot banb de~elo~nt 

was t he appo1ntmer1t, in June 1942, of ~r. R. Oppenhe:!.Iner fro.."tl. the -U:r"'1.vereity ot 
I 

Ca li.f ornia as Director of this branch t1:f the work. Although associated with the . 

- Met allur gical Iaborato:ry ~. Oppenheimer c~.:t'i.':t.ed on his 'WO!"k at th'<l University ot 

Californi a with a small group of theoretfoal physicists . In hie coordination of 

the e.xperimenta.l. work .on faat neut.ron pby::i.ics , he was assisted by J. H,. Ma.cloy 

of the ~.fetallurgical !.iflbol'a.tory,, a~1d later by E .. M,. McY..W,lan, who joined hi 

group in 8erkeley. 8 £8RETJAD . 
.Al"'b~ ......,__. - - ·- -· --· 
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1.3 L'.l.te in June, a conference was called in Berkeley to dtscuss the 

theory of the bomb and plan work for th(' future~ Pre~~:nt at this conference were 

Oppenheimer, J . H. Van Vleck, R. Serber, Eo Teller, E. J .. Konopinski, S. P. Frankf:J 

P.. A. 3ethe, E .. C. Nelson, F. Bloch. A considerable part of thf; discussion was 

devoted to a new type of explosive reaction that had been ··onsidered by Teller, . 

a ~hermo-nuclear reaction in deuteriwn. ( 1.47) There was some discu .. <J~ion of the 

Uieory of the shock-waves produced in the chain reaction explosion, on the bas is 

of \-lOrk that h.'.1'.d been done by Bethe and Van Vleck. Another topic was the damage 

to be expected i ..r1 terms of energy~release. This was discussed largely in a 

qu;:.lit.o.tive way, by scaling up from small explosiol'.l3 and by comparison with such 

disasters as the Halifax explosion. At this conference, there was a thorough 

review of' theoretical and ex:rerimental work that hr~ ct been done. By this time 

enough information was available so that there were no large gaps in the picture. 

Rough but qualitatively reliable data were available from work that had been done 

under Metallurgical Laboratory contracts; a good deal of i·elevant information had 

been obtained from British sourc_es, from work done by Peierl.s, ~~ Davisson, ~ 

and Dirac. British theoretical results were also available. Although a fair 

part of the discussion at the conference was not along what subsequently turned 

out to be the main line of development, it served to clarify basic ideas c'l.nd 

define basic problems. It also served to make clea r that the develoµnent of the 

fission bcmb would require a major scientific and technical effort9 

l .. 1+ Follotting the summer conference in Berkeley there were a. number of 

conference~ in CM.cago with experimentalists. At this time a number of sub-contracts 

had a.lready been let, by the Uniirersity of Ch.~.c:-.igo, for the r0u.rpos1~ of pursuing the 

imtestigation of nucl6!:!r properties relevant to bomb designs,. A loose organization 

waq_ fomed, including the sub-projects at. Rice Ins t itute, The Department of 

Terrestr1al Magnet.ism of the Carnegie Ins t.Hution of 'Hashingtot1, the University o! 

.'iisconsin, the UnhrH1·sity of 1'.innesot<.>._, f~.J.rdu{'! !Jnive:rsityP Stc1.n.fcrd UniversHy, 

Corr1el'- UnivBrsity 3 the University of Chicago, a nd the Universlty of California.. I 
<<;;J:.P • I! GP . -

! t 
' ' 
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1. 5 By Octobar of 1942, it. hr. d been decided tl·a t t he m.<J.gnitude of the 

difficulties involved made necessary tn.e f'o:r'lIBtion of a new proj ect. Even the 

ini tial work of providing rmclea~ spcc:ificat J.-ona for the bomb w-c1.s seriously 

hampered b1 the lack of an organiza~ion united in one locality; it was clear that 

withou.t such an organization the ordn..llllC'-' )'fork would be impoeieiible. 

LOCATION 

1. 6 The site ot ProJect Y was selected in November cf 1942. It was 

t he Los Alamos Ranch School, located on an isolated mesa in th~ Pajarito Plateau 

by highway about ~ mil'a north and wes t of. Santa Fe~ New Mexico. The reasons tor 

the selection of such a site are o! sane interest, and throw light on the character 

of the new project. First, ther e woul~ be need of a large proving ground, with 

a climate isuitable for outdoor work in winter-. Second, the site would have to be 

remote frcrn. both seacoasts and the poBoib:Uity - at that time not negligible - ot 

attack. Locations might have been found w~ich satisfied these requirements but 

were more accessible. The inaccessibility of Los Alamos, however, would not have 

created serious problems for a small project,· such as this was · 1zt ended tQ... be. 

Its subsequent growth to many times its original size was not foreseen. In the 
. ' 

light of the military security polic7 which prev-ailed at ·the time , inaccessibility 

was a dec i ding factor in favor of this locati on. 

l. 'I During t'he year 1942, utti~ were taken to transf'er the entire DSM 
. ' 

Project froan the auapic.es of t he Office of Scient ific Re~earch a.nd Develoi:-nent to 

that of t hf) Manhattan. District. The highest · degree of sec recy had to be ma.inta~.ned 

throughout thfJ entire progran1j the new sub-project, moNiwer, was to bts it.s n1eist. 

!!ec1·et pa:i:t.. The need f or a n unusual degt•ee ' of ieolation vm .. suppcrte d by two. 

comi:Lderat ions: The fi:rst vras i.rl>.'.cce8si.b:Uity frorA the outfl · de,. F'rom. thia 

s t.endpoint t.l-:.·e location chosen wat.il e.x-::eJ.l ent,.. Acc~:ss froo1 t~t0 dil>ec t:ton ot 

populated areas ia made dH'ficultu EOO.:ep::. along 'eri:.a:!n roacLc; and canyons~ by a 
I 

line of cliffs that mark t he east,en.·ri edge of the! Paja.rito Plateau., l'he aecor.ct 



consideration was tbe geograpM.cally enforced isolatior. of project personnel, 

CJ which would minimize the posaibility that secret in!onnation might diffuse 

outward through soeial and professional cha.nnela. . - . 

c: 
. ,,. 

1.8 The choice of a site, dstermined by the considerations suggested 

above, was not the responsibility o! t.he Project Director or hie ataf'f. '!1Msir •. 

views, nevertheless, ·had a bearing on the selection, and served to strengthen 

in the minds of the military authorities the arguments for isolationa The 

task that confronted the project was not one o{ development and engineering 

in the ordin~ry sense. It wa~ one of intensive and highly organized research 

in a region that ha4, been ,only schematically explored. It required 

collaboration ot physic iste, chemists, metallurgi.ste, and engineers in 

solving difficult problems, many of which could not even be anticipated until 

the work was well under way. Th6 need for collatloration was ma.de emphatic by 

the imposition of a definite time-scalea The bomb had to be read,y tor production 

by the t.in:e usable quantities of nuclear explosive became available. T'o carr1 out 

such a p~ogram succeaatull.y would · require the highest kind o! integration and " 
·'' . .. 

therefore o! decentralization and mutual confidence. To thia end, . free 

coamunication.within the laboratory is indispensable. 

•" 1.9 In 'contrastwith the requirements ot sc~entitic organization, as 

felt and stated by the scientific staff members, the normal military procedure 

for protecting secret information is· one of subdivision. Fach individual oJ• 

working unit has access only to infonnation immediately :relevant to the work beiP.g 

pursued,. This conflict of ciantif j.c and. military requirt:mentai is, of course, 

not· pt?culia.r to nuclear research , A~ny meJn.b~rs ot the potential scientific 

ste.ff were, or had been, engaged in other vn.:i.r research, a nd vwre from previous 

exper ience convinced of' the evils of obs t.ruct.ine the normal f ow of infoI"1$ t i on 

within a laboratory.. They were •rigorously opposed to C<:l'npa rtment.alizat.ion. 

Clearly ~ however> no alt ernative Jtaa acceptable whic h d. i.d not in .a:ome w-c,y aat.isfy 

SEGilSf , .. 
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the security requirerr.ents of the militPiry authorities~ Evident.Ly these 

requirements could be met by allowing intern-'.11 freedom and i mpos ine; instead 

more severe externa l restrictions than might otherwise aµµear neCE•ssary. The 

adoption cf such a folicy made necessary. the choice of an isolated location for 

t he project.. 

ORGAN rz,~ TION 

1. 10 The Les Alamos site, together with a large surrounding apea, W<'l.S 

established a s a military reservation. 'rhe community 1 fenced and guarded, was 

made an army post. The laboratory, in turn, wa~ built within an inner fenced and 

guarded area , called the "'technica l Area". Both the military and t echnical 

administr:i.tions ;'fere responsible to Major General L • . R. Groves , who had overa ll 

execut.ive res !-·on;:;ibility for the work. The Comnanding Officer reported dlrectl.y 

to Gener::il Groves , he was responsible for the conduct of military personnel, the 

maintenanc e of adequate living conditions, prevention of trespass, and special 

guardin~. Oppenhe~ner, as Scientific Director, was also responsible to Genera l 

Groves~ who had as his technica l advisor J. B. Conant. In addit ion to his 

technical responsibilities, the Director was made responsible for the policy and 

administration of security. This provision represented a guarantee that there 

would oe no military control of the exchange ot information among scientific staff 

members, and a t the same time fixed responsibility for the maintenance of security 

w ider t hese conditions. In carrying out his responsibilities for security, the 

Director was to be given the ass i s tance and advice of a Military Intelli.gence Office-

1. ~l The financial and procurement operat fons of the Project were 

handled by tht lln ... v~rs:tty of California a s p rime contract.or.. During the early 

period of oper~tion~, when the3e had largely to do w. th the employment of 

personn13l and es tab.lishing a procurement office, the Uni1 ersity acted i.mder a 

letter of intent .from. the CSRD, effective as o! Janur1ry 1, 1943. Thie letter· was 

in tur~ superserled by a forinaJ contract., W'7405-ENG--J6, e.t'fect.ive Apr il 20 , 1943 , 

with the Mc.nhattan Engi.neer .:Jist.ri.ct o.f the ·:-1ar Derart.ir.ent. (AppendJx ? , No~ 1 ) ~ 
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This contract, with subsequent supplementa l agreements, had been the forrr..al basis 

of the Project's operation throughout the rest of its history. 

1.12 The financial operations of the University at Los Alamos were 

provided for by the appointment of a resident Business Officer, J . A. D. Muncy. 

The procurement of roaterials was arranged through a dual organization. In 

addition to the procurement division of the Project, the University establisred 

in Loa Angeles a special purchasing office. This arrangement v:as dictated 

primarily by reasons · of security. I t might be posslble to determine both t .he 

nature and progress of the work !rom· a knowledge of the nature and volume o! 

' 
its procurement operations. According to the procedure established, goods 

ordered through the Los Angeles office were received there and transshipped to 

Los Alamos. The procurement offices at the site were pl.aced under the direction 

of D. P. Mitchell. Mitchell had for many years been in charge of laboratory 

procurement for the Physics Department of Colwnbia University, and most recentlJ' 

for a National Defense Research Council project at that Uni'-'3 rsity. 

l.l3 A statement of the r esponsibilities of the military and 

, contractor organizations, and & directive outlining the scope and purpose of 

Project Y, were set forth in a letter to Oppenheimer dated February 25, 1943, 

fran General Groves and Conant. Thi3 letter contains also a sta~ement of 

intention concerning the future organiz~tion of the project. According t o this 

statement i t was anticipated that the Project would remain an organizatj_on of the 

OSRD t.Y}"">e during the first period of its operation, when it would be engaged . 

ma.inly in nu.clear r esearch . puring a later period of operation, when the project 

woul d be involved in the dangerous work of bomb development and as sembly, it 
,. 

would be conduc ted on a military basis, with oppor-t..unity f or its civilian staff 

membera to be commi3aioned as officers. This anticipated reorganizatior. pr·oved 

unnecessar y. Difficulties that had beer. expected with the initia l form of 

orr,anization did not in fact appear, and the plan wa.s dropped ,. 



INITIAL f'ERSO!·l[:EL, MATEilT:\~.'..l COL:>TiWCTION 

:( 1.14 The µ-oblem of personnel for the new org.:i.niz·tti on w:is a 

( 

difficult one. 1Vork began at Ci time when the scientific resru rces of the 

country were already fully mobilized for other wa r work; -many persons who would 

have b een willing to join U-.e project had other canmitment3 which could not be 

broken. The nucleus of or~anization ca.me from the groups that had been en gaged 

in f ast neutron work W1der Oppenheimer, a nd who trci.nsferred their work and 

equiprnent to Los A1::unos. A nunber of other individuals and groups were re l ea.sed 

to come, in part through the assistance of Conant as .Chairlll3.n of the NDRC. The 

greatest difficulty encountered was that of obtaining an a dequate staff of 

technical and administrative employees, who also came mainly from occupational 

groups fully employed in war work. Here, moreover, the disadvantages of isola tion 

and restriction weighed heavily, disadvantages largely overcome among the 

scientlf ic staff by their interest in the work and recognition of its importance. 

L 15 The principa l groups and individuals \•ho made up the initial 

sc.ientific personnel are given below: Among those who had worked under Oppenheimer 

in the preceding period were: From the University of California , Robert Serber, 

E. M. McMillan, and others of Oppenheimer's group, E. Segre, J • ."d . Kennecy and 

the ir group.s; from the University of Minnesota, J. H. Williams and group; from 

the Univer~ ity of' Wisconsin, J. L. McKibben and group; f rom Stanford University , 

F. Bloch, H. H. Staub and group; from Purdue University, M. ~. Holloway and 

group. /\mong t bose who carr.e from other par ts of t he DSM project, or from 

unrelated a.ctivit.Lcs were: From the Radiation labor~tory of · Massachuset ts 

~ · In::it.Hut,c of Technology~ R., F. Bacher and H. A. Bethe ; fr. om t.he Metallut"gical 

I.a.boratcry of. the Un1versity of Chicago, Edward Teller , R. F .. Christy ~ 

D. v 
a.\" I·rama.n, A. Grayes , J . 

:' 
H. Manley am~ group; i'rt:>m Princ i~t<:>n University, 

R. R. ',f':tls,on and group , J. E. l.lac)(, 
I 

and H~ P. ~eynman , !rom the Un.iversity of 

Rochestd·, V ~ F., Wei.sskopf; ~rom the Bure<\u of ~.ltancii:irds ~ So Neddermeyer; 
/ 

i 
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from the Ballistic Research fabora tory a t Aberdeen , D. R. Inglis; from the 

University of Illinois, D • . :. Kerst; from Barnes Hospital, 3t., Louis, Dr. L. H. 

Hempelma.nn; from Manorial Hospital, New York, Dr. J. L Nofan; from the Na tional 

Research Council, C. 3 . Smith; from Hestinghouse Research laboratories, E. Ue 

Condon; from Columbia Univ ersity, E. A. Long; from the GeophysicIS Laboratory,, 

Carnegie Institution of Washington, C. L. Critchfield. Many of these individuals 

were on le.:•ve from other Universities havil'lg accepted tempora:cy ..r.u.o-time 

assigrunents in the above listed institutions. 

1.1.6 In the procurement of laboratory equipment, machinery a l'li 

supplies,, there were also difficulties and delays. Even a specialized laboratory 

requires a gre~t variety of materials and equipment; as a going concern any 

laboratory depends in large measure upon the accumulation of its past, · in 
\ 

stocks and in equipment that can be converted to new uses. Even though much 

material had been ordered in advance, procurement channels were at first slw, 

·c being indirect and newly organized. 

1.17 Certain ~pecialized equipr:tent was broueht to the project by the 

groups that were to use it. The largest single item was the cyclotron on loan 

from Harvard University. Before coming to Los Alamos, the Princeton group under 

R. R. \l/ilson h-."i.d gone to Hnrvard to become familiar with the operation of this 

cyclotron and to disassemble it for shipment. ~:.cKibben'a group brought with 

them from the University of \'Visconsin two Van de Graaffs \ el~c trcstatic generators). 

Manley 's group brought the Cockcro!t-·,valton accelerator {J.)....D source) from the 

University o.f I llinois. The Berkeley group brovght chemical and cryogenic 

equi pment , and all groups brought specializod el.,,ctronic a ntl miscellaneous 

a.pparci.tus . · Beca us e of this ir1itial equipment, work tms able to begin at Los 

Alamos much earlier 'than w9uld othend.ae hav1::1 been pcss.ib l t1 . 

1.18 The initia pla n of t ! e J~.J::ioratory was drafted by Oppenh~imer, 

( · Uanley and McJ.'.illa.n . It provided for an expec ted scientific 'ta.ff of arou t 

one hundred ) and a so.mewbat larger tota~ numbel!' , i ncludine admlnistrative, 
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tec hnical am shop employees. The laboratory as plai;ned contained the 

( / following buildings: Building T, a.n office building to provide !pace !011 the 

ad.rilinistration, for the theoretical physics group, for a. library, cla~si.fied 

document vault, conference rooms, a photOgraphie laboratory, and a drafting 

( 

L 

room; B~na u, , , general laboratory building; Building v, a shop buildingJ . -
·Buildings 11; X, I ~ z, specialized labox-atory buildings tar the Van de Graaffe, 

cyclotron, crr>g.tnic laboratory, arxi Cockcrott-:W~lton acc.,lel"ator, respectivel.3'. 
~: 

(See Appendix 6). 

1.19. Oppenheime~ a"1 a fn membera ot the st&t! ·arrived in Santa Fe 

on Ma.rc}l ·15« · 1943. Pl"~or ~ thia_ tim,e the proje .. t had been repNsented loca.lly 
---- ~11 ;· .._. • . .... · , • .. 

by if,, .. H. ~e'Yenson, a resiclent ot Santa Fe" CoMtruction work wu incanplete. 
' . 

The laboratory buildings ••re stil). in the hands of the con.t.l"Uct1on con~ractors, 
' . . .'· ' \ 

as was trn. hou.ing that had ~n planned to aocOlllllOda.te Pl'"oject and u. s. Engineer 

personnel. For this reason the first Project Office was opeised in Santa Fe. 

Since it was undesirable for rea!lons ot security to house the statf in Santa Fe 

hotels, guest ranches in the vicinity were taken over temporariq, and transportation 

arranged to the site. While .the project office remained in ~a Fe, J. H. WilliAlll• 

lived at the site ae acting aite director. 

1.20 . 'ntere ~- no doubt .that th~ I.a.borator.y. ataf! and their familie.s 
. ' ' 

faced the prospoet. of 'lite at IM .~~ with enthusiasm and id~liam.. The 

impurtanee o! their work and the u:citGment &•sociat·ed with it· contributed to 
' . ;. ' . . 

this reeling, a,s did the pos;ibillt7 ~r buii&lllg, unier et~nditions of isol.at~n 
. . . ·, . 

and restriction, a vigorous and co~l cCl!lll\lldt.7. 

1.21 '.fti:a acttalltiee of the ti.rat mcnthft wen'_ hard to~ ma.ey tc vi-r_ 
. .. .,, . 

in th is light. Living camitioM. in the :.-e.nc~a a..rount:f Sa.uta Fe w.-e ditt~ult. 
'' t. . .. ....-:: 

Severa l famili.es 1 nefiy with 7oung childz·en.,· :Ware often crowd.ed toget~.-,r rlt.~ ~ . · · 

inadequate cooking au\ other ·~ci..litlu.; ~pom:tioa between the ra®h~ ·am 

I.D3 Alam~ waa hapha:i.ard despite gr~t ~tforts t o . .reJl.llariza .it.. The road~ 

poor; there we~e too !ertr ears and none of the.c 11as iri good e~:n~:i 1t1f?D• 'llit:bhUql . ·. \ . . . 

·. I · 
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HOr ke r s were frequently stranded on t he ~oad with mechanica l breakdown or too 

il"any flat tirP.s. Sating facilitiEif.I at thP. site were no<:. yet in operation and 

~ox lunches had to be sent from Sante. Fe. It was rlnter, and sandwiches W"e r e 

not viewed with enthu3iasm. ?he car that carried the lunches was incline1..t· to 

break down. Th<:! working 1ay was thus irregular and short, and ni&flt work impo:isib le . 

1.22 Until mid-April, telephcne conversa.tiona be t we en the s ite 3.nd 

S.1nta Fe were po!l~ible only over a Forest Servi ce line . It was .scmeti.mes poss1..ble 

t o shout brief inetruetiona1 discussions ·of any length, even over minor matter~, 

required an eighty-mile rmnd trip. 

1.23 Frictions develcped between the laboratory members and U.S. 

Engi neer staff mai nly because .of the ~lowness of the const!ilcticn contractor. He was 

unable to get sutf 1cit1nt labor /1 he hAd trouble with t.he building. trades uni ens, he 

did not procure or install rapidly enough the basic laboratory equ i pment. Pressure 

to accelerate this work had to be brought thrO\lgh, and therefore i n part agai.nst • 

t.he military organi~ation. In !ome c&8es technical supervieore were forbidden 

to enter buildings until they had been accept.eel fortMll1° by the contracting agency 

(The Alt;:uquerque District ot the u .. s. ltngineera). It was impossible to make 

minor changes, such as the pla~ing of shelves or the direction of a doori the 

Y>u ildings had first to be completed and accepted as specifi ed 1n the original 

drawings. 

l. 24 · The initial problell8 were elementary aAd often enour;h, iri 

~rospect, minute. ?he di!f'iciilties _were hei ghtened by an ... administrative arran­

gement which pre!luppoeed cloH cooperation rlthout previous acquaintance be t.ween 

two groups of widel7_ divergent. background and perspective\ naaiely, the project . ._ 

members. a~j the military organizatiou. lrrlividually and in detail these earlt 

trou.bfe.s are of litth Moment in the histo!"y of Los Alam0tt. ~ollectivel,y, th:q 

had e .ffects , some good and sar&E bad, upm t he spirit and tone · of ihe emerging 

• ;J , 

". 

l) project organization~ 

!iliGRE'f 
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Technica l Introduction 

1.25 The proj ect offices were moved to Los AlaliOs in the middle of 

April; labora tory s p,1ce and housing b~c rune available during April and May4 

Activities during the month of April can be su.imnarized under three topics: 

a) non-technical administrative problen~, b) installation of l aboratory equipnent. 

c ) discussion and planning of work. The present section will be devoted to the 

last topic. Topics {a.) and (b) will be treated with the period follovdng, to 

which they properly belong. 

THE APRIL CONFERENCES .. 

1.26 During the last haU' of April a seri.es of conferences wer~ Mld at 

Los Alamos for the dual purpose of acquainting new staff members wi\h the . exi sting 

state of knowledge and of preparing a concrete program of re~earch. These 

con£erences were attended by the staff which had already moved to tlie Project, by 

a few others mentioned above who could cane permanently only at a later date, and by 

cerfain consultants who were specially invited. !'he last were I. I .. F..abi of the 

Radiation laboratory; Massachusetts Institute of Technology, s. K. Alliaon and 

Enrico Fermi of the Metallurgical laboratory, University of Chicago. All three 

of th ese men became heavily involved in the work of the lab-0ratory at a later 

time~ During the ~onference the project was visited by the mwmbers of a special 

r eviewing conmittee which had been appointed by General Groves. This camitte e , 

wh ose report \Ifill bu d.isc,.is s·ed, consisted of 'ii . K. l.J.rnis , Chairman, Mas sachusett s 

Institute of Tec hnology; .L L .. Rose, Director of Research for the Jones and 

la.tr.son ~la.c hine Co.; J. H. Van Vl ec.k and 1 . B. Nils.on of Harvard Univer·s i t y :; and 

R~ Ca Tolma.n , Vice ChaL-nt~n , NDRC, secretary of the committee. Member s of ths 

cormlitte e also t ook part in. th~ conf erence . 

1.27 Lrrunedfately prior to t he confer·ence a set of lectures waa g;.iven 

by Serber as a k:ind of :i.ndo.."!t.rination cour3e, ( Appendix '1 , No. 2 ) .. A ~1.ll;JJf£~ry 

of thet'le lecture s wi l l provide an introduction and buckground for understarding 

.C:F.bRi:r ;:'.bZ: \:?a 
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ti .e work of the conference. These lecturE.:s- reflected the state of knowledge 

(, t the time. · .. -ithin t he orders of magnitude indicated, and with much greater 

assurance and understandiJig of detail, they still constitute an adequate statement · 

of tte nuclear physics background. 

Theoretical Background 

1. 28 Energ.v Rele~. '!he energy release from nuclear fission is ~ aba.it 

170 million electron volts per nucleus. For u235 this amounts to about 7x]J)l7 ergs · 
' 10 . 

p~r gram. The energy released fran an explosion of TNT is about 4xl0 erge per 

gr am. Hence, roughly, a kilogram of tfJS is equivalent in pQtential energy-release 

to 17,000 tons of TNT. 

1.29 Chain Reaction. The large-scale release of energy from a.1 mass 

of fissionable material ie made possible by a neutron-chain reaction. In 

fission the nucleus splits into two almost equal parts. 'Ihese emit neutrons, on 

the average between two and three. F.ach neutron may, in turn, cause the fission of 

another heavy nucleus. Tilis reaction can go on until it is stopped by the 
238 ' 

depletion of fissionable material, or by other causes. U , the principal 

isotope in ordinary uranium~ fissions only under the impact of high-energy 

(about one million electron volt) neutrons. Neutrons from fission have more 

than this energy initially; a large percentage of them, however, are slowed 

238 
by collisions to an energy below tha fission trreshold of U • The result is 

that each neutron is the parent of less than one neutron in the next generation 

and the reaction is not self-susta jning. 

la30 Ordinary u...~niu.~ containsr hcwever, about 0.7 per cent of ~f35 ~ 

Neutrons of any energy will cause this isotope to fission; in f act slm1 neut:rons 

are more ef~ective tt:an fast ones. The result is that a cha.in reaction i s ,just 

possible in the noz;rial isotope mixture or . "alloy", if a slowing-down material is 

added, to bring tRe neutrons down to t e velocities at which they most effectively 

( , ) cause the fission of u235• T.t is this cha in reaction that is used i n the p.':'oduction 
I 
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of plutonium. Surrlus neutrons are absorbis-d by the u238, giving rise to thf:! 

tmstable isotope u
239

, whicl-. d<c<\;rs by ::~ ccessive emission of t wo electrons to 

239 t!:e end-product Pu • 

1.31 If the percentage of u235 in uranitm1 alloy is increased, a cha in 

reaction -becoq-.es possible with faster neutrons. A concentration is thus reached 

a t whic h no special slowing- down or moderating is needed other than what is 

provided by the uranium itself' . The fal!ltest possible reaction is obtained from 

pure u235. 

1032 Critical Size, Trunper~ Efficiency. In the fast chain reaction, 

occurring in, say ·metallic u2.35 or _Pu239, a furtl:er limiting factor becomes 

crucial.. In practice only a fraction of the fission neutrons will cause new 

fissions. The rest will leak. out through the boundaries of the material. I! 

the fraction leaking out is too large, tr ... e reaction will fail to sustain itself. 

If we consider a spherical n18.ss ot fissionable material at normal density the 

fraction leaking out will decrease with increasing radius of the sphere, until on 

the average the birth-rate of neutrons just canpensates for the rate at w~ich they 

escape from the sphere. For a smaller sphere a chain-reaction will die out; 

for a L:lrger one, it will continue and gro.·; exponentially. This limiting radius 

is called the criti££-! radius_, and the correspondil1g mas:J, the critical;~· 

1.,33 It is intuitlvely sug.gested that the critical radius should be 

of the same order or magnitude as the average distance which neutrons travel 

between successive fissions. For fast neutrons this distance of fligh~ is much 

1'lr ger than for slow nf;!ut.rons; it i.s in fact about ten centimeters. Becauso of 

the gJ·eat ccist and lilttl.ted supply of the materials available, it wits essentiaJ 

t o rednce t he critical size in any way pos .ible. If the s phere of active 

rrk1.terial were sur!'o ·.nded by a shell of less expensive material, this . would 

reflect at least some of the escap:i.ng neut::-ons back into the sphere, and thus 

de9re::!.se the er.it ce.1 mass .. Ear ly ca.lcu13.tlon had shown tha t any one .f sev~r;o.l 

available reflector or- llt..t"lrrpe.r 11 materials would give a very sub:.tantial red11c tion 

of the r;:-it:i.r.al m:.t3~-i .. 
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1.34 ~'fhat has been said so f ar cor.cerns only the static aspect of the 

nu clear banb. Given a more-tha.n- ·.: :dtic.J.1 mass of active mater ial, \that is the 

course of t he reaction? Once tr. 1-.: !"eaction ls 1'tarted, the rate of fissioning, and 

hence the release of energy, i ncr~asea exponentially. · Fran the energy-release 

the material will be heated and begin to expand. From tb& decrease in density 

of t he active materietl the path betrteen fissions will increase more rapidly than 

the radius of the expanding mass, and herie tit more neutrons will' escape. Thu' at 

some point the system will become sub-critical and the reaction will be quenched. 

1 he po int at which this quench i ng occurs will determine the o!ficien'!Z of the 

explosion , that is; th<t percentage of a~ti•1e nuclei f1ssioned .. 

1.35 1be time available far an efficient nuclear r~a~tion had beGn 

shown t o be extremely short. Release of l per cent of the energy would g i ve the 

nuclear particles a mean velocity or about a million meters per seeond. The 

reaction would be quenched by an expansion of the order of centimeters; this meane 

that the energy release would have to occur in a ti.me of the order o! bundredthe .. 
of a microsecond. Since the ~ean time between fast-neutron-fissions is aboui~ one 

hundredth of a microsecondJI and since the largest plU't o! U1e energy-release occurtt 

in the last few fission generations, a reaction of reasonable efficiency was 

evidently just possible. 

ti1e fis3ion bomb presented difficulties both because of the ela,borateness of the 

theory involved and becaus~ of the dependence o! these calcuiat1ons on nuclear 

constan -:. s that were not, as yet, wcll-·measured. Within the system a neutron m~1y 

be absorbed $ scatte~ed, or produce fission. The contributions of each pl"ccc:s::i are 
,,. 

measured by tbe corr <~opond:\.ng ~!..£.~-~e~12!l! , or effectiv.fl target ar~.:.~ pr-':!IS<1l'l 't.ed 

by the nucletis t.:i a.n imping '. ng neutron. The total cross-seeticn il di'~.1. ::ioo if~-to 

. 
areas that 'Wi.n, 1.o:s0 or draw (.fia~ion ., a.bsorb "it.hout fiseion 8 or !'1!at ter) ~ these 

a.r ~- 3 cor responding to the relati ve probabili ties of the thr.se precesses. the 



scattering i' not isotropic, 1t is a lso necessary to specify the angular distribution 

of scattered neutrons. All of Uiese cross-sections, moreover, depend upon t.he 

nucleus involved and the energy of !,.he i ncident neutron. Calculation of cri.tical 

ma0s and efficiency depends upon all ot these cros s sec dons, as well as upon 

the number of neutrons per fj.ssion and density of material. It was clear that 

to obta i n such mea surements 1Wi th th e necessary accuracy would ·mtail an elabora-te 

program of experimental physics and a comparable effort of theoretical physics 

to make the best use of in.formation obr..ained. 

1.37 E!f•cts o! %!1mper. 'llle effect of tamper is not only to decrease 

the critical masa by reflecting neutrons back into the aotive material, but also 

' 
to increase the inertia of the system and therefore the time during whi,ch it ; 
will remain in a supercritical state. '.lbese gains are somewhat lessened by t.he 

longer tj.me between fissions of neutron3 reflected back frca the tamper. The 

lengtheniag of the tii'ne is caused not only by the longer path, but also by a loss 

( of energy through inelastic scattering in the tamper. Calcul atioos of· the effect 

of tamper material depend thus on the absorption and scattering cross-sections 

of tamper material. It is interesting to note that Serber 1 s early calculations 

238 235 gave, for a tamper of U , a critical mass for U of 15 -kilograms, and tor 

Pu239 ~ 5 kilograms. Both figures are correct to within a reasooable 'rror. 

This may be regarded a.s in part good fortune, since many of the assumptione rBade 

were rough gues.3es. It nevertheless serves to illustrate t he advanced state of 

basic theory at the ti.me. 

1 • .38 !b!fJ..sienSl,.,_Deto~a!ion and ~etonation. Some indic~tion has 

been given abc11e ~f the basis fc:>r eff1ci~ncy calcqlations. fh e outcome at""suc.h 

calcula.tlom! v.as r.o show that. ~fficitincieis would be low. '!here i3, moreover, 

ancthel'" es.9ent.ial .factor in efficiency, connected with the problem of assembly 

and detonation ,, the e:il'ly <1i~cussion of wh ich is revie;,ed bolow . 

I 
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l.J9 It is inherent in the nature of explos i ve react i ons that th ey 

ca n be set off by relatively minute forces; the requiremEmt being, in general, 

a disturbance sufficiently great to init iate some type of chain r eaction. 

Ciiemical explosives can be protected with great.er or less certainty .fran s uc h 

external forces as may init Late a reaction. A supercritical mass of nuclea r 

explosive, however, cannot be protected from "accident.a l" detonHtion. Chain 

reactions will begin spontaneously with greater cert2.inty than in the most u_nstable 

' chemical compounds. Cosmic ray neutrons will enter the mass from outside. 

Others will be generated in it from the spontaneous fissions that C'Onstantly occur 

in uranium and plutonium. StiJJ. others come frcm nuclear reactions, most 

importantly from the (a, n) reaction in light element impurities. The 

problems presented by this "neutron background" are responsible for a considerable 

part of the project's history. From the first and weakest source alone (cosmic 

r 3.ys) any supercritical mass will be detonated within a fraction of a second; 

from other unavoidabl e s ources with~ a very much shorter time. 

1.40 The only method for detonating a nucle;.i. r bomb is, therefore, to 

bring it into a supercritical configuration just at the time when it is to be 

detona ted. The required $peed of assembly depends upon the neutron background. 

As tr.e parts of the bor.1b move together the system passes smoothly from its initial 

subcri.tical to its final supercritical state. Chain reactions may, however, set 

in at any time after the critical position has been reached. If the veloc ity of 

assembl y is SI!kt.11 compared t.o the rate of the nuclear cha in reaction, and if 

predetono.tion occurs, t he explosion '.'fill be over be.fore assemhly f er maxiinur.\ 

efficiency has occurred~ 'l'l'm.n t he expL:is:tonmay occur, with a widely varying 

rnnge of efficiencies , at any tjp~ between the critical ar.d t he final supercritical 
. 

positions~ To de~rease the probability of predetoration and con.sequent low 
\ 

eff'iciencies requ i res either a higher speed of a ssembly or a lower neutron 

background. Cne of Serber 1s calc-;.l la.tions will ~illustrate the practical dif' .ficultie.s 
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of the l as t oect ion 

indi ca te the 1r.1.,snitude of the a ssembly problem: to ini tiate properl,y and relhbly 

a reaction whose entire course occurs in a fraction of a microsecond, sub.~ec t, t o 

the complementary needa for high-velocity ass~rnbly and lov1 neutron background. 

As was mentioned above, the principal source of neutron background is t he (u, n) 

re:iction in light-element impurities. To lower this backeround would require a 

strenuous· progr am of chemical purification. 

1.42 The most straightforwa rd ea rly proposal for meetin,~ these 

difficulties was the method of gun assembly; the general proposal was that a 

proj ectile of active and tamper .materL•l, or of active material alone, be s hot 

throuah or laterally pa3t a target of active material and tamper. 
0 .,. 

23·· 
For U ::> both 

the chemical purity requirements and the needed velocity of assembly were attainable 

by known methods. Mciny difficult engineering problerr~, were evidently invclved, 

239 
but they did not. a ;·-pear as in:Jupera.blc . For Pu the requirements for pudty 

and speed were both somewhat beyond t he established r ange. It seerr.ed , bowev<?'l:'' 1 

that by r a ther heroic means they could be met. 

1.43 High-velocity . assembly and the reduction of the neutron bac~groand 

wot~l.d decrease the probabJJ.ity of pred~tonation; tney would also dec:re.:ise the 

probability of detonation 2.t the desired ti.7.e. Unless material could . be ass€•mbled 

so a~ t o r enain i.'1 its opti,!!wn COil.fi,gu.r-ation fi.;r a considerable length of time, 

there 'Vias a danger tr.at 11 postdeton:.:.t:i.on" too ..,.ould giv'Ol low efficiency, or that the 

system would pa.s.!3 thro'..!gb it.a supercd.t ic ti. l .state ·1fithout deton.:i.tipn cccurring at 
' . 
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all. To overcane thi3 difficulty it woulrl be necessary to develop a str ong 

neutron source t hat could be .turned on a t the right moment. Theoretically 

f e:isible schemes for such an initiator ha.d been conceived, but their practicability 

was not assui:ed . 

1.44 Autocatalzsis a Implosion. Two other methods of assembly had 

been proposed, and it wns a pa rt of the early program to investigate them. One 

of these was a self-assembling or autocatalytic n:ethod, operati ng by the 

compression or expulsion of neutron absorbers during the reaction. Ca lculation 

showed that this method as it stood would require large quantities of material 

and would give only very low effic i encies. 

l.4S The second alternative method was that of implos i on. In its 

first concrete form the proposal was to blOIJ together a subcritical hollow 

spherical shell of active material and tamper by detonation of a surrounding 

layer of high explosive e 

1.46 Both these methods had the great disadvantage, in a snort-term war 

program, of being mere proposals, without any previous engineering implementati on 

such as existed in the field of gun design. 

1.47 ~Deuterium Bomb or "S'!E_er". There existed, at the time of the 

April Conference, one other important propo..'lal to which considerable thought and 

discussion had been given i11 -the previ ous month~. This was a proposal to use the 

fission bomb as a means for initiating a nuclear r eaction o! a different l~yps from 

tha t involved in the fissioning of he vy-element nuclei. Fis sioning , the: d:t21rupt ion 

of nuclei with liberation of energy, is a somewhat ananalous react.ion ·,~egtricted t,c.• 

the . he<tviest m clAi. Among th~ lighter elements the typical exosr gl c ( energy-

I 
producing) reaction is the buildi ng up of heavfor nuclei from liehter. ones • . for 

example two deuterium (hydTogen2) nuclei may combin€ to form ·"'- helium.3 nucl~UB and 

a neutron, oz· a tritiuin nucleus (hydrogeri3) and a proton. The energy· that i9 

liberated g(....,liS into kinet :i.c ene rgy and rad iation. If such a react ion occ,,;:rs in a 
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imss of deut er i um, it. will sprea.d under c onditions similar to those th<1 t cont rol 

ordina ry t hennochernical reacti ons. Hence the react'ion is called t hermonuclear. 

The cross-sect ion f or a r eaction between t wo deuterium nuclei i s stro~~ly 

dependent upon t he energy 9f the nuclei~ At low energies the probability that 

the react i on will occur is ver y small. A3 the temperature of the material 

increas es , t he r eaction becanes more probable. Finally a crit ic~ l temperature 

is reached , where the nuclear reactions ln the material just compensate f or var ious 

kinds of energy loss, such as heat conduct i on and radiationo The thermonuclear 

reaction is in deta i l more complicated than has been. indicated, because of the 

presence of a var~ety of secondary react i ons. 

1.4$ Among available materials, deuterium has the lowest ignition 

temperature . trhis temperature was estimated to be about 35 ki l ovol t s (about 
··-

400 million degrees), and is actually sanewhat lower·~ Once ignited, deuterium is 

about 5 tL~es as energy-productive per unit mass as u235• Thus one kilogram of 

deuterium equals aboot 85,000 tons of TNT equivalent. Since it is not more 

difficult to ignite a large than a small mass of deuterium, and s.ince it is more 

cheaply produced in usable form than either u235 or Pu
239, the proposed weapon, 

using a fission bomb ao a detonator and deuterium as explosive, could properl.3 

be called an a tomic super-bomb. The development of thi:s super-bomb was perf orce 

secondary to tha t of t-he f i ssion bomb; on the other hand its potential1ties were 

so great t hat research t oward its development could not be completely neglected ,, 

1. 49 It should be ment ~oned at this point that iI1 the ear ly par5.od of 

the pr9ject the most car eful attention was given t o the possibili ty t hat a th C' l:'ffi()oc• 

nuc l ear reaction might be initiated in l ight ~lements of the Ea. r t.h ' s atmosphere or 

crust. The ea3iest r eac t i on to initiate , if any, was found tp be a r eact ion 
'I. 

between nit r ogen nuclei 1.n t he a tmosphere . It was assumed that only the 

mos t energetic of severa.1 possible react i ons woul d occur, and that tr..e reaction 

cr os s-aections were a t t he maximum. va l ues t heoretically possible . Calcul~t ion led 
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to the result that no matter bow liigh tho temperature, e nergy lo:rn would exceed 

energy production by a reasonable fa c~o~ . At an asswned te.mperattu•e of three 

million electron volts t he reaction f a i led to be self-propagating by a fact.or of 

sixty. This temperature exceeded the calculated initial temperatur e of the 

deuterium reactioo by a f ac tor of one hnndred, aoo that of t.he fiss i on bomb by 

a larger factor. 

1.50 'Ibe inlpossibility of igniting th• atmosphere wa:i.i t~hus aeaured by 

science and c,apmon a91ae. 'Ihe essential factors in these calcul&tioos, the 

Couloab for'cea of thta nucleus, are among the best understood phenomena o! 
' 

. modern ph;ydcs ~ The philosophic possibi lity of destroying the eartll, assoc iated 

with the theoretical convertibility of mass into energy, remains. 'lhe 

thermonuclear reaction, which is tile only method now known by which such a 

catastrophe could occur, is evidently ruled out. The general stability ot matter 

in the observable Wliveirse argues against it. Further knowledge of tJ'le nature o! 

the great stellar explosions, novae and supernovae, will throw light <Xl these 

questions. In the almost canplete absence of real knowledge, it i• generally 

believed that \ill• tremtndous energy of these explosions is of gravitational 
.,, 

raU1er than nuclear origin. 

1.51 Mor' immediate and less spectacular global danger~ to humanit7 

arioe from th6 uae o! theraonuclear bomba, or even fusion bombs , in war: principalq 

f r.om the po~~ible magnitude of destruct.ia:1 and from radioactive poison'l.ng o! the 

a t..Uosph~re ( 13 .. 2 9) • 

l.52 ~ .. So far we ha.ve toeviewed only th• early disauor.d.on of . 

C!ottrgy releas·e.. Si.nee , however, the purpose o.f the project ·r1as to pr'Odllce an 

effective weapcn, it. 111a s necaasary to co.mpe.re the a tood.c bc.snb w:1.t.h ordinar, bombs 1 

not merely e. 3 to .. ~nergy :release, but:. U10re concret ely as to do~;truct.i·v~ effects . 
i' 

Damage could be clasaif ied wider several ha.rtdings: ·n1e paychologiea.l effect<! of 

( --"\ the u.se of suc.;h a woaponj the pl1y~~o.1vgical o.ffects of the risutron:s, r·arli:~&etbn? 

material and radiation. p:rod.!.•c ~d;, the mecha!.lfo4ll de~truc tion prod1lced by th@ 
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shock~wave of Lhe explosion. Estimation of t.he first was not of course within 

the mean ~ or jurisdiction of the project. Of the second, it was estimB.ted that 

lethal effects might be expected within a radius of one thouaan<i yards of the 

bomb. The radioactivity remaining might be expected to re!Jie.r the locality ot 

the explosion uninh&bi table tor a considerable period, althoU&h this effect would 

depend on th,e percentage ot a.ctiv1t7 left behind, which was as yet e.n unknown 

quanti,J:.y. Th• principal dam.age would b8 caused by the mechanical et!ecte o! the 

explosion. These effects were difficult to estimate. Same rough data on the 

effects of large explolive disasters were available. More reliable information 

was availllble concerning the effects of small high eatploeive banba, but it was 

not known tor sur. bCM these effects ahould be scaled upward tor high-•ur.17 

atomic banbs. Serber•e report gives an esti;nate of a deat.ruction radius ot about 

two mil ea for a 100 ,000 ton bomb. ll~r• ot th• British mission who cam to 

the project. aomewhat later were able to add to the understanding of this topic 

c· trom their national experience and their research of recent years. 

DEVEI.DPMEN T OF PR~ 

Introduction 

l.53 From the previous outline of the state of knowledge at the 

beginning of the Bomb Project, it is clear that the greatest probleme were boWld 

to arise on the aide of dev•lopment and engineering e There was still nu ch work to 

be done in m1clear pl\ysica ·proper, but enough was known to eliArlnate great 

uncertaint ies f1•om . tt1is side of the picture. It should not be concluded , however; 

that. the st.age of re~earch waa past its prime, to be dominated 1n turn. by problems 

of a,_ pl i cation ,, ~ normal · roe..anings a ttaehed to "resea.rdi", ''d•vel opm«lt", and 

11 er~ineering" are altered in the conte:itt of Y1artime science generally; t hat 18 

pC1rt1 cu.la:rly true of t i'1!3 Atomic Bomb Project.. Two feo.t1J.,X' t':!.l hav_, determined it• 

goner~l characterv 'Ibo fir8t is•the domination o! research schedules by production . 
sched11les ; the oocond i.a th.g n&tu.re o! t he lH•...apon i tHlf. T11J'te ecnedulea fo.r t he 
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production of u235 and Pu2J9 were such that the laboratory had before it. about 

two years unt.il explodve amounts of these materials would bs available. Aft.er 

that time evwy month's delay had to be coW1ted as a loss to the war. 1'1e 

practical consequence was that 1118.0J' kinds of Wonnat.1.on had to be got.ten at the 

earliest possible date, with greatest ditticulty, even though at a lat.er date 

the Mme information could be gotten mo1·e easily and reliably. 'l'be micro-

metallurgy of plutonhn was investigated at Chicago, .for ecca.mple, because it 
. ' 

was vital, among other things, to know the density ot the new material as soon 

as possible J the first measurement was made with great labor, from a sample ot 

only a few microgram8 • . The value o! such information depended upcn its capacity 

tQ intluenc• Jecieions which could ~ot be postponed. \This meant a heavy dependenqe 

upon theory and upon measurements of the type needed to answer theoretical 

questions. To some extent reliance was placed upon theoretical anticipations 

beca11se of the all-or-none character of the weapon. A purely u.perimen tal nuclear 

explosion would involve the diaaipation of at least one critical mass of material 
• 

that might have b~ used against th• en~. If tests were to be made at all, 

only one or tw9 would be poesibl•. For ao small a nwnber of teats to be meaningful, 
a large . 

they would have to have/& priori probability of success. Altholl&h this question 

of tests was not decided .at th• P.ginning ot the project, certain general 

illlpl1cations were clear: 1he bomb's component parts and phases of operation had 

t o be designed and teated eeparately, with reliance upon theory to supply a 

picture ot its integral o.Peration. 

1.54 . '· It is not. r anark&ble, in the light of what has been said, that 

the initial program, personnel and equipnent of the laboratory g&Vf'J it. t..hfl 

appearance o! a purely research organization. 'lbat it had tnio appearance was 

partly a matter of previou• hiatory; nuclear rotie.t.rch wa.s the most Advanced part 

of the program, and its P.rsoon•l and equipnent were most easily availablca. . . 
In part~ however, tho ~search ahaJ<Qcter of the organization wae a matter ot 
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con~idered policy. Nor1mlly, the eng ineer is the "practical roan" who tnnslates 

ideas into pract.ice. Here, not only the ideA.s but also the standards of 

practice were new. To keep the center of policy in the ~esearch group was not to 

minimize the importance of the engineering work , but to emph;1size its difficulty. 

Secq_nda r y problems unden iably arose from this policy, which displaced the 

engineer from his normal position, and only t hrough trial and error created for 

him a new place in the division of Project labor. 

Theoretical F~oe;ram 

1055 Enough has been said to indicate the central position in the 

laborato y of its theoretical program. As it emerged from t.he conferences this 

program had as its rMin goal to analyse the explosion, and develop the as~ioc iated 

techrdques of ca lcula tion; to 3 iV€ nuclear specifica tions for the bomb with 

increasing reliabil ity and accuracy as new physical d;ita became available. 

235 239 Calcula tions ha d to be made for three m;iterials: U , Pu , and also a new 

compound, a hydride of uranium, which seemed to have cert<:L in a dvantages over 

metallic uranium as a banb material. Calculc.tions also had to be made for a 

variety of shapes of the active mass, and for different combinatior~ of bomb and 

tamper material. For critical~r..ass calculations the theory of neutron-diffusion 

in bomb and tamper had to be refined, and account taken of the ener.gy distribution 

~of fission neutrons, as well as the dependence of nuclear cross-sections upon 

those enorgi~s o For efficiency calculation, further study wa s needed of the 

hydrodynamic s of the exp),,os i on, taking account of the ef f<>cta of the large amounts 

of r a.dia.tion libera ted in the proce~s. ..i\l.rther invest.ige. Lor! was needed of the .-· 
problems connected with time of assembly, d·etona tion a nd pr.edetona tion. 

I . 56 In addition to these problems relating to bcmb design, the 

t!:eoretical progrc.m included a variety of analyses arJd ca. 1-::ulat ion.s connected with . 
the. ex perimenta l progr am, r anging from ordinary service ca lculations to the des i gn 

of t•. ::~ low cha.i:i-reac ting unit ••it.h u235
-eri richecl uranium., 
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1.57 The program included-. fi."'.ICl.lly: the further investigation of 

bomb damage, of the possibility of autoca.t:.::J.y't ic methods of assembly, and the 

proposal to amplify the effect of fission bctlbs by using them to initiate 

thermonuclear reactiona • 
.. 

· ~ ot: lpcperimental f&sies 

1.5$ The program of exP-timental ph.Yaics formulated during and 

i l'llllectiatel;r arter the conterences r~, under· two main headi.ngs: "n eta11e<1 and 

integral exper~nts. Detailed or differential experim.enta are those which 

attempt ·to obherve the ~ttects o.t ~olated nuclear phencnena. From a sufficient 
' ,-t "•1' 

number of expe_rimenta1. da¥ gained._ in this "lfB.y, an integra 1 picture ot the 
' . . 

operation ·or ibe bomb c0'1ld be built up within a framework .of theo17. Integral 

exper:lments, on the at.her hand, were - at least 1n their earl.3" conception -

attempts to dup~icate in experiJ'llental arrangement sane of the overall Jroperties 

of the banb. Experiments ef the two kinds were intended to supplement each other 

wherever possible; on the onct: hand .. to sharpen the interpretation ot integral 
.· " ; 

experiments, on the other;_ to}eh91f up»poasible oodssions ot elements r-rati the de-
. ' .~ <4:f. f . { ~- . . . 

taii~d picture. . In pract~j; ::it -~s proved extreme13' difficult to devise integral 

experiments wh'!ch in MT ~"'Ucatl! t .he conditions obtaining in the boiob • . The 

integral experiments ~M-t/..~'fe been p~formed have had rather · the effect f'~ check-
. •t,··" ~. ~~-~·-~~~,... ,. ~.. . . 

ing theory in ·aittJ&tiona · h(~ wa~ ·ailliW to the ban.b. , . . • .. ~ . . · 
l.5' · A brief -~.U. of the program as first dev~l.oped ri.ll s erve a i.o · · 

t~ indicate the sta.te· !if ·;;;.~!mental lmow~~~ carried over !rem the previous 
' • d 

period .. ?~ .. ·~~ t 

·. t~60 PJ_f $e?].nt~1 egritnent~: 

Neutron Number: . The avei-age. n'Wlber ot necutrom per t~sion had 

.4 never been mmsured direct]J', although t.he Ch!cap Project had measured the 

number of neut~oM f:;ocm . ~3.S per thenual neutron absorbed" 'Hie nu.rQer of 

neutrons per f i ssion eoul4 be caleul.a.ted fran thJ.s measurement ·and from the rat io 

of fis s ions to ca~tures_, whir.b, however, was :p,ot known rella.bl,y in the ~ion ~ 

-~ -~ 
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thermal energies . 'lhe neutron number of Pu239 was completely w1known although 

it was expe cted to differ but lit tle from "'.hf.I t of u235. The firs t e xperiment! 

planned were in fact measurements of neut!'one from Pl-39• 

1.61 'lbese latt.er measurements "Were of intrinsic importance, and 

were needed at the earliest date possible to confirm t he wisdom of heavy 

commitments already made for the prodl.lction of plutoniwn in quantity. 

1.62 Fission Spectr~: 'Ihe energy range of neutrons from the fission 

of u235 had been investi gated by the Briti sh, and by the Ric.e Institut.e and 
, 

Stan.ford aub-projecta. These meaaurements auffer'd from the large dilution 

of isotope 235 by · ~38 in normal uranium. Work had alrea~ been begun at 

Minnesota with enriclled .material, and th is .i:z-ogram was to be continued at Loa 

Alamos. 

i.6J Fission Cros!e:Sectiona: ' Fission cross-sections had been 

Jneasured by the eub-project un .. ..ter N. P. Heydenberg at the Department of 

. Terrestrial Magnetism of Carnegie Institute, by llcKibben• a group at Wisconsin, 

and by Segre• a group in Berkeley. Thoee measurements - tor u235 - covered 

• 

the. neutron energy range above 125 k•~, and the range below two ev. l\'hen the 

curve for fission cross-sections over the high-energy range was ex.trapolatfi 
/ 

do11nward, a figure was obtained for thermal energy that was much larger than the-

cross-section actually observed. Since the extrapolated region cov~red the 

impOl"tant~ range at. neutron energi es in a bomb of uranium hydride, measurements 

were planned to investigate cros.~-eec tion~ at these intermediate energi es, and 

reso lve the apparent. an001aly. Fbsion cross-~ectione of Pu239 wer t:i already 

known at thermal energies and at a few high energies . Here also m"asurem~nt~ 

~ere planned to cover t he entire range of energies up to about 3 Mev • 

1 .64 Dela.red Neutron ~ssion: Experiments at Cornell had shown that 

the1·e ~a3 no app:reciable delay beyond ten microseconds {n the e.mi sa ion of n~utrons 

from fi s sion; ono of thlff initial oxpe.ri.r.ientis plan."'led a t Loa ·"'laro.011 llia s to push 



c 

ti'lis time down to a tenth of a m.icroBec ond ; on theoreti cal grouncis it wss 

expected that the mwber delayed even f or t hi s time would be small. 

1.65 Capture and Scattering _9ro~Sectio.!!!: At the t eginning of 

th e project little was known about capture and scattering cross-sections . 

Some measurements of capture andinel&st i c scattering cross-sections had been 

made at Chicago fpr normal uranium. Experiments by t.hs Minnesota group had 

given yaluee t~ ela,t ic and inelaatie scattering in uranium for high energies . 

'lhe Wisconein. gJ"Oup had me&aured large-angle ela11tic scattering in a number of 

pot ential ta.per materials. Capture cross-section measurement• were made by 

Segre at BeFk•l•1'• 'Ihe principal work plarlned !or the 1.01 Alamos Laboratory was 

on the scattering and abeorption cross-sections ot u235 and. Pu239, and the 

capture and scattering CToas-sections of various tamper z!laterials. 

1.66 <Al• new type of scattering meaeuremen t , not previously 

undertaken, wes planned for this ~aboratory. This was the measurement of 

aca ttering into d if!erent. solid angles. When so averaged as to give tile effect1 ve 

scattering in a giTen direction, th1a average is the so-called transport cross-

section. 

1.67 Integ.ral Experiments: Certain integral experiJnents had been 

performed at Chicago, in connection with the development of the slow neutron 

cbain-reactinc pile. These were not of direct interest to the bOOlb project ~ 

'IWo types of integral experiments Ylere however planned in t.he early u.per itllent.a.l 

physi ce program. : 

1.68 in,-.e,gral Tamper E!a.eriments: Severa l experiment• were planned 

t o mea s ure the sca ttering in PQter1tial tamper materials; these wer~ designed t o 

/ imi ta t e the scattering properties of a t.'il.mper. in t he a ctual b<:xnb • 
. J 

' 
1.69 At the ApriJ Ccnf ere nee~ there wa .s saae 

disc us s i on of the possibilit.1 of const,r uct ing a slow cha i n-reacting unit, using 

2J5 . 
uranlum wi th enrichec;l U cuntent i n wnter nol ution . · The construction ot such 
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a unit would prc·vide a useful neu tror: s o r ce for experirr.ent :1 l purpcses , a nd 

( l wouJd a lso give practice in the open.tion of a super-critica.l unit. The 

decision to make such a unit w.:;.s not ret1chEd until som~ time later. 

( 

, 

1. 70 Experimer::ita l Techniqu~: A large subsidi.3.ry program wa s c::i.lled 

for, to investigate techniques for producing and countine neutrons of a given 

energy 1 for moo.suring fissions in vrlrious materials 1 and for measuring neutron-

induced reactions other than fission. The systematic recording of nuclear 

properties entailed by the experimental progralJl required both accuracy and 

standardization of a nuober of difficult tecrniques; the program of instrwr.entatior. 

represented therefore a major activity of the laboratory. 

Program of Chemistry and Metallurgy 

1. 71 During the course of the D.:l.1. Project a large amount of research 

had been carried out on the chemistry and metallurgy of uranium. The rr.icro-

chemistry and micro-metallurgy of plutonium were investigated at Chicago as soon 

as small amounts of the .material were available. The chemical investigations 

were necessary as a basis for designing methods of recovering phltonium !ro111 the 

pile material and "decontaminating" it, i.e., separating it frcm radio-active 

fission products. 

1.72 At the beginning of· the U>s Alamos project the exact division 

of labor between its chemistry laboratory and other laboratories had not been 

settled. 'Ibere were objective difficulties and uncertainties of program. It 

was not known whether u235• Pu
239 or both would be used, or whether the bcmb 

233 
materia l would be metal or compound, U : producible !rom thorium by a process 

2)9 . 238 
of 11 breeding tt sirr.ilar to tha t b•: which Pu i.s made from U • wa8 als o· a \ ' ~ 

possibility.. Mec hanical requirements for the bomb material could not yet be 

specified. Here also a characteri~t.ic difficulty appeare:d, in that the tirr.e for 

research with ·gram and kilogram amounts of' material would have to be as short as 

possible, in order to avoid delay in bomb production. 
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1.73 One certainty wets a schedule of puri t y req uirements f or u235 

2.39 
and Pu - • Because of the large alpha rad ioactivity of the .latter substance, 

light i mpurities had almost to be eljminated. ~ost light elements had to be 

present in not more than a fflW parts per million. For u235 the~e tolerances 

could be gr€atly relaxed. Although it was not yet determined whe ther the work 

ot final purification would be carried on at Los Alamos or elsewhere, an 

analytical program was .necessary t.o dev~lop techniques for mea suring small 

amounts of impuri t7 in small samples of material. 

1. 74 A redio-chemistry program was needed to prepare materials to 

be used in nuclear experiments and i n the developnent of a neutron initiator for 

the bcrnb. 

1.75 'Ille metallurgy program included research and development on 

the metal reduction of uranium and plutonium, the catting and shaping of these 

metals and compounds such as uranium hydride, as well ae varioue possible tamper 

material s. Investigation of the physical properties of uranium and plu t onium 

was needed, and a search had to be made .for alloys with physical properties 
I 

superior to those of the unal107ed 1netals . As its main .service function, the 

metallurgy group would be called upon to prepare materials for physical and 

ordnance experiments; particularly projectile, target, and tamper materials for 

the gun program. 

1.76 As a somewhat autonomoua part of the chemistry program, plane 

were made for the construction of a deuterium liquefaction plant at Los Ala.mos. 

'lllis was to supply liquid deuterium for exper:im.ental p i... rposes and for eventU!l l 

use in the thermonuclear bomb, should its d eveloµuen t prove feasible and 

necessary . 

i)rdnan ce Proll"ra.m 

1. 77 It had be~n recognized from the beg:tnning th :: t the mosl difficult 

of all problems facing the project waa to Und means for t he assembly of several 

.cr i tical masses . of material, l ~s t enough to produce a successful high-order / 

/ - ·' 
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e x.pl.os i on. Subsidiary but still very difficult problems were those of 

incorporaUng active material, :.. ~ .mper and assembly mechanism into a pra c t i cal 

a ir-bcrne bomb. 'lhese were t be problems of the ordnance divj ~ion of the 

project, a divisial which could haruly be said to exist at the beginning ~ As a 

matter of fact, no Pf&o-existing group could have had much success i n this work. 

A nsw field of engine ring wa s being explored; experience .bhs stw wn that 

those successful in this w0rk come free. a va1•iet..v of technical backgrounds, 

all of whiCh contribute to the f i eld and none of which do.rninate it: 

physicists, chemists, electrical and mechanical engineers • 
.. 

1.78 A corollary feature . of the ordnance program has been its 

simultaneous investigation of alternative methorJ 3. The uncertainties of 
-. 

nuclear specification and th~ possibility that one or another line of i.n.,.eatigation 

might fail, have made such a policy W\avoldable. Of the three methods o.f 

producing a fission bomb (autoca.tal,ysis, t i1 e gw1, the implosion) Ula t ha ve been 

discussed , the last two were singled ou~ for early developnent. Autocat.alysis 

was not eliminated; but it was not subject to developuent until scae scheme 

· was proposed which would give a reasonable efficiency. This. did not oceur during 

the course of the project, aJ. though au toe~ talytlc methods continued to receive 

conaiderable theoretical attenti.on. Of t.he remaining two met.hods, the g•.rn 

appeared t he more practical; it used a known method of acc~lerating hrge ma. see~ 

t o h igh velocities. The problem of "catching" a projectil~ in a. targat &nd 

st01rti.ng a ci1ain r eact.ion in tr.e resulting supercritical mass was obvio usly a 

difficult one, but it seem ed solubl e. .--
1 . 79 The method of ;Lmplosl on, on the other hand, was much far t .er 

remove<i .from exis ting tract .. l c e. 'Iha re· iuirer.lent of sirnuJ t aneoua detona t ion over 

the si.u-face of a high explo:;ii ve s phere presented unknown a nd posa ibly insoluble1 

di ff i c ulti es; t he beha vior of solid ma tt er \.lrlder the thcr:uod,yna.roical cond · tions 

-
created by nn implosi on went fa r beyond current labora t ory 1&:xperi~nce ~ As e 'len 

its name i.mpllee, th (.: i mplo2ti".:>n s eerolld 11agains t nat11r 6" .. Its i nvesti ga tion wa:;i 



at first urniartaY.en a3 acxnetiiir1~ to fall bach on in c ;:ise tx e gun !iliould, 

contrary to expec t.;:d,ion, fail. Credit for tl1e early support and inve s ':. i ~:~ t :i or: 

of tliis 01et.hO'j sh ould be g l ven to .3. ~. NeaLier:neyer, who at U1e beginning wa3 

al.11ost alone in his belief in U-1e superiority c: · Uie method. At a meetin.g on 

or .J ll-'-J r.ce problems late in April, Nedder:neyer presented the first. e~rious :. he o retical 

~~ly~plo~ion. His arguments shov1ed th.11.t the compression of/ 
, JmMllD &. soiid sph~r(,J by d etonation of a frnrrounding high-eY.plusive 

~ayer-was feaaible, .... a.nd t.bat it wot.lid be superior to the gun method both in its 

higher velocity and shorter pa th of c. s :;embly. Investigation of the method was 

begun al.most i.roi.'iediately. It subsequer.tly received two ini:rea:3e~ of priority, 

until .::i t the end of the project it h~d b~come the dominant program throughout 

the laboratory. 

l.80 During the ApI·il conferences, the discu::i~ion of ordnance 

served mainly to outline the problem.9. Considerable attention had been given 

( to the problem of gun design by R. C. Tolman. One member of the reviewing 

comnittee at Los Alamos in April was E. L. Hose, an expert in problem~ of e,un 

design. Roee .showed thnt by the sacrifice of durability, a quite ine8sentia1 

property, the otherwise prohibitive size and weight of a large gun could be 

reduced to a point where, together witil the target, it could be included in a 

practical bomb. Other elements of the ordnance program discussed W<!lr.e: internal 

ballistics of the gun, external and - termir.al ball is ti cs (guiding and ~ecy:.ing of 

the projectile, initiating cf the chain reaction), safety; &rming 8nd fuz.ing 

<ie·vice~, release and trajectoI'y of th~ bomb froL'l a plane. 

l.8i It i3 inappropriate to diJcuss in d~t ... ul the e~perimer.t.al 

program of . or<ln~nce a.t this point. Exper:b:ental 'Work did not get u.nder way for 

obtaining teet gur1s and high explo3ive~, of building a pr·ovi1>g · grou_rid -, <?.nd of 

employing or tra1ning p~rBonnel to cn.r·ry on the research. 

SBSR.ET \'RP1~ 
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Rerort of tr,e Rev it wi ne ::: ommit tee 

1.82 7he r ev iev1in~; cor:~nit tee ref€r re d t o in r.a r a2r a ph 1.26 wa s 

:ippoint e.d by :-;.ene r a l '}rove s to r eport on the or gnnization of the Los ,\ lamas 

!"'r o ,' e c t and on the s tatus and i::ro~ram of its t e. ct:nica l work. The ch ief ques tion 

before this comrdttee wa s the status of tl":e ordna nce program. The initial 

c onception of t he project's ger.eral J.irogram wns tha t reSE>/l rch in nuclear physics 

should be virtually completed before undertaking a large-!;cale ordnance 

development. In March 1943, however, Oppenheimer had written a memora ndum on 

ordnance, in which he urged tha t experimenta l work be undertaken as earl1 as 

pos3ible , a nd that it receivel recognition as one of the ~ost urgent of the 

rroject' s outstanding problems. ( Appendix 7 , No. J ) Tolman recognized the 

i mport.:; nce of t he issue tr.us ra i sed, a nd recomnended the appointment of Rose to 

th8 reviewin~ committee as an expert on ordnance matters. 

l • . ~J The report of t he reviewing conmittee, dated Hay 10, 1943, was 

concerr. E:d with tr.e :i.dministra t.ive or.~.:inization of t he project, and wit b the 

st:i tus c1nd pr ogr am of the tec hnical work. 3ince certain of t he recorm.enda tions 

cf t l.t-: c arar.it tee had an irr.portant bearing on the further development of the 

pro~ ect , tr:t> maili features of its report are outlined below. (Appendix 7 , No. 4 ) 

A. NUCLEAR FHYS IC:3 llES~:, i RCH 

1.84 
. 1' 

After an extensive revi ew of the program of nuclear phys i cs the 

corrrnittee sta t.ed its appr ov."'11 of a ll of this, the most advanced part of t he 

work . It t ook note cf the newly di.scovered possibility for use of w'ani.wn 

hydride. f a inting out th'lt t he existence of the hydride ha d been l e ;;. rr;ed of a.t 

Los Ala:r.os somewha t by accident , the carmi ttee r ecornrnended a more systei:1<tt1 c 

technic:a l liaison between t his and othEr brand:es of t. he larf;e r project,. I t 

233 . 
;; J.so recomr;,ended t hat t he study of U as a possible exJ-losive m:;.te :r lal be 

cont i nued. 
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Bo LESS DEVELOPED PAR 't3 OF' WE PROGRAM 

1.85 ·lhe comrrlttee reported on the progr am for investigation of the 

thermonuclear reaction, the cheaiistey and metallurgy program and on the program 

of engineering and ordnance. 

1.86 As for t he t.hermonu~lear bomb, the canmittee recommenJe d tbat 

it.a investigation be pursued, but along mainly theoretical lines, an d -wi t h 

priority subordinate to that of the fission bomb. 'Ihis confirmed the laboratory 

policy already establi~hed. 

1.87 Concerning both the chanistry and engineering programs, t.he 

committee recollltllended a substant.ial revision of earlier policy. Cne of the 

principal organizati.onal questions at the time was the jurisdiction of t he 

chemistry purification program. As stated above, the p ;..1rification cf active 

material, particularly Pu239 , pres.-i ted a major technological probl6m. The 

chemistry .::if plu t onium was first investigated by Kennedy, Seaborg, Segre, and 

( _ . Wahl, its discoverers. 'Ille investigation was pursued and woul d first be 

( 

practiced, by t.he 1.1etallurgical Laboratory che!l1L sts, in connection wiLh their 

problem of serara ti on and decontamination of ph :.toniwn produced in the piles at 

Cak Ridge a nd Hanford. It was arguable that the further step of pw-ification, 

upon which such stringent re4uirements were placed, should be carried out by 

the same group. ·nie commit.tee recoIMtended, however, th.:;.t the purification program 

be carried on a t Los Ala:no9 ins~d. Its reasons for this recommenda t.ion were 

not only t hat the Los Alamos Project would be responsible for the correct 

func tioning o.1' Uie ultim&tf'I "'e<lpon, but also that a considerable amo unt of 

rttpurific& ti on wor i-. 'l!lould in any case be a consequence of the expo:t-imental use 

of material at this pr oject.. 

1.88 111 ~ s.econd major recol!i.r.endat.ion of t he r. oornittee nas in 

agreemen:, wi t.h the earlier statei00nt;, of Oppenheimer, - that tfie work of ordnance 

devel 'o?nent and engineering mould be ur1dertakt11n as 8oon as po$dbltt~ 
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The coinnittee stated it3 opinio~ that the time had arrived for close connecti on 

between nuclear and engineerir-16 research. ~.1iile there remained from ttie sid e 

of nuclear specifications a wide r<;lnge of possible designs for tr:e final weapon, 

the camt11ittee believeq that further determination of desf8n would have to depend 

as well upon engineering specifications. 1he committee also pointed out t.hht 

engineering research ~as neeaed in connection with the development of safety, 

arming, tidng, and detonating devices, portage of the bomb by plane, and 

determination of the banb trajectory. 

1.89 Both the above recomcnenda tions entailed a major ax pans ion of 

project personnel and facilities. For the purification program, the estimated 
l 

increase of chemists and technicians was thirty, and a corresponding 1ncreuse 

of laboratory facilities. For ordnance and engineering work, the COIM it tee 

estimated that this would require a two-fold increase of project. personnel, with 

an extensive increase of off i~es, dr<tfting rooms, shops, and test areas for 

ballistic and explosives work. 

C. ADUINIS'IRA TIVE ft .Z..:CC:WJENUATICNS AND GENER.AL CCNC1U.3JONS 

1.90 'nle c001Jnittee 1 s recorn;:iendaLions on matters of organization and 

administra t1on fall under the headings of personnel, procurement, security and 

morale. Under the first the coomi tLee gavs strong commendation to Oppeobeimer 

as :Director. 'lhe creation of t hree administrative positions was reccxn.nended, as 

soon as competent persons could be found to fiJ l them. "!he first was a director 

of ordn.;,m~ ~ and engineering, t..o tt.~i:: ctia1·ge of Lh e recommendea progrrun. The 

second wae an ass :c!.ate d irec t.or, a man :\n char!:e of some major phase of the 

2c:ientific lfork and ablo to assist thv direc or and take charge in him ab sence. 

The third was an adminiatratlv•1 oft icer, to t.akc charge of n-:m-technical 

administrative mat Lers; in particular, to 111a.intai11 cordial and effecti ve relations 

wi th the .mi1it,ory administrati on. On the general personnel situa tion th~ 

committee reported favorably: both as to th~ competenc e and th e work ass:i.gnrnents 

of scientific per~om1el. 



1.91 The c;orruuittee was dissa t isfied with the orgunization and 

functioning of the r rocurement system. The procurerr.enl officer, Mitchell, 

they fciw1ci to be well qualified for tr'. e position by technical lro.ining and 

experience. Their pr·incipal criticism VHiS directed toward the operc.tic·n of t.te 

Gn.ivei ·s j ty of Cal ifc. rnia Purcha~ing Offke in Los Angeles, wh ich in their 

opin:.cn had been responsible for sericu~ and avoidable delays. The coavri ttee 

re cQffii1.ended establishment of a secood purchasing of fl ce in New York under 

sepc.rute contre:.ct • 

.1.92 'lhe security policy established by tl:e Director under the 

auttiority granted hi.a1 met wiU; t he conuu.it.tee•s approval. 

1.93 The final administrative rt:comcJ.endation of Uie canmittee, one 

whi ch in its nature could not be entirely specific, concerned morale antl the 

maintenance of the "special kind of atmosphere that is conducive to effective 

sc!en.tific work 11 • The caumittee recognized tbat this was made difficuit by th~ 
, I 

iso:citicn and military character of the post, and it was therefore in t he I 

achieve~ent of better relations betwe(..n the military and technical orgardzaticfi~ 

thrit the ccmnittee saw hope for U:e maintenance of morale. 

SUMMARY 

1.94 'lbe period of tb e April Conferences and of the rcvi ewing 

committee's examination of prograsn and organization provides a na ~ u.ro.l 

.lntrodu<.: Lion to the problems of the new project. Enough has been said to 

:fodjcat.e tl:.at tt.e greatest problems were connected with the need to develco a 

new type cf engineering research , translating U:e schematic concepti on of an 

a t om1c bomb into an effective military weapon. Boti'l objectively and sub jectj vely, 

these problem3 were renderc.'(,t more difficult by tJ.t.: newness and i sol a ti cn of the 

laborato:-y, ana by the duality of military and technical organizations. 
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Cha pter II 

J.'EE BR IT L-:;!-l l '.L.J.3 I CN 

2.1 In Dec ember 1943 the firs t represer.ta tive:s of Uie Brit i sh 

atomic bomb pro j ect car.ie tc Los Alamos. Their arrival marked the climax of a 

lor~ s er ie s of negotiations between the British, Canadian ~nd American 

Gov err11t·:· 11ts seeki ng to integrate the sc ientific work be ing done in all three 

count ries on a tomic bomb resea rch (1.2). These first represent a tives were 

O. R. Frisch and E. 1'1 . Titterton. 

2 . 2 Although Britain's T. A. f ro j ect (The Directora t e of Tube 

Alloys) had had a very high priority in 1942, so many of her physicists and so 
.. 

much· of her industrial capacity were engaged in other urgent war work .that it 

was impossible t o underta ke as l a r ge a progr am as the Unit ed Stat ts h3.d launched. 

The British organiza tion decided to lirr.it itself to particular phases of the 

problem, and established r €search teams in va r i ous univers i ty and indus trial 

laborat0ries .. 

2.J In the summer of 1942, sufficient. progress towa r d collabora tion 

had been made so that t he British reports on the theory of fissfon and t r. e 

fission · bomb were accessible to Oppenheimer's group ir: !3erkeley, AS well. a s 

reports of experimenta l meas urements of nuclea r cons tants . At tr.at time the 

Brit ish anc·:lysis of the bano mechanism wa s somewh;it more advanc ed t han in the 

United 3t-'l. tes, so t ha t access t o these reports was of substantial vc:. l ue . In 

Nover.1be r 1942 a memorandum ( Appendix 7 , No . 5 ) was writter: by Op1 1enheirr:er to 

[I. i~ . r eierls describing t he theor etical work t r.a t had been done at i3erk~ley ,::nd 

di.s cussing cel""tain points of difference between British. and Americ<rn theoretical 

worl~~ The inc ompleteness of c ollaboration at t his t i me is · indicated by the fact 

that ir1 the memorandum referred to there could be no mention of the deutt:: rium borr,b . 
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2 .4 In th e fall of 1943 Fr esider:t HoosEvelt and fr.ime !.: i ni s t e r 

Churctill had discussed the poss ibilities f or closer collabor~ tion between the t wo 

countries iJi hastening the production of Atomic Bombs . As a r esult of their 

discussions a Ccmbined Policy Coranittee was set up in Nashington. One of this 

cor.an.i ttee's decisions was to move a L:irge number of . Britis h scientists to work in 

:'unerican laboratories. Evidence of the genuineness of cooperation t hat resulted 

from this sacrifice on Britain's part is the fact that British scientists were 

given assignments in all parts of the American Projec t , especially at Los Alamos, 

t he most highly classified section of all. (Appendix 7, No. 6 ) 

2.5 At ~his time Niels Bohr, t he eminent Danish f)hys icist, escaped fran 

nerur:.-~ rk to England, where he wc. s appointed adviser on scientific ma tters to the 

Brit i sh Government. His. scientific advice wa-s r.iade available to the United .'Jtates 

~. s well. Bohr and his son Aage c.-,r,18 to Los Al amos in December 1943, a short time 

:>.fter Frisch and Titterton. To ensure his personal sa f F~ ty a nd as a security 

preca ution, Bohr was known as tHcholas Baker and his s on a s James Baker. Grea t 

ca re wu.s taken to prevent any reference to their real names, even in class i fied 

docu.~ents. The Bohrs did not become resident members cf the Los Alamos Laboratory, 

but made several extended visits as consulta nts. 

2.b When Bohr came to the Iabor::l tory he found there a large number 

of his former students , a nd his coming had a very healthy influence on reseatch. 
~-

F 12 c:?.rne a.t the rigbt moment. The exleencies of · p.roduction, the innumerable 

small proble!113 whic h co.nfronted the physicists had led them away fran sane of 

the fundamental problems of the banb. The study of t he fission proces s it.st<: l.f, 

f or example , had been neglected , a nd thil.s obstruc t ed rel i able predictions of 

imporLant phenomt:na., such a s t he energy- dependence of the bra nchL"lg ratio 

bet ween fis s i on a nd neutron capture (6.1+4) . Here Bohr ' s interest gave rise t o 

new theL1 r e ticul and exper:L11ental act i vit ies wh ich cle.:ir ed up many questions that 

were l~ft unanswered before. S001e o f the most important experiment s on the 

velocity selec t or were m:ide at his inst i.~a tion (6.JB). 1' is influence was felt 

SEeft!T • 
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:l Lr nnc;1.Y in res E.!a rch on the nucJ.c.::-.r properties of t J.nipe r ma terials. 

2.7 Bohr's criticism and his concern for new and better metho~s 

.. 
e :·i live r:ed the discussion of alternative me.J.ns of oomh-.:issernbly. Althougr. these 

d .i..'; c ;1ssions showed in the end that the "orthodox" irc.plos ion :ns st.ill the be:.it 

::-:.;- Lhod, the ir value wc..s to ?rove that its choice wo.s, des;.)ite ite many difficulties, 

t. r.e ·c.:irrect one. Bohr p-:.;.rticipated very actively in the desi~n of the 

2.g ·r.ast but not least his influence on tte morale of the Iabor~tory 

;m1:1 t be mentioned. It went farth er than ha.vine the ercat founder of 'itomic 

r f·s earch in the Laboratory, and farther than the stimulus of his fresh 

s \~~ne:1tions. He saw the administrative troubles of the I.aborator.v in a better 

:>.nd lon.:;er view than many of tr.ose enmeshed in them. His influence was to bring 

;ihout stronger and more consistant c~operation with the army in the pursuit of 
! 

U-:..-..~ co1:m1on _g;oal. And w11at c .:>. n be leo.st overlooked, he gave everybody who was in 

contact with hi:n some of his understanding of the ultimate signific~nce of the 

control of atomic energy. 

2. 9 Another of the l.aboratory'°s most useful British consultants 

wa s Sir Geoffrey I. Taylor. Los Alamos was staffed prLmrily with nucle.::i.r 

physicists, who lacked experience wi.th hydrodynamic~l inv-csti~.:i tions. In 

investi,5ating the hydrodynamics of the implosion and the n~clear explosfon., 

therefore, their work su!'fered from being too formal and ma.tqen~tical. Ap::i.rt 

from the contribv.tions of the Americ:i.n sonsultant J. 'von Neumann ('I o6h), most of 

u-,e s i.rnple intuit i.ve considerations which give true physical undorstandin6 came 

from discu.ssion.:i with Taylor. Hi.s mo3t important general contribution was the 

underst;:i.nding of the 11 Taylor :l.n.st.ability", l'fhich is· the gener.fi.11.z.J.tion tr.at-")lfhen 

a li5ht material is pushing a he:wy rr.at(,r.ia.l .• the interf.1.ce between them is 

unstable (5.27). This principle was important. in the thecry cf jets (16.10), in 

the interpretation of high-explosive experiments, in the design of the initiator 
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( 1 ) . 1.5) , in the design of the i1~1plo::>i on bomh, ar:d in the predict ions abou t tbe 

:n1c ls .. n· exrlosion ( 5.1~7). To him also was due t he stimu lus for cious tl;eoretical 

: n•r , s tigation of the "ball of fire 11 phe ncrnena ( ll.2g). 

2.10 Tecl':n i ca l cont r i butions o.f the resident staff of the British 

'..:is s ion are mentioned in approprLl.te parts of the t ext on the same basis as the 

work of their Ame;r ican colleagu13s. 

2 .11 Sir Jame.s Chadwick of the Ca vend i sh laboratory, scientif i c 

adv i ser to th€ British members of the Canbined folicy Committee in Washington, 

c a:ne to Los Alamos early in 1944 to hea d the British ~v'.is3ion. It was not 

c erti-i in .::i.t first whether the British group would work under Chadwick on t he problems 

of his c ~ oosing, or whether they would be assigned to existing groups in the 

labor-:·1tory . The latt er a rrangement was adopted, n.nd eventually British sc i entists 

worked in nearly a 11 of the labor a tory Divis ions. Seven were ·experimental 

nuclear physicists, two were electronics experts, five were t l-.eoretical physicists, 

a nd five were experts in the properties a nd effects of explos i ves. 

2.12 Lord Cherwell, Churchill's pers onal adviser on scientific matters, 

visited Los Alamos in October 1944. 

2.13 Chadwick stayed in Los Alamos only a fey; months. His successor 

as heact of the Mission was Feierl.s. 

2.lh Apart from the consultants already mentioned, the British Mission 

s taff consisted of the following: E. !Jretscher, B. Davison, A. F. French, 

O. R. !~-:~-~::h, ~Fuc~, .J . Hu;~·hes, D. J. Littler, C. Ma rk*, '.'¥. G. Marley, 
··~ ,.,_,_ 

* Although eeveral members of the ?.fission came to Los flames via the 
Can.:idiar. a.nd United Kin15dom laboratory in Montreal, all were a ttached to 
the British staff except C. Mark, who remained in t he employ of t he 

~~~~adiar!J_]~ ~·~~~~~ 

D. G. 1/ia r shall, F. B. g oon , W. F. l..'.oon (secretary) , R. F . re ierls, N. J •. Penney, 

G. Placzek, !£. J. Poole, J. Tiotblat, H. Sheard , T. H. R. 3kyrme, E. ·N. Titterton, 

.J. L. 'l'uck .. 
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THE PERIOD APRIL 1943 - ~UGUST .):_944, GENERAL REVIEV 

General Administrative Matte~ 

J.l The first r erlod f t he Los A L~mos laboratory 's existence 
I 

pres ented the problems cof.1Inon to o:rganh3.tional beginning: the definition of 

program, the division of respons ibilities , and liaison. or thc :;e the first ha s 

been discussed in the first chapter. The division of respons ibiHties follows 

that of the program: Experj.mental Physics, Theoretical r'hysics, Chemistry a nd 

Met::i.llurgy, Ordnance. Each of these was organized as an administra.the division, 

consisting of a nunber of opera ting units or groups. Group Leade r s were made 

responsible t~ their respective Divi3ion Lea.ders, and Division Leaders to the 
.. 

Director • . In a position of responsibility parallel to tha t of the Dir ;;ctor, wa s 

established a Governing Board. This consisted of the Director, Division Leariers, 

ge ner:1l a dminis tri:i tive officers, and individuals in irnport;int tec hnic.:il lia ison 

posit ion. 

J.2 The minutes of the Governing Board meetings (Append~ 7 , No. 7 ) 

are perha.p.s the most convincing record that the building of' the laboratory was mor e 

than the pL~nnir'l6 and implementing of its technical work. Especia lly ~t first 

thes e meetings were the only regular occasions for viewing in a gener~l political 

way the m.<tny questions that appea r·ed. As a center for plannfog and policy-rn.: 1< b ;: , 

the Board considered a wide va r iety of topics. 

J .3 On t he technical s i de the Soard provided a rne1.ns f or relr.i ting t 1€. 

work of the d.Lffe.rent d:i.vh; ions~ and for relating the progn.rn. of the I.abor:1tory 

to othi;.r ii!anhJ.tt;.m Dis t ri . . t ai::t ivities. It henrd repol't.s of t he late::;t nuclea r 

calcula tion ::- ar,d. rr.easurc• ;;1 ; ·11 ts , a nd on t he b:-, s ·i.3 of t he3c s d, has i c spec if j cat ion·:-: 

f or Ordnance and Chemi stry. 1\s exrerirnant ·il ;:i :1d design d.J.t ·.'. b ec u 1e a vailD.tle 

f rom Ordna nce, t he Boar·d se t la~)ric.ri tion requir ements fer th? met,1.llurt, i..-i t s t n ..... ,,.: ~ . 
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3.4 The progress of procuremtµlt and production was freque ntly 

reviewed, particularly of active mterials and separated isotopes needed in the 
/ 

program. The Board supervised the liaison with other Project l abora t or ies on 

these ~nd related matters. 

3.5 For the first eight months perhaps two-thirds of t r.e Governing 

Roard's time was devoted to lay matters. Frequent ' topics were housing, 

construct ion and construction priorities, transportntion, security res t r ictions, 

personnel procurement, morale, saL3.ry scales, and promotion policy. In most 

of these discussions, the Governing Boa.rd again provided a link, here between 

technical progrgm and general administration. 

3.6 The adversities of the first months are illustrated by a few 

very minor items choseaat random. In the first meeting of March 30 , 1943, it 

was IHentioned with some triwnph that a calculating machine held fina lly been 

obtained, on loan from the Berkeley Laboratory. The scarcity of trans portation 

is illustrated by the fact that a request for assignment of one pick-up truck 

was br ought, for decision, as high as the Governing Board. In May, the housing 

shortage was so s erious that the Board took upon itself the assignment of the six 

remaining apartments. 

3.7 The membership of the Governing Board was: Bacher, Bethe, 

Kennedy,'Hughes · (3.20), Mitchell, Parsons l7.3), and Oppenheimer. later 

addltions were l1~cMilla.n, Kistiakowsky (7.68), and Bainbridge (7.4). 

3.S A short time after the beginning of the labor atory, ::i. Coor.Una.ting 

Council was established, whose membership was at the Group U!ader level or above. 

In contrast to the Gove1·ning Boa.rd, the Coordinating Council w:-:i.s not a policy-

rn.::?.king body~ a lthough at ti.mes policy problems were delegated to it; for example, 

the Coordi nat ing Council was as ked to establish criteria for deciding which 

members of the laboratory should be clas3e<l as sta f f memb F- rs with unrestr i cted 

acces::; to clas sified inforuli-..tion . Its meetines wer e generally info rnntive 

rather t~an deliberative , consistin8 of reports of : 1. n adr.ii.nistr:'1tive and 
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technical character. Since its members were the heads of operating groups 

and were collectively in contact with all members of the Laboratory, it se1~1ed 

al3o as a vehicle of general opinion concerning technical, administrative , and 

- on occasion - conmunity affairs . 

3.9 Divisions ancf groups, in turn, held their 6wn regular meetings 

and seminars. These, together with infonnal discussions and regularly publi!hed 

reports, were the main vehicles of technical information in the laboratory. 

3.JO There was, finally, a weekly Colloquium which all staff members 

were privileged to attend. Staff members, as distinguished from other Laboratory 

emplc.yees, were . defined as those with scientific degrees ore quivalent training 

in the field of their work, and there~ore presumed capable of giving or receiving 

benefit in general discussions of the technical program.The Colloquium was less 

a means of providing infor~ation than ~n institution which contributed to the 

viability of the Laboratory, to maintaining the sense of carrnon effort and 

responsibility • 

3, ll Among all these channels of communication the Colloquium raised 

the most serious question of policy. From a narrowly technic~l point of view it 

was the least easy to justif~~ on .the side of military security it appeared to 

present the greatest hazard. Regular attendance would give any staff member a 

generally complete and accurate picture of the problems and progress of the 

Laboratory. Just this, however, was its purpose, Any. essential withholding of 

scientifi c information from the Colloquium would have defeated this purpose, and 

would have repres.~nted a c00tpromise of basic policy. In pra ctice, the relatively 

scientific and academic tone of Colloquium discussion~ made it possible to avoid 

mention of many matters of relatively small ~c.ientific, and relatively great 

t'l~tica.]. value, 11here thls was not possible the tactical value of infcrmatio1 

was .s omet ~mes lessened by omission of quantitative details. Despite these 

quali fic-ati.LJna it remains t.nJe that the policy a1opted concerning comm nicaticn 
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represented a considerable departure frcm t he customs not'mally surrounding t he 

protection of military secrets. 

J.12 The last oreanizational problem, establish~f lia ison, 

presentt·d somewhat unusual difficulties, reflecting tr;e ccmplexity of Manh2ttan 

District organ]za t ion. As the reviewirlg committee had pointed out (1.84), j t was 

importei.nt that some machinery be established for the interchange of pertinent. 

inforrr.ation be;tween this and other branches of the Project. The isolation of 

Los ;, lrunos even from other branches of the Project was a basic policy of tbe 

Manl1utt.:in District. Apparently it was difficult to separate the virtues of this 

isolation from its vices: tte needed liaisons were achieved to any extent only 

after the most ea.rn~st representatioM. 

J.lJ The procedure established in June 1943 for liaison with the 

Uetallurgica l laboratory at Chicago is tairly typical. Permission was given 

for the exchange of information b.v correspondence between specified representatives 

o.f the two projects or by visits of the Los ,\la.mos repres entatives to Chicago. 

· Informat ion was restricted to chemical, metallurgical, and certain nuclear 

prop~rti os of fissionable and other materials. It was p~rmissible for the 

representatives to discuss schedules of need for and availability of experimental 

235 239 
ar.munts of U and Pu • No informc.tion could be exchanged on t he design or 

operation of pr?duction piles, the design of weapons, or to permit comparison 

of schedules of need for and availability of production amounts of active 

materials. Three members of the Los Alamos laboratory were to be kept informed 
. 

of t Le time- estimates for pyoduction of l.aq~e amounts of these materials. In 

add ition to the above, it was agreed tha t special p8rmission would be granted by 

the office of Genera l Grove3 for vi.sits to Chica~o by other memhers of this 

labor.:i.tcry to discuss s pecific matters. 

3.14 As t he proGr am developed, a number of topics 1vere of ereat 

interest to th:: worlrnrs a t Los Alamos. Inforl'T' ... '.'..t ion was needed on thP resul ts of 
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chemical and metallurgical research at the Metallurgical Laboratory and at the 

University of California and Iowa State College. This work was concerned with 

the chemistry and metallurgy- °if uranium and plutonium and me~hods for the 

analysis of impurities in these substances. Information was needed on results 

of nuclear research at the Argonne laboratories at Chicago. It was important 

to know when material.a would become available from the production plants at 
' ' 

Oak Ridge (Site X), the form 1n whic~ the material would be received, and the 

proceasing which it would have undergone. It was also essential to know the 

anai_ytical procedures to be U8ed by the production plants in deteraining the · 

impurities and active content or ·tbis rraterial. 

J.15 The need for careful Wormation on time schedulee or production 

was the moat urgent and di!!ioult part of this problem. The estin:ates received 

during the q.rst summer of th~ laboratory were vague, incanplete and contradictory , 

so that it was di!fi.cult to uake sensible schedules of bomb resea~ch and develop­

ment. The Governing Boe.rd in fact said that with the existing state of informatior. 

scheduling was impossible, and that unnecessary delays would certain~ result 

./ 

tram this kini of blind operation. It was strongly urged by the Board that Los 

Alamos maintain a full-time representative at Olk Ridge. An agreement was finally 

reached in November 1943, by which Oppenheimer was permitted to visit the production 
' ' 

plants at O:ik Ridge. When material began to arrive at; Los Alamos in the spring 

of 1944, the situa tion improved somewhat of itself. 

3~16 The need for getting information required by the Ordnance and 

Engineering Division presented special difficulties. Most o! this information 

ha.d t o be sought i n agencies outside the Manhattan District. Knowledge of the 

purpose arrl e'l/·en the existence of I.cs Alamos had to be concealed fran them. 

~any de·{ ices were us.ed: blind addresses, a Denver telephone number, NDRC 

identification car ds. The office of Dr. Tolman, Vice-Chai.man of NDRC , was 
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instrurn~n t::i.l in obt a ining reports f or th i s laborator1 on suc h s ubj ects ~s gun-

design, armor pl:i. t ing , e.x.plos :"cv es, de tona t ors, bomb d.:tmage , e t c . TLe lia i son 

with .'\:nny a nd Navy Ordnance, and Vlith the Hrmy Air Force , vlil l be d is c uss ed 

later (?. 80ff and Chapter XIX). 

J.17 Among the more troublesome and less obvious l ia ison needs were those 

re,1u ired with the Univers i ty of Ca lifornia a nd within Los Al amos itse lf . Although 

t he work wa s to be carr ied out under a mor e or less stand3. r d t ype of War Depa rt.-nent 

c ont r act, the University of California was , in matters of policy, v irtu;:i lly 

unrepres ented a t t he site. Security reguL~tions and practices were suer , moreover, 

t hat its officers we re excluded from discussions of technica l a nd administr a tive 

policy, and -..ere cl llowed to concern t hemselves almost exclusivel_y vrit b a r ather 

narrow ra11,'._) e of leeal and contractua l affairs . At t he Los Al amos s ite t her e were 

two a dmin i s t r a t i ve offices, t ha t of the military a nd that of t he L-1.bor::i.tor,y . Even 

though the divis:i.on of labor was defined in a general wa,y, most of the <iiff ic ultiAS 

of dua l organiz '.l t ion had to be lived _through before effect i ve c oope r c. tion wa s 

established. Beca use of security policy, the officers chc'\ r ged wi th 1-l. dminist ering 

the corrmunity and post were for the most part in ignorance of t he J..a.bor:::.tory 's 

work . Thus, although the ManhattA-n District was the basic organ i zation in t he DSM 

l-r oject , its loca l military representatives were excluded from t he sphere of 

laborator y policy. Added to these difficulties, and complicated by_ them, were the 

t r oubles of l ife in .:.i.n - isol.-1t ed a nd unpractis ed conmunity • 
. , .. 

J . lB Under such circwn.s tanc es a very great administra t i ve bur den fe ll 

upon tl:e shoulrlers of the Director.. Wher eas his pr:i.ln;3. ry r espons ibil ity was t he 

s uccess of the scientifi c pro .;r .:i.m, i t wus e 1 ~unlly his c once rn t hat t his suc cF-ss 

not be ,jeopct r dized by ext raneous di.ff'icult l es e The ~dministrat ive r ecorrir.:endat ions 

of the Reviewing 1.; omnitte e ha d been a imed pr i.'1c ip.tll y at improvinc; t his s ltua.t ion . 

Apa.rt f r om the spec ific d ifficu l ties o.f the procurement office , the comnittee 's 

1rain conc ern had bi:?Ein t he need to improve re'lttions be tween t he lubora.t017 and the 
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Post Administration, ~nd to relieve t he Director of as many non-technical 

administrative responsibilities a s possible. At t he beginning, the j ob of 

operating the project was taken over by a temporary org~niz~tion of scientific 

staff members and technicians. The important thine- was to .:i void del.'ty in res ea rch 

work. In the way stood a host of small p.roblems: transportation, w-<lrehousing, 

procurement$ planning of laboratory constru?tion, and housing. The. enthusiasm 

with which these jobs were nnderta ken was notable, as was the esnrit that 

.developed in the process. There was in it, nevertheless, an element of 

antagonism between the laboratory and the military #niz.:. tion. However 

justified or unj t.1Stified this antagonism may in pa.rticubr cases have been on 

either side, it set a general problem for the future. For those who have lived 

through the course of the Pro,jeot, what stands out is not this initir1.l ele11!ent. of 
• 

conflict, which only reflected the diversity of American life, but the f act th:i.t 

through ccrnmon purpose and by the. measure of actual accomplishment, this conflict 

was reduced to secondary importance. 

J.19 . The members of the staf .f were 9.onsiderably heart~n~d by a 

lette r which Oppenheimer read at a colloquium early in July. The letter dated 

June 29, 1943 was from President Roosevelt and said, in part: "I wi.3h you would 

express to the scientists assembled with you ey deep -apprec b tion of their 

• 
willingness to undertake the ta~ks which lie before .them in spite of the da ngers 

and the personal 9acrifices. I am sure we cy.n count on their continued wholehe.:i.rted 

and unselSish L--ibors. Whatever the enemy may be planning, Amer i can science .will 

be equ.'l l to the challe~ge. i'i it.h this thought in mind, I send this not e of 

confic1 0nce and appreciation ~ 11 ( Ap Jendix 7, Noe S ) 

J.20 Apart fran the business and procurement offices, U :e adminis t rative 

organization of the r..a.bora.tor y had only two officers other than tLe Director. 

Thes e were E. U. Condon of ','fostinghousr. Research J..aboratories·, and '.'! . R. Denries 

of t he Univers lty of California. Of thes e , neither- had fully dBt.erm:i.ned to 



( 

c 

( 

'8EC3ftS·~ i8i1 
III-S 

remain with t he froject, and bot t: ::lid i n fac t l eave, Condo n ~n M:iy , and Jennes in 

July of 1943. The reviewing committee had recommended the appo intment of a n a ssociate 

director, a nd of an administra tive officer to coordina te non-techn i cal administrative 

functions an<i to act as liaison 1rlth t he Post Administra tion . It was ;:ossible to 

fill neither position at the time. Certain urgent ·requirements were met, however 

by the appointment of riew administrative officers. David Hawkins of t he Universit! 

of Ca lifornia came in May 1943 to take the position of l fa ison with the Post 
l 

Adminhtrr.J. tion. 't• L. I-iughes, Chairman of t he Department 9f l h:rs ic s, Wa s hington 

Universit y, :~t. i,ouis, Missouri, wa s made ::-·ersonnel Director in June . B. £. Brazier, 

formerly of the T. H. Buell Company, Denver, came to the site in ~hy to take charge 

of construction and maintenance. In Janu.:i.ry 1944, David Dow of t he legal firm of · 

Cadwa hder, Nickersham and Taft, Nevi York, was appointed Ass istant to t he 

Director, in ~hargE: of non-tecl:nical admin i str::.i. tive m tter3 . 

3. 21 By July 1944, the Administr:1tion of the laboratory wa s organized 

into the fol l owing groups: 

A-1 Cf fice of Director 

A-2 Personnel Off ice 

A-3 Business Office 

1\-4 Procurement Uffice 

A-5 Library, Document 

_.\-6 P.ea lth Group 

lli inte :i~~ nce 

la tent Off ice 

Personnel Adminis tra tion: 

Room, Edl tor 

D. Dow 

C. D. Shane { Assist ~ nt Director) 

J • A • D. &rune y 

D. L i!itchell lAssis b nt Director) 

c·. Serber, D. Inglis 

Dr. 1. H. Hempelmann 

J. H. Willi.ams 

Major R. c. Smith 

3.22 The administration of the I.abor atory was f ac ed at tie beginning 

with a conf lict of form and content. Because of the newness of l a r ge-:>cale 
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organ ized reseLi rch tl:er e doe s not exist f o:c i t a class of profes sional 

scient ific administrators. In t l.e n'1in a c hoice had to be made betwe en a large 

administra L ve organiia tion sta. f l'ed with persons unacqu3. inted ·.vith t he pecul:iArities 

of scient if ic res ea rch , and a system by whi c h the ma jor s h::. re of administra tive 

responsibility fell to the scient is ts themselves. Here again as with the 

engineering progr ·tm it wa s i:artly a m.1.tter of expediency a nd partly of policy tha t 

the center of gravity remn ined in tr.e scientific staff . The policy adopted meant, 

especially at t he beginning, a gain of unity in the laboratory. It enta iled, 

unden fa bly, a loss of administrative effic iency. 

J.23 The Pf'rsonnel office , in particular, illustra tes these remarks• 

The Director, Hughes, was a physic i st with administr.:i.tive experience as Chairman 

of the Department of fhysics, ,'/a shington University. The orr;aniza tion of the 

laborator y was such that the Personnel offic e w:i.s a lmost entirel_y dependent upon 

t te reprcsenta t i ons of Divisions a nd Group Lead1=rs. 

J . 24 Apart from its connection with t he Divisions nnd Grours of the 

Laboratory in rr.atters of employment nnd s c.. lary, U .e Personnel Office had charge 

of a Santa Fe office of the I.a.boratory (fo;r receivi?lg and emploJrment), and or the 

Housing . Office at the site. Under its jurisd i ction fell pers onr:e l security, dra.f't 

deferment, placement of military personnel assigned to the lubora tory, and certain 

miscellaneous matters. Although the scope of the present histonr ·does not include 

the affa irs of the I.cs Alar.!OS Co:rimun ity , t be labora.tory bcca.rr.e administra tively 

involved in a number of tr.ese - particul.J.rly when, through their effect on the morale 

of t he laboratory staff, they had a bear ino~ upon t he s ucces ~ of tr1e worko Although 

these matters were not all unde r t he directi0n of t }'e Persor.nel Offic e , t hey 

belong by t he i1· c ont ent to the present sec t ion. ·· 

HOU.SJ.NG Afll"D OTHF:R co~~.:u~ITY AFF ~_m.s . 

3.25 One of the mo.st urgent community problems a t the beginni ng v.ia!'J 
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the construction and organization of :l school for t te childre n of Los Alamos 

/. 
~ / 

residents . Ther t?. rad been a t tl !e old Los Alamos fitlnch School a small public 

elementary school for the childr .::n of· i ts employees. In viev1 of the laboratory's 

sm.:~11 origina l size i t WE10 believe9 th;1 t the old building would be adequate for 

the Proj ect's elen:entary school, a nd t ha t a high sc hool could be es t a blished, 

making use of a nother of U :e original Los ,\ la.mos builcUngs. This plan soon 

pr oved unfeasible, and a J chool corrrn i t tee was appointe d by the Director and the 

Commanding Officer, Col. J .• M. Harnon, succeeded shortly thereafter by Lt. Col. 

i'lhitney Ashbridge. The comr.ittee made plans for a school buildin,~ , a nd supervised 

_the planning of curriculum and employment of teachers. The commit te e employed 

W. N. Cook of the University of Minnesota as consultant. A building to house 

t te elementary a nd high schools was designed by Cock and Brazier. Construction 

w~s begun J~te in the summer of 1943, and by virtue of a high construction 

C. 
priority wa s c cmrle te d in time for the opening of a fall school t er m. The 

corr.mittee wa s continued a s a school board through the Project 1 s history. 

J.26 The elementary and high schools were operated as free public 

schools, s a laries a nd procurement expenses being borne by the Governn.ent through 

the contractor. A nursery school, for \Yhic b a building ha d been provided in the 

original plan of construction, was operated on a part ia lly self-:-supporting basis. 

This school made possible the part-time, or more rarely full-time, employment of 

' women with young chi ldren. In this C·'iSe t he financia l deficit was a lso ca rried 

by the Government. 

J.27 Anotter matter i.n which the labora tory administration was 

interested was H a t of community r~pr es enta t ion in t he civil aff airs of Los 

Alamos. In June 1943, a "Community Council" w.'ls established a nd it s members 

e] ected by popular vote . Th is superseded a n earlier appointed comnittee. It 

( 
wa s intended to be purely :..i.dv isor.v in its f unct ion. In its fir~t form lt was 

a body elected only by the member s o f thE I.a bor 2. tcry <md their wi ves , and did 
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not r ern::;1:nt the entire co11u:1unit y . It w:1C> advisory, not to the Conmanding Offlcer, 

but to the Laboratory administr .:-tt ion. In August 1943 a more representative 

council was approved by the ne?r Ccm'1'.lnding Officer, Lt. Col. Whitney Ashbridge~ and 

the L:ib.on .tory Director. This council met with representd tives of the laboratory 

and the Corrunanding Officer. The Council W71S regarded by some a~ a thorn in the 

side of the co.nmunity administrat ion. At times it \'V'J. r.> . The council sought, however, 

to gu ide its delibera tions and recommendations by the single standard of the success 

of the Project. Sometimes its recornr.?endations could not be carried out because- of 

limitations of manpONer a nd rnaterL~ l. Sometimes the limitations derived !ran 'tbE 

c ustoms of army ad."llinistration. On tr.e other hand many recorrmendations wete ' 

a ccepted. Under the guidance of t he co\lncil a system of small community play 

wdS 'lt f th hildr f th P t T f 'fi la itt ith- th areas -=-· bui or e c en o e . ·os • r a. c ws were wr en w e 

advice of the council, which also acted as a traffic court unde r a voluntary fine 

system. Othe r topics freque ntly consider ed were: the operation of post exchan~e, 

:nesses, commis3ary , · milk supply, ma id ser·.rice, public transportation, hospital. 

J.2g A major comnunity problem, which dogged and in many ways hampered 

the labora tory from the beginn~ng , wa s housing. Los Alamos YTas originally 

conce ived · as a small com::.unity of re3ea rch scie:itists , more or less station'lry 

in c ha r a cter, while in fact it developed into a large and complex imustria l 

L'.lbor atory . Much of this development could not be for ese en, coming as it did f rom 

self-deve l opment of t he research program.. The housing problem was such a s to put 

a const:int dr ag upon the efforts of the Ll.boratory to ,set and keep a n adequate sta ff,. 

J.29 Construction a. t Los Al3.mos vvas not easy. Grovrt h of popul.J.t::.on 

stro.inP.d powP- r ~.i.nd water supplies . Construction was expensive of crit ical ma.npower 

and ma.teri<J. ls; the presence of a brge group of construction workers put a further 

s train on commun ity facili ties . These difficu l tie:3 , mor eover, plus a constantly 

shorte r.ii~g per iod of amortization, necessitated c or :n~sponding c~1•:n r ' e;iing of 

construc tion . To the shortage of hous ing t f-.er .. ., f or c , wa.:> ::i.dded a troub lesome 

incqunUty. 



3.30 Tiie dr~g upon laboratory expansion caused by the difficulties of 

( maintaining an ade•·uate rate of housin~ cons truction is illus trated by t he fact 

t hat it was twice necessary, a nd a th ird time a lmost necessary, to make use of 

outside housing facilities. It has been mentioned that a t the very beginning of 

I 

t he Project members of the laboratory ha d to be housed tempora rily in nearby 

11 gu~st ranches 11
• By the beginning of summer, 1943, the orieinal hous ing 

accommodations were filled, fl nd new housing was not yet provided. For t he period 

of JW1e 19 - October 17, t herefore, the Froject acquired fran the Pa rk Service, 

and operated Frijolee Lodge at the Frijoles Canyon hea dquarters of t he Ba.ndelier 

National 1!onument, fourteen miles trom Los Alamos. After its a cquisit ion for the 

purpose by the Albuquerque District Engineers, Frijoles was operated under the 

jurisdiction of the Personnel Off ice. For this purpose the Laboratory obtained 

t h e services of -S . A. Butler, Assistant Manager of Ia Fonda, Santa Fe, who 

( . 
1Ater became As sis tant Personnel Director. Frijoles Lodge was used a gain from 

July 17 to August 5, 1944 when the Project faced another crit ica l housing shortage . 

3.31 Another facility in which the laboratory had an administrative 

in ter-est was the comm.W1i.ty hospital. This hosp ital was opera ted for the benefit of 

military and civilian personnel a t Los Alamos, under the jurisdiction of the Chief 

of the Med ic;:,. l .3ection of the Manhattan District. The existence and excellent 

r ecord of this hospital was an important contribution to Pro ject mora le. Another 

important function of the hospital was its cooperation wi th the hea lth and safety 

program of t! e LaboNtory, whose wor k i s discussed in det.:iil in a later section 

(3 .. o/7ff). 

SECURITY ADMINISTRATIG_N 

3 .32 It Ytould be difficult to exa.ggerate the security preca utions 

t ha t were taken at t he beg inning of the Frojec t, p1rticularl.J' i n connectio1 with 

( 
pc rsormel5 Duri ng the eL r l y period, mor·eo V"e r, the adminis t r ::t tion of secta'ity 

policy wa s a m:i.tter of import.a.nee not only in s .·. fegu.'l. rd ing in."or:na tion, but :l bo 



r 
f 

GI-13 

bec ·:cise of the effects of restriction on morale, and the possibility that seri ous 

brea che s of security might l ead t o the imposition of e ven more str ingent external 

control. 

J.J3 ~ Elearance of personnel for work on the project was arranged 

through the Intelligence Officer sta tioned a t t he site. This procedure was slON 

a nd cumbersome, especially in t he first months. In Sept ember 1943 1 a plan wa s 

approved to supplement clea r a nce where necessary by a n interlocking system of 

vouc hing for the loyalty and good f aith of the members of the laboratory. 

3 . 34 · The administra tion of security rra tters pertaining to laboratory 

r ersonnel ; i. nd the fr families w.:i. s delegated to Hawkins a s Contractor 's security 

agent, with the as s istance of a security conmittee compos e<i of himself, Manle1, 

:ind Kennedy, meeting wit h t Le Intelligence Officer. 

3.35 llecurring topics of discussion in tr.e security committee were 

t he pass and badge s ,ystem, the monit orine of the laboratory for class ified 

material left unatt ended, t he means of pr eventing classifie d discuss ions in the 

presence of outsiders, the publica tion and revls.ion of security regula tions. 

3.J6 The moat irksome restrictions placed ori the Laboratory sta{f 

were those a f f ecting personal fr eedom. Travel outside a limited loca l area, and 

any contact with acquaintances outside the Froject wns forbidden except <'n 

Labor atory business <:Jr in cgses of personal emergency. In t he ma in t he s e 

restrictions were accepted as concessions to the general pol i cy of i so1:i tion. 

A s mall group t hought they were not strict enough, and no one was sa t isfied with 
I 

t he working def i nitions of "personal emergency". The removal of these res t rictions 

in the t'a ll of 1944. was a c~ ise of ~eneral relief a ft er a year and a ha lf of 

extreme re:>tricti on. Another f e.:::. t ure of the security polic:r of Los Alamos was 

censorshi p of ma il. This w."J.S u:1U:rn.:. .L in itsalf, and amusing in tl:e circumstance 

fr om w~. ich lt beisr.n; name ly, the suspicion of unannounc ed cens ·::> st~ ip . !"ot l ong 

.:i.ft~r the Iabor~1tory be ;s 'I1 ti ~- s su31:, .ic ion spre:J.d as .'.'i r wnor . .\ ce r ta in "\mount 



of evidence t ha t l etters had been opened W!=t s pr esented, va rying considerably 

( in ('.ua lity. Once st '.l rter:i, such a rumor would no doubt have spread in 1.1'.lY ca se. 

Tbe Director, who wa s in no position to guarantee t ha t such censorship was not 

' occurring, JTuJ.da st.rang repres•.:- ntations to the office of General Groves. An 

investigation was instituted by General Groves, which brought a negative result. 

Under the circumstances, however, it was urged by many members of the L:lboratory 

that official censorship be instituted and this was done in December 1943. Once 

begun, censorship did serve as a deterrent to the inadvertent spreading of 

information about the Project, of a sort which might contribute to consistent 

rumors and continuing public interest in its activities. Censorship was carried 

on by a standard military censorship office located in Santa Fe, under the direction 

and with the advice of the Intelligence Officer, Capta in P. de Silva . 

SALARY POLICY AND ADMINIS'fRATION 

c J .37 The most pressing problem of personnel administration in the 

ea rly months of the laboratory was that of salaries. Salaries for scientific 

employees were detenuined by either of two stancla.rds. One standard was the OSRD 

sca le, based upon scientific degrees held and number of years since their conferment. 

The other was the "no loss no gain" principle, with provision that individuals 

from a cademic positions, whose salaries are normally based on a ten-month year, be 

paid at twelve-tenths their previous rate. One source of difficulty was that men 

from industry had received a higher rate of pay than those from academic positions. 

Another wa s tha t technicians, men without a cademic degrees but often with cmsiderable 

technical s kill, had to be employed at the prevailing rates in th is labor market. 

Althbugh technic ians ranked below the youl1ger professional scientists, they often 

received r.i r,J-: er sala ries. A final difficulty was that a g1:meral commitment had been 

made to a policy of length of service and mer:i t incre"lses, but that no administra-

tive mecha nism existed to implement it. 
• 

J.38 The first ~jor responsibility of Hughes, upon his arrival in 

June 1943, w.:,s to prep:i.re a set of recornr..endat ions on salary policy, based upon a 
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survey of t his ,.-,r:d ot he r comp..-J.r:tble laboratories ~ This statemer_t of policy 

pro,r:.osed within the regulations of the National War labor lJoa.r<:l a s <>. lary scale 

for t he vo. rious class es of laboratory employees, and a pl.an for "'-age and salary 

increases. According to this . pl.an the yol.mger sc ~er.tists would be employed at a 

ra te deternined by the OSRD scale previously followed, and their rate of salary 

increase determined accordinely. No provision was rrade for increase of salaries 

above $400 per month, which were virtually frozen. 

J.J9 The proposed salary scale and schedule of increases was 

presented for approval to the Manhattan District and the University of California 

in June. Approval was however postponed. A further effort to obtain approval was 

made in October and again in Deceir.ber. At this ti.me -it was le~rned that ~ertai.1' 

formal changes had to be made because of changes in national policy. After 

appropriate modifications had been ma.de, approval was furt t er postponed until 

January, when a conference was held on the sub ject at Los Alamos. Approval was 

finally grant ed February 2, 1944, a fter a year of operation. During this period 

no system of promotion was possible, although t t e proposed policy was follov1ed in 

detern:.ining the s a laries of individuals newly hired. 

J.40 The ctief difficulty in rratters of salary increase and promotion 

concerned the younger scientific group who had been hired under the OSRD scale. 

This scale, being based on length of time since conferment of academic degrees, 

made provision for an annual s a,lary increase, whic h however would not be approved 

by the Contr.:ict ing Offi cer, Lt. Col. s. L. 3tew-art , in the absence of an approved· 

laboratory salary policy. Inequities, ::ts mei:!. sured by t he degree of responsibility 

and us ef ulness of . v.:irious individuals, were numerous both within this OSRD group 

and between it a nd those who h:{d been employed on a "no loss no gain" basis. 

J .41 Pina l agre ement about salary policy w.:ls not reached until t he 

encl. of the war, but llnprove!n€ ri t r esulted from a r e organization in July 19M-~ 

(3., 56ff) at wl: ich time a new worki. r. ~t, o.greement was reached. 
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DRAFT DE~...:IDAENT 

3 .42 The laboratory policy of draft deferment reflected its general 

personnel and security policies. Because of the a bs olute scarcity- of trained 

sc i entists and technicians in the United States during t be war years, every 

effort had to be made to prevent induction o"f men in these categories whose 

service3 were essential· and satisfactory. It was desirable from the sta~point 

of security tha t the turnover of such personnel be kept at an absolute minimum. 

On the other hand tte requirements of secrecy IT~de it impossible to give 

3elective Service any real inforrr~tion concerning the na ture and importance of 

t he laboratory's program, or of the work of an individual. The average age or 
sc i entific and tecr.nical employees, moreover, was under thirty, which placed the 

great ma.jority in the draft-vulnerable ca tegory. (See gr a ph 1 in appendix). 

J.43 Because of the very importance of the Project, paradoxically, 

( deferment of labora tory employees was a m.1.tter of some complexity. Dennes cai:te 

to the laboratory empowered to act in deferment matters a s Representative of the 

Univer~ity War Coun.cil. The position was later assume« by Hawkins. By ~he time 

cf his departure Dennes had rescued relations with Selective Service !rem the 

confusion ~voidable in the first days of laboratory oreanization. 

J.44 The most essential Selective Service liaisons were with the .. 
New Fexlco St a te Director of Selective Service and the Selective Service Agencies 

of t i: e !.hnha t tan District. From the former the laboratory enjoyed the utmost 

cooperation in all ma tters pertain i ng to Selective Service rules and policies, and 

their interpretat ion. From the Selective Service Office of t he Manhattan District 

and from t he ';'lashington Lia ison Office the laboratory rece ived the greatest 

considerat ion in difficult individual ca.ses. 

J.45 Most developments in dre.ft deferment procedure were only 

(_) t ec hnical and did not reflect a change of policy. As the v12r pro.::;ressed a nd tbe 

ne i<:>ds of t he Army and f.Javy increased, defern ent r equirerr.ents becan.e more stringent. 

SE€ftEl' •~ 
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The Labor::.t.ory there fore depended increa sin ~ly upon official cert if ication of its 

needs by the Hanha ttan District.. In Februtlry 1944, the Na r Dep.<;.rtment adopted 

a policy forbidding the deferment of men under 22 years of age in tr.e employ of 

tr.e 9ep.::i.rt:,1ent or its contractors. Tl.ere w.:i. s i n t he Laboratory a small but highly 

trained and esser~tial group ur.der 22 . Under ti.e circumsta r.c es they could not be 

deferred. ,/hen these men were inducted, therefore, t here wa.s no choice but to 

have t hem reassigned to the laboratory as merr.bers of tbe .Special Engineer 

Detachment. 

PERSONNEL PROCURE :ENT 

J.46 0ome mention has been ma.de in Chnpter I of the difficulties in 

staffing the orieina.l Los AL:i.mos Laboratory . It s s ubsequent growth, moreover, was 

such that the work ing popula tion doubled, on t te average, about every nine months. 

Alt hough a declininJ proportion of new emplo;irees were of scientific st<J.ff 

classification, t he absolute number increased mont h by month 1.mtil alr.icst tr.e end 

of the wa r. ( .Jee grarh 2 in appendix). At the same time t he difficulty of 

f inuinG competent scientists increa sed. The difficulty was greatest in the 

upper tecrnician and~ j unior scientist brc.ckets . Senior scientists were needed 

in smD.11 numbers, and were usua lly well-lr.nown to members of the laboratory. They 

were in many cases, anxious to j oin the lilboratory, and releases from less 

c rit ical work, or in some cases from ot her 1/,anhattan Fro.~eC't's, could be obtained 

tr.rough the efforts of the ·.1asr.in~ton Liaison Office. Junior men were nee ded in 

great nurnbers, rec ru iting trips to univers ities, however, were impossible because 

of s ecurity r e;:,rulations. In November 1943, the as sis t a1·.c e of Dean Jamuey T. Arnold 

of GrOl~n Jniversity was obt c. ined in t hese matters. An arr anr,ement was also IM.de 

with!: . r. Trytten of t he t·!;1tiorn1l Roster of .3cientific and Technical Fersormel by 

which r.e could spenr: a p:i rt of Lis tine v 2.siting universities and eraploy ing young 

scier: '_ iflc personnel f or tr.e l.J.bor c-,tor y . '.i.'ryt ten wa s of .:issistance to the Laboratory 

f or ,, pt·riod cf seve r" l !Tic•r.tr s o .rnol i rer:v.ined as l ia i son in .;,1sr ington in 



c 

( 

lULITilRY PE...'q.SONNEL 

J .47 ii 3m-1l l number of offic ers o.f t he Army a nd Navy wit h s c ient ific 

tr3.ining wer e o~t ~1 .ined a t v-u.r ious t imes f ox.- w<irk ln t he labora tory. The largest 

group of mi lit .=:ry personne l in the l.aborato y caine, hovrever, from t he ','iomen's 

Ar ;Ily Cor ps, a nd a s enlis ted ~n in t he Special Engineer Detacl1Jrent ( St'.D) . 'The . 

• 
lat t er deta c hment wJ.s originally establis hed as a small detachment (about 300 !or 

a ll Manhattan Pro j ects) in which men essential to the work of the Manhattan Diatri.Ct 

could be placed in cases where deferments were no lo~r possible. .~t a time when 

junior scientific personnel were extremely difficult to f1nd, (November 1943) the 

laborat ory was informed that a group of new gradua tes o! the Army Special ized . 
Tra ining Frogr a.m would be available at t he beglnning of the year and could be 

as s igned to the labora t ory in the SED. 

J.48 Althou,gh it remained the bas i c policy of the laboMtory t hat its 

work s houhl be ca rr ied out on a civilian basis , i t had become clear that young 

civi l ians, of the tyµe most urgently needed, wer e increasingly difficult t o find. 

They were in fact be ing r api d l y inducted into the ;~~, where in many cases, t heir 

ass ignment would be less appropriate to the i r trainin,p t han if they were transferred -to the SED. The inconsistency a nd potential personr.el diff iculties involved in 

obta ining t r.e s e men were fully apprec iated. In view, however, of t he Selective 

Ser vice policy that r esulted in the induction of many men from es s~nti.1.1 f ields 

a lready serious ly unde rmanned, ttere was no choice but to welcane into t he 

labor a tory all t eclmically tra ined enlis t ed .i:-ersonnel for whom civilian COW1ter-

parts could not be f ound. From a t abula tion rrade in May 1945, i t was f ound t hat 

29 per c en.t of all SE.D pers onne l held college degrees , including s evera l Doc tors 

and 1'.ast e r s de3rees. ~.los t of t he degrees wer e i n the fie l ds of Eng ineering, 

Che:nis t r j· , . hys ics ·md 1.!a t hem1tics . ( See gr::i phs 2, 3 and 4 in a ppendix). 

J .49 I n t he c ::tse of the '..'/AC det-...cr.n;ent a l so , several conp0tent 

scient i s t s were obta.inerl , a s well as a l ar ge r numher of techni cal and office 

wor kers . ( Se e graph 4 in ap ·iendbr: ) . 
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3.50 The personnel policy rega rding enlisted men and wor.J.en wa s in 

( ,, es -:: ence identica l with that for ci vil~ns, with obvious adjustments. ,\ fter 
\. 

c 

( 

arriva l a t t he site and assignment to the laboratory, all furt her matters of 

• pl.'"l c ement, j ob classification,. tr5nsfer and promotion within the labora tory were 

under the jurisdiction of the Iabor«i.tory Personnel Office. 

J .51 TI1e establis hr.J.ent and r apid grmrth of t he 3ED a t Lo.s Alamos 

brough t a nw:1ber of admlnistra.~ ive problems connected with t. lie morale, accommodation 

a nd working conditions of the group. 'rhe most serious problem arose from th~ 

shortage of multiple unit housing, which made it impossible for t he Post Administration 

to provide quarters for rrarried enlisted men. Further~ Major P. de Silva objected 
ot 

t o the hiring (except as nursesY t.he wives of enlisted men, although they coul.d have 

been quartered in the dormitories for women workers on the project. Also security 

reguLlt i ons made it impossible for t hem to bring their wives to Santa Fe or other 

nearby coomunities. Security restric t ions a gainat travel and association with 

persons away fr om the proj ect worked t t erefore a very much greater hardship on 

enlisted personnel t han on civilians, whose wives and children lived at Los Alamos. 

3. 52 Another problem was created by the fact thc.t military promotions, 

which were the responsibility of the SED Conn~nding Office~, were a lso the on.l,y 

ma teria l means avail.able for recogni tion of responsibility and excellence in 

technical work. The 0ED Table of Organization permitted promotion of one-third 

1"\'\crt 
of t t e men to eac h of the grades T/J, TJ4, T/5, with the provision l!!lf about one-

tenth of those in T/J could be promoted to t he r anks of Technica l and Master 

Sergeant. Since t he great majority of the men ar!'ived with a rank no greater than 

T/5, there was, a t least in t.he ftrst period, ample opportuni t y f or p1·omotion. The 

ground and rate o.f promot ion J-,a d, however , to be agreed upon between the SED 

Comma nding Off icer a nd t he labora tory, and for several months no such poiicy \'las 

fir:uly es tablished or consis t ent ly f ollowed,. 
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J. 53 A third difficulty arose from the conflic t of military and 

r · 
( tech nical duties. Altr.ough the of fie ial hours of work in the Laboratory were eight 

hours a day for six days a week, it was the practice of many groups in the 

labor a tory, particularly research groups, to work more irregular and usually much 

longer hours. This pr actice created conflict with barracks duties and format i ons. 

3. 54 The presence of other detachments (engineer and milita ry police) 

required sane consistency of treatment of t he milita ry personnel in accordance with 

the usual military organization. However, a nwnber of steps were taken which 

improved the position of t he SED, although they did not ent i rely solve its problems. 

In June 1944, gener a l supervision of the milita ry admin istr a tion of SED matters was 

given to Maj or P. de Silva. As Intelligence Officer his wor k brought him into close 

connection with t he laboratory Admi~istration. In August, t he regulation forbidding 

travel and outside social contact was relaxed for military personnel in the 

c Laboratory so th~t they might visit their wives a nd f amilies on f ur lough. In 

August, a lso, Ma jor T. O. Palmer was appointed Comm:~nd ing Officer of the SED. A 

large part of the credit in mainta ining SED mora le under diff i cult conditions inust 

be given to Ma jor Palmer. A system of promotion reccrnmendatioris by .groups and 

divisions was soon worked out which was sa.tisfactory to him and to the Laboratory 

administrat ion. The. problem of conflicting duties Was not and perhaps could not 

be solved adequately. The amount of overtime work done by many groups and 

indiv iduals required essentially civil ian conditions of life. 

CONCLl'SIOt! 

3.55 The J,abora tory per sonnel depo.rtrne nt found itself conf r onted by 

an unu:rnally br oad range of difi'icult ies. To the pr oblems of a peacetime urban 

laborat ory ,were added t tose of a s rec ia l military and civilian co;nmun i t y , the 

whole he i ng cor.iplic;.1 ted by a correspondi ng duality of .jurisd ict ion. 

J . 56 Tt."J ~reatest' s ingle difficulty was undoubtedly t ha t of s:'l.lliry 

} i olic~' · Th'; f , . .:; 1 ' •S .st.cttect .~ r e b:r no ne"ins self- expl-'i.natory. !\;:; th· rr.; ttter 

e'r1." ,;_ o,,,j 1·· 1' r:· ' P J' ';" 1" •'-l rc-·,no r .. ' J' c :]1' • .. ~<':J' ,.. ~ • ( ..> • • • ; • • l i I ~ . ,,. • l· ~ .·-· . . . . ...,,. 
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underqing reasons for these difficulties were somewhat as follows: '.Ihe 

' laboratory did not enter the scene a D a going concern, such as wruld have been 

the ease with a large contl"&cting corporation or a university operating .,,..1th its 

own start in its am plant. The Universit7 of California was. on t he contrary, 

relllote .fran the concrete problell8 o.f I.aboratocy admini.3trat ion. Both t he general 

aal.ar7 polic;r and its detailed administration~ morecwer, were under the superrl.s i on 

and •ubject to the direct veto or the Contracting Officer, Lt. Col . stewart. He, 

_hatrever, on whan. the responsibility devolved,, tound it impossible; -beca.use of hi.a 

situation, to discharge it to the satisfaction o! the laboratory. He was stationed 

in Los Angeles where hi~ services were urgentl.r needed ~n connect ion wit h 

procurement matters (J. 78): he had onJ.r gener1;I and: overall acquaintance with th.e 

problems or the laboratory. Either of two conditions would have remedied the 

situation: (l) '!hat the La.b.orato:ry have a etrong well-organized pereonnel ottic•• ... 

capable of representing its need with sufficient consistency, detailed justification, 

and vieor to compensate for the Contracting ot.ticer's rEmote poeitionJ or (2) That 

the Contracting Ot!icer be stationed at Los Alamos, where he WCMld be in a position . 

to· understand the detailed needs .or the Laborato17 (ct J.171 3.~). As •tt.,;s · 
·, 

tinall,y developed, it was the partial satisfaction o! both conditions that tended 
' 

to sol ve the Laboratory's salary problems. 

3.57 In fac t by June 1944 it was apparent that a cons i derable 

administr at i ve ·r eorganlzati on was necessary. Hughes ' previous experience and 
. . 

Loo Ala.moo f'tmct !on had been priruaril,:r in the building of a c anpetent scientific 

laboratory staff . The rapid expa.ns ion of the lab-Oratory and its ramification· in 

many directions not covered by t he t erm research created personnel problems ot 
\ 

a new and di fferent or der. Aft.er a year s pent in building up t he seient ifi.6 sta!t 

of Los Al.-J.mos and seeking to formulate and work oat it::i personnel pol i c ie:.i under 

increas ingly difficult coMiti ons, Hughes r~turned t o his previous position a 

Washingt.on University. Hb posit i on was t aken by C ~ D. Shane of the Radiati.on 

labora.t.ory, Berkeley~ As his general ass istant Shane brought Hoy E. Clau3en of t he 
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University of California. Armand Kelley, formerly at the !.~etallurgical laboratory 

( - of the University of Chicago was brought as an expert in matters of salary a nd 

s a l:iry control.. Hawkins 1 who had until this time been only loose]S' c cnnected with 

· the Fersonnel Office, was made responsib le under .3ha ne for draft deferment and for 

milit~ry personnel matters. 

3.58 The most serious personnel problem at this time was still that of 

salaries. After reviewing the situation in the laboratory in June, Shane had 

accepted the position as Personnel Directo:- with tbe underst~rnding that in matters • 
of salary control he and his office would have a reasonable degree of autonomy, not 

subject to veto by the Contracting Officer except in terms of Federal salary policy 

and reguln tions. As wa s stated above an agreement with the Contrac t ing Officer to 

t his effect was reac l-.ed in July 1944. 

Bus ines3 Office 

J.59 In February 1943, s hortly before t he administration of t he 

laboratory moved to Santa Fe, the University of California appointed J. A. D. Muncy 

as Jusinesa l.fanager for the laboratory. His responsibilities included all the 

nor:ml activities of a business office, but security restr i ctions put quirks into 

its operations and added a number of unusual functions. For security reasons it 
I 

\ . 

h"-d a lready been .decided to locate the rurchasing Office in Los Angeles (l.12)e 

It wa.s considered desirable to f; ave the Aecountine Office physically connected with 

the rurchasing Office. For this reason a ge neral business office in Los Angeles 

for t he most part took over op~rations from the Business office <3.t the point where 

money was disbursed. Complete rec or ds of a ll tr·ansactions were ke pt in that. office, 

and government and university audits were rn<::.de there . In practice, however, a small 

account ·llBintained in the Santa ? e a<c~ nk for emergency pur ch-3J;:es, travel advances, 

a nd for cas hing personal checks ~ for Cont r actor's employees reac hed considerable 

proportions. I t was , in fact, t · e s econd largest ac count in the bank, and since 

it wG.s in Luncy's n:Jne , he f requently r ece i ved circula rs from cl"'.a r .itab Le organiz-.'l.. tions 
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suggesting lar ge contributions. 

3 .60 The "normal" functioM of the Business Office were payrol l 

control, issuance of travel a dvances and prepara tion Jr travel expense bills, 

procurement of m terial.s on the emergency purchases fund, maintenance of records 

for workmen 1 s compensation and for the california State Employees 1 Retirement . 

System to which employees of .the University were obliged to contribute after 

six months of employment. 

3 .61 Scientific workers were not pennitted to maintain accounts in 

the local bank to avoid giving the bank a list of laboratory personnel. This rule 

was maintained for all monthly salaried employees. The Business Office at the site 

therefore made up t he monthly payroll and forwarded it to the Los Angeles office 

wt:ere checks were written and mailed to the banks designated by the employees. 

However, in 1943 the Contractor employed a large group of laborers and construction 
I 

workers who were pa.id on an hour]..y basis, a nd beginning ill January 1945 the salaries 

of machinists a r.d ctr.er shop workers were computed on an hourly basis. These 

payrolls were made up, and checks written by the Business Office at Los Alamos. 

Apprax.i1rate rr.onthly pa,yroll figures of ~~ 50,000, $160,000 and $175;000 for the 

mont hs of June 1943, 1944 and 1945 respectivel3, indicate the tremendous growth 

of the staff of t he project. The payroll for hourly workers in June 1943 was 

roughly $ 23,000, in Jlme 1945 it was approxirr~tei, $130,000. 1he figure for 1944 

is negligible, covering substitute school teachers and sane part-time clerical · 

workers. ( Se e graph 2 in appendix ) . 

3.62 In keeping payroll records at the site t here was cons idera~le 

difficulty wi t h accurate records of attendance. The universit y procedure of 

having a s upervi sor certify mont hly t hat all employees in his char ge were present 

with the excertions noted w:1s not considered a dequa te by t he Manha.t tan District. 

On the other ha nd, cer ti.f i c ti tions by t he i.:;Toup lec1der as to att er~d:rnc e by da~·s and 
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for a number of ref.sons : pt:rsonnel wc: s too sce:.ttered, pa rticul·1 rly in those 

groups doing field work: scientific workers frequently woi·ked at night though not 

on regular shifts. Scientific workers often worked a good deal more than l+8 hours 

a week, and since the contra.ct did not allow for overt:i.rne payments it was felt that 

deductions for absences could not reasonably be ma.de. The. only procedure used 

until September 1945 for the scientific and administrative staff was a negative 
' 

report made monthly by each employee , without any group leader certification. 

Although this system was never considered satisfactory, it is probably true that 

a more rigorous control' would have imposed an almost prohibitive administrative 

burden, and would have had an unfortunate effect on the morale of sc i entific 

workers who were actually giving· more tl-bn 48 hours a week to project work. 

3.63 Reirrbursemcnt for travel on project business was handled in the 

same manner as the payroll. Although advances were issued from the local account, 

travel expense bills were forwarded to the Los Angeles off ice and checks mailed 

fran ttere to the bank of the payee. 

J.64 The emergen~y purchases fund was used for materials for \'fhich it 

was not practical to route the request through the Los Angeles Purchasing Office-, 

either bec ~use of the urgency of the request or because of t he character of the-

materials. The bulk of the mater:i.al .purchased on this fund in 1943 fell into the 

former category, since it was mostly construction supplies needed in1nedi.ately for 

work beine done by the Contractor. The amount of disbursements fran this fund 1n 

June 19l~3 was apfroxinir.l tely $23 ,000, and in June 1944 it had dropped to $4,COO. 

In the latter year the materials purchased were principally batteries, dry ice 

and cylinders of gas , items not suitable for shipaient from Los Angeles. In June 

1945, durin.is tte i:;rep&.rat i ons for the Trinity shot, some $38,000 were spent for 

miscellaneous Her.:s , ranging frcm r .;dio tubes to CQ. nvas wat er bags, plus a n 

i ncreased volizne 0 f the norrrz. J. battP. ries, ~as es, etc. /unong the unus1..:a l purctases 
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made with this fund were 88 cows which appa rentl3" had suff e::-ed radicactive burns 

during t he Trinity test. 

J.65 One of the firet of the somewhat extraordinary dt<ties of the 

Business Office was handling the financial end of the tempora ry housing mentioned 

in Chapter 1. The cost of open:ing a.nd operating the ranches used made the 

expenses to employees considerablf' greater than they would have been at the site. 

It was felt that the project should assume this extra cost since housing was not 

ready at the site as it had been · promised. The Contractor therefore operated the 

ranches and billed each individual or head of f~ily for the amount of his living 

expenses at the site (rent plus $25 per month per person for food). In all, five 

ranches were operated fz:cm the end of March to the end o! !.~ay, 1943 at a cost of 

some $7 1 000. Claims for dama.ge to the temporary housing occupied by Contra ctar•a 

personnel were also settled by the Business Office, with the assistance of · the 

Contracting Officer. 

J.66 Other unusual functions of the Business Office stemmed fo~ the 

most pa.rt from the attempt to prevent a. list of personnel accumulating outside 

the project. Thus personnel were requested not to cash personal checks in Santa Fe, 

and check cashing facilities were provided at Los Alamos. By 1945 the daily 
,. 

averaee of checks ca shed lfO.S between ~3,000 and $4,000. All personal long distance 

ca lls and personal ti=:legrams were charged to a Business Office account and tte daily 

. telepllor:e bill increa sed from :t5? in J une of 1943 to $745 in ~rune 1944. When 

New Mexico income tax returns were due, the Business Of f i ce a ssigned a number to 

each errployee, and r eported to tte income tax burea u t he ~mount of income paid to 

that nw:1ber in 1 ew ~.:exico during t he yea r.. The eniploy e then used his number instead 

of his nc-.. me on his returr,. 

J. 6? It ca n be ·seen from this brief ac~ ount tha t the volume of work 

tandled by tl '. e Bus i ness Gf.fic e !~rew c or.slder a bl,y ht:yond wh: .t had been anticipated . 



increased to some 15 people by mid-1945. It is clear, however, that the decision 

/ . to keep the main accounting office in Loe Angeles was a wise one, both beca~e 
( ,,I 

( 

~ ~ 

of the advantage or proximity to the Purchasing Office, and because its staff, 

wh l ch grew to some 70 people, would have required a housing project all its ~ 

at Los Alamos. 

3.68 Because security regulations made it impossible for personnel to 
' 

take out new life insurance arrl because of the extra-hazardous character of the 

work done at the Project, the problem ot providing insurance for employees proved · 

extrem.e],y c~lex. and wa~ never adequately solved, although a long series ot efforts 

were made by the Director•e office in cooperation with the Business Office. WAen 

· the project was organized, emplo;yeee ot the technical area. weN covered by &n : 

' . 
OSRD health and accident policy __ {Append.ix 7 , No. 9 ) • covering injl11')", ill.nesa OI' 

death, plaeec:t with the Fideli\7 8lld C4sualt7 Compaiv- ot New York. . In Septemb_er . 
. " . . . • >. 

1943 this policy;; . was re;plaoed b7 Manhattan Di,sti;ict Kaster Policy 1 with the ~ 

Indemnity. Canpal'.l.Y (Appendix 7 , No. 10 ) which o.rr...-ed additional benefits includ~ 
', ·.·.. .. . 

,• 

utra-baza~s insurance. Jn, J'lllf 1944 Malteio P.olicy l was replaced by Master. · .. · . 
' ·, ···~ ,. . '.~ . . . . .. .-~~ .. 

Polley 2, (ApJ)endix 71· No~ .µ) 1dth premimu to· be paid bT the individual or t~ 1: 

contr~ct.or rather than. p.7 the- 'government. Ma~rter Polley 3 (Appendix 7, NG. 12_. f .: .. ':- " 

provided fa;, accidents not arising out of employnient. At about this time there 
• r l ' ,., • 

. .. 
was cons ideraole diacuasion o! the fact that the extra-hazardous instirance 

policy in effect tor people working on radioactive substances was inadequate, 

since no provis.ion was made for the fact that injuries wight not appear for 

10 or is· years atter they were received. Eventually this problem was solved 

in part by a special arrangemerit ma.de with the University ot Calif orniao A 

· fund ot $1,000,oOo was deposited with the Univenity by the Government to be ue~ , . 

. · . 
.. ~~, , '.)< .~~ 

. ,. 

tor ircjuries resulting from a munber ot specified extra-hazards llited in a secret 

(, __ ,) letter to the University1 (Appendix 7, No. l3J.- statutory Vforkmen•s Compensation . 

of the state of New Mexico was provided by the Contractor for all perso~ assigned 

SESRE;r _. 
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permar.ently to work in t·Tevr t'exico9 The total of cla:ilrs paid under i'!orkrnen•s 

Compensat ion through December l'/45 was only ~. 18, 000, of which $:U.,OOO covered 

death benefits for two laborers killed in a r:iotor vehicle a c e i.dent in 1943. 

Accident policies essentially the same as l.~ster Pollc ies 2 and 3, wl:ich expired, 

were made available in Septell'.ber 1944 for purcha se by individual employees. For 

some t ·me there was no coverage for travel on non-commercial, non-experimenta.l 

aircraft used by pro.)'lct employees, but ever:tually this was covered by a persona 

.• accident policy with Aero Insurance Underwriters for d_vilian employees. 

Procurement 

3.69 The ccmnunity's isoL1.tion created many problems but the most a cute 

and s·Ar i ous o.f t hese were faced by the l·roc\.U· eme nt Office. Supplying a large 

re3 e,J.rch L.:\boratory from the ground up is i:1 itself a difficult task; doing this 

secretly, in wartime, 1200 miles from tr.e near est hrge :mrket and 100 miles from 

t he ne~1rest ri:i.ll and air ter:nim .l woul1i appear to be an i mpos3 ible one. Yet the 

Procurement Office succeeded L'1 overccming all the obstacles of time, spa ce and 

secur ity , and in satisfying the exactill[', a nd :1pp .. '1 rently insa tiable dennnds of the 

laboratory. The f ::i.ct that the Laboratory vm.s able to meet its tight tirr.e scr.edule.-

is '1 tribute to the compe t r.mce -:-md effic ienc~r of its Frocttrement Office, gu ided from 

the beginning by D. F' . i.iitchell, of Colwr.o i a. University. 

J.70 In Februnry 191+3, l ~itc hel.1. , Oppenhe i iiler, c: :-id se·.rer."- 1 other 
., 

~cientis ts ;net '.·1itJ-. repres •,nta ~ ~ ves of U-.e :.nny a.r:d of tbe l'niversity of 

Cal i f on iia t o discus s purc~as ir.1~ poli~ i es. L!· the insi3tencc of the Univer ,;ity , 

it wfl s a.:::;reed that a l l nn.tter.s of pu1·cra.sin-: :rnd p.'.l.ynwnts ·.voulJ be a ·i.11,j_:iiDtered 

directly by mer'.'. ~)e rs of the University sbf '.' , ·,tn.:l ·.vitbin t )1e i r entire discretion a s ... .,,, 
to appointees :-mt sub j ect to the gen eral s upe rvision of tr.e Cor.tr a ctir:G Office r . 

In e.ffect, thl.3 me .1nt t h.- :t wh · 1e : -itchelJ_ was i.n ctar~e o .<' orJeri .,r; rnatcrid l3 '.'or 
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its emr,loy ee;;> woul l not be per;;iitt ed to ccrne Lo Los ALi.mos, to dea l directly with 

persons ?L , cirn~ or iers, or to kni>w . 11y thin ~: '.'..'.J out U :e ·.vork o f the I.ahor a,.t ory. 

J .71 At about thi.3 ti.: "..e , t he bas i c policie ::; which were to govern 

Mitchell q s l r ocurem~ nt Off ice r wer e outlined . He was to be gu i ded pr:inurily 

by the n•.: c~s::iity f or speed a nd w·:ts not to be held respons ible for the kind or 

quality of i tems to be purchased. He \V:::• G t o be .'.! u thorized to place orders. by 

r cquis it ions signed by ·-iualified me nbers of the scientific staff, such requi..sitions 

to show 1..1unntity, descriptiori of item, date re.1uired , urgency and suggested source. 

On the basis of the arderine individua l's statement of urgency, Mitchell would 

judge the degree of priority required, ~nd the means of canmunication and trans-

portation to be used in order to meet ~he delivery d:3.te. Primarily the policy 

of t he r rocur e.ment Offic.:e was to supply the needs of t he technical staff a-s 

promptly Rs possible, and with as little red tape as possible. Od tl)e whole, thlll 

policy was m~intained succes3fuLly. 

J.72 A greo. t many things had to be ordered before the laboratory could 

begin to func tion , a nd until the Los ~ngeles Purchas ing Off i ce was established, 

such purchases were made through the Purc h:13 ing Off i ce of t he Radiation Iaborat017 

at Berke ley. 

} . 73 The Los Angeles office w.J.s organ:zed by D. L, Silt and was .in 

Op€'ra tion ~·a rch 16 , 1943. ,'.fter 3epte~.ltler 1943, ~ .• E. JJ_;·hre wa s in c ha r ge of 

this off i c e . In e;i, ly dh> cussions a bout procurement it ·na. s p roposed tha t branch 

purc h< ·. s i ng off lcgs..Q.e established in New York_:3:...llSi Gbjc.'lt;a+ t o be subordina te to 
----~~---- . 

the Los . .'.t ngel e-:; office. These ·/(ere ::> i:. t up in Apr il 1943 . Exc ept in ca s es of ------. 
unu::n ;,1. l emergency the Iaboratory' s !-rocuret:le nt Of f i ce dealt direct l y onl y with the 

Los .-.n,-;(: les Cf l' l ee , eitiw r by mil or teletype. Re iuis it i ons f or i t.ems not readily 

ava i l t•.J le in t l:e Los i'.ni:;eles a.rca were f orwa rded to the New York and Chic ·?. go 

b r a r.c : -:··; fror.1 r:r.is 1\ nGel~s . Th e th ree o ;~ ;'.'it-;t:lS t o·;e tl er e~nploye d a t ot,., C> f i'J.'.;) out 
~ 



c 

(_ 

J CO ;, t, t l t~ i r ;_J€:. i·: , i nc lud in1~ 33 buyers a nd 2d ex r: e.Jiters . ,\n aver:;, :~ e mont hl7 

doll1.r vollliae wa.s ::i. bout .: 400,000 cove ':'· :in~ an ~Lver'lge of a bout 6 , 000 it ems ·-purc l:ased. !lowever, in the peak month (?,r,q 1945) t hese fi5lir es wer e oYer a 

r.. illion dol lars for ,:;ior e tlv.rn 10,000 items. ( Se e gr ::.. pL 7 in a ppendix). 

J .74 A certa in amount of loc :.: l purchasing wa s permitted. At first 

"loc:1l" w<s defined :-l s a r a dius of 50C miles includ ing Denver , but a s securit y 

restrictions tightened , "local" was li;r:ite:i to a N.d ius of 10 miles , including 

;Ubuquerque. Orig in<i. lly loc :i. l purc k ses were intended to s a tisfy only emerge~cy 

needs for ite:r.s not o'ot =J. im.ble tr.rough normal channels in time, and aut horiza tion 

for such purcha s es ha d to be sec ured from t he nusiness Office. later , however , 

loc:;. l purc '.-.:.t s e :; bec.:t me a re ·T,t11rir function of t he f roc urement Cffice, and included 

not only eir,er gency iter;.s but o. lso 1r.:.iny bulk items suer. a s fuel and buildi ng 

supplies, wbic !-1 could be purc!":a s ed udvant.'\geously fr om local suppliers . In no 

case was it poss L le to pla ce itens on back order or a s k loc 2.l vendor3 to place 

ord ers for the Iabor<i tory. For secur i t y re.:i sons, purcbi ses were made in Euncy' s 

name . The Post 3upply :3ection, unde r the able direction of Major Edvmrd A. iJhite, 

was frequently called upon to supr ly var ious item.'3 for the Technical Area. A 

s ystem was set up whereby t t'e Technic a l Area could requisttion on Major . .'lhite•s 

office and this channe l of procurement W3. s of no s m..<11 help to t he technical work, 

J .75 ,\s has been mentioned before (1.17), the f irst groups of 

s cientists b::ouer.t with t l.em a cyclot ron, a Van de Graaff generator, a Cockoroft-

l'falton a ccelera t or, a nd a certa in amount of electronic equipment. Aside from 

these things , Uer e v:a s not h ing a t s ite Y to constitute a labor::i. tory. r.!ost of 

t he sc font i3ts had come from universities wr. ere tbey hA. d f airly well-equipped 

1."l.bor s ... ,ories :i.nd stockrooms whicr. h~>.d been buildi ng up supplies in specialized 

fields for :re.1 r :.:; . ." t.r:i11 <.: few months' the l.'rocurenent And r urch;-1.sing Offices 

ha.ct c omrlctr1l~r t o e 1u i r:· j. Lysics, r:: l t:L:istry · ~. nd C' l r.ctr·on1 i:.: s l abor.s. tor ies as well 
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and shops. 'l'he r a ne e of m t eri.als r equired for t his task w.J.s incredibly great -

everything from women's work clotr.es to ten-ton trucks. It has been s tated 

without exaggeration, that in va r i et y of ite::is t r. e requirements of t h is laboratory 

exceeded those of Bell Labora t ori es, one of t f.e largest resea rc h organiza tions 

in the world. The Procurement Office bought such t h ings as rate, meteorolog ica l 

balloons, sew.ing machine.a, r estaurant equipment, jevreller's t ools, and washing 

nnchines in addition to what might be considered s tanda rd items of shop and 

laboratory e quiµnent. At the time t he Procurement Office for site Y was organize~, 

early in 1943, the nation's industry had been thoroughly converted to war 

production. Stockpiles were running low in many items considered standard for 

research laboratories but not important for a ny otl:er wartime use. . Some things 
,1 

were a l.most ccmpletely un~vailable, others could be secured only· with high 

' 
prior i ties. Pro j ect Y was assigned AA-1 priority by t he l'iar Pt9duction Board, 

but of t en it was necessary to" reques t t be Distr i ct's help in securing l':igher 

prior i ty or a ·,vPB directive f or pn.rticular items. The Procuranent a nd Purchasing 

,.._ .,, 

, ·· 

Off i c e s succeeded in having equipment on hand almo~_ as soon as ttere w:ere 

bu i ldings t o hous e t he va r i ous labora t ories. Stockroans ·wer e ready in short order 

,,...,. . ,,. 

one for chemico. l supplies - K stock, one for gener2.l laboratory supplies - S stock,. 

one f or s pec ia l ~lectronic s upplies, and one for eac h of the shops. 

J . 76 Once tt.e v~rious labor a tories were esta blished , the t ask of t he 

F roe urement Off ice became t ha t of meetine the continuine demands of t he s c ient i f ;i.c 

a11d technical staf f for equipment , and keeping stockrooms a dequatel.Jr s upplied . 

Responsibilit y f or t he electronic and s hop stockrooms was tur ned over t o t he 

vo.ri.ous operat i ng gr ours. The dutie s of procuren~ent could never become rout ine, 
. ' 

because of the labor ator y ' s continuous expans i on a nd becaute of the cor~tan t and 

nec e ~sary changes in t he tec hn i ca l pro[l'ai:; . Since the laboratory was operat i ng 

on , .• rit, id ti!ne sc?<le, time wa s al.ways the most cr it i cal f a c t.or; and sr:i pping 

ir.st. r 1·ct.i.ons m::de by U :e \"r·oc ·.:r er.•~1, t Cffice on re '..J_uisitions s en t to the 

!·,_,!-.-:f.a •;ini...: ,· f ··.ice wen- of t <::. € X71' •. ;,.1;ly .imp-.r L:.n t . ("(;c ·,_··~c;~:i.1 f:J i lure of the 
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Purcr~sing Office to carry out shippin~ instructions precisely was one of the 

minor sources of friction between the two off ices. On several occasions t he 

Procurement Offi ce was obliged. to r eorder by air express an item that was 

being shipped by freight contrary to instructions. Waiting for freight delivery 

·llou l.d have me.:int holding up vital experiments tha t would cost much inore in time 

a nd money than the cost of duplicating an order. 

J.77 Second onJ..y to time in importance was the question of security, 

and this too caused innumerable difficulties to the Procurement and Purchasing 
" 

Off ices. For security reasons Sit~ Y was located far from any large city, and 
/ 

therefore separate purchasing offices had to be established in marketing centers. 

For security rea sons, the employees of these purchas ing offices could have no 

direct contact with the usine groups at the labora tory, could know nothing about 

tlle work of the laboratory, a nd tr,er.efore could not 1mderstand its significance 

or app~eciate t he urgency and responsibility of their own work. Emploj•ees of the 

Chica8o and New York offices dealt directly only with the Los Angeles office, 

except in emergencies. F'or security reasons, using groups were al.most never 

able to deal directly with manufacturers and dealers; when questions about design 

or f a brication a rose, · these que.:;tioqs had to be transmitted through the New .York 

or Chicago Purcmsing Offices to tlie I..Os Angeles· Purchasing O!fiee, from: there to 

the Los· Alamos Procurement Off ice, and finally to the using groups: the answer 

h~d to be sent back along this same path to the supplier. For secuiity rea~ons 

no direct .s hipments could•be made to Site Y; all supplie rs were instructed to 

ship goods to Chicago and Los Angeles warehouses, from wh ere they had to be 

transshipped to Y with the i r ori.:i; i na l label3 r emoved in orJe r l o prevent 

unauthorized pers ons from le.:lrning wh;i. t kinds of things were being received. 

Or igin.:i.lly :. r. e 1.Qs /tngeles and Chic;igo wa rehous es did nothing but t nnsship orders, 

~ind t he · 3ite Y war e1':ouse c hec. :ed ship;:-ents u:id appr1y11ed i nvoic P-::> . Because of .. 

government r e:r,u la ti ons ins istinG upo.n promr t payment ol' bills to a void l os s of 

SEGRE+ ~c_. 
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discoW1t, procedure ;;.ra.3 cha r,ged so tr.a t invoices were cl:ec :rnd a gainst s h ipments 
_r 

( , at Los Angeles and Chicago a nd approv ed. t her e. This procedure led to minor 

C. 

difficulties: goods would be rece i ved t hat were neither usa~le nor returnable, 

items woul d be missing fron the sf. ipment bu t chec ked on the invoice, packages ot 

photographic fi lm would be opened for inspect ion. 

J. 7r3 Periodically tec hn i ca l groups in the Laboratory submitted 

criticisms o.f the Los Angeles Purchasing Office to the Director, and period~ca.113' 

the Director would transmit these criticisms to the appropriate Army and University 

officials ~ The theme . of most of these criticisms was that the Loa Angeles office 

was staffed by inefficient and inexperienced buyers. For some time these offices 

were seriously understaffed, and s ome of t hese criticisms may have been justified; 

on the whole, however, circumstances made unavoidable ~uch of the apparent 

inefficiency. The University and the Purchasing Office ma intained with considerable· 

just ice tha t much of their difficulty was directly traceable to t he strict 

security reguJ.E.tions under which they opera ted. 0tatistics compile<l fran time to 

t ~ue by the Contracting Officer, Lt . C~l. ·Stewart, ori the efficiency of the 

r urchas ing Office s how fairly colilllendable results. TO some extent the criticisma 

of the Purchdaiil.g Oftic~ ·l>T using. groupa. -in the . Iabora.tory· were caused by -their 

isolation from and unfamiliarity with the actual state of the marxet. They had . 
come from uni versities whose ~quipment had largely been purchased under peacetime 

conditions, when time was not a t a prerr.ium a nd manufacturers' catalogues actuaU., 

represented stock on hand. During the war ma,ny manufacturers stopped publishing 

current, cata l ogues, and th e catalogues which were available in no way repre.sented 

exlstirlg condit ions. Men ilnd bee n in t be habit of desi:~ning appar.:"ttus, starting· 
I 

to 'bui ld itp and then order ing parts the,y did not ha ve on h:=tnd e . Thia habit nearl,r 

pr o•:ed disa strous o n sevcr · l oc casions. For example, one group designeg a special 

kind l')f c·.!!le ra to be 1ned conni~ction vfl t h · the Tr inity t est , proceed A to work 



the group wa' notified that the particular lcn3es they had ordered wer~ not on 

the market, would have to be ground to order, and might not be ready in time 

to be useful., . Also the plrticu.lar kind of plate backl!S which they had 

incorporated. int.o the camera design were no longer available on the market and 

were . not being manufactured. Purchasing O!!ices scoured the country, and 

sucC.eded in finding about one-third of the required number of plate backs. To 

secUl'e the rest, it was necess'ary through the Washington L1.a:lson Office to get 

a WPB dire.ctive ·ordering the former manufacturer ot these items to stop bis 
' 

current prodL.1Ction and make. the necessary amount for the laboratory. '.nle cameras 

were rMdy in time far 'Trinit.t,' but ~ aftet a tremendous expenditure of effort 

by all concen1ed. Such incidents were not frequent, but serve to illustrate sane 

of the difficulties encowitered by the Purchasing Office. From the very beginning, 

' 
the Procurement Office had made an effort to teach the using groups the importance 

ot finding ou~ about the availribility of certain materials before canpleting 

·des~gns and starting work, but it was difficult. to change old habits and difficult 

for men to realize that a small loes of time spent in studying the market might 

mean a large savif.lg ·of time in canpleting a satisfactory piece of equipment. · , 
l 

. ~ ' 3.79 Just as the Iaborator·y groups were hampered by their unfamiliarity 

with the state of the market, so the Purchasing Offices were hampered by their 

unfamiliarity with the kind ot work being done at the !aboratory. Knowing nothing 

about the work, they could know nothing about the uses for ~vhich particular itlims 

were neaded6 and therefore could no·t understand which specifications were critical 
J ' . 

and which w re simply li~ted ;for convenience. A buyer in New York receiving • an 

urgent. request for some item ordinarily made or metal might be notified by the 

manufacturer that other U.<Jers were acce )'ting wartime substitutes made of plastic• 

The buyer wo~ld · see no obvious d i fficul ty with this substitute • no ~eason to ask 

t he Los Angeles office to check with the Y office to check with the user - and 

• would pl ace 'the or der ., He co l a not be expected to knmv t hat for the scient.i~t•s 
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purpose, s i :~ e, color and s hn.pe were conven :'..e nt but not indispensable, whereas 

the chemica l c ornpoi:;ition of the JI>:i t e r fol wa s the one all-importan t cri'berion. 

Such inc ictents occurred ag.'l in and 2.g::.in, a nd t he on13' possible solution was to 

have members of the technica l st.?.t f i rr1r ~ ~~ e t heir spec i fications as complete and 

explicit as _ possible without revealing t he nn t ure of their w·ork . The local 

Procuremen t Office rrnde ~ s erious eff ort to h~ve t he using groups prepare accurate 

and canplete s pecifications , a nd t he Pr ocurement Office itself checked such 

' 
S?ecifica t i ons clos ely before trans:nittiP~ them to Los Angeles. 

3. 80 The or g<:rn i ·z:.i t ::on esta blished at Y to h<1 ndle s001e of the complex 

probl er:is outlined above 'N 3.S in itself rat her simple. In accorda nce with its 

policy of e limfoating red t a pe a nd supplying tr.e laboratory as quickly and 

efficiently as pos s ible, Mitc hell organ~ed his depart.;;ent into two main sections 

Proc ure1.:ent, under t he supervi sion of E. E. Olsen, and Service a nd Supplies under 

( t he supervis ion of E. ~ • . \lien. TI :e Procurement Section consisted at first of two 

groups, Buying and Rec or ds . later a third - Property Inventory - was added. The 

Buying Group was r espons iole for checkingfspecific~tions on purchase requests~ .. . 
suggesting a possible ;rn nuf.:i.cturer or vendor to the Los Angeles 'office, justifying 

high urgenciP-s, and answering que s tions initiat ed by the I..os Angeles Purchasing 

Off i ce. Essentially the local buyers existed t .o give the Los Angeles buyers the 

infonation tr.ey required to purc h;.i.se t he things needed a t t he laboratory. 

The Recor ds Group wa.s respons ible for :::.'! intA. ining f i l es of correspondence and 

purchase reip1ests, a nd also Kard ex fi les of expende. '.)l e a nd non-expenda ble goods on 

ha nd. Nhen one unders t ands t h·.,.t, for every purchase r equest an a verage of sixty 

pieces of p1per was invol ved , including printed for:ns a nd telet.5rpe3, the i.11portance 

of t he Records Group becomes evi dent. The Kardex files were l:lter trans f erred to 

t he Property Inve ntrJry Section ( 9.211.). The Service and Supr lie s s ec t i on consis ted 

( ) 
of fo1rr ~ roup'3 ~ t '.·,e stod:rooms, r ece::ivi n.,7 , sh i n ing CJ.r: ·l r ecor ds . Cr i. "; :;_ff 11y one 



c 

( ) 

c hemical sur-ply, e le ctronic, !,·<c r.i ne shop, and a f crr s rr,a ll s pec 3. 1l : z ed suppl y 

rooms. The Recei ving Group vr<'.'3 re.> pons:'.i:1le f or open i n .::: :·'J c kae;efi , ider.t ify ing 

i tems with purchase orlers .::.nd .d i.r ectim: d:~sti: i ti'Jti on either uirectly to 

la.bor.; t ory groups or to the appropr iate stockroom. The Rec c r.Js Group maintained 

files of purchase orders f or follow up purposes, files of s toc ks on hand and 

various receiYing record files. 

3.81 Certain special procurement ch.1.nnels by-passed the Uni versity 

Purchas'ing Off lee in Los Angeles. The!'Je concerned p=lrts for t he completed bomb-

mechani sm, rraterials including uranium,and plutoniu.~ coming from other br~nches of 

the · Project and materials obtained directly from the Army or Navy such as 

electronic ccmponents and completed devices of an electronic nature, guns and 

propellants and high eXplosives. 

Library and Document Room 

3.~2 One of the mino r but extremely important groups in the laboratory 

was the Library. No r es earch labora tory ca n exist without a librai-J ;vell stoc l:ed 

with standard technical reference works, files of technical journals and reports 

of work in progress, especially when th.at laboratory is isolated from all other 

universities and librarie's. The Los Alamos library served its purpose v1ell, and 

was one of the few admin i strative groups in the Laboratory about which there were 

substantially no campL:iints from tl:e scientific staff. The libra ry was organized 

and directed by Charlotte Serber. 

J.BJ Like the procureraent division, the library f a ced the problem of 

providing in a few months a comprehens i ve collection of b?oks and jourr~ ]$ on 

physicD , chemistry , engineerir.g and metallurgy that had t a. ken other libr a r ies 
I 

years t o a ccumulate. A large part of this initial problem w-as solved by loans, 

c b:i efly from tbe Universit .? of Ca lifornL. library. A tenta t i ve list of book 

r e<1uirements s u bmitted by n r i ous staff member ~-: pla. nninf~ t he J..-::. bor atory con:.isted 

of ~pproxirr...: · tely 1200 L0ol·:s a nd 50 j ou:n 1.:ils ( c 01: :.rlf~~E' fi lf'>s fr or.. 1920 f or ~.'.l e ~·:!.ost 
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L'nivers :'..ly litrc.:.r~· wc.. s .:ible to st: pply ne.::. r ly a ll of the r :ire out-of -print titles. 

( ~-- New publicat ions were bought, but only throush a circuitous route, bcca t:se of 

(_ 

( ) 

seci..:r i'.:.y r estrictions . Orders from t he Los ,\lur. tos libra ry were sent to a 

f orw-.:.rcin,i:; aJt.lre s s in Los AngeleS', .:i. r. d from t he r e to the University library in 

Berl<elE:j' : f ron: J erkelcy, orders we re placed with book publis hers and de<:.ler s 

to be sent to t he Los. Angel.es receiving Yrarehouse, and from Los Angeles the 

beaks v;e re forwa r de d to Los Al .'.l!nos. By Ju~, 1%5 , the lib.r a ry included 

approxim::, te ly J ,COO books, 160 jourmls per r.J.onth , and 1500 microfilm reproduc-

ticns of spec ific articles a nd portions of books. 

J. ~ The largest part of tl:e library 's worl:-: , however, was that of 

• 
reproducing and distributing reports of work in progress. For this purpose, . the 

library staff included two smnll sub-groups, lmovm as the workshof a nd t he 

document room. Tbe Yrorks}-, op typed, reproduc ed , and assembled techni cal reports 

and ronuals submitted by the various scientific groups of the Labora tory. _The 

workshop group collaborated very closely with t he editorial section and with the 

photography and .photostating· shop . Completed reports were turned over to the 

document room for distribution in accorck:nc e with security regulations , since 

nearly all of the work of the project was classified . The Labora tory's gurding 

policy for distributing informtion among i ts orm workers was simply that in no 

case should information be withheld tran anyone who c ould work morE: effectively 

if :Lnformat ion were in h.is ha nds, or who would be in a bet ter position to maintain 

a hi ,rjl l evel of security in his po.'.>sible dealings with outside workers if he were 

more .fully infor r:ied. To carr:,r out this policy, the documer.t roo1:1 of the libr ary 

we.s supplied with a list of per sonnel ent "tled ta have access to all or certa in 

c .::;. t« ,sories of clEssified documents , a nd th is list was kept up t o d<;. te by advice 

from group :rnd division lec:i. de rs.. In ger..era l , c ompar.~it iv e~ few doc ~ .rn tcnts were 

distri'outed to indiviiuaJ..s , the n~'.'. ority wer E: .;ept in t.re document re.cm to be 

rearl tr.e:-e or bor:rowed te;.-.p-~ra ri ly by yua i.fitd persons~ In a.dd it ion to rnai.:1tain-

ing a cor.1pl< te :H :l3 current fi. l~. of T .oo 1\ l .:i.mo:> r eports, tl ~e dnc ur:-F:nt. room kept a · 



file of docwner:ts received fror:t other ?!anh.::. tt:::n ~>istrict Projects. 0ane not ion 

of t h e ~ount of work handled by t he document r oom cci.n be gained from t he fact 

that oy Janun.ry 1945 t r. ere were 6090 reports on file, exclusive of extra copies 

of t he s ame report, snd that aprrox irnr..tely 10 per cent of tJ-e total circula ted 
I 

eac h week. 

3. ~5 Arnone minor duties of t he library was that of instructing the 

secretarial etaff in the prepara tton of reports for reproduction, and· th• haildling 

of classified dcc 1.:ments. In Janw: ry 1945, the library doctL"':l.ent room assumed from 

·the patent office t he duty of issuing pd.tent notebooks, keeping a record of 
• 
notebooks issued, dnd collecting th eIL from individuals upon separation fran the 

Pro j ects. 

Editor 

3.86 From the begiruling the Los Alamos I.a.boratory produced large 

quantities of reports. .'ihole fields oi' research were amplified by the results of 

work done here so tr.at regular13' published papers in these fie l ds were ma.de 

obsolete, and repor t s written here became standard reference works for this and 

other Manha ttan District projects. It was therefore necessary to have experimental 

results reported speedily and accurately in a form that would be readily accessible · 
. 

to other employees requiring the inform:?.tion for t heir own work . It soon became 

apparent that r esponsibility for the editing and reproduction of all reports .;.; 

should be centra lized to insure accuracy a s well as speed. Early in 1943, 

D. R. Inglis of Johns J-i opkins Un i ver sity was appointed Pro j ec t Editor. All 

reports of completed wor k (knof'm a s documents ) or of work in r;rot~ress (known as 

manuscripts) wh i c h were to be r eproduced in a ny form went t hr ough t he office · of 

Inglis. i'be reports were chec ked t horoughly f r om both a. tec hni ca l and editorial 

point of v i ew. An approrrfa t e form of reproduction was then s elected. a nd when 

finis hed they were r out ed to the workshop or photos t.a ting shop . Thr ough Inglis ' 

( ) efforts tl:e I.abor<:t tor y W<>.s a s sur ed a ser ies of t ec hn i cally a ccurate, a nd 

edit or j:i. lly cons i stent r epor ts of w0rk complet ed and in prof~ress . 



Pealth an~ Safety 

J.~7 A Health Group reporting to the Director wa s pa.rt of the 

laboratory a diftinistra tion from t he beginning . Throughout ~ he present history 

this group was under the supervision of Dr. L. H. Hempe.lnann. 

J • . '.38 Hea lth probJems of t lie laboratory may be classified as (1) standard 

industria l health and safety problems, (2) the definition of health standards in 

relation to specia l haza rds., (3) the establishm<.mt of safe . operating procedures, 

and {4) routine monitoring and record keeping. At the beginning all of these were 
4 

part of t he Health Group's responsibility with Dr. HempeJmann acting as chairman 

of the laboratory's Safety Committee. By April 1944 the corrmittee felt ttat it had 

become too unwieldy to handle effectively the increased safety problelt18 resulting 

from the rapid grm,,th of t he Project, and suggested t hat the Director accept its 

resignation and organize a new committee better qualified to handJ.e the problems. 
. . ~ 

( Mitchel!, Proclirement Offic e leader became head of t be new committee whose tunction 

was defined to be supervision of all safety instc.11::!.tions, inspections, and 

activities connec t ed vith the Teclmic ~o. l Area and the outlying site13. This was to 

include fire, genera l safe t y , and maintenance as well as technical ·safety. 

Dr. Hempelmann rer.iained a member of t he committee representing the Health G~p. 

later the execution of safety poli cie s wa s taken over by the Safety Group 

under a full-time sa fety engineer (9.37). Tne establishnent of safe operating 

procedures a nd rout i ne monitoring a nd record keeping remained under t he Health 

Group 1 s genera l jurisdi c t ion but such duties 'lere dele.ga ted , wherever possible, 

to the opera ting groups or ar-·propr iat e subc ommittees of t he 3af ety Conmittee. 

3 . ~ The centr::-,1 r es pon.'.3 i bility of the Health Group was the establish-

ment .::.nd dissemination of J-.ea lth standards; specifically, of s a f e toler ance levels 

of exposure to radi a t ion < ~ !id to radioactive a nd chem.ice .. l poisons. In this and in 

its eenera l supervis ory wor k t he group W<l.S c oncerned prirr!C'. r ily to pr otec t t he l:ealt h 

.. 
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of employees and of the Contr:: c t0r·. 'i'o tr.is end it kept record3 of u ;e haz· rds 

to which individuals wJre wq: >SE •! , t he e.xtut of expo8ure , a ccidents i.lnd tes ts 

for overexposure. In additicn :i t o'.J t a ir,ed :.:.nd rec orded pr e- ernployn:ent medical 

exu.min<ltions fo r a ll technical pe!'sonnel. It uade complete examin.:itions 1 inc l uding 

necessary tests, of a ll employees on terrr.in:i t ion. Ordi nary ir.dustrial accident 

records , however, such a s s hop inJ ur ies , wer e kept by t he Post Hospital. 

J.90 I n the or igiwl pfan of labor atory activities it was assumed 

t ha t oiologica + a nd physica l r es earch related to hea lth proble:r..s l'Tould be ent i rely 

the responsibility of other labor~:. tor ies within t he tiP.n}i.:, ttan District. Reliance 

on the '.-'i'Ork of others did net, r.owever, a l ways provide necessary infonnation: a t 

the t irre it was 'nf!eded. Research s ections were set up a s needed within the 

Health ~roup or by its request in ot her groups. Thus the development of apfa r a tus 

needed for monitor~g wa s ur:dert.::.ken a t Los Alamos in the spr i ng of 1944, and a 

large share of t he instruments built in the Electroni cs Group. Again in 

August 1944 it became necessary to invest· eate biologica1 methods of testing for 
• 

overexposure to radioactive poisons, and this work was undertaken by a section of 

the Health Group (9.JO). 

J.91 During its f i rst year the vrorl< of the Health Group was relative]J' 

. unc cmplicated, A semi -research problem wh i ch a ppeared a 1rf1 os t i"T.ediately was to 

d iscover the exte:1t of va ria tion in normal blood coun t~; . I t \v;:; s d iscovered 

tr.a.t va ri.ation.s which were at first thought symptomat i c of overexposure to 

r r.dfa tion were in f a ct comnon in norma l b lood. 

J.92 Operation in t his period was confined la r ge l y to the hazards of 

ext ern:..1. l radL1tion fro~t acceleratir.i,..: e qu i rment a nd r c:.dic-.. ·1 •.ive sources., The 

daneer of heavy-metal poisoning fr.om uranium had to be gi.1.J.r €d against, as did 

other chemic a l hazards, but these pr oblems were not. s eri ous . 

3 .9J The rea lly seriot:s problems of the Health Gr oup appeared in the 

eo. :rly sprifJ~ of 194.4 , with U 1e a rrivo: J J. t Los Alamos of t he first quant ities of 

8E@RET 
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plutonium. The nature of these problems is suggested by t he following br i ef 

account of the toxicology- of plutonium. 

J.94 The metabolism of plut oniw11 i s s:Unila r t o t rk'<. t of radium in that 

it is deposited in tr.e bone where its alpha r adiation may cause bone sarc oma . 

But while radium is deposited with calcium in the living bone, plutonium is 

deposited in the surface merr.branes of the bane, and is presurr.ably not overlaid 

by subsequent calcium deposition. Among other body organs the heaviest deposition 

oecurs in the kidneys, where in sufricient quantities its radiation causes 

destruction of tissues responsible for kidney func~ion. This effect, hol'rever, 

will not beccme serious except for dosages considerably greater than those needed 

(over a sufficient pericXl) to cau~e bone injury. Another unfavorable circtu!!Stance 

in the comparison of plutonium with radium is the much slower r ate of elimination 

from the body in the case o! plutonium. In canpensation for these bad qualities, 

plutonium has a much lower a li:; hi1. a ct i vity th:.:i.n radium, a nd is less easily 

absorbed fro1:i the digestive tract. In general t he problems of h:_lndling plutonium 

are comparable with those of handling radiw.n, with ~he . allowances for the vastly 

hrger quantity of the . former materia l that is proces :rnd, and for the fact t hat 

empirical information on the toxic effects of small amounts over a ten or twenty 

yeA.r period is not a vu.ilable' 

J.95 .\Ithou,:;h not all this information was CJ. V.:l ila ble at the time, 

the (:, ener 1 l s .imilttrity with t r.e radiu:n hazard h:irl j ust been discovered : as a 

result Hempe~nn and representat i ves from C~: icago and Oak Ridge visited a 

l uminous paint company in Boston to le1rn . ~ow the radi um hazard was handled in 

that. l ndustry. On his ~etun1 three cor.!'1it've1•3 ·Nere estab lished in the Chemistry 

<.ind ?.'.et.::..llur:;y J i vi:; -5..on to develop met.hod:::: f'o r control of t he pluton · um r.aza rd. 

An ln.'l trumen J.;. :i. tion cou:nittee was appo .i.11 Led t o ctesisn counters suit able for 

r:ie 'csuring the r ;1. li:-x.ct. ~ve cont.:lmimti.or. ,,;:- J..;1aor : ... tor~es ·1ncl personnel. A s econd 
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plutonium. .\ppar :ttus ".tras des:i. ::ne•i by thi s committee in const:lta t i on witr. the 

chemis ts cor.cerned , a nd was built or procured by the Che.'"!listry a nd 1'.e t i. llurgy 

J ervi c e ::tl'oup. A t hir :l commit tee dre•v up rules and reconrren<h t ions for the 

s a fe l:.andlinc of I"'d.dioact i ve :nateri2.ls . The procedures rec OL1.T.ended we:-e put into 

effect i n l.~.J.rch 1941; , v1ith the underst ·~ nding tha t willful non-cooperation wou ld 

result in immediate di3mis ,1al from the Iabordtory. A section of tl-:e 3erv.i.ce Group 

W.'.13 established under ·;,;. H. Popham to enforce these procedures . It h.ad the 

positive funct i ons of iJr ov i d ing per sonnel with proper protective e ·:iuipMent , launderin 

this e qu i pment, n:onitor ing the labor-3.tories and dec ontaminating t hem when necessary, 

and of keeping c n~plete rec or ds . The eroup worked very closely with the Ee.::.lth 

J. 96 In addition to organiz bg the safety ·mea surer; desc r ibed a bove, 

the Health Group ca rried on an extens i ve educa t i ona.l campaign among the groups 

( 
1 

working with plutoniwn. Lectures were g iven on the toxi cology of plutonium, a n:i 
'-- ·' 

nucie rous confere~ces were h~ld with oper ating groups to work out the ~pplication of 

ger.eral recommen·ja tions. The Health Safety He.ndbook was given new members of the 

Division. (Appendix 7, No. 14) 

3.97 Despite these precautions t he members of t he Hea lth Group and of 

the Chemistry a nd Metallurgy Division were pot s a tisfiAd ~vith the progress of 

biologica l sturl.ies on plutonium nade by the other pro jects r esponsible for this 

work. This d.issatis f a ct :i.c n was crys taliized by an a ccident Tlh i c!l occurred in 

AUc:.,7USt 1941+, when b~· ·3. minor chemica l explosion a nur;1ber of mi l l:i.gr.:ims of 

plutoni wn wer e throl'fn 5.n the f a ce of one of the chemists . A re ~earch progr':lJll was 

undertaken , a ined prlir~ri ly at deve loping.t es ts for detectins over dosage of 

IJlutonilL'n ( 9 . JO). 

J. 98 Ano ther continu ini.:; difficulty was the hck of .:i.dequa t e monitor~ng 

eq1.!i.p? .. cnt.. Uph."' r'J.J counters l a d:ed e ithe r sensitivity or pc::"t -3.b:i.Ht:.y, and were 
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necess·: r y to "Nipe s ;irf.:i. ces suspect:e d of conb.min~tion with oiled filter paper 

G.. ud :11easure t he a cti vity collected 'trith sta tionary counters. Contamination 

of hands and nostrils was measureJ in th~ sa r.te f a _,hion. 3ecaus e instruments 

rec e ived from ChicJ.go did not meet the loca l monitorin,g requirements, develop-

ment of suc h e 1_.i.uipmcnt W-d.S begun in the Electronics Group of the Fh:,·sics 

Division in May 1944 (9.Jl). 

3.99 One further activity of the Fealth Group in this period was the 

control of tte da.:-iger of poisoning in the work of high explosive casting. 

3tanJa~d prot ect i ve measures were put into effect, ~n~ no serious trouble was 

encountered in the period covered by the present history. The medical group 

performed month ly examinations of all exposed personnel and gaye periodic 

lectures e.s to t he dangers of toxic effects from bigh explosive work. The 

education of the ·Norkers was a ided by the fact t r.at a ll o! the plant supervisors 

were seas oned in this type of work . The nurr.ber of c<J. ses of TNT dermatitis was 

in keepi~ with t he number exposed. This is a n a Uergic reaction ·Nhich cannot 

be entirely prevented in any plant operation. 

Sho~ 

J.100 The prin~ipl. l s Lop facilities of t he L3.borator.y were machine 

s hops , dra ft in.:; rooms , a glass sho:r: , and photogr aph ic shops. ·ahile for t he most 

part these ;rnre servlce groups of a stand:i. rd type, it was true at least of the 

m:•chine s hops that th~y encotmter4'!d a nw;-;ber of adminlstr:itive and technical 

problen~ of a n unu~ual kind. Although t he machine ·shops <lid not become ·part of 

the 'dministru.tive Division until after tr.e eeneral reor g.:mization in September 

1944, they .<i re discusseo. in this chri.pter because their problerr.s were related and 

can be more lo!Ii ca]Jvr treated here than under the se:i:arat.e Divisions in which 

they were organized at. first. 

J . lCl In thP. 01· i ]. .i.na l progr u.m of' the T,;;,.bora.t or:.r , plans were !!'.ade for 

a draft inc; r oo::i ::>nd ::rac hin.:: ~ :-: op (known as V shop ) , i' o r- t r.e design and f.::br ica tion 

• 
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of lB.bor .. t ory tools <md ins truments, pr .Lrr~rily t o serve the Experimental Physics 

a nd Chemistry- Meta llur&'}' Division.;i. The gbss shop was an ad j unct of the 
.. 

Cher..-~istry groups . Two photogr aph i c shops were added during 1943, one ma.inly 

for routine record i ng a nd dur- lica tion, the other a s an adjunct of t he ordnance 

research progr~m, r esponsible for technical phctography and a considerable 

progr ::un of optica l research (15.56). 

3.102 \fter the beginning of the ordnance program, additional plans 

were made for a n ordna nce drafting roon1 a nd large ordnance n:achine shop (later 

ca lled C shop). A number of s mall student shopS or special shops were built 

at various times. The largest of these was the Graphite Shop of the rJiscellaneous 

~:etallurgy Group ( 8. 53). 

3 .103 Responsibili~y for organizing t he firat shops wa s a ssu:ned on 

an interim basis by Mack. The Ia.boratory was fortunate in obtaining Gus H. SOhultz, 

of t he University of Nisconsin, as forernE1. n of t he l a boratory shop (V shop). 

Schultz was not only thoroughly fa.mi.liar with t he requi rements of a l aboratory 

shop, but al.so had a substantial background. of industrial experie.nce. 

3.104 The origina l a rea of V Shop wa s 8 ,000 square feet, planned for 

30 tool.m..:1.kers and machinists, representing an expected shop load of about 

1,500 man-hours per week. This goal was reached in October or November of 1943, 

by which time , however, the goal had been set considera bly higher. (See graph -10 

in apr end i:x ) . 

J .1D5 In July 1943 J,:.:i.ck re ::i i J ned a s s h op s upervi sor and set up the 

Optic s -3hop and researc h ;:;r o11p i n the Ordn;:i.nce '.Jivi.'> ion. His pl.'lce was taken by 

F.. A ~ Lon ·~ , hea d of cry oc;enLc r csearcr. i n t he Chemi str y anrl. Uetallurgy Division. 

J .106 In Harch a nd ,\pril of 1941.., some resc } 1eduli~:; of shop work becarne 

necessary , bec ~1. use of the rap i dly increa::;ins load in V Shop . At that tim,1" about 

half of t}·,e 11Yt .l ca.me fran the Chemis try a nd ~'.~et~l lur~y Div i sion, whqsc requi r ements 



work t o C :Jhop , .::i.nd in M'.1y addinr; _about 500 s quar e f ee t to V 3hop. Introducing 
/ 

i ) a n ight s h ift v1ould have been an n l t ern:. t l ve, out i t wna dif t icult a t the time 

to find mach in i sts willinz t o work i n the n i .';ht shift , and r.ew equipmen t vras in 

any ca s e ne eded for wor k in t he ga s tampe r prc 0 r am ( 7. 7"3) . 

J.107 '.fhree ex:linples rn.:.y be :;iven of outstanding f ei brica tion pr oblems 

solved i n V Jhop. One wn.s t he f abr ication of beryl lium oxide br i c ks for the 

Water Boiler ( l J .45 ) : t he d i e s were developed in V Shop ci.s well a s tr;e technique 

ot· facing the bricks. Another was t ile developme nt of ai::ra r a t us a nd technique 

f or welding the thin stainless stee l envelopes of t he Water Boiler. Another was 

t he mac hining a nd grindinG bf tungsten carbide. In a ll cases t he primary 

responsibilit y wa s borne by t he operating g r oup, but the actual deve lopment wcrk 

was done by s hop pers onne l. 

J .108 Construction of C Shop was begun in July 194.3, a nd cooipleted in 

c October. Its a rea wa s 8 ,'300 s quare feet, pJ;rnned for about 40 mac hinists and 

tool.nnl:ers , r epresent ing a lo-J.d of a bout 2 ,000 m?.rrhours per week . It3 foreman 

wa s flex Fete r .s , under t he supervis ion of c. Cline. 

3 .109 The career of the experbent a l s hop was re l:l tively smooth a nd 

ha r r:1onious, while t hat of t he ordnance s hop wa s f ull of crises. '3one of the 

r easons for this c ontra st came from t he n.:i.tur e of the work of each. The 

ex:pe r ir01ento. l s hop \'la s orga nized a fter a f amili a r p<" ttern, staff ed a nd supervised 

by :nen with a dequa t e t r a i ni ng a nd ex perience. C Shop by contras t, wa s des j_~ed 

for a type Of work t hst wa s not COClplete l y anticipc:..ted . Both t he equ ipment a nd 

pers onne l prove j ina de quate to tte de:r.2.nd3 t}~at ...,. r ose . By the time t he 

difficul ties were fully apJ:.-r eciated , t he r a te of 3r owtl : of the Labora tory had 

bec ome so l "l r ge th~tt it vras imposs i ble fu.1.ly to ovc rcor::e t~:e ex ist in6 h g . 

J .110 In '.iiy 1944 Cl ine vms tr ,~r.sfe r:~ect t o t ~~ rnginee r ing Gr oup).' 

.~ ' . 1 t 1 • , -·1 • ' '") '-< nu :i 15 r ... :~ .-; e rns . ~,,:en ·~Y 1.. . 1.: . :Jr ow er . "r.ere;is Cline h:d re1lt ~_vely little 
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the Crdn.:i.r:ce DiviGi on. Br ower o:.i ta i ned si.:j· ; ·cr t for t h" r ap id rrocur ~:1Jen t of 

r.ePded e :-:. · ~ : r ·:1e nt, ;1 nd ~•nde sor .e re org.:. niz·c t ion of s~1op procedur e . . Jespite these 

efforts t he l 'r cti l en.s of C St:op dec peneJ :,;_d ""' r o·;1c r l eft the L:lbor ·~ tory in t Le 

miridle of -hlgtn t 1944. 

J . l ll The nature of tl :e C Shop difficulties r..ay be illustr a ted in 

t hree ways . ':'f:e first point is t.ha t very lit t le of Hs work wa s routine rroduction. 

~ .'.ost ite;:"ts we r e produc ed s ingl_y or in small lots . Every item had to be given 

de t ?.. :i.led Sf-'€C if ications in the engineering dr .:i. fting room. This created an 

er:or mous l oad of work, and involved c lose cooperation between detailers a nd t he 

sd.~n tists ; rep;, ring rough dr.:.i.wine s . This i s a corm.on prohlem in laboratory 

s hops , wl.ere <.:. s a r esult rr.achinists b ee omc very skilled at working from rough . 

. i r a w:i r.,s:..; ~urple r: ,: r:ted by infornnl c or1sult(l t,iori witr, users. In C Shop this W&.s 

iL1possit:le b f! c:.us e of its s i ze a nd bec .-1us e few of the mac hini sts had t he necessa 117 

trii i ni n;;. The r esult waa rr.ore or less const'lnt c croplaint about delays in the 

draft ing r ooi:· a nd inadequa te c hecking . 

'3.112 1\ second symptom of inadequ;;;.cy wc..s that even a rigid priority 

syst~r:: was in3uf i'icient to prevent delays of urcc-1:t work. Then~ were constant 

sm-:• ll irrita t i orn; connected with tbis rriority sys tem, i n dec i di rg for examrle 

betwe en two suet unrelated p·c7arr1s a s t he ·eun 1.: .<1 t he im1 los i on. 

3.113 L:..ck of exper i e nce wit h peculiar .fa bric ·1tion proble1r.s added to 

the d iffic i_; 1tic:s . ,\s one example , the ma c hining of hemiGpheres may be mentioned. 

The i.:r.plosion i: r og r .:.• n1 ca lled for a l arge n wnber of hemis rheres o f var ious materials 

a nd sizes. A s ixt:.y-incr. ].;-, the was acquired for turning lii. r ee l e ~1: iDpheres, which 

proved useles s for this work. Pe t e rs fina l ly s olved the p roblew (' f ['rc.x.iuc ing 

tr.ese f. emispl.ert:s w.L ~ , a sreci.::i. lly rigged bor·i n.s rnHc hine . Event l, ;~ l::.y ~ the - 1~. ~ - he 

;·;a s nec<l ed. for o!JJr ,jo:.is ; t h~ pci.nt is that nor. t.:: of Pet ers, iL11~.c rJ i ; :f.e s~] · ~' iors 
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hr. ew hun tLis work , wr1ich is . non-star.d~ r.1 1 sr.ould be done . 

J .111. As Ue abovt: illustrations -. .,ould sugges t , t he problems of 

C ..Jhop had tbe ir roots i n the n:ore genera2. Jif ficulty of developing an a dequate 

Ordnance Engineering Group. Uthough the s f.op l1ad a competeft foreman, he was 

net in a pos ition to overcome the genera l lac k of foresight in obtaining men and 

equip:;.ent. This lack, :noreover , v1a s not s olely the r espor.sfoili ty of Peters' 

superiors in the Engineering Group; thes e were in a poor po::; iUon to understand 

the ernerginz needs of t he ordnance rese3 rch .:1.nd deve lorrnbr.t ~roups , who in turn 

were not yet gea red t o their role as weapon designers (1. 54) . 

3.115 It is not truE! , however , thu.t t he shop 1nd engineering 

difficulties were inseparable. They were coru1ected pr.im.:lrily because of 

oreanizatiomil arrangerr.ents. The origin -- 1· plan, by whic h the C Shop was placed 

under the Engineering Group of the Ordna nce 9ivisio~ , was plausible in ter~~ of 

t he contemplated narrow range of the ordnance program. As tl:at progr am broadened 

out to include net only the gun program but 't lso the r apid l y expanding implosion 

program, such arrangements became less pl .1usible. The C .:ihop became in fact a 

service org.:mization doing wor k for a nurr.ter of semi-inclerendent organiza tions. 

Thro~ghout t he L:l.boratory t he emphasis of work began to shift toward development 

work. The line of division between the two big shops becc.me les s well defined. 

In the end Uerefore it became clea r that t he proper remedy for shop troubles was 

t o place both C o.nd V Shops under unified manag~ment. This would not only make 

for greater flexibility in the.division of labor between s hops, but would als o 

give to C 3.hop t he strong leadership needed to overcoir:e its cons tant difficulties 

a nd t o pr E;rare it for the even more difficul t days ahead . Such a step , r:ioreover, 

would simplify l.he remaining pr oblems of the Engine er ing Groui;, being a step away 

fron the conception of thP- latter as a key admi nistr .::i.tive organization, and toward 

concent r ,'.l tion on t he inc re ~: si11gly ti if::'lcuU t:roblems of design-deve l opmer:t , of 
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J.ll6 At the time of the August 1941• reorganization, accordingly, 

the C Shop was moved from the Ordnance Division to the V Shop admin:Uttration 

of long and Schults. 

Construction and Maintenance 

J.117 Some ·of. the construction problems have already been described. in 

Chapter I, and in particular the construction sit~tion at the time laboratory 

personnel began to arrive. The procedure used tor the construction ot the original 

buildings was standard f'1I' Army insta~tions. Specifications for the original 

buildings had been given to the Manhattan Di.Strict Engineer's Office in Nn York 

by Oppenheimer, McMillan and !l.anley. Plana were drawn by the stone and \febater 

Corporation of Boston 1 ince it was originall.y expected that they would do the 

construction. The drawings were transmitted to the Albuquerque District attice ot. 

the u. s. Engineers, and a contract was let by this office to the M. M. Sundt 

Compaey. On canpletion of the buildings the Sundt Company transferred them to 
, 

th~ Albuquerque District, which in turn transferred them to the Santa Fe Area 

Office of the Manhattan District Engineers in theory the "using service". The 

actual using service, the technical staff, had no official position in this proc•s• 

- . 
scattered about the country, liaison was totally in&dequate. The Alhuciue~qu• . · 

Diet;rict remained in.formal charge of construction until early 1944 at .which time . :·· 
' . - . '" ,1 

the Manhattan Distr1ct assumed complete respons~bility. 

J. us By May 194.3, the original building• had been occ~pied·. B:.rid wer•-~ 

in process of being expanded. The Sundt Company ·had undertaken trm rel.Ativeq 

. ' ~ 

I •: . . · . . .. . 
I' .,•. 

large structures: a new warehoose and an addition to the cyclotron ~boratory ,_ 

but was not going to be ab~ to complete the necessary work in time. Ordira.rilT· :.· ... 
' . ' 

the Army was responsible fo; providing additioml construction workers, but in ., 

this ear]J" period was not able to do so, artd the Contractor (University of 

California) had employed. a number of carpenters, plumbers, electrician.'5 and 
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laoorer$. ::nder codr:1ct regulations, tf.e .:1e worl~ers could not oe emrloyed fc·r 

acy fl€'r,-:J<:n f·r+:- c e:mtruc tion, but only for m::.int'enance work and t be construction 

of shac\r.s .·u:d ''lean-to'$ '!• These men at fir s t wcr}:ed under the din'ction of 

~.'embers of tJ·,e scientific :>tc.ff 1 bnd later under Brazier who was employed by 

tt.e Tecbn i c =: l ·,rea .i.s suf ·ervisor of construction and maintenance. 3raz!.er'~ 

responsibilit ies were not a l t. c ,::;ether well-defined at any tir.ie, but it can be 

said that he w<i s responslbile for the preliminary des ign of tt.e 1rajor mq::. ... -o..nsion 

frogram' which began in June and which included a new off i ce building, off ices 

and laboratories for the ordnance program, and a heavy machine shop. Brazier's 

staff grew fran about a dozen men in May to 264 in January 1944, when he left 

the site. 

J.119 General Groves had Wfl.nted for sane time to have all construction 

handled by the .\nny Eneineers, <i. nd his final decision in this matter was h3.stened 

by a series of can plaints made by the t'/ar Uanpower Coi:miss ion, the United .:,,'tat es 

Employment Service and the Ameri ca n Federation of labor, that t Lere were certnin 

i.rrP-gularities in the . project's procedu~e of employing construction· workers~ 

In .ranua ry 1944, 8ro.zier's entire staff . was turned over to the Army payroll with 

the except.ion of three forflll:en wbo remained on the University of California pay-

roll. The scientific sta ff s a w considllrable. ::i.dvantage both frOIJI. the point of 

view of security and tt.a.t of eff icj ency in havirig a sepa r :<: te construction <J.nd 

IM.interw.nce group for the Tec hnic a l Area. .Utt.ougli it wa s not found po~ sib le to 

keep tr.e entire group on the !Iniversi t 2r of California payroll, the three ke,r n:er., 

Cr.arlie 3tallirigs, Melvin Fole.)' .ei. nd :Jan r faff - in charge respectivezy of 

carper: ters, plumbers, and electr i c fo ns - we.re kept, and t~eir assist<ints assigned 

pern11.~r. e r ·:tly to t he Tect~nical ,~r e .:. . ·n :e crour, under the direct.ion of .John 

-.Villiams, we.s rest:-ons ."tble f or t: e m<:.int. t n.::i.nce, rera ir and inst:t .il.nt ion of :i ll 

sc i entific equipment or ;•.-,c '. :i!1c too ls und t•l' u.e jurisdict.i on of tec hnica l 

pers onnel, and .'.l. l?So .for bu.i '!.:U ng and rerr.odellini apparatus and equir-:-:· ~ n t. of .'..l. 

sc ientif ic nJ.ture. 
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J.120 The coost.ruction .:i nd mlintenance g r oup under· the j ur"sdiction 

of the : .. r my :·.n,: i u rs w<... s respon:.;.i.ble for ;... 11 a lt.E·r ;:; t ions :,nc! <tddit i ons and 

repairs t o b11i ld.in~s , i ncludine s 1:: rv ices n.nd iflstal1 ;1. tior.s , and for the 

insta llatior, of neVI and repai r of ex_!st~•t: utilities . Th:· .".rni,y a lso found it 

nec ess :i.ry to estab U sh s epar:•. te or f;'.'l n i"~-"·t ions f or t lie :naint.E'nanc fl ;:u1d construction 

of tr.e tcc hnic::-~ 1 1rea ,".nd ou.tlyin·T, sites and for the post, housing ?.nd 

a dministn.tive a r eas . Separat'-' pri or ity lists WE-re rrv· intained f or both groups 

in a c ccr rlc.lnce wit.h ur gency rnti r: ~;s a s s i·~necl by t hose requesting ser..rice . 

J .121 i\ea rly a ll mc-,j or nevr c or ... struction wns handled by contra ctors 

under t r.e su1erv ision of th~ r ost Ope r ::i t ior.s Division . The original c ontractors, 

M. ~ { . 3undt r,om]Yi.r~y , rer.;.:. inec! in ct<~ rge ur,til t he end of 1943 . They were 

suc ceeded b~ ' t!.e : • E. ~,\ or;;a n Cor.lr:nny wh ic l built a sec t ion of the hous i ng area. 

during tl iE- first U .ree ;r:onths of 1944. They in turn were succeeded by R. r:. McKee 

who rE·:-::.-, iried in cl·.:,rge o f c onstruct i on 1vith a n aver J.ge force of between 700 and 

l COO men . The -'.'. rcl ' i tect ;·r . C. Y.ru[;er, whose contrc:-.ct w::i. s orieinally issued by 

t he Albuquerque Dis trict, was reta ined by the Manha ttan District throughout the 

life of the Pro ject. (See gr s.ph g in appendix for rate of growth of technical 

construction) . 

J •. 122 Requests for a ll but the most minor construction had to be rrade 

1 ~1 • . d t. • . d in th by group e.;ders or \J 1e1r s uperiors, .:tn urgency ra ines ass ierte e s :tine way 

as those for orders on the l'rocu!'ei. ent Divis ion. Sue!-. r equents were submitted- to 

t l:e ofl'ic e of J avi Dow who c:~ cted as lia i on betv1een the using groups anc.l the 

!''ost Op~rc~ tions Divbion . Frequent conferences w.~re he lri to determine pr lorities 

\ 

:ind set u~-. tent..:i. ti·1e cor'l.;:,l e tic.·n s crednl.t"s . nne of t he most frequent ca uses of 

• 1 ' .•I .' t:' ,· ,. ,I"' 



Res e:.:rch a nd Dev L: lop:ient for V P. protec tL:in of Gove:·:vne:-it i nter es t s i n 

() scie nt i f i c r ese.<ireh, the Contr.~ c t .)r vr; s required to 11 repor t . the pro:~ess of ~-i. l l 

s tud:'..0s ·ind i nvesti,;.::t tions unde r t d<;.: n, disclo~e to the Gover nment a ll i nv entions 

nade in carrying out t h8 w·:ir k uf t he cont r :ict, and fwnish a complete f i na l 

report of f indi ncs ~rnd cone l~. ts i ons ''. J-lt; r e ;ig:i in security 'fr.ls an irr,por t:i.n t 

f a ctor in de t f. r ::iining adminj_st :" : t ~·re or ·y.ni z:.1.t ion . Since few Contr.;1ctor 1s 

rcp res•- ri ":. ,!tivr~s were 1.ermitted t o vis i t t! 1e labora t ory or t o :~ now r;1~c h about 

t he tec r:n i ca l det a ils of the wo 1·k b e ing done here (J .17) , tf:e~· cruld not m.:ik e 

t he neces.;w.r,>' reports for pa.tent purpos~s . Gons~quent l.: r, t he Univers ity t urned 

ove r muc h of its responsib ilit:,• for protect i n;_; C}ov~rru~ : ent inte r es ts t o 1!.a jor 

Ralph C::rlis le ~nd.th, the Pa ten t. ('ff i cer, wh o arrivc:d in <~uly 19l.J to es~:iblish 

t lle Pate nt Cffic c . 

3. l.24 7he ·Ho rh: c., f t he P.:t. t ent Cffice w;.i:; c ondi tioned i n · ma n~' vnys by 

( 
c onsider a t ion::; of sec urity. The most s eri0us ef fe ct w.::i. 5 the l'Lr.it 1tion of 

pe r :; onne l oi' t,h is off i ce t o t !.e r~b solute ;•ci n irnu.'1: . .Jinc e it v1<.,3 t he rl.i_:_ty of t l!e 

Patent Divis ion to report t ~1e pro;::ress of a ll t he scientific ·. ; ·_, ~-k done on the 

pro ~ec t , and since this wa s t he only office wher0 :1 ll of t hL:; i nfor r.•:t tion would 

necess.:irily be c ompiled in language ~mderst·rnd3. 1.J le to a n indiv i du.:t l having a 

genera l sc i entific bac k6Tound, t r.e direct or and the security off i cer felt that 

on J.y a f f.w -, csoLtt ely t r u3b ro:-thy individu.:.i.ls c 01• l d be per;ni t t ed to work here 

even i n a c l er ica 1 Cdpac ity . For soGe t L<1E: l.'ajcr ')mi th h<id no a ss Lsts nts a t 3. ll, 

U .e r ro j e c t ..i r:: l:i i n.u:. s t.a f : •t1'.. id1 L .,d to be t1" ineJ on t.r.e job. Onl y a f ter a yea r 

and .:, :.alf \\i::s : e ,c,:.e tc ~:ec Jre two l e ;;:1 l l,:: t1 '.:J . .i..ned sc ien t i f ic .:is :> l s tants . 

3 . ~ 5 In audit i o r, tc li::_i::.i n;:, t l e ;., t.:. f f o '." u~(~ Pat, !~n t. Cffic':) , s ec ur ity 

c :.x1side::-a : ion~ i_I' crea:3ed its ':· :x: Ion '!. o i n<' l ;i le 1' \ <3fvl'i:O i.'-~ility for a ll }J<ltent 

m~t tters aff er.tin.r; su.bc ont r ::;. r,t or.; or i nvolv i n··; : ·r c• .. t' Ct r~i::p loyee :;; who had r.o::ie here 
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early subproj ecte such as those a t Purdue University (Appendix 7 , No. 15) Stanford 

Upiversity (1.4) as well as for the later subcontractors, such as F. Flader 

(Appendix 7,No. 16) and the California. Institute of Technology ( Appendix 7, No. 17) 

(9.15). Furthermore, employees who had transferred here from other gover nment. 

projects were not permitted to camunicate directly with their previous colleagues 

.in the patent field, and therefore any unfinished patent matte1•s had to be tra.a-. 

f erred to this project tor oanpletion. 

J.126 The Patent otfice establlabed the methods and procedure ot, record• 
I 

ing work done .am sec'Wed the cooperation ot .the technic~~ a~f in keeping ~~·· 
.. ' ·:J· -:. . "~:.;.·.· "~ 

necessary records. .Numbered notebooks were ittsued1 er~~l.1¥ b~ t~ Paten(pt.tice 
. . :.· . ·:·. 

and· later by the library document room, and in the•• etatt ~en c~renti,. . record- ·. 
'{ 

:. 

ed the details o! experiments and the exact dates ot the various stages ot develop.. 

ment of inventions and discoveriea made. Canpleted notebooks and those tul1\ed in 

by people leaving the project wer• kept on file by the library document room,.. 

Through the Busineas Manager'~ Ottice, patent agreement• were secured from. en17 

employee and subcontractor and cOOBu~tant of the Universit1 ot Callto;r-nia. The· 

Patent ' Office obtained'speeial patent agreements from military personnel and civilian 

employees of the War and Navy Department.a, and apecial patent· contracts fraa 

individuals on loan directly to the Manhattan District from other employers. Emplot ... , 
. ., . ~ . '. 

ees of foreign governments were not required to sign agreemente, but did .prepare . '\ ...:· 
' I ' , 

re-cords ot inventions and executed U. s. applications to the benefit of the u. S l 

Goverr;nent . llonthl,y reports .~ot the ."~tivitie• , of foreign perso":el ;.,,,. prepare< j 
by the Patent Division. These and similar reports ot visits by consultants and 

foreign personnel were sent to General· Groves• office. All terminating pexsonnel 

were required to appear before the patent officer and assert that they had ma.de no 

inventions wit hout recording them with the Patent Office, and they !'lad turned in · 

all orlginal record_, to the docuzoont room, or other appropri.a.te depository. 

J.127 The most important duty of the Patent Office v;as of course that of 

preparing patent applications to protect the Government and to prevent outside 

NF'.PRF., P 

\ 



interests fr or:i L:i.ter ;lorn ina tin.': t he pe rt inent '.ie U'3 c«' res ea rcr_ a nd deve l opment. 

CircU11 .sta nces at th is pro j ect made it nec e0 s:J.ry for , ' · ~ '' !' :.:-J. U . ;:i nd his sta f to 

be not only experienced p:_l tent attorneys, but ~ lso ex~ie rt ir1 a varie ty of 

tec hn ica.l subjects. SJq .>erinents covere«i rnucr. c ore tJ·,;:i r . n i1c l.P.a r physics : they 

included chemistry, rr.eta llur ,;y, ordna nce and explos 0.ves <t nd electroni cs , to 

mention only t he lar~es t f ielrls . Patent cases submitted C3. n be classified into 

five pr L-1cipal ~roups : tLe ! r oduction, chemis try '.ind niet:.1llurgy of fissionable 

mate r ials , isotope s ep<: r atioh, power rea ctors, electronic e .~ulp:ne nt, and the bomb 

itself 1•!ith i ts various developments a nd improvements. ,\ltoe ether t here were 

about 500 patent cases r eported to ;'lash ington OSRD Eeadqua.rters c overing work done 

at this laboratory, a nd ~bout ~CO ha ndled in connec tion with work done on other 

pro j ects. Cf these , a substantia l nur;:ber have been filed in the V. s. Patent 

Off ice. 

J.128 Bec ·rnse of the pressure of time and tl:e very li.!nited stc. ff of 

( the Pa tent Division , it wa s not possible to wr.;.te ca s es in t he usua l m,:inner • 
. 

Ordinarily an inventor or r es ea rch scientist prepares invention r eports of things · 

he considers new a nd useful and submits the.::i e to a patent attorney for approval 

am the prepar!ition of :i. formal .:lpplication. Here trie members of the Patent 

Office read the da ily records and other reports of resea rch workers, inspected the 

laborat:Ories a nd test sites, held periodic discussions of work a ccomplis hed with 

various i ndividuals, and 'lttended seminars a nd confere nc l:!s of t he v.:i.rious groups 

a nd divisions. In a ll of thes e sources, the Patent Office f ound idea.s and practices 

that ,.,ere new and useful, prep-:i r ed t he applica tions s o as to give maximu.rn scope 

to t he inventions in t heir relation to t he entire proj ect a nd associr~ted fields, 

and s ubmitted thece applications t o tte invent ors for fin.:-t l approv::.l . Since 

rr:einbers of the t echnica l staff i'lere pr .3ssed f or ti.mi:: , ;.ind in any event, were 

re luct3.nt t o take ti.1:e f r om res ea rc r f or preparing repor ts , thi s r a trier tmor t hodox 

( ) i 'roc edure prove 1 i to be ext r e r· ' l~: he l r .fu1. :~ n addit i ona l co1=Tlic,1tin ; f ( ctor · 

SESRJil:'. • 
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work , a great rmny development s had to be covered b fore there was any physical 

embod iment proving that tte inventions were workable - before any "actual 

reduction to practice 11
, in leg.::. l '<.irgono The test shot a t Trinity was t he first ' 

reduction · to ,pract i ce f or nu n.r inventions, the success of which was long before 

a ntlcipc.1.ted by the completion a nd filing of a series of p :.i tent applications. 

Completed cases were tra nsmi tted by Anny· courier to t he O.)RD ·Nas hington Patent 

Headqua rters, headed by Capta in R, 1~ . lavender, USN, ani filed with the u. s . 

Patent Office. 
) 

C' 
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TEX;HNICAL REVIFJ{ I TO AUGUST 1944 

Introduction 

4.1 The role of theory in the formation of basic dec-isions in the 

DSM project is well illustrated by the tact that even after the establishment of 

Los Alamos there was still no absolute experimental confirmation ot the feasibility 

of the banb in terms of its basic nucle:ar processes. In April 1943 it was still -

possible, although extremely unlikely, that an efficient nuclear explosion might 

be ruled out on either or two counts, and on a third count so far a3 the use o! 

plutonium was concerned. First, the neutron number had not been measured tor 
I 

fissions induced by fast neutrons, but only for "slo"" fission. Second, the time 

between fissions in. a fast chain might be longer than had been assumed. Finally, 

the fissioning of plutonium had been ~tudied by observation of fission fragments, 
. . 235 

_ but this gave no proof that the neutron number was the same as for U . • • 
(_ . 4.2 The first physical experiment completed · at Los Al.a.mos -in July 1943-

2J9 
was the observ-~tion _ o! neutrons from the fissioning of Fu • In this experiment 

the neutron nwnber was measured fran an almost invisible speck of plutonium, and 

235 found to be sanewhat greater even than for U • As was mentioned earlier this 

result .justified the decision already taken to construct the plutonium production 

pile at Hanlord. 

4.3 The other early confirming experiment - the measurement of delayed 

neutrons - a lso gav-e favorable results, as expected. It showed that de .l.P..ys in 

neutron-emi.ssion were negligible. The third possibility, that the neutron number 

might be radically sma.ller for fast-neutron fission.<;j than for slow, was not 

investigated until the following year. Assurances on this scv4~e were, however; 

considerable .. 

\i@P a 
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Nuclear Specifications of the Bomb 

4.4 Jith the completion of the laboratory and of the preliminary 

experiments described above, the work of the nuclear physics program ,entered its 

main course. As stated in the introduction ( 1. 5.'3) this program aimed, through 

experiment and calculation, at providing specifications for the banb so tar as these 

depended on its nuclear properties. 

4.5 This work o! nuclear specification was not done once and for all, 

but proceeded by a series o! successive refinements. At each ~tage the information 

gained served to detennine the work of the Laboratory in a more concrete way, and 
• I 

as the bas is tor further refinements in research. 
lJ 

4.6 At the beginning it was of the greatest importance to estim:ite 

with some reliability the amount of active material per bomb that would be needed. 

Without tbis there was no way to detennine the size of uranium separation and 

plutonium production plants under development. 

4.7 In the next stage more accurate information was needed to provide 

a basis for concurrent work in the ordhance progr.am. It was for example one of 

the requiI'ernents of the gun design program to estimate with sane assurance the size 

and shape of t he projectile and the muzzle velocity it would };ave to be given. For 

·another thing, the effective mass of the active material would set limits to the 

over3.ll size of the bomb, which would in turn detennine the type or plane. to be 

used in its delivery. 

4.S In the last stage after certain basic engine:ering specif !cations 

had been .frozen, it was necessary to determi ne, for instance, the exact mass and 

shape of active and tamper mterial, and ir1 genera l to guide t he final reduction 

to pr.acti ce. · 

Although convenient as an aid in understanding t he work of the 

Iabora.tory, s uch a separation into stages wou ld give a f a ls e c h~onology. Even 

the preliminary stage did not end with t t e feas ibility experiment s desc r ibed 

above. As t he understanding of reriuirement ~ bec.:irr!e more d.etailed and re li~ble, 

GlliWiliilil .... lt~ ~ 
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l , ,]2 J:.ost of thes •: r c.·f .ir:emu:t,s i.mpli 10 d a ne ed for moi·r:: F- r ecise experirr:entc 

}.;nowledge . For one thing th,;;:; t ock a cc ou.r1t of nevr de pendencies, !'or a nother the 

t'rrors f n..rn the ory r.111d ex perlmer.t t · ~ .. d to be kept of comr:a r ci.hle magnitude. Thus tr.e 

e;:r ly nuclc~r ex1)e rimcnts, oth er t.han t hos e i:'.lrea dy described, werE- centered a round 

U .e me<· suremer>t of cross s ect i ons, t heir enerey depender.ce <t ncl the nw::ber and 

enC' r g.r Sf€'Ctrum c f fission neutrons. <'f these exf :.:rin;er:ts the most time-consuming 

were the fission cr0ss sections of Pu239 ::i. nd u235 a s a function of energy from the 

, thenn;1l to tte high-energy end of the fission spectrum. From a. combination of 

rel tivE. <..:. n(l ~- bsolute fission cross s ection experiments per f orn.ed over the period to 

Augus t 1944, it was possible to plot fission cross section curves as a function of 

energy for both u235 and Pu
239 

fran therm'"-1 energies to several million electron 

volts. These results were not only used in more , ccurate critical mas s and 

efficiency calculations, but a lso were p..;rtially responsible for the ?.bandorunent of 

t he urnnit.un hydride pro,s r am; p.:i.rtl.y becu. use they showed tha t the energy-dependence 

which would make the hydride an e fficier..t weapon -did not occur and p<:.rtly because, 

through tr.e evidence they provided for t!:e existence of considera ble r a dia tive 

ca.pture at tr· errr.~ 1 1 energies, t i:e critic ~1l rn<J.ss a nd efficiency estimates of metal 

ura nium ba: bs became more optimi:Jtic. Investigr1tion, st:.ggEsted by tbe behavior of 

fission cross sections at low energies, led to the discovery tltat radia tive capture 

in u235 
was indeed signific :=.nt , and even great.er for Fu239. Since mea surements of 

t r..e neutron numbe r ha d been rr.ade at tl iermal energ j es f or t o t a l absorpt ion ( c&i:: t ure 

pks fission) and not fission alone, ::i.nd since capture would become less imJ: orta nt 

at the high energies of neutrons opera tive in t he bomb , H followed that the 

effective neutro . number in both materia ls vnn h j ,her tha n h:i.d heen assumed. As a 

r es ult of t h1~se considera t i ons the hydride progr am wo.s carried on, a fter trie s pring 

of 19~4 onl y a t low priority. 

4.13 .\ lt. l>cugh t:r:e hydride rro~ra.m was un succ ess fu l, t he proc es s of 

> .. ir! .: ng enou~: t o u1 de r st ·, nr' i t s l imil:t tions con ri .. utwi in a m.lI11ber of ?r...ys t o 
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t:ie Los· ... lamos laboratory cor.t inued to exert influence on the u235 and ru239 

production plans of the i.;anhattan District. A number of quite basic weapon 

specifications, to go to the next stage, r ema ined undetermined for a considerable 

length of time. One was the choice of a tamper: another was the uranium hydride 

possibility, and a third was the mechaniSm of ' assembly - gun or imp!o3ion • . · 

4.10 Despite these overlappings so characteristic of war develoµnent 

and of the whole Manhattan Project, one can t~ace the gradual shift that occurred 

from nuclear physics, through the difricult problems of the bCr.lb assembly mechanism 

to final developnent. This first half of our history is the period in which the 

organizing role was played by nuclear studies, and was gradually shifted to the 

study of assembly mechanism. 

4.11 One of the first problems was the more precise detennina.tion ot 

critical .ai...asses. As explained earlier t i.JJ) in a qualitative way, the critical 

mass depends on the rate of diffusion of neutrons out of the active mass as canpared 

witr. the r -"te at .\fhich they are generated in it. One of the essential tools was 

tterefore the statistical tteory of neutron diffusion. Ordinar". diffusion theor7 

is valid in the rane e where the mean free path of diffusing particles is small 

comp.s.red to the diJnensions which are of interest. This is not true of the ba:ib. 

The number of neutrons in a given small region depends not only on that in 

adjacent regions,. but on the entire distribution throughout the mass., ' An integral 

·dif!1usion theory had ther fore to be employed, and mea.ns found to appl3 it in 

practical calculation. This problem tfas one focus of · develoµnent. Another was 

the ref inement of certain rough assurr.ptions that h.'ld been necessary in mald.ng 

earlier .calculations. One such assumption had been that neutrons were scattered 

isotropically. The .correction was to take account of angular Jependence. Another 

assumption xas tha t core and tamper gave the s ame mean free pa t h , which in general 

they do not . ..>till other assumptions sub~ ect to correction were that the neutrons 

hc.d tre S<:.11".e velcc ity, that the various cross-!:lections were independer.t. of velocity 

Ll r.d tt:<1 t t! .ffre was· no energy loss througr. inelE st ic collisions. 
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the whole program. For example the use of the assumption that the fission cros.s 

section was inversely proportional to neutr on velocity made clea.r the importance 

of inelastic sca ttering in the tamper. In the first approximation it had been 

t 
assumed· that only neutrons scattered back elastically would contribute in any 

important way to the reaction. But if decreasing neutron ·energy was ca:npensated 

for by increasing fission cross sections, this assumption could not safely be 

made. A lengthy series of back-scattering and transmission experiments with a 

considerable list of potential tamper materials was made, in which the scattering 

cross sections were measured for neutrons of various energies and !or various 

scattering angles, and in which the energy degradation of scattered neutrons was 

al.so measured~r 

( 

MLllBD 

The Gun Method 

4. J.4 During the first six months of the I.abora tory, the gun method of 

assembly was the focus of administrative and technical activities in the ordnance 



i:rogram. The procurement of pers onnel and the design and constr~ction of f .:tc:i..11.ties 

r.· cent e reC. around the gun; the implosion program was considered as a stsndby .:- and 
·,._. / 

[3:' its facilit ies were c;.r; adjunct to t hose of Qm deYelopment._j 
{)(} ---~·~----··------------------pr) r 

Dll&llD 

\ . _________ _ 
- -------· 

The first guns were designed and being produced from the Naval 

Gun Factory by September 1943, and were received at Los Alamos in March 1944. 

P roof firing to test the behavior of propellants and to investiga te problems of 

projectile and target design wa s begun in September with a 3 inch Naval A. A. gun • 
...... 

DllL&TBD DllMID 

4.16 Proof firing was also undertaken at a still smaller scal,e, 20 

millimeters. The object of thi!J program was to investigate "blind" target 

a ssembly, and to prove tte polonium-beryllium gun initiator then being d~veloped. 

D8LllTBD 

velocity gu., could therefor e 

v 

) 
____ (me subsequent develoµnent of t;735~­

proceed without meeting new basic difficulties, while 

the main effort of the Iaborator~r wa s directed at the mountir.g difficulties of 

the implosion pr0gram. 

·.' ·; 
~ . 



The Implosion. ..-------......... 

The -original proposal for the implosion assembly was t.o !IXlke us .o; 

of the plastic flow tamper and active material under high-eJ~plosive impact. 

A hollow sub-critical sphere of these rr.c.terials would be blown together into a 

solid supercritical sphere. The first acknowledged advantage of the implosion 

over the gun Tta.s its much shorter time of assembly. This was of especfal ir.p:::>rt!:ince 

for the assembly of plutonium because of its expected high neutron background, 

for slow assembly would make predetonation a serious danger. .·~ 

( 
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4.21 Thes e: two step3_!<r~rf: responsible foi· a rr.arked change in the 

priority of the implosion program. They made it clear that the implosion had 

qualitative advantages over gun assembly 1 and that the m.iriy difficulties involved 
~ ~ - -

.·.:.· . 

in its dev~lopment (not all . of which were yet appreciat~4f would be worth 

overcomine. At a Governing Board Meet~ of October 2S~~:fJ_943 the program: was 

revie\'l"ed and the decision made to stre~n and push {:i~' Within the limitations 

of hindsieht, it seems fair to say that the de facto priority of the program . 

only increased slowly, with the addition of new per3ormel and th~ strengthening 

of their organization. Ordnance and engineering work was geared t? the gun 

prograQ, and could not be redirected overnight. By the end of 1943 the implosion 

had caught up with the gun in priorlty; by April 1944, its facilities had been , 
I 

greatly expanded, and enough experirr.ental evidence was in to show the great 
~ -

ca gn it ud e of the difficulties that were still ahead. 

4.22 It is convenient to treat the theoretical and experimental 

aspects of the implosion separately during this period; for the~· s4rted at 

opposite ends, .and their· point of convergence lay much farther ahead than was at 

the tim•~ anticiJBted. 
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4.23 Although the new understanding of the implosion was a great spur 

to the program, the gains to be made were by no means recognized at first as in 

---"---

D&WID 

Dlll#fWI> 

--------·· .4.26 The quantitative investigation o! the hydrodynamics of the 

implosion prQVed a very difficult job. An approximate method adaptable to hand-

calculation was tried, but g~ve uninterpretable resultso In .the spring of 1944~ 

. th~ problem. was set up for IJ'Jl machine calculation. These machines, which had 

recently been rrocured to do calculation on odd-ahaped critical wasses, were well 

I 

A 
' 'j 

I 

-~ , 

~rhpted to solve the ~1d.rtfa1. differential equations of the implosion hydrodynamics. 



( , 

( 
\. 

D&&llD 

·JmLITID. 

__________ ,,,,_ ___ __ ... 

~-- ·4.28 ;ifhile theoret:!.ca. l L11vestieation was familio.rizing the Laboratory 

with the enormous potentialities of the implosion, its empirical study was getting_ 

under way. During the period to April 1944 some data were obtained fran termina.l 

observation, . .from the H. E. flash photography of imploding cylinders'· and from 

DILITED 
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4.30 At this time, indeed, tr.e instrumental difficulties with the 

implosio~9ts w:~re __ s_till very serious, and data were not easy to interpret. 

DllAID 

The H. E. casting plant that had been planned and under construction since the end . 

of 1943 was still not in operation, and manpower to staff it was hard to find. 

The number of experirr:.ental charges that could be produced was extremely ~dted. 

On the other side tf1e developt.ent of instrumentation to investigate .medium- and 

large - scale implosions was a mountain of uncompleted effort. 

4.32 To uriderstand t .he glo0!Il7 situation that existed in the late 

spring and sunJ:".er of 1941+ one must recall that by _ this time delivery schedules for 

plutoni w;! were 11ell establishe<i, and such that wec::.pon amounts ·::ould beccnie 

SEER.i.T Jgo_ 
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available by the surmner of 1945. One had therefore about a year to comrlete the 

( -1 program. The virtues of the method had been demcnstrated theoretically, yet no 

success in develo:rtnent had been achieved. Just at this . time, events in another-

c 

part of the laboratory program threw full responsibility for tl".e use of plutonium 

on the implosion program, (4.48 - 4.5J). 

Y.etallursr- . • . 

4.JJ Another v.irtue of the hydride program not mentioned in 4.13 was 

the interest taken in the preparation and fabrication of this material. Studies 

were begun, among the first 1.mdertaken by the metallurg1#ts, in the art of 

preparing high density compacts of this material. The result was that althoug~ .. 

after a year or so it was known that the hydride would not yield an efficient 

weapon, this material could be easily fabricated, and was used in making 

experimental reactors. 

4.34 The main goal of metallurgical research in this period was the·-··...::·· 

developn:ent of techniques for handling the final preparation of active and tamper 

materials in the large amounts necessary for the bomb. Apart fran early work with 

the hydride, effort was first concent.ratt'd on the metallurgy of uranium. This 

subject was already fairly well developed in other braneties of the Project.. The 

' 
Los Alamos requirements were however somewhat different and more exacting. There 

was much grea ter emphasis on rraint~ining a high chemical purity and on yield. 

A bomb-reduction technique was developed in the first period and perfected in the 

second whict: admirably satisfied these requirements. 

4.35 One of the reasons for the early \'l'Ork on uranium metallurgy was 

its hoped-for resemblance to that of plutoniwn, as yet non-existent in workable 

amounts. 'Nhen the first such amounts of plutonium appeared - in Ma rel: 1944 -

t echniques for its reduction were a lready under .developuent; by the end of the 

first f€riod satisfactory bomb-reduction metr,ods had been perfected. 



4.36 The investigation of plutoniurr: metallurgy w.J.s one of the principal 

' undertakings of the meta l lurgical groups. A J.:roper}Jr scientific stt.:.dy of the 

properti Es of the new element was of necessity limited by the time available and 

the pressure for usable methods. The standards of usability, moreover, v;ere much 

ha rder to rr.eet tha n in the case of urc.;.niwn. According to the original purity 

requiremer.ts , a ll opera tions vrould ! ~ave to be ca rried out in such a way as to avoid 

contamina tion with light elements, even of a few parts per million. This made 

necess;1ry a large subsidia ry progr c.rn. for the develoJAnent of hec.vy-element refractorie . . 

The substantial relaxation of purity re(J,uirerr.(:nts tr.a t came with the abandorunent 

of the plutonium £lll1 program at tte end of the first period vras sufficient to 

guarantee success. Indeed by this time th e original high purity goals had nearly 

been reached , and sa;1e simplification of t t-chniques becar:ie possible. 

4.37 One discovery YTas made toward the end of the first period that 

was of considerable iniportance in final borr.b design; this was the existence of 

allotropic forms of plutoniwn. In July 1944 experimental proof was obtained o£ ··the· ·· 

alpha (room temperature) and beta phases. 

4.38 Aside fro~ the metallurgy of active materials - uranium hydride, 

uraniwr, and plutonium - several techniques were developed for the fabrication of 

materials with important nuclear properties, notably boron and beryllia. These 

were techniques of powder metallurgy, and the object in both cases was to attain 

the highest possible densities. The main pres sure for the production of boron came 

again from the hydride gun progra.rr:, for which it would be difficult to dispose a\))~\;~ 
) (/ {::' ~ufficient nwtber of critical masses of hydride into gun and target~ ~--~-~_ ..-1111~-·) 
p pJ 4 . SJmMD DWLWIU I -

4.39 In this connection the ID.boratory undertook to procure large amounts 

o.f boron enriched in a10
, which oo nstitutes about 20 p~ cent of normal boron. A 

10 .~~~·,· ... · 
:::cthod for the 3t:f-"'r«tion of 3 had been developed b,i'.Urey, and Yrcis further 

devtloped by him at the request of the Los :..la.mos L3.boratory. ,\ pilot plant was 
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constructed in the !all of 1943, to develop the method and to provide experimental 

amounts of the separated isotope. Early estimates (February 1944) :set the needed 

production r a te of the iBotope at a figure comparable to the production o~ separated 

uranium. Plant construction was W1dertaken by standard Oil o! Indiana. Difficultie~ 

in construction and a decreas ing probability that boron would be used 1n large 

amounts caused a decrease in the scheduled capacity of the pl.ant by 25 per cent. 

4.40 Even after t here was reasonable assurance that a booib made o! . •, 

hydride would not pe used, and especially n.ot_ a hJrdi'ide gun, it was decided to 

ma intain production of the B
10 i.sotope , beca~e of its potential usefulness in an 

autocata lytic bomb, if one could be developed. This isotope was, indeed, very use-
_ .. -.--.. -- .... ·- """:":'--: _, 

ful in small quantities in counters a~~.~s a neutron __:_~~J 

DBLITID 
-- ~--· --

/ 
/ But the large amounts of the isotope (~40 

;--=-:;--~~~~~-:-----:-~:--::::----:-:-~--
kilograms) received at Los Alamos were not, as it turned out, needed. 

4.41 Beryllia compacts of high density were developed by the metal-

r 
lurgists for use in the water boiler tamper, actual production being carried out 

by .The Fansteel Metallurgical Corporation under subcontract. 

Chemistry 

4.43 The principal work of the chemists in this period lay in the 

field of uranium and plutonium purification, analysis and recovery. 

4.44 The first purification work was begun at a time when there was 

very little plutonium in existence, and when only micro-chemica l investigation 

had been undertaken. The firs t plutonium arrived at Los Alnmos in CX:tober 194.3. 
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Until then work was necessarily limited to t he study of various stand-ins, 

including uranium. Aftel" that ti.r.ie until t he arrival of the first Clinton 

plutonium, stand-in work plus micro-cherr:ical work, plus the results of similar 

work at other branches of the Proj ect provided the only information available. 

Despite these ha ndicaps, by August 1944 there was strong assurance that purity 

specifications could be met on a production basis. The first, the "wet"stage of 

purification had been worked out in essentially final form, as had been the 

recovery processes for re-cycling plutonium in chemical and metallurgical residues. 

The final "dry" s'tage of purifica tion was worked out in outline, but exact 

procedures were not yet settled. One of the most serio~s difficulties, from a 

tec hnical point of view, was the prevention of contamination from dust, etc. 

that would undo the work of purificat ion . It was this factor that made necessary 

t he construction of an air-conditioned laboratory building. In the latter part of 

this period a new t echnica l difficulty wa s discovered, the serious daneer from 
. ~~~ 

\o·, •II ., ' 

plutoniun poisoning (J.94), which made necessary t he developnent of enclosed 

apparatus wherever possible. 

4.45 The extraordinary purity requirements !or plutonium necessitated 

the developnent of supersensit i ve analytical techniques. In some cases impurities 

a.mounting to only a few parts per million had to be measured. To add to the 

difficulties, samples assayed had to be ssna.11, especially in the period when 

analytical techniques were first being developed. The principal methods developed 

were spec+:.rocheroic3.l and gasometric. Spectrochemical roethoms were developed by 

or in clos e liaison with t he chemists at the Metallurgical laboratory. Gasometric 

methods for oxygen and carbon -analysis were developed at Los Alamos. 

The end of the first period saw the virtual completion of the 
•• 

difficult prog:rar.1 of plutonium purification and ana~vsis. The corresponding 

235 
processes for U had also been carried out, but were of relatively minor 

diffic u lty. At t h i s tL:e H e r eLLxa.tion o.f pur i ty requ.i.rements m.1. de it unnecessary 



to pursue these researches farther. The period that ensued w:i.s one of transition 

1
r- to production methods, made difficult primarily by the increasingly serious 

dangers of plutonium poisoning. 

c 
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4.47 The radiochemists worked in cooperation with the experimental 

physics groups and ordnance groups. One of their principal contributions to 

experimental physics .was the preparation of thin !oil.sofa wide variet7 of 

materials and specifications. They developed several new techniques for preparing 

foils, carrying this activity to a much higher level than had been pos3ible in 
• 

other physics laboratories. 
.,. 

Another contribution was the developme~t of very ,. 
sensitive neutron cotinters. Early in 1944 a radon plant was constructed as part 

of a program looking for neutrons associated with alpha radioactivity (6.21) arrl 

as a source of material for a possible radon-beryllium initiator. The best choice 

for the initiator was not radon bu:t polonium, . but it was not certain that this 

ma terfal could be purified sufficiently to meet the tolerances for neutron back-

ground. In f~ct, by the end of the first period the radiochemists had succeeded in 

preparing poloniuo that met the purity requirements for the gun initiator. The 

contract for the production of polonium was let with the Monsanto Chemical Company, 

on the sarr~ day as tha t for .the preparation of boron-ten (4.20-1). This polonium 

was prepared by irradiation of bismuth in the Clinton pile, and purliioo at a 

special pl:int designed and build by Monsanto (g.60, 17.40-1). Aside from research 

on polonium, the other r..ain activity of the radiochemists in the summer of 1944, was 

the design and construction of a "mechanical chemist", a remote control plant for 

extracting and handlin~ the highly radioactive radi~lanthanum to be used at the 

• Ba.yo Canyon R.:lLa. site. 

The Discovery of Pu
240 

4.413 TherE: is perhaps no better illustration of t he interconnection of 

researc l. :>, nu d•~vv lopment at Los Alamos t han the series of developr.1ents that l eJ t o 

"-l·:: lb<~ wer~' of th~ 240 isotope of pl 1 1toni u1~; in the Clinton product . As was. 
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mentioned above (4.1} there was room for doubt as to or plutonium as 

bomb material, up to the timt when, in the sunmer neutron number was 
\ . 

first measured. Even with the favorable result of thiai · urement there were 
< 

• still serious difficulties: fran one gram of plutoni~ . ~ ere are 2 x 109 alpha 
,., .; 

particles emitted per second. To keep the neutron backVound from ( a ,n) reactions · 
" v ·~ . 

down to the level where fast gun assembl3 was feasible required high purity; in the 
· ... : . 

case of three light elements, lesa than one part per million. 

4.49 Spontaneous fis 3ion measurements had betm u.rxiertaken first at 

Berke l ey, for the direct purpose of ascertaining the neutron background fran this 

source of u235• At Los Alamos these measurements were refined and extended to 

Pu239 and other materi.:i.1'"'. rn" the sunmer of 1943, meanwhile, there came through 

from France a report that Joliot had found a neutron emission associated with the 

alpha radiation of polonium, but not caning fr~~ the action of this radiation on 

light element impurities. Although th i s report was not believed correct, it was 

recorded in the Minutes of the Governing Board, and the general intention stated 

of looking into all the q~estions connected with spontaneOl\ls neutron emission. 

4.50 A.a a result of the Jollot report, work was begun to develop 

highl,y sensitive neutron counters, ~nd a radon plant wae obtained. The reason 

for the latter was that radon was the alpha emitter which could be most highly 

P'lrilied. It it was foUBi that there wu heavy neutron emission from alpba 

emitters as such, this . might make a modulated initia~or impossible. It might also 

mean a prohibitively high neutron background in plutoniwn itself. 

4. 51 As the spontaneous fission measurerr. ents increas·ed in reliability 1 

it was found that the s pontaneous fiss.ien of pl utonium was slow enough to make 

the neut r on backgrourrl .from thi s source not seri ous. In t he meantime, hCMever , 

another piec e of resea rc h entered into the story. Fission c ross section measure-

ments a t low energies,, whos e programmatic j us tifica tion was t o obta. in data t o be 

use d in ca lcula t i ne the ur:1 ni um hydride c rit ica l rr.ass , s howed the pres 8nce of reson-
23 -: 

t l r.c •.'9 in th~ u ./ r is ·::, i 'l l': a OS 01·pt. ion spec t r ;.l!ll . Thi 3 l ed I fo r L!'H:H)rt:.: t i ca 1 r~.-i. ~rnn.~' t 0 



( 

c 

( _) 

SEEtlEf ~~ 
I V-1.S 

219 the expectation of sizable radi.at ive neutron capture. In the case of F'u - , this 
240 

meant the production of a new isotope, Pu • Since this isotope would be produced 

by the absorption of two neutrons in u23g, its concentration in the pile plutonium 

would go up with heavier irradiation. 

4~52 In the suimier of 1944, therefore, when the firsf Clinton plutonium 

made by chain reactor - much more heavily irradiated than the previous samples made 

b! cyclotron bombardment - arrived, the existence ot Pu240 
was verified, as was the 

fear that it might be a strong spontaneous fissioner. Neutron background in the · 

plutonium which would be produced at full ,power was pu,hed up into th~ region where, • 
to prevent predetonation, assembly velocities would have to be much greater than 

those possible with the plutonium gun. 

4.53 The only alterr.,ttive to abandoning the gun method for plutonium 

was to find means of separating out the offending isotope • . This would mean another 

major investment in separation plant, and could hardly be accomplished within the 

time allo~ed before military use. The implosion was the only real hope, and from 

current evidence a not very good one. Nevertheless the Ls.boratory had at this 

ti.11e strong reserves of techniques, of trained manpower, and of mora le. It was 

decided to attack the probleroE of the implosion with every means available, to 

throw the book at it. Administratively, ~h• program was t~ken out of the Ordnance 

Division, and divided between two ne~ divisions. One of these was to be concerned 

prL~arily with the investigation of implosion dynamics, the other pri.m<J.rily with 

the development of adeqU:1. te H. E. components. And this story marks the beginning 

of t he second part of the present history. 

TI1e iVater I3oiler 

4.54 The implicat ion of gloom at the fate of the plutonium gun method 

and the difficulties of the implosion does nbt misrepresent the atmosphere of the 

LG.bora. tory i n the spring a nd sunn:i: r of 1% 4. Yet t he pr ogram was many sided; 
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the operation of the wa t er boile1· to produce divergent cha i n reactions. This was 

first accomplished on May 9, 1144, a nd from this time until ,\ugust a numl.)er of 

experiments were carried out to deter:nine nuclear quantities of interest. The 

water boiler was itself an integn.& experiment, an:l provided a general check of 

theory. In fact the critica l mass of the water boiler had been predicted by the 

theorists wit la almost perfect accuracy. Althoueh they pointed out t~mt the 

exactness of this prediction was certainly fortuitous in view of sane blind 

assumptions which t hey had been· forced to make, their prestige in the laboratory 

was given a well deserved boost. In its difficulties and its successes, the 

laboratory was moving into a stage of heightened activity, and preparin~ itself 

to face the final problems of weapon development. 
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Chapter V 

TdEOEETICAL DIVISION 

~nization 

· 5.1 The broad purpose for \l(hich the Theoretical Division was .formed 

as had been said (1.55-7) was to develop nuclear and hydro-dynamical criteria 

relating to the design of the atomic bomb, and to predict the detailed per~ 

formance of the weapon designed. At t he beginning the bulk of the Divis i on.ts 

effort1accordingl.;y, was devoted to the investigation o~ two closely related 

key problems: the calculation of the critical mass and the nuclear efficiency. 

5.2 The first organiza tion of the division centered around these 

problems. 'N ith the rise of the implosion to prominenc·e the organ i zation of the 

Division, under H. A. Bethe as Division Leader, \'fas formalized as follows 

(beginning ).~arch 1944): 

-' J 

T-1. 
T-2. 

T-J. 

T-4. 
T-5. 

Hydrodynamics cf Implosion, Super 
Dif.fusion Theory, IBM Calculations, 
Experiments 
Experiments, Efficiency Calculations, 
Radiation Hydrodynamics 
Diffusion problems 
Computations 

E. Teller 

R. Serber 

V .F. Weisskopf 
R.F. Feynman 
D.A. Flanders 

5.3 During June, 191.+l+, n. Feierls took charge of the Implosion Group 

in pl a ce of E. Teller ·.Vho formed a n independent group outside the Theoretical. 

Di.;.ision (lJ.l). This group a cquired full r espons ibility for implosion II3M 

Ca lculations . Dur ing July 1944 Group 0-5 (F~S) joined the Theoretical Division 

on a part t i n:e basis, its work in the Ordnance Div i3 ion being largely canpleted 

(14.1) . 

5.4 One of the tasks of t he t heoretica l program a t t ie beginning of 

the TD.b0ri.ilory was th e development o.f meiln:; for 1;redicting accurately the 
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critic~l lll88S of aotive !Tl8terialg. The es~ential and most difficult factor 

in these CAlcule.ti0ns WJIS thft theor:'-· 0f neutron diffusion. The other factors 

were r:rincipally llllltters of evl'llt:.Atlq~ dF1tA from scattering and fhsic:n 

experiments to obtain the appropriate oross sections. and the number of neutrons 

emitted per f1ssicn. The criticnl mass 1s defined as that. amount of 1Mterial 

from which neutrons will disappellr by lenkage end nuclear capture nt just the 

,; :~ 
rate at which they are born from fissions occurring in ~-- IB8Bs. But to 

t·,.-
':t' . . 

cnlculate , this requires a knowledge of the we.y in which· mutrons will dis-

tribute themselves on the average in the 1'!'.1886. This is the _ problem of neutron 

diffusion theory. 

5.6 It was possible, at the outset. to write down t~• integral 

equaticn whose s olution would give the exp.ct neutron distribution. taking 

account 0f the variation ir. velocity of the neutrons, the dependence of 

scatteri~g and fission cross secti0ns on velocity, and the anisotropic r~ture 

of scattering. This equation. which is written simply on the basis cf conser-

vat ion considerations." was formulated by Boltzmann ~nd beRr& his name. But as 
I 

it stenc!s this eo uation has no known exact solutic·n. 

5.f. Two kinds or approxil!!Ate sclutions were possible, however. and 

so~~ calculati0ns had been l'l\llde by means of them at the beginning of the 

Laboratory. One was that of ordinary differential diftUsion theory, in which 

t}ie d i!'fus icn of neutrons was treated by ~nalogy with ·· t.t~t diffuaicn. 

Calculati0ns here were relAtively simple,. but the resu · ~~ . were known to be quite 
· ~ '{, 

! ·~ inaccurate. ln fact the neutron diffusion problem doe'-~ot meet the re~uirements 
''/t .,, 

of differential diffusion theory: among other requirements, thRt of B. small change 

" 
of neutron der;isity per mean free path. This condition 1e satisfied approximately 

in a lare;e pile; but in the bomb the critical she is itself ot the order ot 

the mea n free PA.th. The other attack that. he.d been developed W':\S '!:.i a.aed on en 

SESR.il' -~ 
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exact. sol•.tion of the integr2.l equat ion of :liffusion for one special case. 

'.fr.is solut ion was found at Berkeley by s. P. Frc.nkel and E. C. lJel.son and 

completed in the first months at Los Alamo3. The conditions under which this 

solution tras valid are (;nur:1er:o.ted below, since nruch of the subsequent work of 

the Division consisted in an effort to find solutions valid under less restrictive 

conditions. The conditions are: 

a. r-;eutrons have a single velocity. 

b. TI.e core and tanper nuclei are treated as stati~ry, and all 

neutron collisions with tlteru as elastic. 

c. Heutrons are scattered isotropically. 

d. The mea n free path of neutrons is the same 1n core and tamper. 

~he nethod. of soktion found, called the "extrapolated end-point" method, lraS 

first worked out for untamped spht!res , and later extended to the case l'fhere the 

me.:m free p.:::. th in core and tamper were equa l. 'I\le method--was developed independ-

er.tly, but was bter found to be an extension of a procedure due to Milne for 

the solution of certain astropbys ical problems . 

5.7 Using the extrc.i rolated end-point method, it was pos sible to 
~ 

effective ly infinite b (3) calculate tte critical· mass of a. solid u235 sphere with an 

--- ·--\ 
t 
l 

tamper. j 
Im.In!> \ 

... . ! I ----- . -·- ~---.-........-~· v 
... ., 

_____ . __ J The extrapolated end-point n:ethcd could not be 

applied in these cases except as ;_in arproxilnation of uncertain accuracy. In 

essence it is a method which applies qi!ferential diffusion theory to a fictitious 

scatterin~ 1Tl2. ~ erial whose boundary or end-point extends a calculable distance 

beyond t h€ actl.ic..l bour:day of tbE rncctcri<~l. It ~ strictly valid onl.Y' under the 

conditions enwuer3ted. 

8~C:R.FJ' ,,.., 
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5. 8 The fir s t pr ob l em em.ur.e r a t ed abov e was met by ad hoc n:e t hods , 

s uc h d.S repLcing t he finite t aEper by a n infinite t amper plus a fictitious 

neutron absorber. The second problem could not be solve d simply. / -- · 
--- - - - __ _ , ___ ...... M--~-- - --··--· - - -~ 

--- - -------··--·-- -·------- -· ---·-----------------·--·-· ---~- -~- ~ ... ,, .. 
5.9 The ttird .. problem, the ca se of unequ.al mean free paths in core 

and t arr.per, was r esponsible for a much longer series of developments. The 

()a3 

-"ff3) first of th es e Wa.s an effort to employ variational principles to solve the 

orie inal integr a l diffusion equat ion. I -
JJILITID ~ ... - - - ... "r 

• .! Tl:e 
_ _._.._·~Jl""o--~...._. ._ .... ---~~' 

agre err.ent was ve ry clos e. Nhen however the use of the variational t echniques 

\•rere extended to the ca s e of unequal mean free pa th in core and tanper, they 

proved to be extreme ly laborious. At about t his t m.e , mor eov er (June 1944), 

n t echnique previously deve loped a t the l.:iontreal Project was introduced. This 

t echnique, ba s ed upon an expansion_ of tbe neutron density in s r:herical harmor.ic3 

was considerably easier to appJ..y than t he earlier variation."!. l method, and in 

t est c a ses gave very· accurate results . 

5.10 This pa rt i cuL.r par t of tl.e story is comple t ed sometime late r 

(11.4 ff). But bj; t he er.d of t be period reviewed it was possible to say tr.at 

tr.e neutron diffusion problem had been solved under restrictions (a), (b), 

and (c) above, but with (d) elirrinated. Sohitions !or particulr.tr cc ses were 

still sometimes rather expensive to obtain. 
. ;~ .~:J ' 

· ~; 
·, 
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5.11 In the mea ntime e.esumption (c) , that neutrons were scRttered 

·~rntropi cfl lly. WPlS being looked into. It was found in a number of test c~s es 

tla, t very accuriite res ults could b,e obtained by e.ssuming isotropy, and 

substituting for the scatt erint cross section the so-called transport cros s 

section. a kind of weighted aTerage which gives the effective scattering i n 

the initial direction of motion of tr~ scattered neutron. Assur.\ption (~ WR S 

entirely reasonable, except in the ca s e where inelastic scattering in tamper 

r.M.terials had to be considered seriously. With this exception, therefore, the 

1J1Ain limitation remain i ng WRS ass umpt ion ( a) , th8 t al:\. ne utrons have .a s i ng le 

velo c i t y . , The gree.ter part of the work desc r ibed eo f9r was done by Group T-2, 

but every group had a hand in it nt some point. 

5.12 The attaok o,n t he rne. ny-veloo ity problem had proceeded 

8imultaneously with the work described above, in the senae of investigating 

( me t hods by which the many-velocity problem oould be reduced to a series of one-

velocity problems. This work was done primarily by Group T-4. The problem 
). 

posed itself' naturally in connection with the investitition of the uranium 
...... 

hydride bomb. For in this case tr.e energy degradation of neutrons from elastio 

coll isions with hydror,en wu one of the essential characteristics of the 

cha i n reaction. Qu ite early, methods were found for treating the hydride problem, 

wit h a continuum of velocit i es, under quite unreelist ic assumptions, s uch as an 

i nfinite mediua of oore materiel in which there w~s a sinusoidal d i stribution 

c? ne utrcns . The case i.nvolvinf; two med.if', i.e. core ~rnd tamper of different 

mt1 ter i e l s, cou ld not be treated et first. Dy ,July , 1944, however, a method. 

had bee n developed which ns applicable to a spherical core and tamper. This 

meth od allowed t he treetrnent of a continuum of ve locities, and was subject only 

t o the re st rictkn that there be no i nelasti c soRt t ering in the tamper med i um. 

SEERFI'~ \ 
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Unf o r t • . .mF;tely tUs ~11elest .i c scAtterini; was not s neglig lb l e effect with the 

tR.mpers th.at were beir,g considered. Within a fa irly short time this diff iculty 

~. ad bee:; overcome, alt hough only to the exte nt of allowing for three or fo u !" 

neutrc•n ve locity grot1ps instead of tr.e continuum. 

5. 13 In the Ci!!Se of hydrogenous !llflterial it cc·uld net b e nssurne d 

thAt ne •Jtrons were scattered 1.s ot rc,pically (assumption (c) a.bove). It was 

fo1md however, semi-empirically, tr.111t this faot was adequately Accounted for by 

t he usf! of the trsns prrt cros s s 1jct~c) r1, f\S in the oase of the all-108tal 

diffusing medium. 

5. 14 Other menns for accounting for the oontinuu r.1 of velocities W'ere 

adopted in spedlll proble!ll:o . !«ch as _that of calculating the distribut. icn o; 

thermal ::le utrons in the water boiler, 

Water Boiler. 

5.15 nne of the first practi':sl req u irements in critical !MS~ 

C1ilc ~1lati0n was to e3timato the critict!l TM.Sa of the : .. ter boiler. Thes~ 
t.;o' 

c 8 lc 1ll~ti one were !IIBde by a variety of method ;o . In thia ca Ge as in that of 

the hydride calc uhti.c)ns, the slowing down Wf!.S an es~ential factor; l.n f'lct the 

boiler 7(01llci be oi' sooll criticsl dimehsi.:ms only because it slowed neutrons · 

d c .. rm to t~errn.~ l -.eloc : -i;ies, t!lking adva nto r;e of the larger thBrmal fis~ion cross 

-1-1 (~r ru·235 ,sa cv on ·' • The s tandnrd method, the "age theory" that hen been de'Te loped 

b:: Fer:•:i for Cllk ilatl.ne; the therr!'ll'll ::'le 11trC1n distribution in 'l iles, was in-

ac c·.1 rnte when $\?plied to 11 small e n rl. ·:::hed re!\ctor, becn :;se it required a very 

r; r•d ll>il slowing dovrn ,, f the !'leutrons. This eondition WAS s etisf119d for p. CArbon 

modern. t or, with mnss 12 times that of' the neutrons; it WAS not satisf ieq wi~h a 

hydro~enous moder11tor a:..1ch as WI\ tar , be <: R. uso the neutrons And hydro,en nuclei s.re 

of the :>n me na.ss •t nd energ:r los:; ·~ 11n QC0 'Jr r<i p idl;r. A grou p r:>ethod WAS develop6d 

1:1":. Los Al,i;:i1')5 wi...ich 1Jsed d l:'f'9ren':.i.;l d i!'f'us .ion t he ory but a">SU~d thr:it neu:rous 
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•ve~ of three velocities (fissi o n er.erc;ids, inter!Tl6dis.te an:l. ther:nr1.l). A 

nill!lber of ct~r 1neth0.:c5 :1entio!led f:\~ ) ove were also tried out on this probl'3 ;:i, 

_D rime.ri l:r with the ? Ur !J •') .56 of exar.li:J. i n::, the variation a.mone; them t1.nd ns a teat 

of their power when appl led to a neW' probl e!ll, The finally predicted ~lue of 

the cri-::ical mass for the WF1ter 'l:>o iler ·Has nlmost exactly correct; a plel\sing;, 

tho•1i;h rather fortuitous resuit in vie;·r of subse11 •.lent revisi0 ns o f the cro5s-

sections invo l•red. 

5. 16 A number of other problems affecting the operA.tton of the 

W'Rter boiler -.vere e:x!t.mined theorcticcilly; . cooling and :shielding, ef~ects of 

temperat :.1re changes on the degree o!' critic"llity, effeot of s11dden ch!l.nr:es in 

the ::oe1tion of the control rods, etc. After the boiler WRB put in O!:>eration, 

the theorists we?"$ of :service in connection with experiments, such ·as the 

inter;-retation of fl11ct :1ations in its operation. This work was es.senti!'llly 

completed by the be c; i.nnin~ of 1944. Most c;roups partioipA.ted i:'l one or another 

type of water boiler calculA.ticn, but the me.in worlc was that of R. F. Christy 

• in Gro up T-1. 

The gun. 

5.17 Critical inass calcuhtionB for the gun "'ssembly ~re oomplicr.ted 

~~·M.rily by the odd shape of .the as_se_m_b_llyB.it~~ltf> -.nS&> . J 
;_.:.-.,--- --------------~-r-

. The critioe.1 mass problem for the g·.m WA.S not - · 
.' nly tho.t of estimetine; the ::illl!1ber of C!'"itic?i.1 mass~s . in the completed asse;nbly ~ 

'but also of est bat int; the 11mount of active Illftter111.l that could safel:r be 

di5posed in the bro perts be1'ore A.Sse inbly. It ws.s also necessary to know how 

the syste::i went frorn its initi~l subcriticFil to its fin'!\l supercrt:.ical position, 

in order to be able to calculate the probability of predet0nAtion, Th~ enrly 1 
..... r 

r .:.". 1t.:;L.spe~ ! f '. ·:: •1':i<'·!1 :; :'or- the G·' n 1ted 'been bn!1ad ~"'n critic!ll ~A. ~"; est ~·~l,,t~ !; fl·om 
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differe~tia l diffusion theo~y0 

DBLITED 

) 
-~f By Februa r y . l~, · 

' i/ - ~ tr:ere was pres sure · fr0m t he Ordna:-,ce Divis ion to obtain more reliable specifi~ations, 

and at this time sufficiently accurate calculations had been 

u235 gun, Group T-2 specified a/ The specification 

239 - < 
Pu ass~bly was rea ched a short time later. Tile same group was able to give t)d~/ 

)o{P) - essentiall_y ccxr.plete 

:- ; 

specifications by the sumr..er of 1944 for both gun asseriblies, 

fortunately after cross-section measurer.1ents by the Detector Group had r esulted in 

sligr~~~y __ ~<?~er average values for u235 
than those used in earlier calculations. 

The Implosion 

5.18 The history cf theoretical implosion studies lies most-ly outside the 

Theoretical Division until the Fall of 1943. The idea of something like an implosion, 

as an alternative to- gun asser.1bly, had entered several heads before the beginning of 
~ 

Los Alamos. Its first histor~· at Los Alamos belongs mainly to the Ordna nce Division, 

where the initial ca~culations of attainc.ble assembly velocities were made. 

5.19 The Theoretical Division ent€:'red the picture when the fast 

in:.plosion was proposed by van Neumann, and its potentialities as a weapon qualita-

tivel,Y superior to the gun ~·;ere appreciated. The general :story of this developne.nt 

is told in Chapters 7, 15 and 16. Here the emphasis will be upon the theoretical 

probleir.s that were involved. Implosion studies v1ere the responsibility of Group 

T-1, witb the assistance of other groi.;.ps, particularly T-2. 

5.20 The f:i.rst problem atta cked was U:at of the time of assernbly when 

(.is proposed by von tkwr.a.nn) L:iree amounts of explosive were used. In this 

c:,3. _, t!.t? er:ergy r equired for the i'IOrk of plast5..c defOIT'".ation ~ '.-a3 s r:;a Ll comr..-:: r•)d 

#lQ: 

~E:CR~:r - • 
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the tot;tl er.e r £.:: 0~ t' c ~xplosivc , so th:1t to a f irst aprroxim~.tion the 

kinetic energy of tLe n:;_:s.:; mc·v i:. s ir;ward couLi 'Oe <•ss t;J ;. t:d t o be c ons erved . 

l>!Ll'tlD DBLITD 

D!LBID 

r.;1e m.irr'e.rical 

l solution of the- par~~l differer:tia l equa tion describing tte implosion was too 

difficult for hand c.:. lcula tion with the computing staff available at Los ;:;lc1.r-.os, 

when a realistic equa tior. of st.:-, te wa s err:ployec. As a r esult the first ef f orL 

nude was to find simpler approximate equations of state. The fj_rst method tt.-is 

based on a multiIJbase mod('l, in which tr.e state of the imploding materio.l was 

a ssurted to c !-..an:Te discontin~usl-.- . ·-u ' ,. • A consider:.: ble amou::t 0f effort ~~s rut 

i nto the multiphase model , but tJ-.e results proveri vr:ry difficult to ir.terp~et. 

5. 23 J 
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5.28 From these two devolopnents there started a t~end of thought 

tM.t radically altered the whole implosion program. From the IIH~ re s ults the 

behavior of the sym.'Mtrio i~plosion we.e eoon rather completely understood. 
--- -·----·- - -
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Efficiency. 

The calculation of efficiency was perhaps the most complex 

problem that the Theoreticial Division he.d to face. The theory of efficiency 

had to follow the neutron che.itrreaction and neutron disttibution in ~he bomb, 
I 

in e. medi11m of fissionable e.nd tamper material that was itself being rnpidly 

tre.nsfori.1ed by the reaction in both its nuclear f!.nd dynamic properti"s· Svery 

factor involved in the critical ma.ss ce.lcul11tione WBS involved ~.,,re, b11t in a 

dynamical context which made. dubious some of the sii1Jplifyinc; assumptions 

underlying those c~lculations. 
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C11lcule.tions ?rere so insecure tht'tt · they l'tere never incorpor!'lted into the final 

efficiency calculeti.cns for the bombs produced in l~f. But an understanding 

of the theory in que.litetiv-e terms 1"'f'IS e.n irr,po rtr1nt ff'lctor in the final 

declsic-ns on te.rr.per specificeti0m;. 
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-The Super. 

5.50 The deuterium bomb or "Super" pro~ect wes relf\tively divor<"ed 

frorr. the Illt\in work of tr.e Laboratory. Ase dovt::lopmer.t seccnde.ry to tr.at cf the 

fissicm bomb, its import11nce wns nevertheless such thtJt it WF.S cetried on 

throur;hout the course of the Ll'lboratory. From its first concepticn, before 
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Los Ale.mos, this work was uncer the direction of Teller. In the last period 

of the · Labore.tory Teller wes ~oir.ed by Fermi.- . By ·coincidence the first idea 

ot such e. bomb~ . e.t· least 'in rele.t"fcn·"to .. the · Loi!. Aia~~s program, 
.... he.d been 

'. I · .. ; · 

evolved in a lunchtime discussion behteen pe~~ and .. Teller .early in 1942. 

f. 51 
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5.54 These matters were well enough understood in the Summer of 

1942- to make it appan;nt that a 3uper cruld, in principle, be r.iade. At the 

Berkeley swnn,er conference in 1942, Telle r presented his analysis of the 

mechanism and argued that such a bomb was feasible. A good part of the 

discussion at this conference was devoted to the examination of Jeller's 

proposals. 

5. One further suggestion of great eventual importance was made by· 

Konopinski. This was to lower the ignition temperature of deuterium by the 

admixture of artificially produced tritium (hydrogen 3). The apparently very 

much greater reactivity of tritium led. him to this proposal. It was not 

:i,.mmediatel,y followed up bec<.use of the obvious difficulty of trliinufacturing 

tritium and the hopefulness of igniting pure deuterium. Eventually, as it will 

\ 
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develop, new diffic 11lties of ir,n ition were to 'be 11nco •:ered so that the 

introd •;cti"n of Artif ic l11l tritium bet;An ·to e.pperir neceSSJ\ry. 

5 0 57 One further topic was disc u::;s ed !!lt the Berke)e; c :in~e!"e nce , 

the effect of secondary nuclear react1.ons. Products of the deuterium-do Jterium 

(D-1) reaction w.;ir13, with abol!t en11e.l prob'.lbilities, "- heli 1..un3 nucl~ 'lS plus a 

neutron, or a tritiul)l nucleus and a proton. It was pointed o·.1t b:r J et he t~r..t 

the ref\ctlon of deuterium with tritium, even though secondary, Wf\S of consid.,r<:1ble 

importance. The T-D r~aotion relessea nearly five ti.mes as much energy ns the 

D··D reBotionr the reaction oross-seotion was moreover likely to be consider.1tbly 

5.58 The conse~uences of the Berlc9ley discussions of the Super were 

.that its investig~tion was continued, that measureroents of the D-D and T-D cross• 

seotions wer'! undertaken, 'lnd that, when the Los Ala.mos LaborJ:ttory was be in.:; 

-:-i lanned, a research pro~ram on the 3uper was included. 

5.59 After the cont'ere11oe and before Loa Alf\mos the measuNJrnent of 

the D-D cross-section WAS undertaken by Manle~r's group at Chicl'l.r;o, ~nd thl'lt of 

I the T-:-D cross-section Wl\S :mdertaken by Holloway's gro11p at Pur<L1e. 

~.60 At Loa ,\ll'lmos no systematic theoretic"l work on thP, Super was 

undertaken ;mtil the .f!!lll of 1943. A cryogenic Laboratory wns ::;tarted by the 

e;ro11p under E. ft. Lone., with the object of building a deuterium l lq•iefscti ·'n 

pl~nt. A considerable 11mount of worlc on tha prt>pertiea or l1r:i 1.iid deute ri 11 in was 

carried out by Prof. TI. L. Johnston und~r subcontr11ct at Ohio 3tate University 

(8 .. 96 - 8.99). 

5.61 In September, Teller proposed that there be more intensive 

investigation of the Super. Experimental crosa-secti ·::ms had been revbad .. 
upward., so that the bomb would be feasible nt lower temperatures. In A.ddit.l nn 

there' was some sli:?; ht evidence that the known German interest in deateri~ :night 
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l- inves tigations s hould s how that t he di fficulty of it.:nit ing deuteriur.1 was toe 

great, there was one remaining altern3.tiv·~ , ·.v"hich w.::;.s to return to the rroposal 

of Konopinski to lov1er the i gnition temperature by admixture of tritium. ;\. 

small percentage of tritium would bring t he i [;nition t emper a ture dom1 fr o:r. t) ·;e 

neighb orhood of twentJ' 
1~-

kilovolts to around five.( DILBTBD 

()JrJ DILBTID DBLITID 

~ 5.64 The practicability of using a tritium-deuterium/ _ 

limited by the very grEat difficulty of obtaining tritiwn. It could be 

produced from the reaction of neutrons with lithiUL16, yielding tritium and 

helium4. 'lhe very sr:iall s .::i.mple of tritiw:: tl~at had been us ed in cross-section 

measure.c:ents at Furdue had been produced by cyclotron bombardrr·ent. Iar5er sc.:-.le 

production would be pos s ible in suet a pile as tr.e Ha nford pile, but could 

utilize only the sJJall percentage of excess neutrons not needed to keep the 

pile in production. 

5. 65 Both because of the theoretical probler.:s still to be solved and 

because of the possibility that the Super would have to be nBde with tritium, 

it appecred that the development would require much longer tlBn originally 

anticipated. Even though this was the case, it was decided that work on the 

feasib~lity of so portentous a weapon should be continued in every way possible 

that did not interfere with the main progrd.IIJ. Tolman, who was present at this ' 

meeting as General C}roves 's adviser, affin;1ed that although the .SUper might not 

be needed as a weapon for the war, the Iabor.::i.tory had a long-range obligation to 

carry on this investigation. 

5.66 Although no final declsion W"l.S made at the :.:eetirig referred to, 
' 

it in fact defined subsequerrt policy. In Teller's group further theoretical 

work was carried on, which confir ;::1ed the difficulty of :igniting pure deuterill.I'.1. I 
j 

j 

I 
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In ?Jay 1944 Dr. Oppenhebll!tr discussed the matter of triti .lr.1 pr oduc~i :m with 

General Grovos and G. H. Groenewalt of the du :>ont CompA.ny. It WflS there 

decided that experimental tritium produc~i;m would be urdertaken, us..ing s urplus 

neutroll8 in the Clinton pile. 

5. 67 The det,. ilAd investig~ti~n of dsmagtt and other effect s of 

n .?cle11r explosion was not pursued very fl'ir in the period under review. Some 

re1ults, going beyond the rough est i mates reported in 1.52 were, however, 

obta iued in th• summer and fall ot 19~5 . There WBS further investi~ation of 

\the shook· wave in air produced by the explosion, of the optimum height for the 

e~plosion, of the effects of diffraction by 'obstitcles suoh as buildi:igs and of 

refraction CA :1s1td by temperature VAriation. There was some calculation of the 

energy that might be lost thJ'.'ough the evaporation of fog pA.rtioles in the air. 

~stimates were made of the· size of the " ~all of fire'' after the explosion, g.nd 

the time of its asoent into the stratos phere. The theory of shallow ~ nd deep 

· ... mdel"Wftter explosions was i nvestir;ated, and led to the su~~estion of' model 

experiments. 

f. 0 68 One importitnt questionwfts clesred up at this time, wh i ch wq_s 

the nRt~re of the dependence of daJ!lt\ge u pon the characteristics of a shock w~ve 

in a i r. For srn&ll explosions da111ae;• is roughly proportional to the impulse, 

which is pressure integrated over +.he duration of the pulee (i.~., the average 

pressure of the · pulse tines its duratioro. Investigation made clear the fact 

Jnot 1.mknown elsewhere) that existing blockbusters ftre near the limit of siia 

at which !'urther increase of the duration of the pulse hAs any advantae;eous 

effect on the dAT!l!l.be• For large explosions such as those contemplated, da mage 

depended only on the peak press ure. This wns important because the penk pres sure 

depended 01~ the cube root of the energy,· whereas the impulse depended on its 

.,. 



.( ) 

( 

SEERE'T 
V-26 

two-thirds power. Large bombs are relatively less effective (from the point of 

·· view of purely physical damage) than smaJl ones for this reason. CalcuJ.ations 

made at the time showed that for bombs of the order of ten thousand tons of 'INT, 

the peak pressure would fall below the level of "C" damage at a radius of 3.5 

kilometers. 

5.69 Another important point was clarified at this time, cainected 

with the optimwn height of detonation. It had been known that the reflection of 
! 

.shock-waves by solid obstacles increases the pres~ure of the shock wave. It .was 

shown at this time, however, that this effect was much great~r for oblique 

incidence than had beerr believed from elementary considerations; in fact oblique 

incidence up to an angle of sixty or seventy degrees from the vertical gives a 

greater pressure increase than normal incidence. Hence it was concluded that a 

considerable irrprovement in the damage radius could be obtained by detonAtion at 

an altitude not small compared to the expected radius of damage-in fact , of one 

or two kilometers. 

F.xper imen ts 

5. 70 Some of the more important cooperative work as between the 

'lbeoretical Division and the other divisions of· the Laboratory has already been 

ment.ioned; for example the interpretations of scattering data, and calculations 

of the water boiler and hydride critical .aasses, and the calculations made of 

the hydrodynamical characteristics of the implosion. There was however a more 

extensive cooperation than these isolated instances would · sUggest • . Work done 

ranged from caseasuch as these in which the theorists played a large and semi-

independent role, to ordinary service ealcula tions, particularly the analysis 

of experimental data. For this latter work and for consultation in the design 

of experiments, every experin1ental group had theorists assigned to it. 

Calculations of a fairly extensive sort were necessary in all experiments in 
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which •integral" considerations were involved, i.e. in which the re scl. ts 

depended upon nuclear constants in a complex statistical way. For i t t hen 

became necessary to relate the measured quantities with these cor.stl'lnts by 

theory, and to use this theory first to decide whether a given experimental 

design would yield sufficient a ccuracy to justify its execution, and second to 

interpret the data obtained. The theorists played this part in most of tbe 

experimental determinations of nuclear quantities de scribed in Chapters VI and 

XII. 

5.71 One rather conspicuous example of theoretical influence on 

the design of experiments was the "Feynman experiment", an experiment which was 

never per.formed but whose principle was embodied in several experiments. This 

was simply the prcposal to assemble near-eritical or even sup!rcritical amounts 
,, 

of material safely by putting a strong neutron absorber (the slO borer,. isotope) 

uniformly into the core and tamper. For an absorber with an absorption cross 

section inversely proportional to the velocity of the neutrons absorbed, it 

could be shown that the effect was to decrease the multiplication rate in the 

system by an amount wbich was directly proportional to the concentration of 

absorber. Thus an amount of material which would be supercritical could be 

made subcritical by the addition of boron; -: from a rreasurement of the rate at 

which the neutron died out in this system, the ·rate could be simply calculated 

at which they would increase if the boron were absent. 

5.72 1he theoretical group8 assisted. the Detector Group of the 
.. 

Exper-1.mental Physics Division and others in t~ theoretical analysis of the 
.. 

efficiency and other characteristics ot detectors and counters. 

5.73 Aside from its main work in connection with the gun and 

implosion assemblies, discussed ~bove, the Tileoretical Division made numerous 
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other analyses and calculations relative to the experimental work of the 

Crdnance Division. In preparation for the RaI..a experiments for example, Group 

T-3 analyzed . the attenuation of ganuna-rays in a homogeneous metal sphere 

surrounding the source, and calculated the way in which this a ttenua ti on would 

be increased with compression during the course of an implosion of the metal 

sphere. As another example, the t:.heory of the magnetic method of implosion 

study was in~estigated in the Theoretical Division in collaboration with the 

experimentalists • 

. 5. 74 · Mention should be made here of safety calculations made by 

Group T-1 and later by Group F-1 for the Y-12 and K-25 plants. The Group Leader, 

E. Teller, was appointed as consultant for the Manhattan District as a whole on 

the dangers of possible supercritical amounts of material bejng collected 

together in the plants producing separated u235. 

5.75 During the period described the computations group, T-5, 

carried out innumerable calculations for other groups in the Division, and 

related invest~tions in the mathematical theory of computation. Like other 

service groups; its scanty mention is no indication ot the importance of its 

work, wi~out which the work of the division would have been in fact impossible. 

'· 
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Chapter VI 

( 
THE EXPERilIBNTAL PHYSICS DIVISION 

Organization 

6.1 The Experimental Physics Divi3ion was among the first organized 

at Los Alamos. The initial groups were the following: 

P-1 Cyclotron Group R. R. Wilson 

P-~ Electrostatic Generator Group J. H. Williams 

P-3 I>-D Source Group J. H. Manley 

P-4 Electronics Group D. K. Froman 

P-5 Radioactivity Group E. Segre 

In addition to these groups, two new groups were created in July and Au.gust 1943, 

under H. Staub and B. Ros~i respectively. It was the t'u~ction of the first of 

these to develop improved counters, and of the second to develop improved electronic 

techniques. Because of the close relationship between tr.ese two aspects of 

instrumentation development, the groups were combined in September as the Detector 

Group under Rossi, P-6. Group P-71 the Water Boiler Group, was created in August 

• under D. W. Kerst. 'nlere were no further changes in the gross organization of the 

Division until the general reorganization of August 1944. R. F. Bacher was 

Division Leader from the time of his arrival in July 1943. 

fs.uipment 

6.2 'Nhen the first members of the experL~ental physics groups arrived 

in March 1943, the buildings to house the accelerating equipment were not 

completed. The first few weeks were spent in unloading equipment from Frinceton, 

Harvard, i'fisconsin and Illinois. Then came the period of installing the cyclotron, 

van de Graaf!, and Cockcroft-Na lton. · 

( 
6.J The bottom piece of the Harv~rd cyclotron was laid at Los Alamos 

on April 14, ~nd the first week in June saw the initial indications of a beam. 
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The earl,y work with t he cyclotron was done with an i nterna l beam on a 

beryllium target probe and gave an intense neutron source. Early in 1944, 
. 

an external be:un was developed . 

6.4 The two electrosta tic (van de Graaff) generators were moved onto 

their foundations in Building W in April. The 11 long t ank", which at Ni sc onsin h.:id 

given one microa.mpere at four million volts, gave the first beam !.'ay 15. The 

"short tank", which had operated at two million volts, with higher cw·rent, gave a 

beam June 10. Both machines were used to J;roduce neutrons from the Ll.( r ,n) reaction, 

covering - by properly exploiting the peculiarities of both ma.chines - the energy 

range !ran 20 kev to 2 W.ev. After providing some useful informa tion the short 

tank generator was rebuilt to give higher energy, and thereafter ran satisfactorily 

at 2.5 million volts. It was again ready for use in December 1943. 

6.5 Building Z, which was to house the Cockcroft-Walton accelerating 

equipment, was canpleted later tha n Buildings X and W. Insta ll.:i tion of the 

equipment was, t~erefore , not bee;un until the end of April. ··In th i s ca se t he first 

beam was obtained June 7. This accelerator was used to produce neutrons from the 

D(d,n) reaction, whence it was usually c-'l lled the "D-D source", and P-.3 tr.e 

D-D Group. This' solirce gave neutrons up to 3 Mev. 

6.6 That all the accelerating equipment was installed and put in 

operating condition in such a short time speaks of long hours and hard labor by 

the members of these groups. While t he accelerating equipment was being set UJ, 

moreover, plans and instrumentation for experiments were going ahead. At the 

cyclotron, a 5' x 5' x 10' graphite block was set up to give a flux of thermal 

neutrons; it was later rebuilt and increased in size. The cyclotron, by the use 

of modula~ion, was able to cover the energy ra nge from thermal energies up to the 

kilovolt regi on, where it ·overlapped the l~N energy region of the electrostatic 

generators. Building G was built as an adjunct to Building Z, to house a gra ph'1.t e 

block for the standardization of slow-neut r on measurements. !.ess s pectacular than 
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the installation of the accelerating equipment but equa lly necessary was t he 

setting up of equipment far the electronics laboratory, and as the eroups concerned 

arrived, .for photo-neutron source work, for SFontaneous fission investi~-'tt i.on, 

for research on counter equipment and for the water boiler. 

6.7 The rationale of equipment and organization in this division is 

rather evident. Its program lay almost entirely in the field of neutron and 

fission physics. With the exception of spontaneous fission, the reactions to be 

studied were all of a type induced by neutrons of various energies. Together with 

photo-neutrons sources, the cyclotron, the van ~e Graaffs and the Cockcroft-Walton 

gave neutrons of reasonably well-defined energies from the thermal region up to 

J Mev. The greatest uncertainties appeared in the 1 - 20 kev region. On the 

side of observation, all the experiinental arrangements involved t he use of fission, 

neutron and radiat ion detectors, together with the necessary electronic e.1uipment 

for registering data. 

Preliminarz Experiments 

6.S In the outline of the experimental physics program in Chapter I 

(1.58) it was stated that there were certain preliminary experiments which had to 

be done to prove conclusively that the atomic banb was feasible. One of these was 

to measure the ti~e delay in neutron emission after fission, the other was to 

confirm the theoretically plausible belief that the number of neutrons per fission 

was es~entiall.y independent of the energy of i?cident neutrons. 

6.9 The average time for a neutron generated in a fissionable mass to 

produce its successors in the chain reaction is a factor of primary import~nce 

in determining the final bomb efficiency. TI1is time consists of two periods: 

the time of fl.i.Bht and the emission time. The first is the time between the emission 

of a neutron after fission and a new fission caused by absorption of this neutron. 

l0-:3 
/ 

It is of the order of sec. The emission time consists of the lifetime of the 

ca:i.pound nucleus plus the time betwe en the splitting apart of the fis3ion fr:i.gments 



1,( 

( 

1.:; 

..... 

( 

SESR!'f '~ 
Vl-4 

and the emission of neutrons from t hem. Fro;:: thcoret 5 .. ca l a r guments both these 

times should be negligible, of the order of l o- 15 sec. but it was L-npe .. rative 

to.confirm the theory experimentally since it was of critica l importance that 

this time be in fact small. 

6.10 The Ciclotron Group had begun the instrumentation for a "Baker 

experiment" to determine the emission time after . fission, before leaving Princeton, 

and this was their first experiment at Los Alamos. This experiment takes 

~dvantage of the extremely high speed of the fission fragments to 

short emission times. Thus after 10-8 seconds the .fragments will 

neasure very 

be abrut 

10 centimeters fr<r.i the point of fis sion if there is no material in their path. 

As the experiment was performed, a foil of u235 was wrupped a roun.i a neutron 

counter, and two cases compared: one where the fragments were permitted t o tr:.:i. vel 

out fran the counter, and the other wher,e they were stopped in its vicinity. For 

geometrical reasons the chance of a neutron being counted falls off rapidly with 

the distance at which it is emitted. In the two cases the same neutron count wa$ 

obtained within the_ limits of experimental error. It was thus possible to 

conclude that most neutrons were emitted in times less than io-9 seconds, a nd 

that the percentage emitted in more than 5.10-9 seconds w_as negligible. This 

result was reported to the Governing Board in November 1943, and one doubt was 

removed. The sar·,e result was confirmed later by a different methcxi, using 
/ 

apparatus constructed primarily for measurement of the neutron nw:lber (6.14) • 

Somewhat later an experiment was carried out by tte same group demonstratine t hat 

the fission time was alao less than io-9 seconds. 

6.11 The second unverified assumption, th'it the neutron number was the 

s:i.me for fissions fr001 slCM and fast. neutrons, wa s not accurate zy tested unti l 

the fall of 1944 (12.3); t.he theoretical a ssurance here was quite strong. 'I. more 

urgent confirming experiment was the measuremen t of the neutron nw~ber of Pu239. 

At the beginnine of the Project it was not even experimentally certa in thn t fission 
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of t his substance would }"'reduce neutrons. To some extent, therefore, t he entire 

program of plutoniwr. prcxiuction was still a gamble. 

6.)2 /\ctunlly the first nuclear experiment completed at Los AL.mos was 

235 239 
the compa rison of the neutron numbers of U and Pu · , using a ba rely vis ible 

speck of plutoniwn, which was all that tr.en existed. In t his exper:L'nent , carried 

out in July 1943 by tte Electrostatic Generator Group, neutrons emitted from known 

masses of uraniun and plutoniwn were comr..ared by counting the nwnber of protons 

recoiling from fast neutrons in a !-hick paraffin layer surrounding the fissionable 

material. The fi..ssions themselves are produced ,by somewhat less energetic neutrons . 

Ionization pul.."es from the proton re9oil.s •rere observed with samples of norrr.a l 

uranium containing u235 , with Pu239, and without any fissiona.ble materia l. The 

numbers were made comparable by simultaneously recording the fission rates in a 

monito"r chamber. To determine the relative , nurnber of neutrons per fission from 

the relative nur.her per microgram, i t was necessary to mee.sure their relative 

fission cross sections for the particular energy spectrum of the neutrons used. 

This was done by comparing the two mat erials in a double fission charr.ber. 

6.13 Anotller experi.rr.er:t ~s carried out simultaneously by the sarr.e grou_r, 

as a check upon the first. This used a thorium fis s ion detec tor, and the rrimary 

neutrons used to cause fission had energies well below the fission thresho1.i o! 

thorium. Despite the small amount of plutonium ava:i.lable for these €Xrcr.in1e:-,ts , 

they showed that the neutron number for plutonium was somewha t great er th,1.r. that 

for uran ium , and ga~ a value for t he ratio of these numbers whi cb wa s not 

r.iatE:ri a lly .improved by later meas\fff!ments. 

The ~!eutron Fumber 

6.J4 Other relative and absolute measurenents of neutron numbers were 

carried out in this period. At about the da t e of the first experime~t · described 

above, t he r at io of the neutron numbers of pl utonium and uranium was rcughly 

·checked by the Cyclotron Grouf, and somew!:at . la. t er a pz:ec ision determination was 

carried out. 
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6.15 As wus st~ted above, the assumption that the neutron number is 

independent of the energy of the neutrons initiating fission was. in need of 

experimental confirmation. In the: spring of 1944 the Cyclotron Group and the 

Electros tatic~ Generator Group compared J235 fissions !ran tl:ermal neutrons witt. 

those from JOO kv neutrons, anrl found the ratio of neutron nurubers to be unity 

withi.I) rather wide limits of exper.iinental error. later this ratio was re-measured 

with ,smaller experimental errors, · a11d the va :We of 1.0 confirmed for both u235 

f and Pu239• 

6.16 The neutron-number measurements described above (6.12-6.15) are all 

relative, 1.e,, they involve comparison of one neutron number with another. The 

' only absolute measurement was that which had been made at Chicago by Fermi. Thia 

value was in doubt (1.59), and one of the early problems was to check its value. 

The graphite block at the cyclotron gave a strong flux of thermal neutrons to 

produce fissions in the sample. The nurr.ber of fast neutrons (from fission) was 

measured by neasuring the resonance activity acquired by indium foils · and 

calibrating this measurement by comparison with the activity induced by a radon-

beryllium source of known output. The number of fissions was counted simultaneously, 

and the nwnber of neutrons per fission thus obtained for both u235 and Pu239. The 

radoir-beryllium source used was calibratEd by the Stand~rds Sub-group of the D-D 

Group. Even without standardization the ratios for the neutron nwnbers of u235 and 

Pu
239 gave a check of previous relative measurements. 

6.17 In Chicago meanwhile Fermi was also ~'checking the absolute neutron 

number of u235 by two methods, obtaining 2.14 and 2.18 neutrons per fission, a 

result that agreed with U.at obt.ain'3d at Los A19.,'!',os. 

Spontaneous Fi:Jsion Measurements 
: 

'" 
6.18 . Before coming to ws Alamos in the sunmer of 1943, the Radioactivity 

. 
Group had been making spontaneous fission measurements in Berkeley. '!he practical 

importance of these measurements derived from the need to minimize the neutron 

background in the bomb material. 

4' 1.1 

In particular the neutrons fran spontaneous 

'ft rf I ' JtJ1!i8 



fissi ons wo uld set a lower lunit to this ~ac \Q;round, below wh i c;-. it wou ld be 

/ . . 
{ ) 1..: s eless to reduce t he background from (a,n) reactions in li5h t.-eJement impuri .ies . 

Tn th ese e.'q: er:iJnP- r.ts the size of the sam~le :3 t hat could be investit;;i.ted was 

] Lrnite' l by t he need to avoid spurious counts in the ionization cha:nber caused by 

t he coinc idence of several alpha pulses, 3im111.ating the large pul13e of a single 

fissior.. Since spontaneous fission decay is a very slow proces s , the result was 

that the dJ t 1 r~d to be taken over long periods of time, with consequent gre~ t 

ca re in the design a nd operation of equipment. 

6.19 After coming to Loa Alamos in June 1943 the Radioactivity Group 

constructed new ionization chambers and designed new amplifiers in order to make 

use of the llirgersa.mple!'J of material that were becoming avail.a b le. The P-ci.jarito 

Canyon Fiel:i Station was set up several miles frow Los Alamos in order to get away 

from the high radi..3.tion background assoc fated with the laboratorJ', and wh ich would 

have masked car.pletely the low counting rate fran spontaneous fis:3ion. 

( 6.20 In the fall of 1943 the laboratory received a report to the effect 

that Joliot h:1d found neutrons associated with the alpha radiooctivity of polonium, 

a characteristic presurmbly of alpha emission as such. BecaU9e the difficulties of 

purifying polonium were already well known at Los Alamos, it was generally believed 

that Joliet must have overestimated the purity of his material, and that his neutro r,s 

were really fran the (a ,n) reaction of light element impurities. Such a 11Joliot 

effect", if real, might materially affect · the program of the I.aboratory. Plt!toniurn, 

as an alpha emitter; -might h~ve a neutroo bacl::ground that could not be brought down 

to tolera nce by chemical purification. And as such, a polonium-beryllium initiator 

might be unusable because of neutron3 associated with the polonium alpha radiation. 

6.21 The alpha emitter.that could be most easily purified was radon. 

According:Jvr, a radon plant was constructed by the Radiochemistry Group, and two 

grams of radium procured for "milking". Investigation failed to reveal any 

( spontaneous neutrons. Thi.s work was dropped when polonium purification and the 
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direct measurement of spont aneous neutrons fr o1 1! p l utcr.ium were ac hieved ( 12.<3). 

6.22 In Dec er!be r 1943 , c<5.me indic.:.itions ti-at s o111e of t he f issions in 

t he ;235 isotope were probribly not s pont.:i.m:ous , but caused by cosmic r ::i y neut r on1.; . 

The evidence for t his was tha t while the fis s ion rates as determined at Berke ley 

d Lo , ,_ _ h d f · t f u238, the T~~ A1 • t ' d bl an s rt .J..c1.J11os s owe air at:: r e emen or UR> .Lamos re>. e wa.s c ens i era y 

higher for u235• Since a large percentage of the cosrr.ic r ay neutrons are too slow 

to cause fissions in the former substance but do ca use them in the latter, the 

results would be explained by the hieher cosmic re.y intens i ty a t tl':e Los Ala.mos 

elevation of 7300 compared to s.ea level at Berkeley. 

6.23 TLe ea rly estima te of 2000 fe et per s econd as the minimum velocity 

of a ssez:lbly for the 235 gun method was based upon the Berkeley spontaneous fis sion 

measurements, which i ndicated about two neutrons per gra m per s econd frofl1 this 

s ource . :\ft i:-r t he discrepa ncies had been observed, it wc.s found at tLe fc.j <1 rito 

s tation t ha t a boron-paraffin screen reduced very considerably the numb8r of 

11 spont.1.ncous" fissions observed, in both u235 and Pu239. In order to est ir.1ate 

the s pontaneous fission rate of Pu239 in a reasonable t ime a new syst em was 

constructed in the spring of 1944, which permitted measurement fran 5 milligrar.lS 

of plutonium. In July 191+4 it was found that there was a significant difference 

between the spontaneous fission rates of plutonium from cyclotron irradiation and 

from the much hea.vier irradiation of the Clinton pile. At this time it wa s 

suggested by Fermi that t he higher spontaneous fission rate in the latter ~aterial 

migtt be caused b,y Pu
240, resulting from the (n,,y) reaction in tte pile. A 

re-irradia ted sample gave still· hie}1er spontaneous fission counts . These 

observations comt:i.tuted, iri fact, tb.e first direct observation of the existence 

of the new isotope. 

6.24 Since for economic operation the Hanford plutonium would be heavi~ 

irradiated, t he neutron background in this rnaterial·was predictably too high for 

' the use of gun assembl,;r. It was t his f.:lct that forced the abandonment of the 
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pluloniun. ;;un .::tssen;bly 11rogr am , a nd m£'.de neces s.:iry the succes s of the iinp l osiori . 

The furth er consequences of this deve loprr.e nt .::i. r e tra ced in othe r sections. 

Enera 3pectru.t!1 of Fission Neutrons 
------

6.25 Previous to Los .Uamos some work had be en done to investig:i. te t he 

enerr,y distribution of the neutrons emitted by the fission process. It appeared 

that the mean energy wa s about 2 Mev, but that an appreciable fraction of the 

neutrons had energies less than one million volts and so would be incapable of , 

causing fission in u238 • The cloud chamber data from Rice Instit11te (1.62), 

involved big corrections; the data of ion cha:nber pulse size distribution from 

' 
Stanford (1.62) looked reasora.ble theoretically. These result8 showed neutrons 

t ail ing off fr om one mi Uion volts, agreed with older experiments on range and 

effective energy as obt;iined from s lowing-dovm and from hydrogen cros3 se~tion 

measurements. The photographic emulsion technique used at Liverpool showed a 

much sh:1r per mximwn .:i t about 2 Mev (1.62). All the a bove mea.surer.:!ents suffered 

from hav.ini:; been made v1ith L."l.rge rress es of dilute material, which ga ve a good chance 

t hat neutrons would lose energy fran inelastic sca ttering before bein,:: fi1.oa:nlr ed . 

6.26 Anet.her of the earls: problems was t herefore the more a ccurate 

determination of the fis s ion spectrum. The photographic enrulsion t ed:nique appe<.1.red 

to be t he most proJJising method for covering .'.l wide range of neutron ener g ies in 

one run and for keepi11[; the scattering waterial to a minimum. It wa3 strd igr. tforward 

and involved no apprecia ble corrections if care.fully executed. rlL.tes were 

exposed at the University of J,;innesota by the Electrostatic Gener:":t tor :}rour-' ; one 

of tr:e e:.rly ta.sks, when they ca.me to Los .Uamos, w::i.s to set up equi1.:men t and train 

personnel to read t te plates. Ear].,v results sho:,red that in s hape t he h igh energy 

end of the spectrwn agreed with the British and Stanford results , but on the low 

energy s i de it disa(~reed with both. The plates wer e Cd librated with tte ;:)-0 sourc e 

and e l ectros tatic ge r,erator Ll.(p,n) source. :·casuremcnts a p;reed, on t!--,e whole , wi t h 

t !-.e for:ne r cloud c hambe r measilrements a t Rice Institute. Heanvil-iile a t ~) tanforri 

\ 
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the method us ed t here was ca refully reviewed since both the max.imurJ a nd mean 

ene> r gie s were consider o. bJy lower tha n those obtained from cloud chamber and 

;;l1otogra ~1hic plate data. This could be exphined by inel.:i.s tic sca ttering and 

consequent d i stortion toward lower energies. The final Stanford report was 

written in the sunnier of 1943 a nd personnel of the group came to Los Alamos. 

6.27 At Los Alamos a det a iled comparative study of the :l dv:~.ntages, 

difficult ies and limitations of the various schemes for neutron spectroscopy were 

made. Sever-dl add.it}o~~l experunents were made by the Electrostatic Genera tor 

1-;roup .:.nd the Detector Group, a nd converging result~ were finally obta ined. 

6.28 As a corol.13.ry to the effort to obtain quant i tat i ve knovrledge of 

th.e fission spectrum, much effort wa s put first by members of the Detector Group, 

and 13.ter by the Electrostatic Generator Group into the design of mock-fission 

sources, ~.e., neutron sources with neutron spectrum compara ble to th e fission 

spectrum. Such sources were .13.ter used in semi-integral experiments to measure 

avera ge cross sections under conditions closely resembling those in an actu~l 

fission bomb. ' A satisfactory mock-fission source was finally achieved in !fay 1944, 

by a llowing the a lpha particles fran a strong polonium source to f a ll on a mixture 

of neutron-producing substances, the mixture being in such proportions th~t a 

reasonab le reproduction of the fission spectrwn was obtained. A series of photo-

graphic pl3. te detennina tions of the spec t rwn from va rious mixtures incl i ca ted that 

NaBF4 g;.i,ve a n excellent mock spectrum. 

Fission Cross Sections 

6.29 The critica l mass and efficiency of the banb depends UJ:On t he cross 

sections for fis sion, capture, and for ela stic and inelastic sca ttering at all 

energies for wh i ch t here are appreciable number of fission neutrons. Previ ous 

work in this field has be en reviewed in 1.62-4. As stated there, further -·work 

was required both in determining the absolute cross sections a t various energie:3, 

and in measurin_:: tr.eir var L1tion a s a function of tbe energy of incident neutrons . 

The emphasis, in fission cross s ection measurements, wa s early influenced by 

~[C:RF.=t: ~ 
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interest in the uranium ~ydride bomb. The theory of thi s bomb is explained more 

.full,y in Chapter V. Suffice it to say that the practicability of this type of 

weapon depended on t he hypothesis that the slowing down of neutrons by bydrogen 

was compensated in its delaying effect by a corresponding increase in the fission 

cross section vfith decreasin& neutron energy. If this hypothesis were true the 

rate at which the explosion t akes place would remain the same as in a rr. et'il bomb, 

while the critical mas3 would be considerably decreased. Evidence for the 

inverse dependence of cross section on neutron velocity was the early work a t 

Wisconsin (1.63) which showed approximately l/v dependence fran 0.4 Mev down to 

100 Mev. The same law of dependence was al.so verified between therual velocities 

and 2 ev. On the other hapd when the latter dependence was extrapolated to 

higher energies, and the high energy curve to low energies, the two failed to 

cross. In fact between 2 ev and lCO kev there was found a 12 fold increase in 

the coefficient of J/v to be accounted for. Since the practicability of the 

hydride bomb depended upon t he actual shape .of the curve in this region, it . 

was of great importance to know approximately where the break occurred. 

6""30 In this connection it was foW1d from boron absorption measure-

ments made by the Electrostatic Generator Group in August 1943 that the break 

occurred between 25 and 40 ev. This was the first indication that fission cross 

sections do not follow a simple law in the epithernul region. Because the break 

occurred at this low energy, the possibility of a hydride bomb was not yet 

excluded. 

6.31 A more extended sequence of measurements follovred by which the 

~9 ~5 · . 
relative fis s ion cros 3 sections of Pu and U were ;:ieasured as functions of 

neutron energy. At th i s time t he properties of the former materfa.l were no t well 

knovm and it was of direct interest to leath how its fission cross section com~~red 

with tha t of u235
, which was knovm to be good bomb material. Experiments in 

which one cros .3 section 1vas to be coi:ipareli wit h another were relatively easy to 

perform, requiring only tbe simult:)neous countine of reactions occurr ing when 
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two or more f oils of knol'm m:i.sses were i-:imersed in the s ame neutron flu .. '.{. In 

this We<" a 11 t hi:: cross sections f or fissionable materials availa ble at the 

time were r~ ::. sured relative to t he u235 cross section. The latter w:::. .:; , however, 

itself in some question, bot h as to its abso lute va lue and its c !-.ange wlt h energy. 

233 239 
Such reL:>. tive measurements were ma.de for U , thorium, ionium, Pu , proto-

actiniwn, neptunium 
237

, and also for the (n, a) rea ction in boron a nd lithium; 

they were carried out over an enereY range fr~n a bout lCO kev to 2 Mev. 

6.32 :\part from the j,mportance of knowing the a bsolute cros:; sections 

for the prL'llCl.ry materlal.'3 , the other cross sections were useful as tools for 

neutron detection. 
' 238 232 . 

Those elements, such a s U , Fa , and Th , wr.ich had fission 

thresholds at high energies, were useful where a particul:-tr fraction of the neutron 

spectrwn wa s to be ex;i.mined. The elements boron a nd lithium proved to have 

approximately l/v absor ption cross sections and were useful for measure;!lents in 

the 1 to 20 kev gap left by Los Alamos accelerating equipmento Further fast 

neut r on reaction cross sections were measur ed of elements such as gold, phosphorus , 

sulfur, indium, etc. i:.ven at this early date it was realized that react.ions 

leacline to radioactive isotopes would p rovide useful experimenta l infonmtion 

if t l:e energy responses were known, since there would be many experimer, tal 

arrangements vrJ·,ere bulky detection c ba~1bers c oul? not be used. 

6.JJ There were two difficult problems associated vrith cross section 

measurements, one of v1!-ich was not yet completely solved by the end of the wa r 

p e riod . These were: 

(1) '111e absolute mea surement of neut.ran flux over a wide energ_)' r a nge, 

so that some easily detect.s.ble re.01 ction rroducts, such a s t :1ose fr om 

u235 fissions, coold be established in ter::is of a n a bsolute ~md a ccur a te 

flux standard. 

(2) The production of monoergic neutrons of energies from 1 kev to 50 

kev with s ufficiently hig~ yields to re rform necessa ry experiment,; a nd 

wit,h good energy resolution. 



6 .34 The f i r s t problem wa s finally s olved for t r:e r.ir.;;e betwe en 

( ' 400 kev cind 3 Mev by t he careful work of the De tector :'}rour , who used t r.e 

Li(p,n) a nd D(d,n) neutron s ourc es a nd an electron-collection µa r a llel-plate 

c 

i on i zation chamber, wit h which t he nwnber of recoil protons from a t hin triste~r in 

film could be accur~te J.y c ounted. The success of th i s exp~riment depende d i n 

part on t he accura te detennination of the (n,p) scattering cros s s ec t i on , c~rrie d 

out ea rlier a t !.~inn esota. It a lso depended upon the theor E-•tica l interpn t.ati on 

of the djfferential bias curves obta ined in e lectron collect i on. 

6.35 It should be menti oned in this connection that high counting 

r a t es, large a l Fha b.:id :ground i n chambers vrith Pu 
239 

a nd ot her type $ of ba ck-

ground, had led to the deve l orment in t he Detector Group a nd tl:e Zlect r on i cs 

Group r esp ectively of new counting techniques involving electron collect. i on, 

and new. fast amplifiers (6. <3 5). This caused a minor revolution in t Le c ounting 

tec t niques and electronic equipment used by the Physics Division. 

6.J6 The second problem was partially solved whe n ear ly in 1944 the 

short electrostatic generator rebuilding program was completed .(6.4). Hi gh 

currents a nd energy regulation to within 1.5 kev incorpora t ed into t his machine - . . 

made it poss i ble to utilize the back-angle neutrons from the Li(p,n) r ~~c t ion 

down to less than 5 kev. Development of new counters - the so-called long 

counters - indicated the possibility of bringing t he absolute fission cross 

section measurements down to the region of a few kev, where they were st.ill 

extremely uncertain. Thi.S apparently simple experiment became long a nd 

· involved because of d ifficul ties in interpr eting t he c ount. er da ta obta ined . 

Chec ks by independer. t methods became necessary, one of which gave conside r c-.bly 

lovrer cros s s ection va lues in the 30 kev reg ion t hari ha d first been obtained . 

If tbi s lower value bf t he cress section were correct, it would rE~duc e s 0r.1ewhat 

t he potentialities of the hydride bomb. After cons iderable furt her i nvestiga tion 

of count er s a nd t he construction of an a ntimony-beryllium source of 25 kev 
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neutrons, the lower value 1".lS flnslly confinr:ed. The principal result of 

these efforts was another blow to the hydride gun progr~m. 

6.J7 Absolute fission croas section measurements at several energies 

in the range 2~0 kev to 2. 5 Mev were ur1derte.ken by the Detector Group in 

colle. bora ti on w1 th the Electrostatic GenerA tor Group and the D-D Groul>. 

These meaaurem~nts, as stated above ( 6.J4) were be.sed upon the comparison of 

fission cross sections with hydrogen scatterir1g cross sections. The result~ 

pr~vided a reliable standard for other measur~ments, in which the relative 

values were niore reliable than the absolute. 

6.J8 The fission croes section of u2J5 in the region below 1 kev 

was measured by the Cyclotron Group, sarly in 1944, monoergic neutrons being 

obtained by the "veloei ty selector". In this method, the neutrons are se:i:-ra t-4~d 

into velocity grcupe depending on the time of flight between source and detector, 

over a path several meteirs long. The velocity selector equipment bad been built 

before Los Alam0s, at CornPll, and was extemdvely relruilt before cross section 

~easurements were obtained. 

6.39 · A few other fiesion cross ~ection. measurements were rnade duririg 

this period at isolated energies, notably by the Radioactivity Grouf using 

photo-nautrons. 

6.40 The earliest measuroruent of capture cross sectiol'ltl was 

prim&rily the work of the Radioe.ctivity Group. The principal method 11'8S the 

measurement of radioactivity induced by neutron capture. Of interest were the 

captur~ cross eectionn or fieaionable materiels, cf possible temper mat6riala 

and of ctr.er materials that might be present in the bomb assembly. 

6.L~l Capture cross sections · v;ere Dle&sured in a wide range of pott:ntia.l 

tamper materials, some of them very rare by ordinary etandards, but cheap in 
! 

comparison 17ith active material. PlAtinum, iridium, and gold wer~ among the 

substances inveetieated, as 'Pt'llS the very rRra element 1·henivm. The Exi::eri mental 
\ 
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f h ysics procres s report for April 1944. c fves a s ur.una.ry of nearly two dozen 

( eleoent s and i~otopes wh ose capture cro~s secti ons had been measured by the 

qadioactivi t y Group. 

6. 112 A very extensive serie'3 of capture cross sect j on measurements 

was carried G~t in the Electrcstatic Generator Group. A photo-neutron s ou rce 

was surrcunded by spheres of potential tamper ms.terhl, and the !lttenuation of 

neutrons measured, This method has the advantage over t he mea;,urement of induced 

radioactivity that it does not require an absolute flux determination or interpre~ 

.. tation of induced activity, and that the resultant nucleus does not have to be 

radioactive. It has,howeve~ the disadvan~age that the spheres must be large, 

allowing a considerable de p:radation of the energy of the neutrcns through inelastic 

scattering, and that 'it requires a knowledge of the transport mea n free path, 

The long counter ( 6.84) was used in these experiments. since its sens i tivity is 

nearly inriependent of neutron energy. By August 1944, a laree number of subet~ces 

c had oeen examined, :i~d preparations were being rrade to check the data obtained, 

a job t r~t w~s not comp l eted until the spring of 1945 (12.26). 

6.43 The capture crosa sections for active materials were sub j ect to 

intensive investigation when it w:is observed, from two fodepender.t, sources, that 

radiative capture might be an important process competitive with fission. One 

srn1rce was the ryJtcome of the low energy f1ssion cross section measurements of the 

Cyclotron Group. Here rather sharp resonances were discovered, i.e., relative ly 

narrow energy b11nds in which the fission cross section increased because of 

resonance. This result implied that the rebtive l y ...ell define~ character of the 

re;:ionant energy wculd be associated with a ~omplement.ary uncertainty in t ~e 

j uration of the st.~te, This duration might. be long enough to permit radiative 

energy loss as a significant alternative to f i ssion. The second source was the 
,-

measurement of neutron-induced radioacttvity by the Radir activity Group. 

A number of activation cross sections were measured relative to the fission cross 
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se~t it::>n of u235 • Cons ·~ .3 ten tly h:ghe" re~rn l t s were ob ta:.ne<l than 'oy other ... ether-fa , 

·; 3 ~ 

"fhen the ~nmm a bs or;:>t io:l ( ca.pt1.ir~-pl11s-fis::1ion) cco3s sectio!"l of u~ :J wa3 ,1se:i , 

Tt 'tH3 p::iint.ed :::·Jt t :m t these difficulties wou.ld be removed if one r;1~1ld s :iow the 

existence of a com?eting proce:;s, such as the (n, 'f) reacti ·'.m, w::i.th a probability 

not small ~ompar~l ~o t'1at of fission, The ratio of these probabil i ties is called 

t!'le "branc~d ng r:i ti ·:i " of rad is.ti ve capture to fissi~)n, 

6,44 Experiments to measuce the branc hing ratio were begun in the 

?3-
~le<:tr ,)sta ti~ Generator Group early in 1944 for u~ ". The metho:l used by th:~ 

eroup wa.:1 to measure the rat.io of the boron and lithium absorpt.i.on cross 3ections 

to the fissi0n cros:J secti :m. Since t ~1e capt11re l:i boron and lithfom re:Jul-:-. e 

:ml7 in non radia~iv.e disi."ltegrations, no radiative capture cross :rncti:m is 

irwob"d in the experiment. In pr~vio1s Chicago measurement~ the ratio of 

the boron absorption cr-oss sectii::in to the u235 ~<?._ry~ion. cros~ section has been 

measured. Hence the ratio o.f the Chicago and Los Alamos figur'!s w0u ld ei V'! the 

ratio of absorption to fission, '.l quantity wh os~ difference frorn one would be tl-i.e 

de3ired branching rati .'.) 0 A value of .16 w'a ~l o'bt-'llnl!d for thenal neut.rons in ui:: 05 , 

i.njii;:!i~ing consider~ble radiative captnre. Th:'- 9 appa~ently unfavorable result was 

i.n f:i c t an advantae·e, if one macie the ~htt •.Yce 'tically pla.us.1ble assumption that the 
I 

br.<:Lnchi.ng ratio oocrea3ed at the high !!nergies predomlnant ir1 110 exploding bomb. 

1''1.~ advanti'\t;e arose from t,he fact thJ.t no appreciable energy t.iap;:Jnden~e of +Jhe neutron 

num~er had as yet been de1tected1 and s i nce all of the Los Ala.mos neutron number 

:nea.s 1.1cements were re1ati·1e to tt-ie Chicago iooa3ur~ment of neutrons emitted pee neu~r ;:m 

~rbed, ;). finite t"adfativ.<! capture implled a somew)ut hieher ratio of neutrons 

"riltted pu f i ssi·:n, One had therefore underesttmat"d the high-energy effP,ctiv~ 

ned.ron numbel'. Jn order to test the expected behavior of the branchlng ra:i o with 

~ne:-gy, the experiment Jras im.~edJ.at-,ely ex t. ~njed to the fast neutron region, a.71d the 

r:i.ti0 of the boron to fi1!1'1on CC'OS.1 ~~c t,lons measured over a :vn8iderable energy 

r"gion. A de fi:1i te value for the hi Gh energy branching rat in could not be ob t.q,ined, 
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however, until better fis sion nnt.l a bsorFtion cross sections were ava i lable in t he 

r elevant neutron ener gy regi on, the extension of the experiment resulted prlncipal~ 

in determining t r. e boron - and lithium - to fission cross section ratios. 

6.45 An independent measurement of t he branching ratio was rra de in t be 

Radioa.ctivity GrouF, by the compar i son of two cross section ratios. These were 

the ratio of the fis s ion cross section of u235 to the capture cross section of gold 

(and manganese), and t he ratio of tt.e absorption cross section of u235 to the 

absorption cross section of gold (and manganese). The branching r atio ca lculated 

from these data gave about the same value as that obtained by the Elect r ostatic 

Generator Group. 

6.46 A third measurement of the branching ratio was incidenta l to the 

meas urements of the Neutron number carried out by the Cyclotron Group in early 

summer of 1944 (6.14). The value obtained for u235· was in reasonable agreement 

with those from the experiments described above. A value was a lso obta ined by them 

for the branching ratio of Fu239, which indicated t ha t .it was much larger tran for 

u235 , in fact about 0.5. This result indicated a large gain in the effective 

neutron nurr.ber for high energies, if tr:e branching ratio fell of! with high energies 

as expected. 

6.47 Another measurement by the same group gave the branching ratio of 

Pu239 as a function of the branching ratio of u235, which was again consistent with 

earlier data. 

6.48 No successful measurement of t he branching ratio as a f unction of 

energy was made during t his period, it was in fact only measured indirect ly at 

a much later date (12. 21). There was, however, a measurement of t he branching 

r atio in u238 at high energies by tr,e Radioactivity Group. Its purpo!>e was to 

det ermine the neutron absorption by u238 rema ining in the separa ted u2J5. , 

Scattering Experiments, Choice of Tamper 

6.49 At the beginning very little was known about t he scattering 

properties of potential t amper materia ls. As a?J important f actor in ult ima te bomb 

~F.CSRJ-:df ~ 
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riesien, the choice of a tam;::ier had to be made :ls s 0on a s possibk . Th e noti c:-: 

pre·1:o1.iled for some ti.111~ that inelas tic scattering ' i.e., s eat t er .ing, fo wh ich ~he 

ne11 ~ rons, a lt.h ough not captur~d by the tamper n-..i ·~lei, 1..ose part of th :.. ir e!:e r 6y t o 

t hem by excitation) wo11ld p~ay an unL'Tiportant r ole, sin ce it would proba t ly reltu :::e 

neut:-ons to a ver ·1 low energy where they would not Gontribute ma teri.al ly t o the 

explosive chain reac':.ion. VP.ry little was known, more over, about the V3.:r i ;ition of 

scattering with neutron energy. It was thought, at the time, tha~ t he most 

important part of the fission spectrum laJ" at high energies, near 

2 Zlev· . It was felt that to a first approximation th~ usefulness of a tamper w0ulci 

be dete"!'lnined b:r the number of O"!utrous reflected backward t o the core. It wa3 

therefore decided that the most rapid collection of pt=>rtinent infor:nation could be 

ma.de by c~paring the back sc':lttering of trial tamper nuterials for D(d,n) neutrons 

from the Cockcroft.-Walton. This . could be done u~ing either a non~irecti. ·)nal 

detector \rlth a pa.'raffin "shadow cone" to reduce direct beam, or· with a d i:rec·tional 

det.P.ct.or. · The shadow c one method greatly reduced t he range of scatted ne angle 

meas 11rable. It was thought that a directional dete·~t o!" could give an avero.ee over 

the angles from 120° to 180° in the geanetry possible. 

6. 50 The D-D Grwp undertook these measur~ments by bo ~h meth0d :3 in 

A.u gust. 1943. 'nle first directtonal detector was a spherical 1cnizatlon chamber Nith 

a large directionality factor • .• 1'he first scatt-~rers measured were discs 1 inch 

thick and 10 i=-iches in diameter of lead, 'iron, gold a.n1 platinum. The la :ter twc-, 

vulgar- wonders in an atomic bcmb laboratory-, brought a great stream of vi3 H or-s from 

other groups. lead '3howed up best per unlt weight, but beca •lSe of its re Li.ti vely 

l1">W density wa'.3 not :nuch better th..':ln gold or platinum. 

6.51 Althaugh the geometry used for back-scat tering covert>d the an~1es 

120° to 180°, it was disc ·:Jver~d - as theory caught up with experiment - that a very 

snnll range of angle near 137° wa.s weighted predominant.ly. Hence if back scatterin g 

( __ ,1 we re not uni.form, the data obta'ined c:)uld be quite misle:.v1ing. Several counci L'3 
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of war about th i s stat e of a ff:iirs r esulted in an extension of the me3.sure .:en ts . 

6.52 This incident wa s of some importance in the growth of tr.e 

laboratory. An essential part of the design of such an experiment as this i s 

s"...lfficient preliminary ana lysis and ca lcul..1.t ion to show that from a given experi-

!!1enta l a rNngement the dat<l sou,_sht cc:i. n actually be got. For effic iency most of 

tbe el.abor.'l te c -, lculations of thi s sort are delegated to members of the 

Theoretical Divis ion' becaus e of their specia l skill. In this c::l.se the liaison 

between t b ' latter a nd the D-D Group had been inadequate and a need for closer 

lia ison w;:i.s recognized. 

6.53 By the end of October 1943 back-scattering measurements had b een 

completed for a large list of substances, and a nurrber of instrwnenta l improvenients 

had been i:cade. After t he f irs t survey, t he list of .possible t amper materhlB 

was re"3tricted to tungst r~n, carbon, uranium, beryllium oxide, and lead. At about 

t his ti.'Tle, a lso, rr:easurernents of the fis s ion spectrum indicated t r.a t the 

important energy range w-as nearer 1 Mev than 2 I1~ev. Results of the first 

experunents· indicated, moreover, that earlier ideas about inellstic scattering 

were incorrect; a nd t hat inelastically scattered neutrons could play an 

appreciable role in the functioning of a tamper. Recognition of their possible 

importance was m:i,de easier, a lso, b7 the current concern of the laboratory with 

tbe uranillfl hydride bomb. The same increa se ·~n cross s ection with decreas i ng 

energy tha t made this bomb seer.1 feasible a lso suggested t ha t neutrons slowed by 

inefastic scattering might still make a considerable contribution to an &plosive 

cha in reaction. 

6.54 For these reasons prepc1.rations were made for t he stud · of 

SC·"i ttering as a function of energy and scattering .::,ngle , t a king account of 

inelastica lly scattered neutrons. Th i s wo~k wa s done coopera tively by the D-D 

a nd El ectrostatic Gener,;tor Groups , be.:;innl.ng in November 1943 . Back-ocattering 

data were obta ined at 1.5 Mev ~tnd 0.6 Eev, a s well as 3 Eev. In addition to 
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overc.11 hack-sc:i.tterin,s me.:isure1:ients, .:i. n experi.;r.ent w:i.::; r":-rfo::-n:ed ~o ~ive 

specific information on the degra.ied neutrons as a function of rrir..:iry 

neut ron energy for the elern.ents still in tlie running a s sc.:itterers. 

6.55 Materials studied in t:~ese experL;ients were c.J. rb on , l ead , [)f:0 

These a re listed in tl:r~ orde r in wh ich .£(-:s) ura nium, beryllium oxide and tungste n. 

lhey appeared proraising. · 
-~ _ _.). -......., -

) 
(' 

----...... .. 
During :.Iay, <T une :rnd July l 9ld~, this s cr ies cf 

extended to ura nilli!l nitride, lead dioxide, c0ba lt, :.nnF~a nese, 

nicke l and tantalum a t severa.l energ i es . 

----- .. ... )OIJ 

~~\--.....,..,~~~~ DBLITD 
6. 56 One furtl~er scattering experiment w-J.s bcg tL'1 in this period, ar: 

integr a l experiment which wou.Ld '1ttempt to obtain information .:.bout the h2rdride 

bomb. The D-D source was to be surrounded by a modifying sphere mocking the 

hydride core a s nearly as poss ible, integra l tamper propertie s would be 

investiga ted arotmd this core as well as neutron distribution in tamper and c c0re. 

One instnunental developnent that occurred in this connection v:a s a new fission 

1 . . . . d 1 _2J8 detector. This was a spira ioni zation chanber with a spira l of ep eted tr 

so wound as to give a large surface a r ea in a sr:-.all volume. This counter oper.:i ted 

at efficiencie s as high a s 85 per cent. 

The '//a ter Boiler 

6.57 The first ch;;.in rea cting unit built .:i. t Los \J.D.f.103 was t Le 'N·'.iter 
..,~5 

boiler, a low-po.,.1er pile fueled by ur.::.n:um er.riched in U.:..> • It wa ~; the first 

pile built with enr i clied r:uteria l, U-,e so-c:::.lled alpha st.::: .~e r.,aterfal contair.iriG 

about 1.4 rer cent u2J5. The necessary slov:in~ dmm or rr.oderc .. ~ ion c,f fission 

neutrons is r rovided in this SJ[Stt m. by t, j-,P, llydrot;en in orc!in::;ry o<:;.ter: the 

active rrJxture is a solution of ura nyl s11lfo.t e in water solution. Tl:e t :irr.p(;r 

chosen was beryllium oxide. 

I 
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6. 5$ l'he p.lrpose c f this undertaking was part l y to provide a s t r ong 

neutron scurce f or e:;q:-erimenta1 ;mrposes, a!"ld partly to serve as 3 trial run in 

the art of design i ng , ruilding and operating such units. It was an inttigral 

experiment to test a t heory similar in some respects to t!1at involved in the 

design of a bomb. It was the first of a series of steps fran the slew reaction 

first produced in the Chicago pile to the fast reaction in a sphere of active 

metal. It laid the founrl.ation of instrt:mental and r:ianip.llatory techniques requ i red 

in the later and mere exacting steps of the series. Unfortunately, the experirr.e.nters 

at Los Alrutos did not have the full benefit of experience gained by those at 

Chi cago• the r es u lt was sorae unnecessary delay before the first chain-reaction wae 

sta.rted . 

6.59 In the first months the water boiler calculations absorbed a fair 

part cf the time of the The oretical Division. Calculation or the critical mass 

depended upon t he a pp lication of diffusion theory to a complex system cons i sting of 

active s olu tion, con t1iner and tamper. For economy of material it wa s importa nt 

t o find t he optir.m m c cncent ration of the solution. The numbe r of hydrogen nuclei 

had to be brp.;e enough to slow down the · neutrons to thermal energies, and small 

enour,h not t o capture too many of them. 

6. 60 One of tne first problems associated with t he water boiler was the 

choice of a site for it s locat i on. It was lccated in an isolated rei:;ion, primarily 

for reasons of safety. The boiler was first planned for 10,000 watts oper:iticn. 

The radioactivity .of fission frag rrents from intermi~tent operation was estimated 

at 3,000 curjes~ the minimum s3fe distance from unprotected people was calculated 

on the assumption that a mild explosion could disperse thjs activity into the 

atmosphere. It was also desirable to operate in an isolated locaticn because of 

the possi bility of high instantaneous radiation in case of an uncontrolled chain-

r eacticn . 

( ) 6. ~n During the month cf September 194J, while design of the boi ler 

and or t he building to house it was still in a pr f' limi nary stage, Fermi and ,._lli3 on 
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came to Los .:. lamos fran Chic.:igo to d iscus s t. J:;e prob lem~> connected with s uch a itnit. 

They pointed out a large number of difficultles connected with operation of t Le 

boiler as a high-power neutron source . Some of these difficult i es had already 

been anticipated but their acuteness had not in all cases been fully appreciated. 

One was a considerable gas evolution which would cause unsteadiness of operation. 

Decomrosition of the uranium salt and consequent precipitP.. tion would result from 

the large .'.lJnount of radiation to which it would be subjected. Heavier shielding 

than had been planned would be necessary. 

6.62 As a r~sult ,of ttese discuss i ons, it wa s decided to omit from 

the plans for :imnediate construction all features necessary for high power 

operation, and go ahead with the design of a boiler .for low power operation. 

f rovisions were made in the plans, however, for later installa tion of equi pment 

nece·ssary for high power operation. The ma. in omis s ion W.:1. S e 1 ;uipment for chemical 

decontamination, unnecessa ry when the boiler w.::i.s ope r r.. ted a t trivia l power outputs. 

6.63 The rea sons for going ahea d with t hese modified pL-'.lns were two. 

Although the boiler could no longer be used as a n intense neutron srurce, it l\UUld 

make pos sible the.investigation of a chain-rea cting system witr. a very much higher 

u2J5 enr5chment than had previous piles. The second and main reason, however, w3.s 

again that of gaining experience in the operation of such a system and of prepa ring 

personnel and equipment for the later critical experments. 

6.64 Construction of the building to house the boiler a nd associa ted 

labora tories was begun a t the Los Alamos Canyon or Onega site in October 1943, 

(see Site map) · and completed in February 1944. This building wa s intended not only 

for the boiler, but also for later critica~ ~ssemblies ( 15.4). By the tilµe of 

completion detailed plans for tr.e boiler were ready a nd cons tructicn was begun. 

6.65 Design problems included safety features in the building (e.g., a 

heavy concrete wall separa tin8 Ue boiler fron remo te-control equipmer.t), a 

tr.ermostated enclosure to mainta in constan t boiler t er.ipen t w ·e , r ecording and , 

monitorine equipment, includ ing ionizat i on charr.bers a nd amplifiers , control . rod s 



( 

c 

( 

and their a ssociated rr.ec h2.nis ms, ci sui- r orUng s t ructure for t l e t .'imper :ind cont.:J. i ner, 

the cont.:i. iner itself t c1.; e tr.er with means f or putting in a r,d rer.ioving solution, 

de.sign of beryllia bricks for ea se in f :;. bric~1 tint; ::nd st<1.c king the t.ar.'.per. 

:_;pecifica tions for U :e t Prr.per :.i.nd act i ve sclut i c.in were wor ked out Ln conjun..; t ion 

with t he Rad i ochemistry Croup ( f3 .6J- '~ .69) a nd the Powder !.'.et ·1 llurgy Gr oup (8 .49-

8. 51) the orig i na l choice of r.ic-.t eri·i l a nd s i ze s pecifica tion having been 11 .ade by 

the theorists. 

6 .66 Between the completion of the building in Febru:~ r.r 191"4, 1.nd tr.e 

first operation of the water boiler a s a divergent cha in reactor· ehrly in l,~ay 1944, 

the Water Boiler Group was engaged in the construction a nd in.sta l lation of e quipment, 

the discussion of experiments and instrumenta tion for such experii1ents , and with 

tests of the equipffient. 

6.67 late in Apr i l 1944 a series of tests were begun to test th e fluid 

handliDg e ciuirment oi' tl :e boiler, and t he counting equipment. These tests ended 

with the u3e of normal uranyl sulfate .solution. By this time enou3h enriched 

ma.teria l ha d a rrived, and after sone pur i fica tion and preparation of solutions by 

the chemists the first tests were ma de to det er rr..ine t he critic;il mass. The 

successful operation of the wa ter boiler a s a divere;ent chain re;ictor marked a 

small but not unimportant step h1 the deve.lopment of tr.e art, a step towa rd the 

controlled use of nuclea r energy fror.1 se:p3.rated u235 or plutonium. 

6.68 A nunher of exper iments were undertaken during this per5.od by t Le 

~'later Boiler Group, prior to the gene r a l r eor ga nization of the 13.borE- tory in 

August 1944. 

6.69 The operation of t h0 water boiler, like t hat of other controlled 

reactors depends upon the very small percentage of delayed neutrons; the~ e n:a ke 

it possible to keep the system below critic;.i l for prompt neutrons and in t he 

neighborhood of critica l for all includine; the delayed neutrons. <\lthough t l:e 

dehyed neutrons are only about one per cent of the total, in the r e.sion near 

er it i ca l the tilite dependence of the syGtem - its rate of r lse or fa 11 - is of 
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t he order c f the delay period\ prompt chains die out con3tant ly, to be rei us~ted 

on l y oecause of t!Je delayed ne-utrons. 

6.70 <Xie experiment planned and carr i ed out with the water boile r 

(as well as with later as semblies) was the expcrime~t proposed by Rossi and 

bearing his name. It was an experiment to deterr::ine the prompt perjod. l'his 

p~riod depends on the time after fiss ion that is taken for the ~eutrcns to be 

emitted. on the ffasion spectrum, and on the scattering and absorption cr.aracteristlcs 

c f core :rn<i tamper. rt was es~ent.ial tc measure the prcmpt per-icd in a :ne t.al 

a5sembly as accurately as possible in order to predict the effkt ency f lh~ 

bcmb. which varies as the square Of this quantity. Its measuremen t in a hydr·ogen 1.'>l.l:1 

assembly would not give direct infort:iUticn relevant to efficiency calculat ion, bllt 

wou ld provide experience and instrumental development. and would also be ~ check 

on theoretical predictions. 

6.71 The Rossi experiment ·counts neutron coincidences. The pr ~ sence 

of a prompt cha i n in the reactor is presumed whenever a neutron is cou nted . A 

time ana lyzing system then records the numbers of neutrons count ed in short 

intervals o! time imr.:ediately after the first count. This g ives a di r ec t mearn.: r e 

of the prc•m?t period .. 

6.72 Another method, which gave less interprP.table resu lts, was 

rapidly changinf the degree of- criticality by means of a motor-driven cadmi um 
• 

control vane. 

6 0 73 A third experiment was the measurement of t he spatial distribution 

of neu trans in the boiler 5olution and tamper. This was carried 0 1,; ::, by means of 

small counters placed in. various positions in t he boiler and tamper. and served 

as a check against calculations from neutrcn diffusion theory, 

60 74 ~fourth experiment. relat ed to the Rossi experiment. w~s the 

meas1Jre:nent of fluctuations in the neutron level in the boiler. rh i s measurement 

W'lS of interest in connect ion with the f ariation of the .'.1eutrcn number from rissicn 

to fission, a variation in turn con.r.ected with t~e statistical aspect of the chain 
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reaction in the boinb, in particular the µredetonation probability. !he first 

~ measurement f.ave a value for the fluctuation of counts in a counter, relative to 

the avFra~e number cf counts. This gave infcnnation about the fluctuati on of the 

neutron number as soon as another quantity, namely the effective number of delayed 

neu trcns, was :neasured. 

6. 75 Toward the end of the first period of the Lab oratory, plans were 

under way in the Nater 9oiler Group to make critical 3ssemblies with uranium 
~ 

hydride, and tc rebuild the water boiler for higher-power operation. Both of 

these projects carry us over into the next period, vrhen the work of the group was 

divided between t-..o new groups1 this further work is therefore reported in later 

sections ( lJ.41 ff, 15.4 ff). 

~iscella_g;<;?iz1s Experiment;_ 

6.16 In addition to the nuclear properties and processes described 

above, certain other processes were investigated, because of their relation to 

( fission or t o the interpretation of exjJE!riments. 

6. 77 A number of special investigations were made by members of the 

!lad~ ( activity Grcup, in con~ection with the !1ssion process. Measurements were 

made of range of fissioR fragments in heavy and light matecials, and also o! the 

energies and number of long~range alpha particles discovered in the fission process. 

Gamma rays emitted in fission were investigated since knowledge of the number and 

q..iantum energies of these rays was of possible importance in understanding the 

fission process itself, and also because these rays might be used in experiments 

designed to test the bomb. Garnmo. ray measurements were in fact made at the 

Trinity test (19.29J. 

6. 78 As was alrE>ady mentioned ( 6.6 ) , a sub-group of the D-D Group 
; 

was given the responsibility for calibrating the neutron emission frcm vari ous 

natural sources. A graphite column was built, the diffusion length of the 

( gra?hi : e was rr.easured, the pile was standardized for indium resonance neutrons, and 

work W<iS begun on the standardization Of various mtural source·. I dd •t• ., n a l ion to 
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this work, the members of this sub- :sroup me:isured 5old and indiwn c2.pture cross 

sections for column neutrons, and a lso t he indium half-life. They conducted var1cu~ 

experiments connected with safety in the handling and transportation of active 

rra terial. They also worked constantly to improve the st.a nda. rdizt!tion of sources, 

upon which depended the accuracy of such experiments as the neutron number 

measu::-ements of the Cyclotron Group. 

6.79 Another program carried out within the Experimental Physics 

Division was the developnent of provisions for isotopic analysis. In t he last 

months of 1943 it became increasingly evident that there was consider~ble uncertaint 

as to the amount of isotope u235 in the enriched samples which were being received 

at Loa Alamos. Enriched samples were made up in norma l form and also diluted with 

va.rious amounts of normal uraniu.'Il. The samples so produced were then div i ded into 

two parts. One set of samples was sent to Berkeley to be assayed by the neutron 

assay method, the other to New Yo;.k for mass spec~graph analysls. The result.3 were 

in disagree:o.ent by almost 10 per cent. The Berkeley method was care.fully examined 

by Segre, who could find no explanation for the discrepc:.ncy. The mass spect.,._tgraphic 

method was examined by Bainbridge, who likewise could find no explana tion. As a 

result provisions were made to set up both methods at Los Ala.mos ur1der the Radio-

activity Group. While equiµnent was being set up, the Chicago and New York fabora-

tories made three independent isotopic determinations in a certain sample known as 

E-10. Close agreement was obtained, and this sample was thereafter used a s a second-

ary standard at Los Alamos with the neutron assay method. This method proved of 

great value in assaying the active parts of the gun as sembly, and l ater the ru239 

assemblies.. 

6.00 By May 1941-~ a study of uranium isotopes had been made in the m.'.:l.SS 

spectrometer as a first test, and the resolution was satisfactory. Analysis of 

norm1.l material and of sample E-10 gave excellent a greement. 

6.~l In the late sunmer of 1944 the Pu239 mass spectrometer was set up 

239 
and prep1.rations were made to test the s Nnple of Pu reirradiated at Site X, to 
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240 . 
assay its Pu content. This work w.:1.s actually carried out in the Resea rch 

Division, after its creation in August 1944. When the sample a. rrived and was 

ex.-~nined it showed a peak at the 240 position and the relative abundance of Pu240 

to Pu239 was in good agreement with the figure that could be calculated from the 

value of the branching ratio and the rather uncertain irradiation. Thus the •: .. 

discovery of Pu240, follmnng from spontaneous fission measurements, was confirmed. 

In.strunentation 

, 6.~ In writing such a history as this, the impression is easi13 

created that terminal work, wor1c which enters directly into the rroain course of 
' 

development, is the most important, difficult and time consuming. Yet every 

successful (or unsuccessful) experiment implies a degree of instrumental development 

and construction that is not easily appreciated by an outsider. One deals in 

experimental nuclear physics with the realm of the small and t be f~pt. Both the 

time scale and the amplitude of the phenomena studied must be transformed to mnke 

them susceptible to direct control and observation. 

6•$3 Although a considerable amount of modulation and control equipnent 

for the accelerators was built at Los Alamos, developmentson this side were less 

novel and extensive than on ~he side of observation and measurer.tent. With the 

exception of photographic plate and cloud chamber techniques, all experiments involvt 

the counting of ionization chamber pulses. In a typical experiment we may 

distinguish at a minimum four distinct steps: the counter or detector, the amplifie1 

the discrimin3.tor and scaler, and fin:lll.y the mechanical recorder. The ions 

produced by the :i:articles being studied are moved to collecting electrodes by an 

electric.11 potential appl i ed across them. · This registers as a minute electrical 

pul:Je of the order of microvolts. This pulse is then amplified to the order of 

volts, and fed into the counting system. The discriminator i s a means of select inf3 

only pulses of a cert.3. in type which a re of interest to t11e experimente r. )ince 

usually their frequency is too hieh to be directly recorded by rr.echr1nica l ::-.e~t :1 s, , 
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a further electronic step is inserted, the sca ler. The sca ler "demultiplies" 

the frequency of the incoming pulses, so that for example, it gives one pulse 

for every sixty-four incaning pulses. The pulses caning out of the sca ler are 

then recorded n~chanic a lly. 

6.84 Certain developments in the first step, the counter or detector, 

have already been mentioned in previous sec~ions of this chapter, for ex.'.lmple, 

fission detectors, in which ions are produced in an ioni:ation cha~ber by fission 

fragments frcm a sample of fissionable materfal. These include threshold detectors, 

making use of the materials which only fission for neutrons a bove a certain energy. 

Another develop!lent of importance already mentioned was the long counter, developed 

by J!lembers of the Electrostatic Generator Group; which possessed the virtue of a 
-

very flat response to neutrons of different energies. Still another important 

instrument developed which made use of the well established hydrogen cros3 section, 

was the proportional hydrogen recoil counter. Finally, mention should be made . of 

the boron trifluoride proportiona l neutr on counter; this is an ionization cha:nber 

filled with boron trifluoride. Boron10, about 18 per cent of normal boron, under­

goes an (n,a) reaction, produc ·ng lithium 7. The number of alpha particles counted 

corresponds directly to the number of neutrons absorbed. Juch counters are 

surrounded with paraffin, to slow down the neutrons to energies with high reaction 

cross sections. High efficiency of these counters was obtained by high pressure 

counters, by purification of the trifluoride, and by using the separated BlO isotope 

\vhen it became avr.d 13.ble. 

6.~5 The most extens i ve develop::1ent in countinr; techni ·1ue was that of 

very fast d0tectors and timplif h :rs. With proper design of counters .<?. ncl with certa lr, 

ga s mixtures, collection-time:J for electrons were reduced as l ow as 0. 2 microsecon::! . 

This work, ".I. lone with other counter developraent work, was most l J' carried out by 

the :Jetector Gr oup. To ma ke use of electron collection required very f .:::.st 

amplifie rs; t !,e se were developed by t!.c Jetector Group and the El~c tronics 1.~rour . 

The amplifiers developed !YH.i r ise-tinu s between 0.05 and 0.5 microseconds. 



6. g6 A Large amount of work was done in development of discr i.:ni m t cr s ; 

for example, differential discrir.1inators were developed., which would select pulses 

of a given height: multi-channel discriminators which rrade possible t he 

cla~ification and siJ;iultaneous recording of pulses of different heights. .~ new 

scaling circuit was developed, which increased the reli.ability of sc<,linr: , and 

thereafter became standard in the laboratory. 

6.87 Apirt from this work on general counting equipnent, a number of . 
electronic techniques we~ developed for special purposes. One of these was in 

the field of timing circuits. Many experiments involved the measurement or control 

of phenanena occurring at specified time intervals; for example, t he Rossi 
. 

experiment, the meaaurement of the length of stay of neutrons in tamper, or the 

velocity selector for selecting monoergic neutrons from the cyclotron. Another 

type of timing circuit, developed extensively in connection Ylith the study of the 

i.11plosion, made possible the measurement of velocities in explosives. In 

connection with the use of oscillographs in recording data on the implosion, there 

was extensive development of amplifiers, circuits for printing timing marks on 

film, sweep circuits, and circuits to delay the starting of a sweep for a specified 

tb1e. 

6.ga Another important job carried out by the Electronics Group was the ... 
production of portable counters and other health instruments. 

6.S9 The work of producing thin foils of fissionable and other materials 

was largeJ..y the work of the Radiochemistry Group, and is reported in (8.56); but 

the Radioactivity Group and otbers from the Experimenta l Physics Division a lso 

collaborated in this work. 
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Chapter "III 

oRim\rJCE on: r .3 IO!J 

Organization and Liaison 

7.1 The detailed history of ordnance and engineering act ivities at 

Los Alamos to t he t ime of its extensivt reor gani zation in August 1944 ha~ been 

divi ded into the fol.lowing six sections: (1) Gun design, proving, i.nterior 

ballist~c s , (2) Frojectile, target and initiator design, (3) arming and fusing, 

(4) engineering, (5) implosion studies, <-md (6) delivery. As of August 1944 

this work was being carried out under t he following groups: 

E-1 Proving Ground Lt. Comdr. A. F. Birch 

E-2 Instrumentation L. G. Parratt 

E-J Fuse Development R. B. Brode 

E.-4 Projectile, Target and Source c. L. Critchfield 

E-5 Implosion F.Xperimentation 

E-6 Engineering 

E-7 Delivery 

E-S Interior Ballistics 

E-9 High Explosive Development 

E-10 S Site 

E-11 Ra!.a and ~lectric Detonator 

s. H. Neddermeyer 

L. D. Bonbrake 

N. F. Ra~ey 

J. o. Hirschfelder 

K. T. Bainbridge ~ 

Major W. A. Stevens 

L. W. Alvc.r ez 

7.2 Prior to its formal organization in J une 1943, the germ of the 

Ordnance Engineering Division occupied two or three small rooms in Building u. 

The small st.1.ff assigned to it prelJmirorily, was cone erned with procurement 1 gun 

design and instrtt~entation, but the main activity of this period consisted in the 

discussion and analysis of the work that lay ahead, labellJig and organi zing t he 

elements of the new field into an accepted genera l .s cheme. 

7 .J In May Capt. J . :.; . Far sons , USN, ~a.rr.e to tr.e .Site for a preliminary 

vis it. His tr::i.nsfer to be head of the ordnance engineer i118 wor K at Los I l.arr.o s 

SE€R&T ~ 
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was then arranged at the request of General ciroves, on the recommendation of 

Conant and Bush and with the approval of the Governing Board. Capt. Parsons 

returned in June as Division Leader of The Ordnance Division. 

7 .4 The original groups of the new division were the first five listed 

above, under the leadership respectively of E. M. McMi~n, K. T. Bainbridge, 

R. B. Brode, c. L. Critchfield and 3. H. Neddermeyer. 

7.5 After Parsons' first visit in May he investigated t he possibilities 

of obtaining a ccepetent chief engineer to head group E-6. The man chosen by 

Parso11B was ~orge Chadwick, for 20 years Head Engineer of the Navy Bureau of 

Ordnance. Although Chadwick never resided at I.os Alamos, he functioned from June 

to September 1943 as prospective head of this work. During this period he worked 
~· 

with tbe Bureau of Ordnance and the Navy Gun Factory on the design and fabrication 

of the first experimental guns, consulted at I.os Ala.mos on the design of the 

Anchor Ranch Proving Ground, and in August was asked to assist in tr.e procurement 

in the Detroit area of machinists and draftsmen. At this t~ Chadwick decided rn •· 

to take the I.os Alamos position. The connection with Chadwick in Detroit remaine 

hawever, and is discussed l.ate'r in this section (7.12). 
l 

7.6 After a brief interval in which the Engineering Group was under 

the direction of J. L. Hittell, this position was given to P. Esterline in 

December, and was held by him until his resignation in April 1944. late in 'May 

the position was given to L. D .• Bonbrake, having been held on an interim basis b; 

R. Cornog after Esterline's departure. The general reasons for the difficulty 

in finding the right person for the position of Chief F.ngineer are discussed in 

detail later in this Chapter (7.49-7.58). 

7.7 In the fall of 1943 Groups E-7 under Ramsey and E-.S under 

Hirschfelder were added to t he Divisi0n. 

?. 8. Early in 1944 witl: !.e r <:i pid expa nsion of the ordnancfo :,nd 

pa r ticuLrly tl-. e i11<ploslon ~r o(:'. :r·;1.r. , t.l.e i1dmini:3tn. tiv~ ·;;or+: of U :e D ~.v '\. ·;~on ~·m s 

• , 



( 

VII-3 

subd i vided unrl er t wo Deputy o'i v ision Leaders: E. · ~ • . :c .. '. illa n for tre gun 

progr am , a nd G, 3 . Kist i akowsky for H .e impl os i on }.:rogr c.. r:: . ;.:c:.'.ilfa n ' s place 

as Group Lea de r of E-1 v1.:i. s t a ken by Lt. Comdr. ,\ . F. 3irch. ,\ new group (E-9) .. 
was add~d by Kistiakows ky under K. 'i' . Ba inbridge for t he investiga tion and des i gn 

of full sca le high explos i ve a s fl emblies a nd the prepar r.L tion for a full scale test 

wi t h active mat er ia l. Ba inbridge' s place as Group Leader of E-2 was t a ken by 

L. G. Parratt. Eac h of ti:e two branches of t he Divis i on acted with t he a.dvice 
• 

and assistance of a steering committee. Altl ough fonr.c.lly equiva lent. , t he t wo 
I 

new subdivisions were of quite unequal significance organizationally. The gun 

program was proceeding smoothly and at a constant level of activity • . Th~ implosion 

program, on the contrary, was beset at this time with serious organiza tional and 
. 

technic a l problems, springing from its r apid increase in size and importance. 

7.9 In late June and early July t here was further extens i ve reorganiza tion 

of t he :impl csion pro j ect. Neddermeyer beca.1I1.e the chairman of the implosion steering 

committee 1 Kistiakowsky became acting group leader of E-5, and two new groups were 

formed. The first of these was E-10 under Ma j or 'N. A. Stevens. The functions of 

t h is group were maintenance a nd construction for the implosion project, and t he 

operation of the S site plant. The second .was E-11 under L. W. Alvarez, This 

group was engaged in the development of t he RaLa tests, and i n t he investigation 

of electric detonators. 

7.10 When Parsons returned to ',fas hington after his first Los Alamos 

tr ip , he a rranged that a ll his connections with t he ~!avy Department woul d be 

handled throu,~ h Lt, Comdr. Huds on J.foore of the Research/&~~loI=«Jent Section of t l:e 

ware 
BuOrd . The mos t impor ta.nt activities of t he latter~ with t he Naval Gun 

Factcr y and c oncerned the fabrica tion of cx~er iir.ental guns. /, oore a lso hand led 

procurer.tent of mi s cellaneous or dna nce ElEl t t: r ia.l s from Navy stores, a nd l ia ison wi t h 

t he Navy Frovil16 Grotmd a t Oahlgr en, Va. 

• 
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?.11 At the same t .in;e P;:i. r s on:.> arranged f or secur it.v re2.:sons t ha t a ll 

Navy equipment would be s h ipped to E. J. Workman, hea d of t he .Section T, OSRD, 

Project at the University of Nev; l'cexico, Albuquerque. 

7.12 The othe r prlncipal li.1ison of the Ordnance Divis fon wa s the 

"Detroit Office". As mentioned a bove , Chadwick was a sked in frngus t to assist in 

personnel procurement. In order to try out des:lign eng ineers hired by Chadwick 

and to pay machinists employed before new SQOp f aciliti es were ready for use, -
Chadwick set up an office in Detroit. L!· 

7. lJ In .August, Bush had approved t he use of tl ;e Section T, OSRD 

Project at the Univers~ty of IAichigan (Appendix 7, No. 21) for the development 

of radio proximity fuse~r· the bomb (?.L.5). Section T funds so used were to 

be replenished bf transfer of funds from the Navy DepG.rtment to OSRD . 
, 

7.14 In October, it was decided that model.~ for flight tests would be 

fabricated µnder the procurement set-up of the University of Michigan using Section 

T funds. The orders would be placed by f! . R. Crane who wa s the head of the 1,fichigan 

Project. It was not contemplated, however, that the University of Micb,_gan would 

act in any capricity beyond general supervision a nd accounting. Chadvrick' s office 

in Detroit, rather than Crane, would be responsible for inspection and follow-up 

work. This arrangement was not wholly satisfactory since Crane had a considerable 

interest in ttese models; fuse units designed and fabricated by his pro ject were 

to be incorporated in them. 

7.15 The financing of the Detroit office was arrar'8ed by contrac t 

(Appendix 7 , .No. 22) between Ch'-ldwick and the University of Cal i fornia until 

November 10, later extended to March 1944. Chc:..dvlick was appointe d OSRD represent-

ative to facilitate bis wo1·k on fabric <1. tion cont r:icts let by the UnivE:: nlty of 

lfichigun. In !~fay 1944, the financing of the Detroit off Le e was taken ove r by the 

UniversHy of Eichiga n. In June, Lt. Col. R. N. Loch-ri.d.e;e as sw1ed c h :: .. rg8 of the 

Detroit office. In J uly he ;·ms appointed O.SRD represent ;;,t 'Lve. Col. Loc kr'i.dee's 

appoint ment wa s a means of unifyin~ t l1 e Detroit-Univeraity of Eichig:in r1.; l 1t i onship 

· SE:eREif ~ 



clnd o f bringillg tile act~vili8s c f cl.e Je tr:) jt o ff ice mur~ cl ~";,; ~·.r u;-i1jer 

!'. .::. nh~tt3.n 0istri~ t control. 

(7.26, 7.46, 7.51, 7.32 ff). 

~un :Jes ign, !roving , Ir.ti:' rior 3.illis tic0 

7. l7 Durine the first six 1nonths of the L:.tbor3.torj·, t h e onl,y 

-method of assembly that was considered sound enough i n princ:'..;.' l "" to warr:int 
~- . 

an extensive ;:irovine and engineering )Jrogr:m. was tl:e .6\ln c ethod . In p::i rticub r 

the proving facilities 1 manufacture of guns, and bo:.•~ design were foci.;_ssed on 
·I 

. . . J.:_,_..,.......,....,-~~-~ 

the use of a single gun to fire acti~terial into,/ a tarset. In 
~ :-:-- ..-=--;--c-=: --=-

t h is same period, however, there was an intensive stud~: o f :.il t <-;rn. ,.t~V(' f' O~ ·:-; bilities 

of the gun type. Notably, ti1e use of two or more guns e n U:•, same targe t a.nd 

the possibilities of jet propulsion received some consideration, and prr~ lfr--,in::i ry 

desiens were nude on double gun systerri.s. The po~s ble us e of r:iz;h explosive 

to replace slow burning propellant in :;mltiple guns was explored to a cert2. in 

extent. None of the s e alternative schec.es pr oved attr::;ctive eno•18r-. on pa per 

to be taken a s serious conpetitprs to the single gun :::et.:-.cd , :rn:.:l in U :e course of 

six months the full attention of the gun group vra. s given to t}:e ~ -:1tte r. 

7 .18 The state of knoV1ledge of the phys ica 1 <J.nd nnc lear pr ope rt ies 

of the active materials was s"uch in April 1943, th.at only vers rou·~h estil!latcs 

could be rr.ade as to how nruch materi.:... l had to be fired from a gun , hoi'l f:1st it 

must .be fired, .3.nd in the case of flutoniw:i , Lo•: n:ucl-1 ac celeraU on the :r;,1teri.q l 

could stand. It W'.:l.3 assumed th.::i.t the nateria l could be :::c.d•:! as strong =.-. .'5 need 

be through alloyinc; a nd that U:e de:.s~t~r of plutoniuw w:;_s ~ss entblly t!·;e s a ?c.e 

a3 ·that of ura niuz. Then, frOP.l the existing lmcvrledge of nuc le:n· er e :; '; SE:c:t.ions, 

the sizes of cri.tica l assemblies ,..,. e re co~put1?.d, and fron t1 P. r 1~rif .ication s t. .~.J. !-.'~·~r :j.= ; , 

the required velocity of assembly deteruine.J . WI i&D 
i---- ----

8f:€REJ' el@J• 
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~-------··------ ------------------ ----- ----

~~r-··_.··------~-=~··- j 
1 There was no concern, in 

__..-··· -··-·---

the assecbly of critica l "7r.as ses , about the usual questions of stability in flight 

of the projectile, absorbing the energy of recoil, erosion of the tu~e or muzzle 

prrtssure. Instead, the requirements were for as light rreight tu~es and as 

re~~le- interior ballistics as possible. About all that stand<:i.rd ordnance could 

contribute to this problem were its general formul.a.e for gun-strengths and its 

theory of propellants , both of which had to be used far outside tbf! r:.i.nge of 

accumulated experience. ---------------
JmLl'l'ClJ 

-------------- --- - -·-·--- ------~ 

7.20 The seriousness of the problem of 8etting t hese fan~Lstic bruns 

made and proved called for a great expG.nsion of personr:el, facilitie5 and lb is on 

in the OrdrkLr<ce Divis ion. 

his assigm-e:it to the F:::-oject in :!ay 1943. / .... 
was, simr ly, th<l t the proposed design of this gun wcis f .:trthr--st r e.::.:WP.d fr0f:1 

standard practice. The rrincipal <lepartUL€s from standard design were: 

(1) this gun tube should weigh only- or.e ton .inste3.d of t!ie five to n::; 

usually ch :1 ract erist ic of t!;e s :i.rre muzzle energy. 

SE:€R~+ 
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consequently, it mus t !Je oode of hii:;r1ly a lloye:i steel , 
"I . 

~~ 

tl;e l11e1. Xirnwn prea::iure at tlbe bre ec;.r:: should be 2.. S \:i ;~h 3.S pr act i c ah lt• 

(75,000 pounds per s quare inch 1'13S decici e d llpon), i.e., the eun 

should be as s r 0rt as poss ible , a nd 

(4) it shoulr\ h::\ ve three independently operct ted f'ri1·•e r s . 

engineeriJ16 t he propos ed design in J uly 1943. Pr essure-tra vel curvs s ;·;ere obta ined 

from t he t:r>r?.C through R. C. Tolm3.n. TI:ese were ccmputed by Lhe l:xl ll i:;tics group 

-
at Section 1 of the Geophys i c ;:i. l laboratory under the supervisi on of· .J . O. Hirschfeld 

who subsequently joined the sta ff at 3ite Y and continued to super•ise t r.e work 

of the Int erior Ballistics Group. The curves were dra wn for :r:.:.i. xintU!!t b:-eech 

pressures of 50,000, 75,CIXJ, a nd 100,000 pounds per square inch a nd submitted t o 

the Bureau of Ordnance, I:Javy Department. 

?.22 .\s stated above, this was a unique problAm invoiv i ne spe cbl steel 

a nd its radial expansion, design and breech, primers a nd mushrooms for extra high 

press ures , ins ertion of multiple prime rs a nd ma.ny s ma ller details. The absenc e 

of rifling and special recoil mechanisms were the only details in which this gun 

could be considered simpler than sta ndard guns. · Nevertheless, the drawings-w~re 

c ompleted and approved, in a very short time, a nd the forgings requir~.:i were 

ordered in September. Some d~lay was occasione d in t he preparation of the steel 

bec~use of difficulty in meeting the physical specifica tions. The f abrlc a tion of 

guns was done at the Naval Gun Factory, a nd required about four months at high 
~ 

priority. The first two tubes, a nd attachment s , were actually received a t Site Y 

- on March l G, 1944. 

7 .2J The tube.s received in Ha rch were of two types. 5oth h'-:.d 

ada ptor tube s surrounding the1:i in order that tr.e recoil could t·~ absorbed in a 

st:a. ndard ./ Cn the type A g un th is ::i.da.pto:· r:<lde no 

,· 
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contrioution to the strength of t he tube and was fitt ed to u -.e ::,un :i:rcF; ,, ~- .:J :-:ly -1 t 
) 

nruc h stronger than ~,he bare tube would be. The purrose of type A. w:-ts to 3-llow 

1-te.~ts of the wa ll-3 tren;__; th and defor:nation in t he high alloy gun tube , and tr:e , ., {) };/ 
!_/ .') ) purpose of type B was to m;i.ke specifical l J' interior · ba llistic stw:l.:_es( 'J. 
Jo \, I t ) -=--~ ;f<?G '- -- ~) 

7. 24 While these guns we r e be ing pr ocur ed , intensi--..:e e ffO!·t l'ias put 

into installations, acquiring personne l and perfecting tec hniques for t esting the 

guns and in establ~ the necessary channels of procurement for acces sories :>'.lC h 

as propellants, prim€<!-s-; cartridge cases, rigging gear, .and the like. The early 

plan was to install a proving ground, along more or less estab lished lines , vrith 

"' centra lized control of a ll operations on explosives r esearch. Tf: e proving work 

~ 
w;:s.s done by the Proving Ground Group, and the operation, loading and care of tf:e 

guns was under the direction of an experienced ordna nc e man from t he !'!av.::i l Pro._, ing 

Ground at Dahl gren, T. E. Obis tead . Although this pl.:ln for a p r o,ring .;;"ound bec;;i.: r:e 

impractica l for the work on high explosives when the latter wo:-k beca :ne :nore ehbor-

ate, the gun work wa s ad~quatelj implemented at the original provin~ ground at Ancho: 

Ranch. The buildings at Anc hor Ranc h included the usua l gun emplacer..ents , sand 

butts, and bombproof magazines , control room and shop. Novel features were 

inc or porated in recognition of the spec ial nature of the proving p'Oble!•: . For one , 

the f act tha t it was by no !T'£i1ns certa in t hat l''. igh a lloy tubes would not frau:P.nt 

trhen overloaded , plus the i:;rogr <1m for eventuall,y firing the tubes in free recoil, 

increased t he rv1Z.3. rds of provine a bove the ordir..?.ry. To cope with this poss ibility 

the ground. l evel of the eun e:i:placemcnts w:i.s put abo·1e the roof of the bomb proofs, 

which were installed in a ravine . Also, to protect the guns, t tl r gets, etc., from 

public view, as well as to permit instruuenta tion on these units in a ll kin< ls of 

weather, the guns were provide::l with sl'lelters tha t could be rolled away for the perio 

of actual firing. Construction was started on t he proving ground in Juw:> 1943 3-nd 

sec:RET ft 
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:011tinued at high p riority. It wa s virtually complPtcrl. i n Septer:J!::J J!.. T~e-. -r:lrst 

~ hots we re fired from emplace;nent No . 1 on Septe:nber 17. 1943 :it 4 sll p, m. :ir.d 

fi)O{) 4 :SS p,m. A second emplacement was c~mpleted by the fol lOVJing March in a:-iticipatli:'n 

pr:) of receivine the 

TI1e proof f~ring betlfef'n September and !./a rch W':lS dor.e chiefly with 

a 3"/50 Naval A, .l, gur: equipped with unrifled tubes, The purposes of thes~ rounjs 

were prUnarily to test the behavior of various propella~t~. to study ele~ent8 of 

projectile and b.rget design on 3 inch scale, ~nd to smooth out instrumen:.ation 

or the ~tudies generally. The instrumentation was under the direction of K. T. 

--Bainbridge. Most of the 8tandard proving ground techniques were adapted to this 
~- . -. 

work and sane new onen were developed. Thus, the familiar pho~ographic me thods, 

rnicroflash, fastax, a:id NPG projectile cameras proved extremely useful in st'Jdying 

the condition of the projectile as it left the bore and in detecting •blcn- by•. 

Muzzle velocities we re dete.rmined from the projectile camera records. as well as 

by magnetic coil and Potter chronograph. A photoelectric s'ystem was al~o developed 

f or th~s measurement. Copper cru~her ga'-lges and plezo-electric gaueeS' .were applfod 

to th~ dete.nnina.tion of powder pressure. Klectric-<Jtrain e;auges ;rere used on· th~ 

be. rre 1 of the gun aoo on certain targets. .ind there were occa.'3 ions for use o! 

many other ~tandard ordnance riethods such as star g3ngine. te.nninal observations 

(on rf-':overed projectiies) , and yaw c~rds· . 

7,26 'nle success of application of these standard methods was usually 

above starrlard, particularly in photography, One non-3ta!'ldard techniau e 

that was developed 5pecifically for the interior ballistic problem wa!'f the 

followin e of the pro,ject.He, d'Jrine its acceleration in tlie tube, 

'(f ~ mlcrowave~. D-d.s techn ique wa s very su~eessfully applied to the / 

) \:?['.0 By tr.e t l me type A and B guns arrived , t he pro vin~ erou od routine , 

the techniques of instri.ime:itation and the perfor.:i.ance of pro re ll3.nt3 v:~re· 't."P. : . 

.o .<>t~b lished. at lea :>t f•Jr wor~ C\t 3 inch scala.~ In th}_::; t.ime int er-val, ~'.1e b'Jrning 

of propellAnts at very hieh pres~ure was being studied, upon request Crom Los A1a:i:os 



at the Explo:> i ·re 3 Re s earch l.:iboratory at B:-uce ton, Pa. thus a::ldinr, to :he 

pn·;>aration for the s_pecial gun. 

7 .27 In February. the d i r ection of Anchor itanc:1 was assum~d l)y 

Com::!!". F. Birch, with !!dlil.13.n as Capt, Parsa~' Deputy f or the Gun. In !larch, l r:e ~ 

.,.._ - ---- DOe 
/ rt.'vin g wor t<: s ~~u:p, c ·.re r to t E': ~inc_; the _ ype B g-..in f or i:l tf! ri o r ballistic -bf~) 

be'.13.'ri -'.) r (fir.st round J'a.rch 17 1944). 3y -this time, h O'H <:?v e r, the s p<:cifications 

f o r a low-er VBlodty i;un, ta be t: sed wi th uraniu:n 235, be came cl,-,::i r. 

/ ~4.'P4 
specifications 'lfere considera'::!ly less exJ. .-:ting th.an f o r the original() :V 

envisioned for this pur;:>e::ie as they calle<l for a muzzle veloci~y of only 1000 fe e t 

per seccnd u J Tilree of these guns 

were ordered frQn the Naval Oun Factory in March. Sone of them lYere to be radiall~,r 

expanded, and a special gun mount had to be designed for them, In sp~~-~ of this,~bl3) 
resented a much ~implf'r problem to the Bureau of Ordnance < D'!LiTED > 

was felt f or t heir ·o~eration. -
, \ ,_, .;:f_. 2 By reason of tl1e well pr epared experimental backgrou:id, the t!"st i :::c 

'\ ·,') . I ·, I 
V 'fl ' - V 

of the · /guns went smoot.hly and ra ))idly, It l'ras found that'ifM slotted tube 

cordite"wa3 the most satisfactory fonn of propellant at the high pressures involved • 

Other propellants were tried.-!.~~~-d- __ i_n_~er~o:. ~~r·--·-· 
--------~ -- ' ~ ---:......__ ....., ( 

I 
· -· - --~ . / . .. / 

JThe lLar!< XV primers proved to stand over 80,000 pounds ::.er 
. 1)0£" _ ...... ---.:::­, __ , .. ··--

sq1Jare inch. The propellant performed properly at -so0 c. Ti-.e interior ballistic .h(>) 

prcolem was solvedt but the tube was eroded so badly it h;i:1 t.o be returned to 

the Oun Factor-.r in April, !tt~ntim wa s t !"1e :c given tc ::-ie c :1a nic.J.l s tr,~neth ar:d 

very hit~ efficiency, Tne installation of a drum camera greatly facilittltcd record 

t3.king, and man.v mea3ure:nents of pressures, st-rain~. velocities, and t:'..:r,e inte1-v-als 

,,,. '"" - ; ·-n 'K<l.S \'1'0-~ 
"" " .,, -r;, '.r-- L'7 ! 

' ' 'O . 
';lfere made on one r.:Rrnd. B"J early July. the soundness of ~h~l-/~c:..=-

t~orour~ly proved anti only by run:iing: the maximum breech :Jressure up to go.ooo po..Jn 

per squa.:-e inch was it fi:iall.y possible p~ r;na.rvmtl,v to defor:::; the f;...:: ~. 
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7. 29) ....... •••• ) t __ r::----. - - ----~-

· The necessary pr es ence of Pu in t he Ha nford 

------p lutonium (4. 52) decreased the minimum time of assembly of this materia l f a r 

below what was possible by gun-assembly methods. 

I'-....._ ____ _ 

Projectile , Target and Initiator De3i,71 

7.Jl Although the development of designs of projectiles, targets and 

initiators for the gun assembly should be capable of moving more r a pidly tha n the 

deTelopment of the gun itself, the uncertainties surrow1d ing the problem were 

relatively more serious. Not only were the phys i ca l properties of plutonium 

entirely unlm01vn, but t he whole problem of producing a n assemb ly of projectile 

and target that would start the c ha in rea ction undeF f a vora ble conditions,. i.e. 

at the right ti.me and in a compact georr:e try, wa s entire ly new. Accw;-;ul,;.ted 

experience on a rmor pe.netration. greatly discouraged earl_y s uggestions t hat the 

projectile be stopped by the target. The conception of a gun a s3ernbly, as of Apr i l 

1943, was rather on~clile....passed through t he target freely( ·- - } 

"U!ID j 
··--------·-----·---------

D8Lftll> ...,ID 

7.32 Before any work wa s started on these development s , the pJB.n was 

complicated by the further uncertainty in the amount of a ctive ma teri.J.l tb.:lt could 

be safely disposed in t he projectile a lone , or in t he target. Th i s wa s part i cul.a rly 

i rnpor t c.nt in the cas e cf t l-.e hYJ'Othetic .'J.l ur a nium hydr ide :·;lm ; fe r hen~ !..Le critica l 

r 

S!eRET ·• 
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h.:.--.vc to be assembled. )~ --··-·--- -----·-- - .... 

; ________ _ 
Although p.13.nned primarily for the hydride gun, the critica l mass cc lcul:itions f or 

odd metal shapes were .not' at the tir.1e accura te enough to rule ot:.t a possible r.eed 

for such methods in the metal gun model. The development of thes e r~echanism.s was 

a difficult unde~taking which remained uppermoat in the efforts of the groups 
~ . 

D() @:' ~onc.erned until February 1944, by which _time the hydride gun had been abandoned 

b ~) L DILITID . ••llD -"~ ---- ) 
~~~~~~-. ~c::::::::::::::::::-~' ------- .....-:=- bOE~c~ 

7.33 The de~ign development of projectiles, t c:.rgets( .... llD \ 
~ 

It}(; ( } was centered in the .Frojectile and Target Group . j 
b ~) ~-----~-

l 
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7.36 In the pericxi preceding February 1944, two progr ams of ultimate 

importance to the gun method were shaping up. The first of these W<3 s the develor- " 

ment ot( Since this development would res_uire close cooper~-

ti.on among t he Ordm.nce, Chemistry and Physics Divisions, the resr.-0ns ibility for t!-:e 

bvero. ll proeram \ras placed · in a three-man ccrnmittee witb Bainbrid.Ge as cbo.irma n. 

The design experimentation proper wa s assigned to group F:>-4 wit.1': the eneince;:_iri_,<;; 

assistance of A. M. Ayers of group E-2. This experimentation called for t es t, under 

high velocity impact, of mechanisms containing polonium. The tazard to personnel 

and equipment p:::-esented by such tests, · at least in the early development, precluded 

the use of the standard proving equipment and installations. :tccordingly, an 

awd.liary proving set-up wa~ instituted at 20 millimeter scale. By Febru;;.ry, a 

plan for a safe 20 millimeter range in the Technical Area had been approved and 

arrangements made for a temporary location at a remote site in the field. 

7.37 The decision to install the 2D millimeter rar..e;e in the Technical 

17 iJ 0 ~') . ArM was reached partly on the bas is of tr,e oecond program ,th" t ~y :_ 

'p ~ This second program was for the development of t<>rget des~ ~ 
.' ,( JJILlllD /,...A few pre-

limina ry shots at 20 millir.1.eter scale by n. Cornog t.ad indic J. ted t.!-:;lt :rneh a df:Si E, r: 

-SE€R~1: ~~ 
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might possibly be practicabJe, bt~t tl .. :: l ll.e mture of tLe !TlL·.tPrL"l.ls use'i, :--. ~ well. 

as design, w~ s of critical importance in determini0€; the pr.~~ctic2bility. _ _./ 

--·-· - ,_ 

.-'\.ccordingly the 20 milli..meter r a nge was designed SO as to make possibl€ the r<:>C0Vt.'T f 

of materialsl_ ....-rlD leven in forn: of dust or gas, that 

~ight be given off if a target stIDuld bre~k unde r im~ct. 

.. MID 
' l 

:: 

f;;O(; 
7.39 By the end of June, tl;e usefulness of high alloy, i-,e .?.t treated st.·:< 

)?~ '-- -- ___ J&BTE ______ lra_ d_ been firmly establishe::J 

D RS•ID 

~ 
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At that 

tic:e encut;h data · had been o btained at 20 milli;;t--;rscaie~o--gTvet~;-~cded 
. 

assurance. The subsequent program was then planned to develop a service-worthy 

unit on the proved de~ign and to incorporate it in larger seal~ tests. After 

the reorganizati0n in August, t tiis progra::; was actually carried out in Bir.i;~s __ ··---------- .. 

ml#iBD 

J _ , 
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7.41 The development of initiators for the gun required radiochemical 
' 

services and a large supply or polonium. The growth of experience with the 

handling of polonium at site Y, the Radiochemistry Group (8.55tf), and the 

liaison with Monsanto Chemicral Canpany in the matter of suppl.¥ (S.6) were 

probably the most important coo.sequences or the gun initiator program. In racj;, 

this background o! developnent was perhaps essential to the success of the 

implosion bomb, which made even greater demands on these services. It the basic 

procedures had not been already established the implosion might have been held up 

by some months. 

Arming and Fusing. 

7.42 The anning ani .fusing of the atanic weapons could not be done 

satisfactorily by straightforward application of the establis.hed art. Part of the 

reason for this is to be found in the enormous investment r epresented by a single _ 

banbe Triggering devices that fail oni,. one per cent of the time, on the average, 

were hardly acceptable. On the other hand, , the great value 6! the single b001b 

dwarfed the expense of multiple triggering by veey fine equipnent which would be 

forbidding in a more commonplace weapon. The second reason is that, fran the ear],y 

beginning of t he effort at Los Alamos, it was thought desirable to detonate the 

bomb many hundreds of feet from the ground and no .fusing equipment had been 

developed explicitly for this purpose since the _requirement is unique to the size 

or the explosion. Just he. high above the ground the bomb should explode for 

...... ma.x1nnuu total damage was not known. The determination of this height had to be 
~. 

made mathematical.l.y !'ran an extension of the theory of damage by blast plus a 

knowledge of t he expected size of the explosion. None of this theory was avail-

abla in April 1943. 

7.43 The developnent ot arming and fusing d~vices was begun in May 

1943 1n Group E-J. 'nle plan for fusing systems proper was the same for the 

gun type and for the implosion type bomb. It called 

SEGRiT · ~in. 
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for .i guar::i.ntee of perforr.iance that allowed less than one chance in ten thous:in·j 

of failure to fire within a hundred feet or so cf t~e desired altit~de, Two 

general lines of development ;re!'e started. The one centered on the ;:>oss i ble use 

of barometric switches for fidng the bomb. The second line of :ittack w'.l s to 

adapt the newly- developed electronic techniques to the fusing problem. In 

particular. the radio proximity ruse, radio altimeters and tail-warning devices 

performed, in some measure, the oesired function of detecting dist~nt objAzts and 
. . . 

the suitability of these d~"!1ces for use in a bomb had to be determined. A th !rd -possibility, the use of c lo~~s-~ was considered to be a 4st resort because their 

oper3tion would requ~ c3reful ~etting just before the bombing run, and the 

chanceafor human error are great in thP.se circumstances. 
"" 
... 7.44 The barometric switches had the advantage of being simple mechanical 

devices whereas the vari ous electronic systems \Yere .highly canplex. On the oth~r 

hand, it was by no mean3 certain that a reliable baranetric indication cou ld be 

obt3ined in a falling bomb. ·Thus the work of the group included not only the 

desie,n of a sensitive 3.nd sturdy barometric switch, thst could be put into prod uction, 

but a bo the proof of these switches in action. The latter effort proved to be 

the most extensive. It was necessary t 0 fit model bombs with radio transmitters 

(•informers") whos.e sienals were modulated by the action of the barometer, drop 

these from airplanes and follow the flight of the bomb photographically as well as 

With the radio receiver. With the proper crose checks in timing, this procedure 

le3.ds to the correlation between the recording of the barometer and the actua l 

el.P.vation. This work was st:.arted at small scale in December, in cooperation with 

the NPG at Dahlgren. Full scale bombs dropped froc full height were subsequent.ly 

used in the 0ontinuation of these tests at Muroc, beginning March 1944. By that 

time it seemed probabl.<.:!, iowever. that the pressure dist.ribution on the surface of . 
the bomb was not so sensi tive to absolute elevation as would be des .ir·=d and t rnt 

barometric firing sh nnld be u:rnd only if the e~ctronic ".ievices could not be develope1i, 
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The development of the barometric switc h t hus became secondary, bu t t l.e field 

experience in pr oving these units was of pri.m<::. r y importa nce to t he development of 

the weapon. It wa s throug h this e.arly eff ort a nd cooperation with the Ins trui:.ent-

ation Group,, F.-2 , tha t t he problems of instrumentation in the field, l ia ison with 

the Air Forces a nd opera tions at di3tant a i r bases were solved a nd reduced t o the 

routine that wa s so necessary for the successful proof of the completed bombs 

(completed, t hat is, except for active material). 

7.45 In the. period precedi~ February 1944, t here rerr~ined, as st~ted 

above, considerable uncertainty as to t he height above ground at which t he bomb 

should be fired. The early estimates were below .500 feet, more specifically 

150 feet. In""this range, the amplitude-operated radio proximity fuse was a 

fea sible device. Brode had had a major part in the development of th0se f tt¥es 

for projectiles and began at once on the ground work for ada pti ng t hem to t~~o~bs . 
it was deemed un~sirable to set up a r a dio proximity fuse labora tory , wi t h t he 

( 

laree increase of personnel necessary, at Los Alamos. Accordine ly, t he des i gn, 

. develoµnent, manufacture and t{lsts of r a dio proximity fuses a nd 11 in!oroers" was 

undertaken in liaison with Section T, OSRD. The work was to be done a t t he 

University of Uichigan under the supervision of H. R. Cr ane. (Appendix 7, No. 21) 

Field tests in this program w-.ere to be made at Dahlgren. This program was 

instituted in the sumner of 1943 and was entering a major proof ptase in Februa ry 

1944 when theoretical work predicted that if the efficiency of the bomb were high 

enough t he desirable height of deton~tion might be a s h igh a s 3000 f eet . 3ince 

t he amplitude oper,01 ted sets would not function properly a t thes e elevat ions , it 

was immediately neces3ary to follow a new line of electronic development. The 

liaison with the University of Michigan L:i.bor.:.tory 1va s continued , however, to 

fol l ow up the radio proximity fuse development in case the eventual decision would 

' be for severa l hundr ed feet and to cont i nue in the pr oducti on of "informers" a nd 

t o a s s ist in t he new lim~s of a ttack.' 
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7.46 The new types of electronic devices tha t were cons idered i n 

February were the radio altimeters. It was decided to follol'1 up both t he 

frequency modulated "AYD" and the pulse type "71.8". The progr a1:i for modific :i. tion 

of AYD was assigned to the Norden laboratories Corporat i on under an 03RD contract .. 
(Appendix 7 1 No. 23) through Section T, with the approv;1l of t he Bureau of 

Ordnance, Navy DeJXi rtroent. The 713 was just getting into product ion but the 

deve lopment group at the Radio Corporation of America was still operat i ve. It 

was intended to negotiate with RCA to employ this group in the fuse developm~t. 

Before the negotiations were started, however, it was learned tr.at they also E~d· 

under develoµnent for the Air Corps a tail warning device that should be r eadily 

adaptable to the fusing problem. The production of th~.AP.S/13" units was j us t 

being started, but through the cooperation of the Signal Corps, a substantia l part 

of the pilot r~oduction was made available for Brocie's work. In f act, the third 

such unit tQ be made was delivered to Los Alamos in April. This set was tested ,.. . 
in Ma,- by diving an AT-11 plane and proved very encouraging. Two full sca le drop · 

tests fn Jun.e strengthened the conv:lction that the APS/lJ, now nicknamed "Archie", 

was the answer to the electronic fusing proble11. The modified AYD had persisted in 

showing difficulties that discouraged its use, even below 1000 feet, where it had 

been made t 'o work. Field tests were continued on a more and more extensive scale 

through June and July and included the final work on barometric devices as well 

as the preliminary study of the electronic sets. 

7.47 Concurrent with the field tests, work in the labora tory was given 

to the implementation and analysis of these tests as well as to design r~search 

and proof of service units. The latter effort involved establishment of vibration 

and temperature tests !or clocks, switches, batteries and electronic equipment in 

more or less standard procedures for the acceptance of airborne equipnent. In 

April 1944, preparation of t he overall design of t he arming and fusing sys t8m ·nas 

undertaken. This system included pul l-switches, banks of clocks and ba rometric 
• 

switches for arming , a nd four modified APS/lJ uni ts oper'-l.t ing inclepen·~e ntly to 



( 

initiate the !iring circuit at the desired altitude. The selection of this 

system was made on the basis of the preliminary field tests of these units and on 

general considerations of ~limination or as many uncertain elements as possible. 

The field proof of operation of the system as a whole began in August 1944 and 

constituted a major pa.rt of the work of the following year. 'I'he scarcity or tail 

warning units in the sumner of 1944, however, torbade wholesale use of these in 

bomb drops. Accordingly, the modification development o! these units was assisted 

by the use of barrage balloons for testing the units (as assei.hled in models of the 

bombs). This phase of the work was carried out at Wa?Ten Grove, New Jersey. 

7.4$ In addition to the primary development of a high elevation trigger-

ing mechanism, some a~tention was given to underwater detonation. '.Ole goal was 

to detonate oner minute after impact with the surface. Thia program hardly got 
• 

underway, however, before theoretical consider~tions, based on model tests, pre-

dieted that shallOlll underwater delivery was ineffective. Full attention was then 

given to the air blast bOmb. For the latter, a pr6peller activated arming switch 

lf<lS also developed bµt waa discarded as mechanically unreliable in the presence of 

ice or from misalignment. The only propeller arming actually used was in the, four 

NaVT standard nose impact bomb fuses A.N. 219 in the forward end of the Fat Man. 

The purpose of these was to get ge>Qd self-destruction (at least) in the event of 

failure of the primary fU3ing~ qstem.. 

· li:ll§ineering 

7 .49 In the original organization of the ordnance work the primary 

responsibility for integrating the weapon was provided by setting up an Engineering 

Group, E-6. This was conceived as a group of competent design engineers who would 

reduce to accepted fabrication practice the specifications on performance as these 

s pecifications became clear. 'Ibey would include the mechanical construction, 

ballistic and a erodynamic behavior, electrica l wiring and incorporation of t he 

arrr.i ng and fusing equipment and a l s o t he special provis ions required for sa fing and 

h.'lnd lirig t he l!S c: e . tb l y raec b i sm a nd active m.?.ter i.D. l. In addit ion to th i s pr:i.rrtD. r,r 



responsibility the group was to provide desjgn service incidental to the various 

r experimental programs in ordnance , procure special materials and shop services 

{ from outside industry and supervise the 0.-dnance :Machine Shop (C Shop). 

c 

7 .so As already mentioned ( 7. 5), Capt. Parsons was assisted in setting 

up this group by George Chadwick, whose Detroit office ~s t he center of initial 

personnel procurement. Operation of t.he design grcups actually 9tarted .:it about 

t he time of the completion of the oriinance building, A build:lng· Since the research 

groups were just getting started also, there was very little notion of what the 

specifications for the weapon would be, except in the matte~ of aerodynamic 

perfornance. Thus the primary activity of the Design Oroop was centered on the 

design i ng of bomb· models and the procurement of dummy bombs for test drops. 

7.51 In adnition to t h is work , the secondary responsibi l ities for 

C shop ann for outside procure!!lent of materials and l'!'ll1chine work were growing daily, 

Demands for shop work were perpetua l ly ove r loading the facilities at Los Alamos. 

even with the procurement services in Detroit. The manufacture of hemispheres to ... 

be used in implosion experimenta~ion was one of the great problema1 arrangements were 

made to procure these from Detroit shops throueh the Detroit office. This 

arrangement was suppleoented in J une 1944, by procurement of hemispheres frc•m the 

Los Angeles area • 
• 

7.~2 In spite of the lack of detailed specif ications for t he ~~apon, 

certain preliminary designs or mechanical and high expl osives assembly, fuse 

assembly . and of molds for charges were Jll3,de during the first .winter. The , ... 
·· ; 

situation with t he gun model was more satisfactory because the details were less 

t entative. It had been ant i cipated that the details on the implosion model would 

ge t more definite with time. Instead of this, as experimental information on the 

impl os ion increased, the possible specifications erew less and less definite and 

more 1.nd more ccmplex ln th t~ sense f an incre3.sing_ numbe r of a l terna t i ves "1nd 

( 1 ad~ it.:icm l t l e r'll?. nts. The pictu:-•., ·;; s c !!a nging so rapid L;r and the con t ribut ions 

.WR ; 
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original organization for engineering development was rapidly becoming inadequate. 

7.53 It was evident that the level of coordina tion needed for making a 

weapon of the impl~ion system had risen above that represented by a single 

operational group. This was pointed out by E3terline when he resigned as group 

leader in April 1944, F.is successor, R. Cornog, made every effort to rectify the 

lack of coordination within the structure of t he old organization. There were 

other organizational pl.ans afoot, however, and these led eventually to coordination 

at t he level of the Director, ' by the Weapons Committee (9.10). Meantime the 

engineering problems relating specifically to the internal structure of the 

implosion banb were ta.ken over by the new group under K. T. Bainbridge. This group, 

formed in March 1944, combined design and certain kinds or experimentation on the 

implosion system. (Design work, in i;articular, was under the supervision of R. W~ 

Henderson).. One of the responsibilities of this group was the full scale test ot 

the bomb, and t he history of this part appears elsewhere (Chapter XVIII). This 

reorganization of the engineering eftort placed the implosion design in closer 

touch with implosion research. '!be work on the gun and on the external bomb 

assembly continued in the Engineering Group, but in close cooperation with the 

Exploeives DeveloJlllent Group: 
~~!~~I "t/' _,,;,. 

7.54 The new group was able to de~il developments in such things as 

boosters, primacord branching, and detonation systems in the light of current 

research on t hese components. There was, however, little activity on t he design 

of t he act i ve core and tamper, since research on these was still in the differential 

stage and t here was, as yet, no acceptable plan for distributing the act i ve material. 

Although s-ane pr eliminary thought was given to this question, the active des ign 

work and the coordina tion with experiments On the nuclear physics of the bomb was 

done in G Division after the August 1944 reorganization (Chapt~r XV). 

7.55 Another development that called for s pec ia l organ i zation w~s the 

design and manufacture of lens molrts for tigh explosives. Here again t he need for 
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coordinating ~~eff~~a of theory, exper~nentation, caating practice, design, 

ma.chining 3.nd ·procurement ·nent yeyond the sc ope of any one ope rating 1_:r oup. 

Accordingly a ?OJlds Committee was formed in the su.11I'.1er of 1944 a nd a !cblJ ~sii:;n 

~ction was organized under the admi~istration of V shop. This work conti nued 

under the subsequent organization, and its story properly beloni::s to the later 

ped.'.xi (15.31). 

7.56 The diffic1.il:.ies peculiar to the engineering function at 

Los Alamos were not all connected with t he persistent uncertainty or final 

specifications. Che basic sour~e of diffioolty was the rievelopment charac t.ar of 

almost all Los Alamos engineerL~g. Such engineering reouires flexibility in 

meeting the constant change of specifications incident to new experimentation, ~nd 

as a part of this, the settling of general 1eaign pr:inciplPs as a frame'Kork 

within which more det:liled epeciric'ltion may latP.r be fitted._ In pro..i uct i on 

Pngineering. on ~he contrary, emphasis is all on the details of des .ign, and 

problems of tooling l.nd mass production. It was the mjsfortune of Los Alamos and 

i t.s engineers that they were drawn primarily from industry, and were accustomed to 

larger and less complex operat:t·ons than they found there. With diffcrine deerees of 

directness in different cases, it was this difficulty that was responsible for the 

rather large tum-over of the engineering staff. And as the history shows, this 

problem was solved by a type of coordination quite unfamiliar to production plants. 
I 

7. 57 Another difficulty wa~ the combination of desien and service functiom 

within the ilhgineering Group. Although purely an organiz3tional diffi~Jlty, it 

refle cted also the inappro?riateness of production methpds to a research and 

develop~nt laboratory. The degre~ of ;)rocedural fornulity ne cessary in t ht"? 

preparation of detailed drawings for ::nass ~r~luction ls at the same time 

unnecessary and burtiensome if apµlied in development wor~. oper~t1on on th ts basi3 

.. 
was a frequent sou~·~e of difficulty, and, t ended ·by overloading the e r ou 1) with 

service problems to ·impa.tr its principal !'unction • ( 3·10 9 ff 1 

5E€RB' :{Ali:' 

• .. 



7.58 In.s t anont: the dit'ficnlties to be recounted were the iso la ... i cx , 

of the site. and the e laborate preca~tions required as security me.:isu r€s. T'lt> 

security policy was blamed more than once for mtsunderstandings on ::ietails ::;' 

ma chine w-ork being procured from outside shops. In any ~a5e, it is to ~e a~mt:~e j 

that liai~ons 1Yero generally ·so round abotft that they easily led to diffi c·,11 :. i~,,, . 

The isol.A.tion of the place, over forty miles from !I. railroad, .-ilso contrfout.~ ri :i t. ,· 

bit to de lay, particularly in h:indling heavy equipment.. As th'1 proj ect appr :J.h 'hid . 

the final phase• of its work the handling and working of full scale tar1}~t3. b0r.-:h-:, 

rr..ins and high explosive systems became a greater .:ind e:-eater part of the ·.vork . T:!:. !: 

required. not only the equipment for handling the ma.tPrial but the plants and t r·. >'s 

for making and assembling the objects themselves. Since the provis ton f o!' t hi::3 

heavy work is incidental to more obvious achievements it is easy to ovr]rlook the 

important rart played by makin1:7 these provisions in the allotted tir.1e a nd on t or:: 

of an isolated mou~tain. 

( Renearch on Implosion 

7. 59 The program of implosion re .,e.arch grew from its initial posit ~ Jn 

as the concern of one small group into the major problem of the laborat or y• 

occupying the attention of t,,.o full di,lisions. The program was started. (.h1rbc t. r.: 

conferences of April 1943 with the specific proposals made then by Neddermeyer- ( l · 7'1 

Neddermeyer had developed an elementary theory of high explosives asse1:ibly. The -~ 

was however no established art that could be applied even to part of the :::echan · e:, ~ 

problem. In this re:3pec~ the implosion research differed from the gun re~ ea ':'.i, 

where many mechanical and engineering features and methods of proof we re at lP. .tst 
... 

rehtively 3ta.nda r:i. Coupled with thi<J undeveloped state of the art of exe r:uti :.:. '1 
\ 

vras a backwardness in the art of conception. As a-· r csu lt one cannot make 

dated chronology of the appearan ce of "'ideas". Development was rather in the : or--r. 

of a spiral. Rough conception~ t hat appeared quite early are reintrOdu ced la~.er 

~. l with gri::ater c oncreteness and in J.n altered context. Many possible developmen t.s 
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and proof t echniques were dreamed of i r. the sprine and su;runer of 1943. to L• ;c c r:, 8 

eve n partial re3iitie::i on ly a yea r 1.:i. te r. For example the possibility of us ht; 

explosive lenses f or fo ,~ussing the converging shock wave, t he po~ sibiHty i:;f' a 

type of electric deto;-iat i o:i, '1nd the conceivable benefits of compression of a ·::t.1':•: 

material we re all conside r ed in !.his period, but be~use of the lack of 

develn;:inent ve rJ litt:.le c ould be Aone. 

7 .so A.n ot!'le r f3.,C~Or affecting the implosion program was t ha t it bc 1-;.;.n -
as a dark hor3e, and did no~ ~~diately lfin in the laboratory a degree of supp 'Jrt 

commensurate with the d i fficulties that had to be overcome. 

7.~l After the April conference Neddermeyer visited the EXplosive s 
.c 

Research~o~atory at Brucet on to become acquainted with e xperi:ncntal techniques 3.S 

applied t o the study of high explosives. Certain tT,Jes of equipment and in8talla ;, ion.= 

used at Sruceton were con3idered desirable !or the early implosi on work, 9..'l ·j phn '> 

were ma. de f or including these at t he Anchor Ranch Proving Grcr_,1nd. ITh.ile at 

Bruceton. Neddermeyer had his first imp losion test fired a'.1d fol:nd enco•1raceme?"H. 

in the result. 

7.62 The- need for ,::>e r3onnel with experience in handline and experimen!, ~n r: 

-.irith ~igh oxplosives became urgent at once and, because of contim1al expan3ion. 

remained an lmfulfilled requirement throughout the life of the laboratory. There 

was enouch general experience in the Implosion Qro~p. however, to get started ?fl a 

fir'ing program as soon as the first explosives arrived. The first implosion t-ests 

at Los Alanos were made in an arroyo on the mesa · just south of t he labora tor; 

on .July 4, 1943. · The:;e we re shots using ta:nped THT surround inc holl(.'IW steel 

cylinde rs. 

7,,63- All the early r i::search on implosion, prior to the ins ta l hti.or. -i.f 

:nore ,elaborate techni tf.le~, was on the n~coverJ of the imploded object from rat he' 

t>sma 11 imploding ch.arge:J 

ooe._ --·· 
~ ~ 

... ., 
j 
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- - 7.64. Interes t in the implosion .thus rema ined. secondary to tha t in the 

gun a ssembly. The rE wu.s some consideration of t he µoss ibj. lit~, of us i.ng large r 

amounts of explosive to increas e the v e locity. But the impos 5ibil i ty of r e c ove ry 

and the currently inc or~,plete i.nstrUT.:er. tation kept s uch thi!l c:s in the "idei't" st;i.ge 

f or sever-3.l mQnths. The dec is .ive ctange in this pict1:rc of the imp l cs.i o!l -occm-r8d 

with the vis it of J. von tJewrB.nn in the fall of 1943. \~n Neum3.nn bad had previo us 

experience with t he use of shaped c h:::. rges for armor pentra tion. Von Newn.ann a nd 

Parsons first a dvocated a sh~ped c har ge assembly, by whic h :icti·1e rMte rial i n tJ:e 

slug follat'!ing the jet would be converted from ;:i hollow conEO shct.pe to a sph' r ,;_c ~: l 

shape r.aving a lower er itica l r.:iass value. He wa s soon persu:i.ded, however, lha t 

O 6' foc1~s3ing effects si;:;iL; r to those 

D t;?J· Monroe jets would o~rate vrit!:in an 

~ 

wrich are responsible for the hi.sh v e l oc i tj· (,f-
1 • __ __ ,_ \ 

DBLBTED - ---
oo~ )-; t~'\ _______ _:__ _~.- j 
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7 . 65 It c ;:.r:not be said t h::t t these r a dic-1 1 propos2. ls were un:t;:;tic ip ~-c~:: 

in t he laboratory. Certa inly their qm.lita tive peculi.3.rities had not been g r ;lsred , 

or urg ed as a -d i:::c isive advantage . Fr C'dominantl,y ur1t il t h is ~ime t.he i.mplo3i<.:;: ~: ·:.c 

~,;ecn conceived a s a ri-car.s of s·;ue ezing solid matter into a solid sphere , wi th 

:iuantit.::i.t i ve a dvantages over t he gun , to be we ighed against its m~h greatc :-

uncertainty of success. j
~ 

DILBTZD 

7.66 Once discussion wa s sLtrted on this planP , a furtl-.er f a.ct of ~re.:-1 t 

ultimat e importa nce b ecar..e apparent: In conversa tions bet;vc· en von New r11 rJ1 ::i.n<l 

Te lh:r the latter pointed ou.t t:.:-J 

• 

DIL&TBD .J 
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7.68 Another wz.jor consequence of the new empho. si:J v;,~ s t:-:eo; J:Lnning 

and ever.tueil realiz.:;.tiun of an adequate high explosives production f:bnt. and. 

research prcgram. For this development as well as for f,ET!e r .:i. l a s ~ istance to the 

research in implosion dynamics, the consulting services o f G. B. Eistia kowsl<:y were 

acquired by the L3.bora tory in the f all of 1943. In February 1944, r:i.sti<lkowsky 

joined the staff a s Capt. Parsons' deputy for the implos ion. In At-' ril he a s su.>:!ed 

full direction of the rapidly increa sing administl'.:ttive pr oblems of this work. 

7.69 The period preceding February 1944 w:i.s :o!·ent in v;igorous devel or.,_ 

ment of ex}'erimental techniques. The a.rt of recovery from weu.k. d::1 r g1':s Wi:.3 t.t :.e 

most rapidly exrloited tecrmique, sir:ce it required n o elabnratf:' instnir. :e1:t.'1l:'..on • . 
Frocurt:l'.'.cnt o f the spheres required w;ts beyond the C2.pa<' it_y of tLe L,:-,.\Jc r .::i.tcry 

shors; outside procurercer.t was arranged thrcu~h U .e 0ffi.c i::-s 'l t Detr-eit :i. 1·.d Los 

Angeles. Although t he test conditions were admittedly f .-. r from tr.c_,se in a Lis t 

'RO 
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implosion, the recovery t ec!.nique proved usei\:.l in the interpretation of the ) 

process and in reve.:-i ling t he importar.ce of and possible difficulties in obtain-

ing symr.etry. By February evidence !-,.;.d be isn obtained of pos s ible trouble fr on: 

tl:e interaction of detonation waves and fr orr: t l·e spread of detonation times in 

multipoint detonation. These were not yet, to be sure, t l·.ougl!t of as bas i c 

defects lying outside the range of existing experimental techniques to correct. 

7.70 The other techniques that were inaugurated in this period were 

chiefly in a stage of being perfected to the point where they w<lllld be of 

quantitative usefulness to the inves~igation. The difficulties lay pr i ncipally 

in t he necessity for recording events .Lr.side an explosive and for timi ng these 

events within an uncertainty of the order of one microsecond. In November a/ 

program for pI'.otographing t t e interior of ifnploding cylinders by high explosiv~ 

flash light, (a method developed at Bruceton) was. started. ·some qualitative 

results were soon obtained but refinement of the method and elimination of second-

ary blast effects required until spring to achieve. Fractically the same history 

applies to the flash X-ray method of studying small spheres. The principal 

problem presented by this method was the precision of time correlation between the 

implosion and the X-ray discharge. This problem was solved, in cooperation with 

the Ordnance Instrumentation Group, by extensive modification of the commercial 

X-ray machines. The Instrumentation Group had also designed and had constructed 

rotating prism cameras making use of ultra-centrifuge techniques. These were 

adapted to proving ground use for t.:"i.king rapidly repeated photographs of CTlindrical 

irnplosions in December and J .J.nlli1. ry, but were never used effectiveJ..v for t t eir 

intended purpose. !;!uch later tl:ey wen~ used succes sfully in lens lnvestig::i. t ions 

(16.46). Also in December, field preparations were starteri f or t ::.kinc electronic 

records of ob jec t s implocled in a r n;11~netic field. Tl:e first shot of t his t yre, 

t he 1·m3gnet ic m=thod", ·;ra s f irer!. .J ·rnua r y l~, 1944, .;ind t he results m::-re encour ag ing. 



tJ' ne.tal in a mc.g~tic field alters U :e field. Thu s tr.e i nwa rd mot ion of an 

-O(~j·ploding meu1 . Uld induc e a current in , surrounding coil, and the 

b proFer interpretation of this current would give inforr.1a. tion on the vc: loc ity 

and other characteristics of t:r.e implosion. Cor.siderable perfection of the 

electronic :.ecc rds was needed , tcwevf:!r, a nd th is held up' final proof of the 

method until spring. 

? •. 71 Quantitative data from tte X-ray, high exrlosive flash and 

rotating prism caffiera tecr~niques showed the usefulnes~ of these methods for 
! • ,. 'i 

detennining velocities and symr.i.etry at s~ll scale, but also indicated,' a necessity 

for controlled ~uality of high explosive cas~ings and boostering systems, as .well 
I 

as improved sirrAfltaneity of detonation. Programs were instituted for the irnpravement 

of these services; thia involved the ~oduction of castings of uniform density 

and composition :i the institution of quality control, including X-rdy examination 

and density measurement of cr~rges. In view of the impending large sca le production 

of heavy charges, developnent work was also W1dertaken on methods of casting and 

examining such charges for controlled quality. 

7.72 Whereas the original Anchor Ranch Range had been designed to 

..... 
ace orncda te both the gun and im.plos ion prograns 1 · the e::xpans ion of the latter soon X 

f\ 

crO\'rded the Anchor facilities. In particulir the casting and detonation of large 

charges required. a large ca.stir].g plant and several widely separated test sites. 

The largest of ttese units, the castine; plant,,, was begun in the vrinter of 1943. 

It included an office buildine, . steam plant, a easting house, .facilities for 

trimming and shaping high explosive castings and magazines for storage of high 

explosive and finished ca.stings. 

7.73 This S site (sawmill site) was one of the most difficult under-

takinc;s of the laboratory from an ad.;:1inistrative point of vie?.- . To find men ·.vith 

experience in high explosive ca.sting work, or even wi th general experience in 

bancilinz explc.s ives, pruved for u~e most part impossible. .Sur€rvisory personnel 

;·:e::-e equally diff i cult to obtain. A1Jncst the only avz,i lable ck:nr-,el wa s the army; 1 

JR(). - ,. 
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tre .J .3 it e Group was s tafJ'ed a l n;.os t entire l y by :r.en in the SED . ,\.r.long these :'<. 

I 

few h.:,d appro pr iate industr ia l br.ck[;r ounds , a b r ge r m:..•.ber we r e young soldiers 

with sone 3cientific train in;.?; , usua l l y in c hemistry , .:.nd the r es t wer e r el..1.tivel.y 

unskilled hands. Originally schedul ed for c omplet i on i n Februa r y and full 
~ 

orcrat i on i n Apr i l 1944, stec:.dy ope r a tion on a r ec;.son3hle s ca l e d i d ne t a ctua l ly 

ge t und er way until Augus~. Bec a use of increa sing der:iand a nd t Le una voidab l e 

l;ig in 3 site expansion, it was ea rly in 1945 bEf or e the s r;;all or igina l Anc hor 

ca s ting r oom was fully replaced a3 a source of suppl y for experimenta l cha r ge s • .. 
7. 74 The first of t he new experiment a l methods to be s t~cces sfully 

a dapted to work at larger sca le wa s the high explosive f lash · technique, which v:<i s 

used not only with cylinders but also with hemispheres . In the early months of 

1944 attention was being give n to extending flash X-ray met hods to larger s ca l e 

and using a grid of small ion cmrubers instead of photographic recording . Th is 

work was, however, only begun in t he fall (15.19ff). The "Raia" r:ie t hod, t ha t of 

including a strong source of garr.ma radiation in t he LT.plod ing s pher e a nd measuring 

the tra nsmitted intensity a s a function of time, -..ias b e ing discussed,- and active 

development wc;. s gotten underway, including electronic instrun enta tion and prepara---'fj' tion fer handling_ t he high ly r adioactive radio-1.antha nurr. (Ra l2.) t o be used./ 

oo pr --D DILITBD •. 
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The - ------- -· ----- ·- -
possible us e of t he be t a tron to :i:roduce penetra ting r a d iation for work with large 

· spheres was dis c1lSsed at this time ; but it was not decided to use the technique 

until t he beg inning of t he s ec ond period (15.26 ff). Lastl;r , the possibi l ity of 

making a full-sca le, active test in a closed vea3el wa s a lso bei.fle considered 

and no<le l te::;ts were sta rted and µ- · ocurement p&lsibilities investigated. Use of 
.. 

such a containing vessel would pei-ntit r ecovery of a.ctive rr.aterial in ca s e o!' a 
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complete fizzle. This later .~ rew into the 11 J1..m:bo 11 probr::i.!n w!:ich, toge t .ier with 

other eni.:; ineerlzi,:; p roblems, was centralized under the Ordnance I nstrur.1er1tation 

Group and later under a speci.1. l ,5J"OUp devot ed to this p rogr:.im (16 .53 ff ) . 

7.75 Pre~rations for an L~plo~ion test with active material were begun 

in March 1941.. The m:tin problems were (a) the choice of a tes : site , (o) tf.e 

investisation of methods to permit recovery of active material in c .ise of failure 

of the nuclear explosion, and (c) the design of instrumentation to measure bl.a.st 

effects and nuclear e ffects of a successful explosion. Discussion of tt~ third 

topic is referred to Chapter .XVIII;" Sites considered were in Nevr ].{rodeo; 

Colo.rado, Arizona , Utah a nd California, as well as sover.s.l island sites off' the 

coasts of California and Texas. In making the choice t he adva.ntaee of nearness to 

Los Al.1nos had to. be weighed against possible biologic11 effects even in spD.rse ly 

populited areas of the Southwest. During the period before August 1944 a GOod deal 

of explor:?.tion was . by map, automobile and plane, and s i>ill more was pl.anr:ed . 

Investigation was begun, finally, of several aspects of t he recovery ~roblem . 

Recovery from a large containing vessel strong enough to withstand the shock of 

the high explosive alone was the principal means considered. Also investiga ted 

wa s the possibility of setting off the bcmb inside a large sand pile which would 

prevent dispersal and pe rmit recovery of active material in case of .failure. 

Other methods were investigated, but during the period in question the r~lin 

problem was t bt. of designing ''Jumbo", the containing vessel. 

7. 76 The main act ivities of the spring and ea·rly swruner months may he 

swtm:irized as follows: ( 1) t he preliminary development of new rnAthods, such a s 

Rala, the . rr.a.e;n•;tic me thod , th,:~ cow1ter X-ray method, which shouJ.(\ he useful with 

lar~er scale b1plo3'ions ; •. (2) inc reasing production and qtl..11.it.1' control of cas t 

explosivi=;s and de t ona tion tr;;. ins; (3) increased investigation of 11uestions of 

simultaneity in detom ti.on, inc luding the preliminary invest .Lgatiori c·f electri~rl l 

r:ieton;J. tion systems ; and (4) U:e exploitation of tec hniques est:1blished rinr .Ln._, tLe 
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winter for st•_Y:ly ing the implosion. I;,;plos ion studies only r eached t!.r; sb.ge c f 

giving regul.1r and rel 1-able results :luring the summer of 1944: being concerni:-.J 

1dth end resu lts, t!Jey were Lhe cb ~;cc t of great atte:·1 tion from the rest cf the 

Laboratory and particulArly froi :1 the TI1eoretical Divi.sion. In fact this earl_:,• 

work laid the foun,tation of a ne"N brE1nch of dyru;ni cs , the r•hys ics of implosior, . 

It had been finnly established th'1 t the earlier r e.'3 ult:. on ir:iplosion velocit if':-3 ::--:'r• 

essentially correct, and con3iderably lower than theory predicted for norrnal i!.!;•:1ct 

by a deton:1tion wave. The ,~m-.i:nics of confluent r.iateria.ls had a lso been thorougL ly 

investigated. 
I 

/ 
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7.77 In July 1944 · "B.ITID Dm.m'li _ 
l- ·r--- _______________ ..:::..=:==:.;:..~;;..._--, 

e Iabore!.tory faced the f h.ct that the gun method could not be used for the 

assembly of plutoniwn. Hence at that time ther.e was not a single C?xreriJnenta l 



result that 8'1Ve good z-e;,son t.o believe that ,_! plutoniilll bcxnh coul.j be :i,;.de :_;t 

all. There was , however, a large inve:>traent in pl.::-rnts e. nJ proving ,g r ounds :, rd 

a wide bacJ<eround of experience in i rrrproving explosives a nd tin:ir.,cs, which :•.s.de 

it possible to launch an even more ambitious investigation o.f tbe in::..~ lasion. 

The new Jev:=lopr;;cnt was to be centered on the possible use of explosive "l~~r! ·>•' :J" 

which could be designed to convert a multiple point detonation into 3. convtrgir.g 

spherical detonation wave and thus eliminate the troubles o1,1e interact.ion lines . 

frelimin.'.lry studies of such systems bad been made .in England a nd at '.lrucctcin a nd 

the work of adapting them to the implosion problem became the pri~~l objective 

of the implosion groups. The requirement for experirr.ent .::.i.l l ens-mol::l d-=s ign w3.s the 

most difficult initial step Rnd this occupied some months. l.'.en.nwhile, the effort 
I 

to elim.i~te the inte~ction jets from non-lens implosion continucf--------1 

DILITID j.' ... 
j 
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7. 79 The decfaion to go into the study and use of explosive lens es 

entailed expansion of researc 

DmL11f1D Furt.hermore 1 the even~ual production of these specb.l explos ive :;ysten:s 

had to be provided for. To be ~epared for the use of the first qu;.;,nti.Llf::s of 

plutoniu."il r.i.ll this had to be accomplished well within a year. The ;cu::..j0r r·:n"'l lon 

of the Iabor-utory was accordingly reorganized so <is to concentro.te 1t3 1;; .. :;1 ,oN•:r 
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ar:rl facilities on t he implosion problem. Divis i on X was for!lted , under 

Kis t i akcwsky, f or the purpose of experimenta tion with explos ive systa~s and 

t heir method of fabrica t i on and for setting up an adequate production syst em 

for a ll spec ial cha r ges (9.1 ff, Ch. XVI). Also under Division X wer e put the 

more or less establis hed methods of implosion investigation, such a.s t t e small 

scale X-ray and the high explosive flash methods. The development of new or as 

yet unproved techniques fort he investigation of implosion dynamics, and t he 

responsibility for design development of the active core of the implosion was 

made the objective of G Division under Bacher (9.1 ff, Ch x:l). The urgency of 

t he directives of thes e divisions is readily apprecia ted when it is consider ed 

tha t there was no approved design of either explosive or mecPAni cal systerr~ a t 

t he t :i.ir~ of t he reoreani zat i on, August JA, 1944. 

7.80 The work of the Delivery Group covered everything from t he 

completed banb (gun or implosion model) to its final use a3 a pr actical a i r-borne 

military wea pon. In t he nature of the case there was consider~ble over L1pping 

between i ts responsibilities a nd those of the groups engag;ed in final bomb- des ign ; 

particulll.rl.y with the Fuse Development Group (7 .42 ff), the Eng ine erine Gr oup 

(7.49 ff) and other groups responsible for bomb design. Even i r. these cases 

however, it was the espec ia l responsibility of t he Delivery Gr oup t o see that 

coope rating groups functione d smoothl7 t ogetper a s a te~m with ~ n eye to t he i r 

eventual collaboration in combat delivary. In addition t o t hi s r e- :;:'omibilit y 

and to its mm proper funct i ons i n design a nd procurenent , t he Deliv-: r y Group wa. s 

r esponsibl e for liaison wit h Air Forc es activit i es inc l uding the choi ce and 

modi f icat ion of a ircraft a nd t he SU}:ervision of f i e l l t ests with dtu:1my bombs . 

I n t he s econrl. part of th .. .s history · . will b e s een t hat tr:e 1ct ivi ties of U :e 
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t h b b . fl. I t (C' ... '(T "') . :e ·::r.. s in i ,3n nap.,er , . .J.....'.. • 

7.ql The first activities of t he delivery program beg~n in June 1943 

when ~1. F. Ramsey (then still working "ith the Air Forcesj undertook t:, ~/;/3) 
ir.vesti[:ate .:i v:1il3.ble planes with respect to their bomb _ ca r r:·1n8 c_~E:~ ) 

.-----~~K--~-~~ 11111110 
...... ,.,.-"""".,._ ... ~·- -··'- -....u---~·· ··· ·· · · .. .-·.·-------<~·_____.d 

The only plane which would fit tr.is 

·-------°'~-~~ 
requirer.::-,ent w:.:.s the B-29, which even so could carry the bor.1b only by joiniri..g t:.e 

· bomb bays. The possibility of vring-carriage by ot.Ler planes h.:i<l been cor.s :Ut:red 

and rejected. At this time it appeared that tl:ere might be considero.ble difficulty 

in obtaining a test B-~9. Anotl':er plane capable of carrying the bonb wa s the 

British I.ancaster, and sane investigation ~~s rr~de of the possibility of using 

this plane. In terms of standa rG.ization of maintenar,ce, however, this pJ.Bne 

would r.av:e been difficult to opera te from Americei.n basest it \foS therE:fore decided 

that the D-29 would r.ave to be used. 

Pre.limirory b<1-llistic tests were n:.:i.de in .:,.ugust 1943. at tte i ~v2-l 

.Proving Ground at Dahlgren, ostc-nslbly for the Air Cor~· I&~°!{~' 
r -~.. -. --·-----~-

'I'hes ~ .model.J' consisted of a long 14" pipe 11:e lded 
~~-- · ... ~ ... =--_.--~---------___., 
into the middle of a ~plit standard 500 pound bomb. The:/ showed , on testing , 

eXtremely bad flight . ch~ract eristics. In subsequer,t nor.t.ts furth=·r tests of sc.:-.le 

models were made at Dahlgren , ar:d mod el.s rleveloped wh.:cr: had much better flight 

• 
characteristics. During this period preliminary mode l s of a proxi.r!:ity fuse 

Q\?O ~~--d-e_v_e_l_o_p_ed_a_t_t_h_e_U_n_i~~rsity of 1.'. ichigan (7.45) were abo tested . 

7.83 On the occasion of P.&T!.'..ley's first visit to Los ;l.hn~os in 
, 

September 1943, the (7.64) was just being urge d by vor~ ;reu.rr.Enill. 

From tr.is marl.e l a preliminary est.i.r:l.'.l t e ~vas me.de of a nine tho1;s :ir.d µoun:i bomb wit.f. 

a diJ.1.r::eter of 59 inches. On the b.:i.sis of these estimates tf:e 3urec.u of ; _;tand.e.rc~s 

baub group wa s asked, through the Bureau of Ordn~ince, to k1vc; wind-t•J.rnw l tests 



c 

made to determine the proper fairing and stabilizing fins for such a bomb. 

7.84 In the Fall of 1943 plans tor full scale tests were gotten under 

way. Por the purpose of B-29. modification, two external shapes and weights were 

selected as representative of current plans at ~ Alamos. These were respectively 

2!.>4 a.rd lll inches long, and 23 and 59 inches in diameter 1 the "Thin Man" {gun) 

am "Fat Man" (implosion). In November 1943 ruinisey and General Groves net with 

Colonel R. c. Wilson of the ~ Air F.orces, and plans were discussed for the 

.(irst mcxiified B-29. In December the first full scale models were ordered thrrugh 

the Detroit Office, and Ramsey am Capt. Parsons visited the Muroc Ail·base to 

make the ne<:essary test station plans. 

7.85 Tests were begun at Muroc ear]J' in March 1944. The purpose of 

these tests was to determine the suitability of the fusing equipment, the 

stability aJ'd . ballistic characteristics of the banbs, · and the functioning of the 
. 

aircraft and banb release mechanism. The flight characteristics of the Thin Man 

mcxiel proved stable, while those of the Fat Man were under damped which caused a 

violEnt yaw and rotation. The fuses tested, the Michigan proximity fuses (7.45), 

tailed almost completely. The re~se mechanism proved inadequate for the Thin 

Man. Four models "hung up" with delays of eeveral seconds. The last model tested 

released itself prematurely, while the plane was still climbing for altitude. This 

bomb dropped .on to the bomb bay door~~ which had to be opened to release the banb 

and were seriously damaged. This accident ended the tests pending repair of tlle . 

plane and revision of the bomb release mechanism. 

7.86 Tests at 11uroc were not resumed unti.l June, pending plane repair 

and modification. The intervening time at lJJs Ala.mos was devoted to a number of 

activities: the analysis of the first Muroc data, the planning of a functional 

mock-up of the plane and bomb-suspension for handling, loading, shaking and 

cold tests, and construction of a site (V Site) for this work; investigation 

of the need and possibility of heating equiµnent for the B-29 bomb bay. 
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7.B? In addition effort was devoted to the design <Hld procur·emer.t cf 

23/59 sca le Fat !.LJ.n models for possible B-24 flight tests. Negotiations were 

started to obtain the use of the high-velocity Moffett )"/ind Tunnel for boir:b 

ballistic ex,reriments on the Fat Man. Although stable and statistically re li2":::". "' 

Fat Man rr.odels were subsequent~ designed without this, only ballistic exi:;eri:~. c:r;t~ 

under controlled -conditions would have yielded definite inforr.-.a ti on on the s a f e t~/ 

factors involved. in these med els. The necessary a rrangements for this t est 1-11g 

program proved difficult to make, and it was in the end deerr.ed unnecessary. 

During thfa period also two new bo:r.b models ~-designectj' 

model was so reduced that• it could be carried in a single B-29 bomb bay. .'.'hen i:-: 

n:idsummer the plutonium gun assembly lra3 abandoned, it became unnecessary to ~oir: 

the bo.!!'b bays of the piane. The second model was the "1222" Fat Y.2.n mc<lel. Th.i :-:: 

corusisted of twelve petagom,l sections of dural bolted together to forr:i a spf:er~. 

and surrounded by an armor steel shell of icosahedra l structure, with st<-. biliz ! ::;:; 

shell att::lched. Mechanical assembly of this device required the insert.ion c: ::-a. ~ 

1500 bolts. 

7 .89 The chief contr.l.bution of the l.~uroc te.'.3ts in June was U:a t , l:. . c 1 .! ~i '. 

the Fat Uan model tested was still tmsatisfactory in its flight charr~ct.er j :.>tic ._, , 

field mo:iifications, resulting from a suggestion by Cart. Dadd Semple, USA.t..;:' ( :; :: 0: • • , . 
to increase the drag, gave a stable model. This mr..<lif ica.t ion irNolve<l the ·w- ~·:i i..c ,.; -of angularzy disposed trapezoidal drag-plE.tes ipto the _box taiJ ~of_ the boo:r· . 

release failures occu1Ted, and the fusing rnechani3ms testes! p:'l.."Ved to hE:ve .~; r-1::' ·!'_ 

promi.,e. 
"( 

7. 90 In the period between the;"Aests and the. nP..xt Leld in Cctclu·, 

design, procurement und testing work continued at Los Alamos. 'ilhen by m::.d:.;t.:..TY >··~-

it became certain that the plutonium gun assembly would not be used, tLe rf'JT:1~~, ~g 

modeb were the Little Boy and the Fat l'..:t.n. 



in this period, to improve flight characteristics and simplity mechanical 

assemb~. Thia was the "1561". It consisted of a spherical shell made up of 

two polar caps and f'ift equatorial zone segments 1 machined from dural castings. 

The assembled sphere was enveloped by an ellipsoidal shell of annor attached at 

the equator. The tail was bolted to the ellipsoid. The electrical detonating 

and tualng eqllipnent was mounted on the sphere in the space between the sphere 

and the out.er ellipsoid. 
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Cht.ot.ep 111 -
CH~/.US lRY AND 1:.ETAUURGY 

Introduction 

8.l 'the basic problems of the Chemistry and Metallurgy Division 

were the purificat.i.on and fabricati on o! ·active; tamper . and initiator 

uiaterials of the bomb. 'these Jroblems ramified in many <U.rectiuns, and to 
l 

the rami!icationa were added a numbor of activities or service to the rest 

o! the Laborato17. In relation to the rest. o! the Laboratory the activities 

of the Division were largely determined rat.her than determining. 1't11s was 

true not because the work was routine or subordinate, but because it was 

successful. The record of the chemists and metallurgieta at Los Alamos 

is one of wide-rang irig exploration ot techniques combined w1 th ext.f'aordinary 

cleverness in meeting or avoiding technical problema, aometi.mes on short 

notice. 

8.2 Prior to April 191..4 the Chemistry am Metallurgy Division 

had only a looae group structure, with groups designated as Purification, 

Radiochemistry, Analysis am Metallurgy, headed respectively by C.S . Ga.mer, 

R. W. Dodson, S . I. Weissman, and C. S. Smith. At that time the adJldni.stra t ion 

of the Division was extensively reorgani2ed. J . w. Kennedy, who had served 

.f'rom the beginning as Acting Division Leader, became Division Leader. c. J . 

S1n.ith became Ae.socia te Di vision Leader in charge of metall urgy. 'Ihe group 

subdivision was as follows: 

-
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CU-l Health and Safety, Specia l Services R. H. Dunlap 
QJ-2 Heat Treating and Metallogr3ph.Y r • .S'troke 
CM-J Gas Tamper aoo Grus I.1.quefaction E. A. Long 
CM-4 Radiochemistry R. w. Dcx:ison 
Cll-5 Uranium and •Plutoni um Purificatlon c. s. Garner 
™-6 ·High Vacuum Research s. I. iYeissma.n 
CM-7 Miscellaneous Metallurgy c. c. Ehlke 
CM-a Uranium and Plutonium Metallurgy r. . R. Jette 
{l{-9 AnalJ'sis H. A. Potratz 
CM-10 Recovery R. B. Dut!ield 

In June 1944 Group (]!-ll waa formed under A. u. Seybolt and was cancer~ed with 

carrying on previous work on problems of uranium metallurgy. 

S.J It was stated earlier that the program of the Division could not 

be defined canpletel.y until the diTision ot labor between Loe Alamos an:l other 

Manhattan laboratories was decided. Th.e metallurgt program, however, was clear 

fran the beginning, a.a wae the neceissity for setting up analytical methods for 

refereeing all questions of chemical purity, whether purification occurred here 

or at sane other Iaborato17. In addition there were several special service 
I 

' 
.functions, such as the preparation of thin film targets o! various materials for 

the experimental physicists, the purification of thorium tor thre~hold fission 

detectors, and the fabrication of metal parts for apparatua and' experimental work 

to be us~d by other groups. 

g.4 The recomnendation of the special reviewing ocmnittee (1.87) had 

favored the location of purification work at IoS Alamos. In May 1943 this re-

canmendation was adopted and the necessary planning undertaken. 'nle headquarters 

of the purification work would be at we Alamos, aoo the necessary facilities 

would be built there, including a large dust-free laborat ory building. The plan 

was that a fter this building was completed and an adequate staff was on hand, a 

major part of t he purific.ation research and later all of the final purification 

would be done at Los AJamos. In the meantime this r esearch would be ca rried out 

at the Metcllurgicnl Iaborat0Z'7, at the University o! California at Berkeley . 

and at Iowa State College. In order t o mainta in the advantages of Los Alamos 
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control and responsibility for purification and yet minimize the expansion which 

might be required by reason .of such a program, it was evident that a coordinator 
' 

would have to be found to establi.sh the prop~ lines of d.emarcation between tr.e 

work o! this site and the others involved. Late in Kay 1943, c. A. Thomas, 

Research Director of Monsanto Chemical Canpa?\Y, visited Ia. . Alamos to consider 

the requirements and the position of coordinator. 

8.5 At the end o! Ju)¥ Thanas accepted the paiition. His job was not. 

one of coordinating the rueareh programs of the various projects but simply one 

of establlihing coomu.niet.tion between otherwiale isolated laboratories ard ' 

adjudicating their conflicting requirements tor scarce material.a. At about thia 

~ime the planned new building 1'88 designed by Brasier with the advice o! Thqnas 

and members of his staff 1 and erected. In spit.e of the fact that this building 

was c:orustructed of the same temporary materials a.a other IDS Alamos buildings 1 

it was remarkable in that it embodied the features of being both du.stproo! ard 

air-conditioned. It was largely completed. am start members were moving in by 

December 1943. 

$.6 lmr.ediatel.y Upon W1dertaking his duties I Thomas Set Up a program . 

for the extraction of polonium, either from lead dioxide residues that had been 

located or tran bismuth which could be. irradiated in ~M: piles at Clinton ar 

Hanford. Research on the former problem was ~ertaken at the Monsanto Labor-

atorfos and on the latter at Berkeley • 

. ~. 7 As already noted, a division of labor in maey problems continued 

under Tilomas ' d i r ection. For e.x.ample, in the case of the investigation of 

plutonium chemi stry as distinguished frcm ~ification proper, a Berkeley group 

provided inforrrl<.". t ion on the oxidation and valence states of plutonium, vrhile t he 

ecrliest reports on density and crys ta l structure of the metal came from the 

Met a.llurgical , Laboratory. It might be noted, relative to the last mentioned 

work, that t he measurements at the Meta llurgical Laboratory were made before it 
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was definitely established by investigations conducted at Los Alamos that t here 

was more than one allotropic form of the metal. (8.38). However, it wa s sugges ted 

in February of 1944 that the difference in structure in barium-a.nd calcium-

reduced plutonium, reported by Chicago workers, r.tight be caused by the exis tence 

of at least two such forms. -
s.a Further instances of co-extensive pr~t'crms at vurious sites occur­

red in the work of the bo~b method of plutoni~ reduction (8.41-3) by both the 

Metallurgical laboratory and 'IDs Alamos group a lthough the work at the 

fonoor was only' on a small see.le. The si.rm.lltaneous development was undertaken 

at these two laboratories of methods of spectrographic analysis for many elements, 

in particular the cupferron-chloroform extraction method with coi:per spark analysis 

ts.77). As to the latter, work on the method continued at Chicago with the final 

development being done at I..os Alamos. 

S.9 Thanas further arranged in the course of the liaison work that tbe 

Metallurgical laboratory should be primari:cy responai.ble for the procurement of 

two groups of materials for the entire project, reagents of rrruch higher purity 

than these conmereially obtainable and refractories for use by the many m~tc,llurg-

ical groups. The problem of securing an adequate supp:cy of satj~factory refractorie ~ 

became increasingly important with the expansion of work by the Los Alamos metal­

lurgists. These ditf iculties had been nagnified by 'the fact that initial arrange-

ments for procurement were not satisfactory. Under Thomas' auspices, howev'3r, 

arrangements- .for. the development and pr6duction of these refractories we~ initiat ed 

in January 19441 aoo it was eventually decided that a group under .F. H. Norton at 

the Massachus~tt.s Institute ot Technology" w-c1.s to undertake the research problen.s 

involved. The technical problems considered will be discuss~d later ( :'3 . 53). It 

should be noted that a rrangements were also made a.bout this tiT!'le to c.::.rry out 

res ea rch on the use of,,.cerium sulfide, principally at the !Jniversity of C,alif e>r nia . 

Cer iurn metal wa.3 produced a t the Iowa State College, with the bulk of the output 
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being sent to M.I.T. Some subsidiary Yrork was a l.s o done '3. t Brown Univer s i ty . 

g.10 Despite the most careful liaison efforts, work by the Los Al:lmos 

met.1.llurgists W".J.S s ometimes delayed becaus e of the t ime l.:lg bet~rnen changes in 

requirements for refractori~s and corres ponding changes in the output l) y t he 

fabrication groups at other sites. In order to overcane this time lag the l oc 3l 

refractory research group was enlarged durine April 1944, and pr<Xiuction of 

standa:ni. refractories undertaken. Subsequentl.,y, at a meeting of the chemistrJ· 
... 

and metallurgy groups at Chicago in June 1944, it was decided to send • pro-

duction o! Berkeley, Anes and M.I.T. to Los Alamos in an effort to oeet the 

sharp rise in demand for ~rraotories there. Despite all these eff orts t he .. 
problem of procuring a sufficient number of the proper types o! refractor ies 

continued throughout the ~riod covered by this report. 

S.11 With the discovery of Pu.240, there W-dS no further need for co-

ordination of purification work. The d i scovery came at a time when it had become 

clear that the chemic~l purification of Pu239 cruld be accomplished, although 

still with great difficulty (for purity requirements, see Appendix 4). The division 

of labor between the various sites, moreover, was at that time well worked out . 

s.12 . The chemistry of u2J5' and its attendant liaison, presented ::ruch 

simpler questions than was the case for plutonium. There were t wo ma in problans 

to be examined by workers at Los Alamos: The processing of the tetrafluoride 

for experi;nent~l work in the laboratory and for the production of weapons; and 

problems concerning t he. "water boiler", such as the decontamination of solutioru:; . 

The purification of u235 to the tolerance limits spec i fied by t he Los Alamos 

Iabor"ltory was underta ken by Tennessee Eastma n a t Oak Ridge. Los Alamos c ;1eroists 

were interested in kno:'ling the proce~s~ which the material had undergone befoce 

shipment and the na ture of the anaqsis done at 03.k Ridge. They a lso specified 

the chemical form in which the material was to be shipped, for example, a s t h~ 

sulfate, nitra te or tetrafluoride. other questions which arose were connected 
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with isotopic concentration, mixing of lots with different concentrations, methods 

of assay and the like. One special item of liaison was the cooperation between 

Los Alamos and the Clinton Iabor~tories at CB.k Ridge on the production of radiobariurr. 

radiol.anthanum. for the implosion studies (17.52). In the course of the work in 

connection with the "water boiler" arxi particularly the deconturl.nation of "water 

boiler" solutions, Los Alamos chemists leaned heavily on the corrosion experts at . 
• 

the Metallurgical Laboratory and at Clinton, while DuPont was o! materi8.l assistance 

' 1n obtaining staik.less steel for the appa.ratue. 

8.lJ '!be scheduling of work to be done at the Los Alamos laboratories, 

and µirticularly the concentration of purification work at this Laboratory, involved 

a necessary growth ot -personnel. l''tfDm a group of ab rut twenty in June 1943, the 

Chemistry and metallurgy Division grew until at its peak in 1945 it employed about 

400 staff members and technicians. Progress vras slow and the procurement of persorme 

difficult because maey of the most suitable men were employed in other branches of 

the Project. In the absence of an overall supervisor whose decision as to the 

allocation of these men would be binding, the difficulties became al.most insurrnount-

able. The inadequacy o! the metallurgical staff was particularly serious since 

rnetallurgic:i.l work for ordnance experimentation could not be done elsewhere. 

8.14 Fran the canpletion of the chemistry building in December 1943, to 

April 1944, about twenty men came to Los Alamos from Berkeley, Chicago and Ames 

where they had been doing research on the purification problem. In the early fall 

a group of four men came from California Institute of Technology after the completion 

of an unreL3. ted project there. These additions, together with t he results of inten-

sive ef'torts to recruit qualified personnel throogh Army facilities, helped carry 

the division past the crucial stages of its growth. The history of the Chemistry • 
and l.iet allurgy Division as developed in the following sections is set forth under 

the following he.actings: Uranium Purification, Ura nium Het.2. l lurgy, Pluton3.urn 

Purification, Plutonium 'Ueta llurgy, Miscellaneous Metallurgy, ne diochemis t ry a nd 

Analysis Worl;. 
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Ur anium Purifica t ion 

,-;15 Slnc e in terms of the gun assembJ..y method for produci ng a 1::: rt;~ 

235 
scale explosion t he purity requirements for U were three orders. of magn .i t~J ;W 

le~s ex.::i.cting than for plutonium (see Appendix 4), it was the genera l polic; nf 

tte chemist s t ~ccncentrate their efforts ort the r:iore difficult of the t.wc: S:-? · c·~"­

r ~- . ·. 
lems. For this reason, and because sane work had been done prior tc the p r .:.< ·.:d . , 

relatively little work on uranium purification was done in the first mon ths of 

the labor~tory 1 s existence. Furthermore, it seemed entirely po3sible that a 

purifica tion procedure for uranium might be merely a by-rroduct.of that for 

plutonium since a ccmflete irivestigation of the chemistry of the latter had not 

yet been effected. 

S.16 It was, in fact, primarils ·the role of uranium as a stand-in f or 

plutonium that was responsible for the first work in uranium purification. During 

the first half of December, 1943, it was decided to curtail, if not completely 

eliminate, t he very exacting micr~hemical investigations of plutonium purificc..-

tion then going on. This decision was ba~ed on the prospect of gram amounts of 

plutonium from the Clinton pile within two or three months. Under the circum-

stances, i t was believed that micro-chemical experience with such a stand-in a s 

uranium vrould be more useful. This work was carried out by The Uranium and 

P+utoniwn Pur i fication Grcup in cooperation with the metallurgists and aimed at 

plutonium - rather than urani~ standards of purity. 

8.17 Several methods of uranium purification were investigated dur:i ng 

the course of the above menti0ned "stand-in" work. These methods all enta iled 

a aeries of "wet" and "dry" chemi.strJ steps. For example, the origtnally adopted 

procedure prov i ded a carbonate prec::.pitation (with ammonium carbonate ) , a diura na":.e 

precipitation (with anmonium hydroxide) and a +6 oxalate precipita tion as the 

"wet" purif i c <.: tion ::iteps. I 8niting tr.e resulting uranyl oxaillte to the oxide 

u3o8 , reduction to 002 with hydrogen a n:i convers ion to t he tetrafluoride by heat i ng 



( 

in the presence of hydrogen f luoride constituted t he "dry" part of the process . 

S • .l.S This basic rroc ed -re underwent extended inves tigation devot ed 

chie!Ir to variation in the condi.tions and parameters by the Purifica t ion ~re.up 

(CM-5) until about August 1944. H~ver, during the early months of the sem i~ 
Jt!• . 

yea r the Radiocherei.stry Group (CM-4) aL,o engaged in ura nium purifica tion r~s e- !'r".'h 

in the course of its work in supplying the physicists wit.J-1 enriched uran ium in 

"" small quantiti~or isotopic ana1"sis. The "wet" purification procedure out -

lined above was departed from in maey respects such as the employment of a peraxJ.i:l'• 

precipitation step, precipita tion of the acetone-sulphate canplex of ur :iniUJn , 

electrolytic methods, and the +4 axa+ate precipitatioll. . The success of t hes e 

variations was overshad~red by considerations of large scale production. Thus , 

for example, although the peroxide precipitation step yielded excellent r es u l t::; 1 

the bulkiness of the precipitate militated against the employment of the s tep J J l 

large scale ope.rations. On the other hand, the ether extract. ion of uranyl nitre. t_ 

plus nitric acid, also studied in the course of this work, later came into extens ~ ·1".' 

use. 

Ura.n i wn Metallurgy 

HYDRIDES 

8.19 After the formation of the Uranium and Plutonium Metallurgy ~roup 
I 

in April 1944, the Tlork described below was done prima.ri\y in tha t grour, a nd W: 1C:1 

placed in a separate group in June 1944. The first work in ur[1 nium metallury a t 

ws Alamos wa s t he preparation a nd powder metallurgy of its hydride. 1.-iis con:rc·1.;.r:d 

had been successfully produced on the project by Spedding 's group at runes <t nd t i:'= 

existence of the posslbility of large scale controlled produc t ion was l e<i r ned ol' 

at Los Alamos in April 1943 . The employme nt of the hydride in a bomb w <; '3 s t il 

being seriousJvr considered (4.14). Consequently, metallure ica l invest i :-:a.tions 

concerning uranium hydride we r e in order. The earJvr lit era ture iden t lfie1.i he c .·..-r,-

polll1d as UH4 but prinary work in t he fOI'lll.;).tion of t he hydride irid ic[1 ted tL:3t, :_113 
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Yro.s closer to the true fonnula. TI1C.t this w:-ts so wa.s verified ir•(lep: nlk!1 t ]_: 

by the chemists. 

8.20 The metallurgical work l'0S modified by bomb requi rer.:u:t ~ w::.t b .-

the r esult that mdhods of producing hydride in high density form .:i.nct t.Le 

elimination of the pyr·ophoric cha r a cteris tic became L-n:r:.orta nt ..problc1:1s . :-: o'.;'i-' ··: ' 
-~ 

ine of the hydride by cold pressing and hot pressing methods VfoS atte:nptP.c 

well as the possibility of hydride formation under high pressures apt". lied i:x.•,er ·· 

nally to the massiye materia l being treated. This work ee~erally led 1°(1 t!:e 
A " • ~ 

establishment of many control factors in the hydride form::ttion process. ' 

•rftBD ,. .. ., .f. 

.... 

I 

----------------------------~ 
URAN::u.M flliDUCTIOU 

8.22 The problera of preparine urP..nium metal of high purity ,,-J.-s I I «~'· • • 
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taken with two objectives in mind. The objectives of the problem were: (a) the 

.. \ develoµnent of sma.11-scale method.3 (0.5 to l()(X) grartl!5 of metal) tar the prepara­

tion of uranium metal of high purity which could be applied to enriched uranium 

metal when it becanes available; and lb) the use of uranium as a stand-in element 

for the development of reduction techniques which might be applied to the prepara­

tion of plutoniwn metal. Two general methods of metal preparation were investi-

gated, the electroyltic process and the metallothermic process. '!be latter 

process was divided into two methods, the centrifuge method and the so-called 

stationary bomb method:) 
---~~­

,.~ 

-..,._ 

. ..,. 
--------8:23 Electrolytic Process: The only successful electrolytic reduction 

' ) 

process avc. ilable for uranium at the time this work was initiated was the Westing-

house process which employed UF4 and uo2 dissolved in a fused mixture _ of sodium 

· and calcium chlorides. The product produced by this process was a fine powder 

contair:ing considera ble oxide and, therefore, required washing, pressing, and melt-

1ng for purification. Tilese steps involve losses which are excessive considering 

the value of the metal to be rroduced (enriched urqnium). Investigations here 

sho'r'led that uranium could be deposited above its melting point fror:i. solutions of 

UF4 in fluorides and chlorides, but at h,igh temperatures the impurity was likely 

to be low. Accordingly, the most extensive investigations were limited to lower 
.. 

temperatures, and in order to simplify t~e container problera, to electrolytes 

containing no fluorides. Electrolytic methods were developed for the preparation 

of uranium n:et<Jl on the 50 mg (of metc.l) sca le and the 200-JOO grams (of n:etal) 

scale. The electrolyte used consist ed of 25 to 30 percent uranium trichloride in 

:i solvent conL1in1ng 4.g percent lbCI '.~ ' J l percent Y.Cl a r.J 21 percent by weight 

L:tCl. Tl.e or"'.::ra t.ir.g temrerature w<·:~; ""c:-Jc/\'.. Ti1<- bi.v,h pul'ity m\'.-l.'.il produced in 
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both scales was in the form of dendrites which could be pressed and melted into 

one coherent piece. The recovery yields for the small scale method were 40 to 

70 percent and for the larger scale were 80-90 percent. (Appendix 7 , No.2.4 ) • 

8.24 Metallothermic Reduction Methode: 

a. Centrifuge Method: The purpose of this metho~ was to reduce uranium 

metal on the small sea.le ( 50 mg-1 gram of metal) by taking advantage of the in-

creased g value for the collection ot the small amounts ot metal. The method 

consisted of reducing a uranium halide with either Ca or Li metal in a sealed 

bomb. The bomb was placed in a graphite rotor which was rotated while being 

heated in an induction coil. Successful reductions were made using the following 

mixtures: (1) UF4 + Ca + I 2 , (2) UF4 + Li, (3) UFJ + Li, (4) UC1:3 + Li, Ca, or 

Ba. The metal produced in (1) was brittle and contained considerable amounts or 

entrapped slag. T.he metal produced us1.ng the other mixtures was malleable but 

usually contained some entrapped slag which decreased the purity ot the metal. 

Very good yields were obtained in all cases. (Apperldix 7 , No. 25 ) • 

b. Stationary Banb Method: At the time this problem was started 

(August 1943) only the large-scale (25 pounds ot metal)reduction technique as 

developed at Iowa State College and the possible use of iodine as a booster were 

lmown. This large-scale method was not applicable to small-scale work where 

high yields and high purity were needed. The problem here involved the develop-

ment of refractory crucibles for the reaction, the design of suitable bombs, the 

investigation of raw materials for the reaction, and the develoµnent of techniques 

!or each scale of reduction studied. Methods of handling the very valuable en-

riched uranium with danger of loss were also worked out~ Successful bomb techniques 

were developed tor the reduction ot uranium tetratluoride and uranium tricbloride 

with calcium metal on the 0.5 g, 1 g, 10 g, 25 g, 250 g, 500 g, and 1000 g (ot 

metal) scales. Most of the work was done on the tetrafluoride because o! the 

hygroscopic nature and the more difficult preparation of the trichloride. 

I 



Experiments on the lD gram scale also showed that ur4 could be reduced with 

) calcium metal using the same procedures as were used for t he fluoric~ and 

- ---------- - ---t> c~ 
~ o,,_,~ mLnlD 
kJ lJ~ .Argon was used as an inert atmosphere in the bomb. The amount of iodine used 

........ 
( ' ... 

and the heating cycles varied with each scale of reduction. It was found that 

. .rragnes-ium oxide crucibles were the mo5t satisfactory. 11ethods for the prepara-

tion of the several types o! Mg() crucibles were developed, the methods Later 

being used by MIT for the routine preparation of the large scale crucibles. 

URANIUM AiliJYS 

8.25 Alloys were sought which would have better physical properties 

for fabrication than the unalloyed metal. Beginning in November 1943, an 

intensive program was urrlertaken on the preparation of uranium alloys in various 

percentage canposition.s. Mixture> of uranium with molybdenum, zirconium, columbium , ... 

and rhenium were obtained which indicated that many desirable properties could 

be produced in such alloys. In particular, extended investigation of the uranium 

molybdenllffi system showed that it had a nru.ch higher yield strength than pure 

uranium. The emphasis on this work, however, was not maintained and in the fall 

of 1944 most of the alloy research was dropped, as ordinary uranium Wa.s found to 

have adequate physical properties. 

Plutonium Purification 

8.26 The plutonium purification procedure, as distinguished from the 

rr:ore genent l chemistry of plutoniU1:1, was primarify the work of the Uranium and 

r lutoniwr. Furific:1tion Group at Los Ala.nos. forfy in October 1943, the first 

5ffdJ_ oua nti t i e0 of r-lutc niwn arrived at tr.e Laboratory <1n<l shortly thereafter 

SEERI;;T 
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intensive work on stan:i-ine was initiated to permit the members of the 

Purification Group to determine aoo improve their tecbniques. The stand-ins 

used inc.hided uranium, cerium, lanthanum, zirconium and thorium. Uranium was 

used principally in the investigation ot ether extraction methods; thorium 

and cerium were en.ployed t~ test solubilities and purification by various 

precipitationa. In metallurgical work, cerium trichloride was used as a 

stand-in tor plutonium trichloride and in other small scale work cerium tetra­

fluoride was used as a stand-in !or the oorresponding ·plutonium salt. 

s.27 The development of plutonium purification procedures is readily 

divisible into three parts: wet processing,, dry processing and, by reason or 

the cost of the material, a recovery process. The intensity wi<th which the 

division attacked the difficult problem of plutonium chemistry was rewarded 

by the canplete developnent in the first period of the wet chemistry procedure 

finally used in large scale work. By August 1944, however, the dry process 

and recovery procedures had not been completely determined. The fonner was 

still in the formative stage of develop:nent and the latter, while satisfactory, 

was greatly simpli!~ed by later research (17.18-21). 

THE WET PROCESS 

B.2S The plutonium output from Clinton and later from Hanford was 
"' 

received at Los Alamos as a highly viscous mixture or decontaminated and partially 

purified nitrates. These nitrates consisted of &bout ~ +4 plutonium aoo 50~ +6 

plutoniwn. This material had to be dissolved out of its stainless steel shipping 

container, diluted and a sample removed !or'radio-a.ssay purposes. This pre-

liminary work generall.y required between three and four days and when completed 
.. 

permitted further processing by the wet purifica~ion steps. A wide variety of 

purification procedures were investigated. Early in 1944 the first tentative 

procedure involved a double sodiwn plutonyl acetate precipitation followed by a 

double ether extraction employing sodium nitrate as a salting-out agent. Potassium 



. ...-

bichromate was originally used to go from +4 to + 6 plutonium ion• but this wns 

( aoon superseded by sodium bromate plus nitric acid. For selective reduction from 

• 6 to+ 3 plutonium, hydrogen iodide or potassium iodide in acid solution were 

c. 

used throughout the work. 

8.29 The first.major difficulty encountered was the need or a precess 

to separate small amounts of uranium impurity !ran large amounts of plutonium. 

Various ccapounda such as carbonate, peroxide, fluoride, _ iodate ard cacalate were 

investigated. The iodate Pu(I03)4 was found to give 99.5 per cent removal in 

two precipitations with a selective reduction step, but it proved extremely .... 

difficult to convert this compound to sodium p_J.utoeyl acetate. Fi.rally the 
' 

precipitation of the + 3 oxalate provided the solution to the problem and became 

an important part of all future processes. 

S.JO The procedure as outlined graduall,y changed. Two oxalate pre-

cipitation steps.were incorporated. An ether extraction and .a plutonyl acetate 

step were dropped. By July 1944, canpletely enclosed one-gram and eight-gram 

apparatus was being set up, and the process known as the "A" process had ts.ken 

form. This involved reduction to + 3 oxidation st.ate, ~late precipitat_ion, 

oxidation to +6 oxidation state, eodiwn plutonyl acetate precipitation, ether 

" . extraction from nitric acid and ammonium nitrate solution, reduction to •3 

oxidation state, and a final oxa;late precipitation. The process gave yields of 

about 95 per cent. The product was then turned over to the dry chemists as an 

oxalate slurry. The residue supernatants were returned for recovery. 

s.31 The r~son tor the development or encl<>e1ed apparatus was prim:lril3' 

the plutonium health hazarq (9.JO). 

THE DRY PROCESS 

B.32 Since the conversion of the wet axalates to the dry halide of 

plutonium led to a product which the metallurgists had to reduce to metal, there 

was col1'iboration between these groups in the attempt to settle on a suitable 

SE€RE'f·-
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ccmpOund tor reduction •• 1h• tetrafluoride was decided upon in July 1944. '!be -preceding inveatigations ~•d the range of moet ot the halides ot plutonium 
.. ' 

. Ct•. calcium bclli> reduction) am M 2 (tor carbon reducti~). Plut_onoua 

~ride and br<aide were rejected because tMJ- were highl.T b70'0Scopic. '!be 

~--~:duction ot the ad.de ~ alto dropped. ·. . , . . 

8~.3J The preparation of th• tetratluoride underwent continual develoi>­

mnt &Del illproveaent chring ·t.h• cQU'ae ot the work ot the l&borator7. It waa 

prepared varioua1-f trc-. tlie aitrate,r au.late and mi.de· ·bJ' the ue ot anhJ'droua 

h,dropD fluoride. ~ cOD'ffraion o1 the ni-trate wu poer, and reeearch con-
. ~ 

octrated ca the convereion ot the Clllalate &Di:l 4lX!de. 2'li fial choice ot the 
' . ~ 

· aide oecw-r«J earl.7 in 194S, u d.1' the final ~nelopnm' ot produot1on •thod8 
• I' J 

. (11.21). 

RlQOVIRi; OF PWTONIUK 

. 8.34 Except for the p..adAle recov_.,. .method (17.22j all procedures . 
~ . . ' . 

i: · wei-e dmloped befcre Augu8t 1944, b7 the Recove17 Group. Rec0Ter7 wae necess&rT 

trca the supemataata ot plutoni• purification and troa linen and al&ge ·ot the . . 
. aietailurgbis. Frail ~he supernatants the p-ocedure invol.Ted caocentration ot 

'' 
the ·plutolLium with aubeequent purification• Reduction. ... mad~ with sulphur 

dimdd• followed b7 & precipitation witb •odiwa b7drcadde. Treatment . with 
~ . ~ ' . . 

. ' . 
almimua h1dz'<lldde u ·carrier brought down · further amounts ot plutoniua. About 

- . 
one mllli&ram per liter remained in solution, and these second&17 aupematants 

"" stored. Purification steps original.l.T involTed ~ide reduction oxalate 
' 

· p-ecipitation, caddation ether extraction, sodium pluton,rl acetate precipitation, 

iodide reduction, and a final oxalate precipitation• After these stepa had been 

carried out, the purified product went directl.7 to t.he cfr7 ch-1.sts. · 

&.35 Work on . liner and slag recover7 showed quite early that complete 

solution would be necessary tor good recover7. The major difficulty was to 

remoVe iodine and iodide ion betore solution. The t.irst method developed was . 

.wn _ ... 
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one ot cc14 or sodium sulfite eitraction for the 12• Following thi.3, liber~ -< 

and slag were dissolved in hydrochloric or n~trio acid, followed by a pre­

cipitation ot Pu(OH)4 trom a solution almost saturated with ammonium nitrate. 

'Illis precipitation was carried out at a high enough hydrogen ion concentration 

to leave most of the magnesium (from the magnesia liner) in solution. 

Plutonium Metallurgr 

A.J6 In· March 1944 th~ first banb reductions of PuF 4 and PuCl.3 were 
I -

undertaken by .. the Ura.niW!l and Plntonium Metallurgy Group. This was the first 

direct mat.allurgical work with plutonium~ although previous work had been done -. with stan~~s (8.22). F.mphasis was placed at this time on the electrolytic. 

method and chloride reduction. 

g.37 .Research on the physical properties ot plutonium metal began 

in April 1944 and was to prove ot major importance becauae of the· unique 
. ! ' 

physical properties ot the metal. By May 1944 metal yields were over 80 per 

cent by a number of methods and the shift of interest to the st.9.tionary bomb 

reduction .method began. Extensive work on remelting, as a final purificat i on 

step, centered interest on the uae of refractories which would not contain 

light element contaminants. 'Ibis eliminated the usual retractocy-material.3. 

Qne ot the principal retractor7 materials invest~ted : in these studies was 

cerium sulfide (8 • .53). 

a.JS Diacrepanciee tound in the densit7 of variows metal samples 
. . 

produced the first hint of the eJtistence ot plutonium. allotropes. B.r June, 

metal oQtained from PuC1:3 uaing calcium as a reducing agent and subsequent 

remeltine; in cerium sulfide crucibles came within a factor ot ten in meeting 

the prevailing purit1 specitication.s. · The alpha and b~ta allotropes of . 
• I 

plutonium were definitely establiahed at this time and the Pu02 plus carbon 
... 

reduction method developed in the High Vacuum Research .Group came into 

temporary prominence. 
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rTL''i'O~iIUM REDUCTION 

8.39 As with uranium, two genera l methods of metal prepa ration were 

investiga t ed; tr.e electrolytic process and the metallothe r mic process. The 

latter proces s was again divided into two methods; the centrifuge method and the 

so-ca lled stationary bomb method. An additional method w:i s also studied in wh i ch 

the oxide of plutonium was reduced~a_n_d_. t=h~e .:~~-~i~~~i~~~~·J 

DBLITD' 

~-.. _ __... ......... ............ ,; ---· ~--~~--~-·--·------- ------ -·--· -- -- --· --~---·· · -·- ~~ .. -·-.. ~--D-~-. 

· 8.40 ElectroiYtic Process: Investigations of the electrolytic .1(5) 

reduction of plutonium on the 50 m.g-1 gram (of metal) scale gave recovery yields 

of "'50 percent. The bath consisted of 24 percent Puc1
3 

in a solvent cootaining 

48 percent BaC12, Jl percent~KCl, and 21 ~rcent by weight of NaCl • . The metal 

obtained wa s in the form of droplets and usWilly contained small amounts of the 

cathode element. With the discovery ~f ru2.40, the work on the elect~olytic 

process was stopped in favor of the metallothermic process. Details of the 

electrolytic process are given in I.a-148. 
\ . 

8.41 Centrifuge Reduction Method: As in the case of uranium (8.24), 

the purpose of this method was to prepare plutonium metal on the small scale 

(50 mg-1 gram of metal) by taking advantage of the increa.sed g value for the 

collection of the small amounts of metal. Successful reductions of plutonium 

were made u.sing PuCl:J or PuF4 with Li a.a a reductant. Calcium reductions of 

these halides using iodine as a booster were not as successful. The plutonium 

metal prepared by the centrifuge method was the !irat plutonium metal prepared 

on any scale larger than a few micrograms. With the develoµnent of the o. 5 gra!1 

• 
scale stci..tionary bomb method for the preparation of plutonium, the centrifuge 

method -,.ra.s abandoned. However, the centrifuge served its purpose at a time when 
.. 

it was needed most. (Appendix 7 , No. '2:7 ) • 
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8.42 Stationary Bomb Metliod: The work on this problem was started 

in !.(a rch 1944; however, much preliminary work had :i lready been done using uranium 

as a stand-in. As in the case of uranium, the problem of plutonlum reduction 

i.~vo lved the deve lopment of refractory crucibles for the reaction, the design of 

suitable bombs, the investigation of raw materials for the react i on, and the 

development of techniques of each scale of reduction stud i ed. During the research 

on plutonium, cerium and lanthanum were al.so used a s stand-in elements, and tech-

niques were developed to prepare both metals from their chlorides and fluorides 

on all the scales given below. The chloride of plutonium was used for the first 

successful reductions of plutonium by the stationary bomb method. These reductions 

were done on the 0.5, 1, and 10 gram scale. The fluoride was then investigated 

and found to be .more satisfactory because of its non-hygroscopic nature an~ greater 

ease of preparation. Successful techniques were developed for the reduction of 

plutonium on the 0.5, 1, lD, 25, 160, 320, and 480 gram scales. The average yields 

in a single button of clean metal ranged fran 95% for 0.5 gm, to 99% for the ~20 

and 4SO gra.iµ scales. The bromide was al.so reduced on the 1 gram scale, but with 

lower yields. The methods developed here from the reduction of PuF
4 

are nO\T used 

for the routine production of pure plutonium metal. (Appendix 7 , Mo.28 ) 

. 8.43 The oxide reduction method involved the reduction of plutonium 

ax.ide with carbon or silicon and distilling the resulting metal onto a cold finger. 

This method gave yields ol'l a snnll scale ( 5 gram) of JO to 90 percent of spectro­

scopically pure plutoniwn. The discovery of ru21+0 called a halt to this ultra-

high purity method. 

C.1+4 In addition to reduction tee hniques ~ remelting techniques were also 

investigated. A large part of this work was in the choice of crucible materials. 

Reme lting was important because of the need for metal with uniform physical 

properties and bec.:1u.s e further i mpurities (e.g. magne~ium) were removed in the 

J-•rocess. •. 
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8.45 Ex:tensive work wa s carried out by the Los Ala.mos metallurgists 

on the physical properties of plutonium metal. Early result~ yielded. in-

cons is tent data from rr.ea surernents on d Hferent metal s amples. In July 1944 

these inconsistencies were partially explained by proof of the existence of 

alpha and beta allotrope:>, with a transition from the room-temperature alpha 

phase to the beta phase at between l(X).-150° C. 

t:iscellaneous Metallurgy 

8.46 A good dea. l of outsta nding metallurgical work was done at W3 

Ale.mos outside the narrow field of uranium and plutoniur.:, principally by tl:e 

l.:iscell.aneous 11etallurgy Group. ?Jany of the jobs undertaken were more or less 

routine, but these routines had to be developed through the solution of difficult 

minor problems. The development of uranium hydride compacts has been discussed 

in connection with uranium metallurgy (S.19-21). Work on the coo:pacting of boron 

neutron-absorbers was undertaken in ;..ugust 1943 • .,. Development of beryllia tam~r 

mat e rial for the water boiler was begun in the same month. The forn~tion of 

high-density beryllia bricks for this ·became a production job in Dec-ember . 1943 

oOtr' and was completed in February 1944.,J -...nu> ~) 
b (J) ( DILITID - -~y, because of the difficulties encountered 

in obtaining refractories from other sources, magnesia liners and eerium sulfide 

crucibles were developed for the plutonium metallurgy program. 

BOROtl COMP ACTS 

1 
~ I le - __ lQ - · 
o.~7 The rem:i.rkab properties of boron as a neutron absorber 

! 

----~-
'this r.aterial several uses in the laboratorv : 

l -
1 DIL&TID 
~al importance of boron

10 
was such that its procurement was undertaken 

·:.uite early (4.20), and studies were begun of means of ccrnpacting it. The oxide, 

the carbide and the element were used as starting materials. 
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8 .49 One of the accomplishrr,ents of the Misc e llaneous J.(etallurgy Group 

wa s the deve lopment a nd production of beryllia bric ks f or the water boiler tamper 

and sea t tering experiments . Since t hese bd ck.3 were to be used a s tampers high 

density was desirable. Beryllium metal would have be en t he best tamper rr.aterial. 

Us e of t he metal at tha t time , however, would have virt ua l ly exha usted the 

country's supply. 

8.50 Various methods of obtaini~ high density were tried, among them 

:i.u"'lpr egnation with magnesiwn fluoride but the fluoride was l.Uldes i r a ble from a 

nuclear point of viel'f.~/ method of impregnation with beryllium nitrate followed 

by i enition proved rather poor •• 'l'.he me t hod finally chosen was a hot pressing 

technique, soffiewhat unusual for a refractory material. 

8.51 Dcperimentally, the bricks were prepressed in a steel mol.d, then 

hot pres sed in graphite at 1700° C at pressures in the neighborhood of 1000 poW1ds 

per squa re inch for five to twenty minutes. Fifty-three brick3 were made for the 

water boiler tamper, shaped to fit around the 12-l/16 inch sphere of the boiler. 

For this production job the method wa s a variation of the method described above. 

The density averaged 2.76. 

D&ftlD 

----~----~----~--~.) 
CRUCIBLE AND REFRACTORY RES EA RCH 

8. 53 The purpose of this important work was to find materials for 
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cruc::.bles and liners which would not introduce contaminants into plU'ified 

uraniwn and plutonium. Wettine, stickin,:: and tr.erf'.'.a l sensitivity had also to 

be considered. In this progra.m a great l'Il.a.ny subst;,i.nces nere investigated · 

includi~ ceriur,1 sulfides, calcium oxide, magnesi~•- oxide, tantalum, ~aphite, 

a tantalurn-thoriurn nitride mixture, zirconium nitride, thorium sulfid&; . 

beryllia, uranium nitride, thor:L:l, tunesten c~rbide, tantal~~ CJ rbide, titanium 

nitride and many others. Ceritm sulfide was one"~ the really hopeful materials 

found during this period and effort was concentrated on tryine to improve the 

fabricated materfal's resistance to thermal shock, its main weakness. 
-- ___.! 

DILBTED DILITED DmdlTID h (:J ( 
:....--...-----

llISCEI.LANEOUS SERVICE ACTIVITIES 

8.54 The metallurgists prepared a great variety .o!.naterials for 

physics and ordrrl.nce experLrnents. These involved machining, heat treating, 

metallographic studies, casting of various metals, electropL:i.ting, miscellaneous 

plastic preparations and powder metallurgy. Metallographic methods for uranium 

and plutonium studies were essentially new. This work was Jone mainly by the 

Heat Treating & Metallogr.;.phy Group, and the Miscellaneous 1~etallnrgy Group. 

Radiochemistry 

8.55 Prior to August 1944 the work of the Radiochemistry Group fell 

-~ into the follf"Jl'iing categories: foil preparation, boron trifluoride prcp.:i.r:\tion, 

developnent of sensitive methods of neutron detection, the chemistry of initb tors, • 

the chemistry of the water boiler and the planning of remote control methods for 

the handling o~ radio-lanthant.L~. 

FOIL PREPARATION 

8.56 The prepar-dtion of thin foils for physical experiments was a 

service actlvity but, as such, involved a great deal of arduous and delicate 

work, and continued research on methods. Foils of a large nur:iber of different 

SE€R&T-
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subs t .1nces were m.'.l.de with emphasis on the oxides of uranium and plutonium. 

) Among other substances were boron 1 protoactinium, uranium 233, neptuniu:n 237 

and thorium. {' .. 
8.57 The µ-incipal methods of foil preparation used were evaporation, 

electrodeposition and the "lacquer" method, - the la.st so-called because in it 

an alcohol metal salt solution UI mixed with a nitrocellulose lacquer, spread in 

a thin film, and ignited to oxide. 

8 • .SS Boric oxide !oils were prepared by the lacquer method. Aluminum 

boride foils were prepared by heating aluminum foils in boron trirlnoride. 

Boron was deposited on tantalum and tungsten foils by thermal decomposition of 

diborane. This work with boron was exceptionally difficult, requiring the 

production of very, thin foil!s with accurately known mass. It was developed by 

Horace Russell, Jr. (deceased). Deposits of the oxides of thorium, uranium and 

plutonium were prepared by the lacquer technique, as well as by electrolytic 

methods. 

8.59 The virtuosity of the chemists engaged in t .pis work lfCis remark­

able. They turned otit 1.arg~ numbers of foils that accurately met the physicists• 

specifications, including unusual geometries. In many caaes the data supplied 

with the foils by the chemi~ts we~e as important in interpreting physical 

ex.perir.lents as any of the physical measurements made with them. 

CHE1HSTRY OF INITIATORS 
8.60 It was assumed fran the beginning that a neutron initiator would 

be used with the bomb to provide a strong neutron source that would operate at 

the inst.J.nt of optimal assembly. Naturally, the first initiators were .designed 

fer the gun (7 ~40). . The type of initiator, if any, to be used Yrith the implosion 

was not settled until after August 1944. The principal mechanism adopted for 

tr.e initL.<tor was the properly ti.med mixing of alpha-radioactive material with 

a substance that would support the .( a ,n) reaction • ...... ., 
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radiochemists to prepare this substance in an extremelJr pure tonn. High purity 

("": ot the product made poesible effective operation at high boron trifluoride 

·, 

pressures~ The first such counter, the "bucket chamber", had a- one ar two per 

cent efficienc1. Later, the radiochemists developed another counter themselves 

(17.37). 

\'IATER BOILER CHEMISTRY 

8,.6.3 Since the water boiler contained actiYe material 1n aqueous 

. ' . 
. solution, there were a number of chemical problem.I associated with the physical 

ones. '!be choice or a compound to use, the original purification . ot the ina.terial, 

the prevention of corrosion of the containing sphere, and methods of decontamina.­

tion and anal¥91.s were the main matters _requiring investigation. 

-· .. 8.64 In the original boiler it was decided to use uranyl sulfate for 

the following reasons: the solubility and solution density were higher than · 
i\1\ost . 
~ ot the nitrate; there was, moreover, sane s&Ting iD critica.l ~s because 

.J 

t ·he neutro_n capture cross-section :1a ~ller !or sulfur than !or . nitrogen. 
' 

8.65 Purity requir•enta were not strenuOWI acept. !or _ two or three 

elements. They were calculated b1 the ru~ that ·no 1mpurit7 in the solution 

·· , ·· should absorb m~e slow neutrona than the sulfur in the sulfate. 

8.66 Vfork on corrosion determined that stainless steels were suitable 

£or boiler cmtainer and piping. The effects ot working, welding and. annealing 
. . 

. were studied and it was shown that weight loss dropped to zero after a few days 

. time-. Boiler parts were therefore pretreated -with normal iaotopic uranium 

sulfate solution and corrosion difficulties were substantiallJr eliminated. 

S.67 The hydrates o! uranyl sulfate were investigated. in ox-der to 

predict volume cha.nges from final additions of actl"".e material to the boiler_ 

~ "soup". A stable hemi-hydrate was found with less water than the ~onnal pre-

cipi tate from saturated solutions , 

a.6a The refractive index of ur anyl sulfate solutions was irr1estigated · 
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to develop a r a pid method of keeping track of amounts of uranium in solution. 

With monoc !lrorn,•tic light through pure solutions, concentration would be 

measured to O. l per cent. 

8.69 In the actual setting up of the boiler in May 1944, the chemists 

ma.de all additions and removals of "soup", keeping accurate records of con-

centration by the refractive index and by gravimetric analysis method. \"/hen 

the activity of the boiler reached the critical point the concentration w~s 

measured by refractr:imetry and checked by olher methods. The control rod was 

calibrated by adding small weighed increments of sulfate and detennining the 

critica l setting of the control rod for each increment. 

RADIOI.ANTHANUM 

8. 70 Before August 1944 no test shots were fired in the Raia program 

(7.74). Design of a "mecr:anical cherui3t" !or remote control ~ork with this 

highly radioactive materia.l began, however, as early as May 1944. By August 

the apparatus, at the Bayo Canyon site, was almost complete. Further account 

of this work is found in Chapter XVII. 

Ana1ytical 1.!ethods 

8.71 The high purity analytical program was organized on the basfa of 

theoretical considerations already reported (1.73). The plan to use plutonium 

originally demanded an extremely low rate of neutron emission, est1.ID9.ted to be 

J neutrons per minute per gram. Tolerance limits for each element were calculated 

by polonium alpha-r,article bombardment of element targets and calculation of 

the neutron yield, th~s obtaining the ar.i.ount of element necessary to give J 

neutrons per minute. •• 
8.72 The tolerance limits for 13 elements, not counting U:e rare 

& 

earths, "vere 'found to be be low 100 parts per million. In addition, effects a re 

adct :. tive. It wa s e enerally agreed that the sensitivity of analytical methods 

should be one tenth of tolerance. Since early experimental product i on would be 

very snu-tll, and .:rnalytical s a.mples might well be no larger than 1 milligram, i~ 
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was evident that research on new submicro-o. nalytical methods was nec essar y . 

8. 73 In general , high sensitivity YVas sought rather than high 

precision. The analytical chemist's greatest difficulty was t9 identify and 

deternine apprax.i.lra.tely the interfering elen:ents. When this was done the 

purification pr6cedure could be modified to el.imina.te such elements or at 

least cut them dovm considerably. 

8 . 74 Unusual factors entered into such submicro work. Reagents 

had to be unbelievably purified in order that -the presence of a particular 
• 

impurity should not beccme the limiting factor of the method. Contamim t ion 

was probably the major difficulty since most of the worst elements are p;·~ 

valent in any ordinary experimental enviromnent (atmospheric dust and f ur~-~:~ , 

floor scuffings, etp.). The laboratories were equipped with precipitron .. . 

Floors and walls were kept very clean. A special sub-group of the CU-l 

Service Group was devoted to light element contamination control and invr· st­

i gation. Theirs was the job of lllc1.king certain that dust in laborator y air 

was at a minimum and that laboratory persormel were not unconsciously c :1usin" 

some significant contamination. Control test~ were run on dust defos it ion in 

t he laboratories; the humidifying system was found to bring in contarain:. tion 

and was stopped_. Shoe covers were adopted to avoid floor scuffing and 1;:ethod s 

of cleaning floors were improved. 

S. 75 Some of. the anal3'tical methods used at Los Alamos were deve lope<~ 

at the Chicago Metallurgical laboratory. Rather close liaison ex~ted betwee :i 

tl1e two projects in this :rarticular field. One of _the outstandl.ng analytical 

developments at Los Ala.mos was the vacuum method for carbon and oxygen ana~r~ . .. • 

8. 76 The analytical metbods involved in the early work at Los AlD. ;o .·~;:; 

may be divided into the following categories: 

1. Spectroc hemical Uethods. 

A. Plu tonium 



(1) The cupf€rron and gallic acid methods~trace ana lysis 

{ , for light element impurities. 

c 

(2) The direct copper-epirk method. 

B. Uranium 

(1) The galliuin-oxid'e-pyroelectric method. 

(2) Determination of rare earths in uranium. 

(J) Cupferron precipitable refractories in uranium • 
• 

C. Miscellaneous 

(1) Impurities in graphite by gallium-oxide-pyroelectric 

method. 

(2) Determination of fluorine in uranium and calcium 

(the strontium fluoride band method). 

2. Colorimetric Methods. 

A. Determination of phosphorus in uranium and plutonium. 

B. Determination of microgram quantities of acid soluble sulfide 

sulfur. 

c. Determination of iron in plutonium. 

D. Determination of sub-microgram quantities of boron in 

calcium, uranium and plutonium. 

J. Gravimetric Methods. 

A. Determination of molybdenum in uranium-molybdenum alloys. 
\ 

B. Determination of carbon in uranium tetrafluoride •• 

4. Assay Methods. 

A. Radioassay. 

B. Photometric assay. 

5. Gasometric Methods. 

A. Oxygen. 

B. Carbon. 

8EER[ [f , Wf P 



1. SPECTROCHEMICAL ME'IHOOS 

B. 77 These methods were developed by the Ana}¥si8 Group. Copper 

electrodes for uae with spark excitation had been used at Berkeley in the ' 

first spectrochemical analysis or plutonium. The direct copper spark method 

as used at U:>s Ala.mos lrciS a Chica'o developnent. It had been shown at Chicago 

that plutonium could be extract~d by cupterron and chloroform. 'nle method 

of making this separation before sparking was conceived at Chicago but developed 

at Los Ala.mos. The pyroelectric-gallium-oxide method wae developed at los Alamoe. 

A. Plutonium anal.,ys is 
• 

8.78 The cupferron and gallic acid methods were tint used (earl.7 1944) 

as ce>-methods in developing routines tor trace anai,.is ot the light elements. .. , 

'The tonner was chosen as standard. Wh111, in August 1944; iruru.r standardJ'1'ere . . .. , . 
relAxed, the need for vet'7 eenaitive •tbocfa , diaappeared ·and hrther research on 

. their ~provement ended. The oupterron method ~ discussed in Chapter XVII. 

8. 79 The direct copp.r spark meth~ . •• used throughout the !Aborator7 

history. In this procedve plutonium la enporated on copper electrode• and the 

spark-spectrua photographed in the 2500-.5000 ang•tran rang•• !he quantities ot 

. impurities are estimated b7 _meuuremmt ot speetral line denaitie•. 131' the end 
. ' 

ot tha history, thi.8 was the on.1,y 118tbod anilable !or tbll detenrlnation ot 

thor!um and zirconium. It was uaed tar preliminary determination of impurities · 

in incaning Hanford plutonium solutiODS. 

B~~ .. . Uranium anal.ye is 

s.ao Except for a short time earJ..r in 1944 when the gallic acid 

method · t ana}¥sis was tried !or a while, the -pyro-electric method was the meane 

ot overall purity analysis of uranium. In this metl1bd the oxide mixed ·with 

gallium oxide is arced from a crater in a graphite electrode and estimates are 
. . 

made spectrographicallJ' • . Volatilization of impurities along with gallium occurs 

; in a manner analogous to steam distillations but the complex uranium spectrum 
' ' 
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does not appea r. Volatile canpounds lost in ignition to the oxide are not 

determinable. 

8.81 Ra.re earth determin:1 tion of high sensitivity was made possible 
"' 

by a method which removed other impurities, followed by examination of the 

spark spectrum. 

8.82 Cupf erron-precipitable refractories ~titanium, zirconium and 

iron-... were separated fran other impurities by this method and examined in the 

copper spark. 

· c. Miscellaneous 

S.83 Graphite purity anal.J'sis was developed as an adjunct of the· 
J 

Pu02 graphite metal reduction (8.42) and dropped with the latter. 

S.~ The strontium fluoride band method was the on.1¥ successful 

method discovered for fluorine analysis. This method involved the absorption 

of fluorine in sodium hydroxide. The sodium fluoride is arced in the presence 

of excess strontium oxide· and the amount of fluorine estim:lted by canparing 

strontium fluoride band head intensities with a standard. This method ~eems 

applicable to a number or materials but at Los Alamos has only been applied to 

uranium and calcium. 

2. COLORilt.ETRIC METHODS 

8.85 Phosphorus in uranium and plutoniwn wa.s estillated by a 

colorimetric method depending on the formation ot mo'lTbdenum blue from 

orthophosphate. 

8.86 )(1.crogram quantities of acid-soluble sulfide ivere eatimated 

by a colorimetric method. This depends upon the conversion o! hydrogen sulfide 

into methylene blue, which is determined spectrophotometrically. · 

' Iron was determined spectrophotometrically in the presence of 

+ J rlutoni wn after reduction to the ferrous stat e with hyd.roxylamine. 



8.Sa Boron in calcium, uranium tetrafluoride and plutonium were 

('> determined by distillation as methyl borate from a specia l quartz still. 

c 

( 

The distillate was trapped in calcium hydroxide solution and the boron 

estimated by a colorimetric method. 

3. GRAVIMETRIC METHODS 

8.S9 Gravimetric methods were used for the determination of 

molybdenum in uranium-mo}Jrbdenum alloys and o! carbon· in uranium tetrafluoride. 

4 • ASSAY ME'l'HODS 

8.90 Before August 1944 radioassay was the means of keeping track 

of plutonium quantities received, while a true analytical method, photanetric 

assay, was being inves.tigated. This method, however, did not yield encouraging 

results and was later proved quite untrustworthy. Hence, radioassay was 

continued. This method involved the determination of the ~ua.ntity of an aliquot 

of the _material by measurernent~ of .its alpha activit7. 

5. GASOMETRIC ANAIXSIS 

s. 91 Description or the procedures involved in this work is limited 

by the extreme camplexit.J of t"1e apparatus used. The apparatus U.Sed for oxygen 

and !or carbon micro-determinations can be classed amone the most complicated . 

analytical se~ups in the history ot chemistry. 

... . s._92 The cm;ygen methpd deve.~oped by the High Vacuum Research Group 
' r· ,. 

solved one of the most pressing ana:i.,tical probleme at ~ Alamos --thw develop-. . . . 
·• 

ment of a dependable micro-method for ' az;y~en determination. The overall method 

was not new but its application on a micro-scale, the accuracy obtained, and 

the furnace tube developed were quite new. 

8.93 The procedure involved vacuum fusion of a sample in a graphite 

cruc ible and analysis. of the gases evolved. ~ides react with graphite at 

high temperatures, giving carbon monoxide. Deterru.il\ation is ma.de of this 

coripound . 
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8.94 The apparatus was composed essentially of blO parts, a high 

vacuum system (10-a centi'!leters) and a sanewhat revised Prescott microgas 

analyzer. Either one of these systems could be broken fran the line independ-

ently. The sample size was about 50 milligrams and sensitivity of the method 

was about ten parts per million. In the original procedure the crucible and 

furnace tube were put in place, the sample was put in a dumper bucket, and 

t he tu.be sea led. 'the sample was ctropped into the crucible after the latter was 

suitably degassed. The gas was then collected for analysis. 

g. 95 The appa.ratua tor carbon analysis in plutonium was simply a 

modification of the oxygen apparat~ • t The sample was burned iii oxygen from 
' 

mercuric oxide in a lorr-earbon platinum crucible. The gaseous products were 

.then anaJ.s-sed by the Prescott apparatus. In this case the sensitivity was 

five parts per million ar less. 

CRYOOENY 

B. 96 At the very beginning it had appeared' that the development of 

a deuterium super-bomb might prove feasible and necessary during the wartime 

course of the laboratory. As the great difficulties attending this development 

became more apparent, and as the energy of the . laboratory was absorbed in t he 
' 

prior problem of the . fission bomb, the experimental side of the "Super" proj .c t 
I 

was gradually brought to a standstill. Except for new cross section measure-

ments later made in F Division (lJ~JS) this program was in fact limited from 

the beginning to investigation of the preparation and properties -of liqui d 

deuterf.urn. Locally, it was Tirtually limited to the design and construction 

of a deuteriu.r,i liquefier. This was a Joule-Thompson liquefier patterned after 
.. 

t hat built by W. F. Giauque at the University of California . It consisted of 

an ethane, a liquid air, and a liquid hydrogen (or deuterium) cycle. The firs t 

two cycles were completed by the beginning of 1944. The hydrogen cycle was 

completed in April 1944 and tested. Although .the original design was f or a 
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capacity of 35 litres an hour, at the altitude of Los Ala.mos (7300•) it produced 

onzy 25 litres, a loss which could be canpensated for by additional compression 

if necessary. 

8.97~ Becau~e of limitations of sp~ce and personnel, the physica l 

investigatioru1 relevant to the probla~ of producing and storing liquid 

deuterium were carried out under contract by Prof. H. L. Johnston at Ohio St.:ite 

University. The ::rn included studies of the ortho-par-a conversion ·of liquid 

hydrogen and deuterium, of hydrogen-detiterium exchange problems, of t he high-

pressure low temperature equation of state !or hydrogen and deuterium, of the 

heat of vaporization of liquid deuterium, of the Joule-Thompson coeffic i ents of 

hydrogen and deuterium. Experiments ;vere rMde on the properties of thenna.l 

insulators at low temperatures. Studies were also made of the long-term operat ion 
" 

of hydrogen liquefaction equiµnent. 

B.98 Work was begun under the Ohio State contract in May 1943 , and 

continued through the life of the Project. The contract was renewed at six 

month intervals. As of September 1945, investieations still incomplete were 

planned for canpletion by the end of that year. 

8.99 After the first test of hydrogen liquefaction in April 1~44 , 

no further developments in cryogenic work occurred at Los ~os. Long and 

his group were assigned to other problems. On the. basis of his assurance t hat 

with existing equipment he could produce amounts of the order of 100 litres 

of liquid deuterium in two months, and a.mounts of the order of 1000 litres in 

eight months, cryogenic work was formall3f suspended in September 1944. 

BEER:ET ~e . 
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Chapter IX 

THE PEHIOD AUrrUJT 1944 TO AUGUST 1945 - GENERAL REVIEW 

Reorg/i.nization '. ' 
9.1 The second period of the Los Ala.mos laboratory's existence begins 

with the general administrative reorganization which occurred in August 1944 Esee. 

graph No. 5). Measurement of the spontaneous fission rate of Clinton p.lutoniUJi?. 

" done by t:r.e Radioactivity Group (4.48-52) in the sunmer , of '1944 ended all hope ot 

maki~-~ gun assembly bomb out of this material. The laboratory had originallJ' 

' 
been organized around tl:e problem of making guns. Its organization had been 

stretched, but not broken, by the early implosion program. Now, however, it was 

evident that a reorientation was required. Work on the u235 gun, which had 'roved · 

a relatively sitqple prob],em:, proceeded as before. But ~ile up to this time >: '·':: 

implosion had been considered a difficult if rewarding alternative to the gun, it 

now became an absolute necessity if the Hanford plutonium production was to be of 

any use. A complete reorganization of the Laboratory was indicated. '.IWo entire 

divisions - G (:Veapon Physics) and X (Explosives) - were created to study the 

problE:.lll of implosion dynami~s. 

9.2 G Division, under Bacher, included several groups which had worked 

under him in the Experimental Physics Division, as well as several groups frcm the 

Ordnance Engineering Division. X Division,. under Kistiakowsky, included several 

groups formerly in Ordnance Engineering. Experimental Fhysics, renamed R (Research) 

Division,_ was orga nized under i1ilson with those groups not transferred to G. 

The ordna nce or 0 Division remained under Captain Parsons with those groups not 

tra nsferred to G or X. CM (Chemistry and t~etallurgy) Division ar.d T (Theoretical) 

Division rema ined unchanged administratively, a lthough the wor~ of several o~ 

t heir groups changed considera.bly. In A (Administrative} Division, t he pr:Lncipal 
. . 

c ha nee was tl'.e 0r .;::cnhe:c tion of a new .~ro~ .;:. under Long wb ich included C ar:.d V Shops, 

f ormerly tl::e li'lfcc J-"~x.e shops serving Ordn.1nc e Engineerin~ a nd Experimental Physics, 

• 
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together with many of the mis_cella.neous shops of other divisions. Enrico Fermi 

arrived fran the Metatl.urgica.l laboratory e.1.rl.y in September, and became leader 

of F Division, which included originally_ the Water Boiler and "Super" bahb groups. 

A.s part of the reorganization, Parsons and Fermi became. Associate Direc.tors of 

the laboratory, and Mitchell and Shane Assistant Directors. Parsons was to have 

special responsibility f~r all aspects of the work having to do with ordnance, 

assembly, delivery and engineering, and Fermi was to have responsibility for the 

research and theoretical divisions and !or all nuclear physics problems. 

9.3 Because of the complexity and urgency of the problem, the plan for . 
l 

the Laboratory's reorganization involved much interlocking of responsibilities 

and jurisdictions •. : G arxl X Divisions had to collaborate in the closest possible 

way, since they were working on separate phases of the same problem; and had to . : 

share facilities, equipment, and occasionally personnel. Since 0 Division was 

responsible for items to be fabricated· away from the laboratory, and for th~ 

design of the final weapon, it had to confer regularly and systematically with 
' ' 

, X and G Divisions. It was necessary to eee that all plans and specifications ot 

these Divisions could be incorporated into the final weapon design. If a plan 

was proposed in O Divuioa to simplify fabrication, it had to be proposed to X 

and G Divis~ons to see whether their requirements were satisfied by it. R Division 

had to cooperate closely with G in carrying out nuclear measurements that would 

assist G in interpreting integral experiments and predicting the behavior of an 

implosion banb. Fran the point of view of the implosion program, T, CM and 

R Divisions considered themselves as service divisions. Perhaps the most 

thoroughly organized of these was T Divis ion, which drew up a plan , for assigning 

theoretical groups to service work for experimental groups. · Members of T Division 

kept informed of the activities of the groups to which they were assigned, attended 

meetings of t hese groups and were prepared to advise them when consulted. 

9.4 Shortly before the gener~l reorganization of the laboratory, 



Oppenheimer out lined a plan to replace t he G<>verning Board by two separ3. te boa. rds. 

The Governing Board had served as a poli cy making body attempting to handle general 

administrative problems and technical polici~s and serving as a medium for 

communicating technical developnents. By the middle of 1944 it was seriously 
~ 

overburdened. · The new plan divided the functions of the Governing Boa.rd between 

an Administrative and a Technical Board~ Both of these bodies were advisory to 

the Director. The members of the Administrative Board appointed in July 1944 

incl~ded Lt. Col. Ashbridge (Canmandjng Officer}, Bacher, Bethe, DCM, Kennedy, 

~ist_iakowsky, Mitchell; P~sons and Shane; . those of the Teclmical Boa.rd; Alvarez, 

Bacher, Bainbrid.ge, Bethe, Chadwick, 'Fermi, Kennedy, Kist.iakowsky, Mc.Millan, 

Neddermeyer, Captain Parsons, Rabi, Ramsey, Smith, Teller and Wilson. ~­

Administrative Board was organized in.formally; members were urged to raise an,r 

questions concerning adfilinistrative·problems and could invite other members of 

t he laboratory to di.Seuss specific topics. The Technical Board me8tings consisted 

of prepared discussions on sane subj ect of inmediate technical concern and also 

of brief reports on recent progress or proble.ma of great urgency arising between 

meetings. Such reports were JMde by members of the boa.rd itself, by interdivisional 

conmittees, by division leaders or by other members of the laboratory who might 

have special contributions to make to the subject under discussion. 

Conferences and COl11Itit~ees 

9.5 ~ the implosion program dev~loped and the time schedule tightened 
.r 

the Technical Board proved inadequate to handle the many technical problem8 of the 

laboratory. · It was never fo:nnally dissolved but simpl3' stopped meeting as its 

functions were taken over by various interdivisiona.l committees and conferences. 
I 

Among the mos t important of these .WeJ!ethe Intermediate Scheduling Conference 

. under Capta in Parsons, the Technical .. and Scheduling Conference, and the "Cowpuncher" ,. 
Conmitt ee. Both of the last named col!111ittees were under t he c hairmansh ip of 

3 . K. Alli son , former Director of th e },feta l htr.-:;ica l La~or:.i tory , who J. IT i ved a t 
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Los Al.3.mos in November 1944. In this s hift from t he single Technica l Boo.rd to 

t he more flexible structure of specialized c onmitte es, t he Director had the 

advice not onl y of these ccvnmittees, but also of certain senior consultants, 

nota bly Niels Bohr (2.5-g), I. I. Rabi (1.26), al-id C. c. Iauritaen (9.17), who 

served in t he capacity of Elder Statesmen to the laboratory in the guidance of 

its later program. Another important consultant of the Iaborator.r wa s Hartley 

Rowe, Chief Engineer of the United Fruit Company and former Technical Adviser 

t ·o Gen. Eisenhower. R011e came to the laboratory in November 1944, and assumed 

r e s ponsibility for the transition from "bread board" models to production • . He 

later established a new Division for t his purpose (9.lJ), and was of great 

ass istance in solvi ng sane of the "bottle-neck" prob~ms of the laboratory, for 

example procurement of the firing unit for the implosion banb (16.59, 19.g), 

and procurement of nuchinists (9.38). 

9.6 The In~ermediate Scheduling Conference was an interdivisio9al 

·· committee which began meeting in Ail..,!?\lst 1944 to coorctina te the activi ties·, plans 

and schedules of groups more or less directly concerned with the design and test-

ing of t he implosion bomb. The. ccrnmittee was formalized in November . .with Capt. 

Parsons as chair.nll.l.n 1 Ashworth (19.3), Bacher, Bainbridge, Brode, Galloway, 

Henderson, Kis tia kowsky, Lockridge and Ramsey as perma nent members and Alvarez, 

Bradbury, Doll and ~'larner as a lternates. The conference scheduled top;i.cs in 

advanc e a nd invited to its n•ee tings other Jnem.bers of the laborc. t or y when occasion 

aros e . Eventually the confe rence was -concerned with both t he gun assembly and 

impl osion bombs. The agenda of its meetings inclutled chiefly procurement 
• 

a rra'1gei•ients for items needed for the fina l we::ipons, the tes t program carried 

·' out in coopera tion with the Air forces a nd details of the packaging and assembly 

of t he bomb parts for overseas shi pment. Although or i g i nally planned to handle 

both a dmi ni s t ra t ive and technica l aspec t s o.f tr.e •le.s i gn and test ing of banbs·, this 

r.~onf ,; r enc~ btOJ.! ie a ]Jnost exclus i ve ly a clmin i str =.i t i ve i n its f unc t t on , n. nd ·t he 

.. 
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technical problems were handled by the ~Veapons Conmittee fonned in March 191+5. 

· 9.7 The Technical aod Scheduling Conference W-d3 organized in 

December 1944 shortly a fte r .4.llison 's arrival, and assui~ed responsibility for 

scheduling experiments, shop time and the use of active nuter:Ull in ac cordance 

with the requirements of the laboratory's program. Each conference was called 

to discuss some particu:Llr subject such as the explosive lens program or the 

program of R1Ultiplication experiments on u235 metal sphere~. Such subjects were 

announced in advance, with several persona requested to make short reports on 

various phases of the problera under consideration. The persor1nel of the conference 

was not fixed, but varied according to the subject to be discussed. In a large 

measure this conference took the place of the Technical Board, and was concerned 

pr~narily with the solution of technical problems. I~ became more a technical 

than a scheduling conference. 

9. 8 The intricate problems of scheduling the implos fon pro~rar!I becarr.e 

the task of the Cowpuncher Coramittee, composed of Allison, Bacher, K)..stiakowsky, 

C. · C. Iauritsen, Parsons and Rooe. It was organized 11 to ride' herd on" the 

implosion progr am , i.~., to provide overall executive direction for carrying it 

out. The corn: '.l ittee helrl its first meeting early in March 1945. This group met 

often and published semi-z;i.onthzy a report ca lled the Los Alaraos Implosion Program 

(Appendix 7 , No. 29) which presented in detail the current status of the work. 

This incLlded the proi;ress of experiments in each group concerned in the program, 

the scheduling of work in the va rious s!:ops a nd the progres3 of Fl"->curAment . 
• 

In April vfith t'.-.e freezing of the ilr.plosicn bomb design th.e 

\ 

directive for G Division was amended and amplified to 

t he so-called tamper a~semb~~ U c 
\ 

include responsibility for\ 
·--- - ~: 

DBLfilD i) 
.-- ··--

G Division had to specify the des~n, obtain designs 

drawn to these specifications, and t.~rccure all parts of the first two complete 

t::;.1 ;,;:.e :- ~i.sser,:blies. This as :- :5nr.E' nt inv.'.)lved consultation with many sect i ons of 



( 

the project and to carry it out Bacher :9 point.ed M. Holloway 3.nd P. i.'.orrison 

as G Division Project Engineers. · They maintained close· relations with t he 

metall urgists, with various groups of the Explosives Division responsible for 

t he design of the ~uter parts of the bomb, with the Weapons Couunittee on 

conditions of transport and storage and with the C'1Wpuncher Cor:im.ittee for an 

over-a ll check of their work. 

9.10 Among other interdivisional corrmitteea was the Weapons C00121ittee, 

organized in March 1945. It assumed to a large extent t he technical responsibil-

ities originally assigned to the IntermedLqte Scheduling Conference, which became 

pr:im:trily an adminiatrative group. The Weapons Committee was directzy responsible 

to Capt. Parsons and was organized with Ramsey as chairman and Warner as executive 

·secretary. It included eventually Comdr. Birch, Brode, Bradbury, Fussell, G • 
.. 

Fowler, and l.forlison. This comnittee was a sked t~ assume responsibility for 
,i,: 

planning ~a ll phases of the work pecul~r to combat delivery a nd later became part 

of Project A (Chapter XIX) (Appendix. 7 , No. JO ) • 

9.ll A Deto~tor Cezrmittee composed of Alvarez, Bainbridge, and 

Loe kridge, was appointed in October 1944 to cfecide a ll questions connected with 
. -

t he externa l proc'urement of ele*ic detonators. Bacher, Fermi and ",'{ilson composed 

a committee for t he detailed planning and scheduling of experiments with u235 

metal in order t o save time and make t he experimental progra;n a s fru i tful and 

illwninating as possible. In Februa ry 1945, Oppenheimer a ppointed Bethe, Christy 

and Fenn..i as a n advisory conmittee on the design and development of i.11plosion 

initia tors. K}el,.s Dohr met with this camiittee when he visited Los Alamos, and 

members of t he comnittee kept in close touch with the Init i ator Group and with 

the Radiochemists. 

9.12 Early in March 1945 t wo new organiza tions were created , with the 

sta tus of div isions - the Trin.i.ty Project, a nd t he Alberta Proj ec t - one t o be 

r esponsibl e for the t est firing of a n impl osion bomb a t Tr5_nity, a rx.l t he otter 
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to be responsible for integrating and directing all activities concerned with the 

combat delivery of both types of bombs. The Trinity Project was led by Bainbridge 

witt. Permey and Weisskopf as consultants. Project A was led by Captain Parsons 

with Ramsey and ~radbury as technica l deputies. The work of both of these projects 

iA discussed in later chapters (XVIII and XIX). 

9.13 The last division crea ted almost at the end of this second period 

of the laboratory's history was Z Divis ion under J. P. . Zachar ias, who came to Los 

Alamos from the MIT Radiation laborci. tory in July 1945. The new division was 

intended to carry out an engine er~ and production progrrun , c hiefly concerned with 

airplane and ballistic probleir~, to repl3.ce the program which had been carri ed out 

at \A/endover Field, Utah. The ·rro j ect had by t his t i'ne a cciuired a snt<ill airfield · 

of its OYm nea r Albuquerque, fom.erly an am?Y ba s e call ed Sandia; wJ..s to be 

assigned its own .r: l a nes a nd a lso had the U:s e of t he large a rmy base at Kirtland 
.· 

Field near Albuquerque. :U t hout;h pl a nn'ed a t a t:i1ne \'Then a prolonged p rogr am of . . 
manufa cture was thou.i;t t necessar y , t he new division was barely organized before 

t he war ended. 

Ll.aison 

9.14 Many of the problen~ of lia i son whi ch had proved so difficult 

in t he first period of t he labor~ tory's h istory (J.12 ff) ha d been solved or were 

no lenser major probler.J.S by the time of the genera l reorgan i zat i on. Liai son wi th 

t be Ar my and Navy became i ncr e0.singl y impor t a nt as des i gns were frozen, actual 

a irborne t es t s became nec essar~ · , :1nd prepar a t ions were rr.ade for 'cor:ib.:i.t de livery. 

Deta i ls of this will be discuss<-: d late r ( CLa pt er :u x). 

9. 15 The princ ipal lhison r r cbl em wLich existed during t Le second 

peri od of t he La.bor.:1tor y ' s his t ory was thr1 t wit h t he . Carne~ f' r oject a t t he 

Ca l i fornia Insti t ut e of Technology. The Carcte l pr o j ect wr..s cr ed,ed ri.s the b~;t 

of a series of expa ns ions of t he Ls.bor a tory in its t r a.ns it.ion f r an res e.::. rcli 

8E€Rl l . 
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through development er:gineerfhg to final boob production. In the f :· l1l of 1941+, 

Oppenheimer le.::i. rned tLa t the Caltech rocket project had c. lmcst c crr.ple t<:·d its 

res earc r. :.md deve lopment progr am c:.nd vras entering U .e stae.:· of p roduction . The 

group at the Caltech project combined high professional scientilic ability i'1ith 

practical wartime experience in we~pon engineering, ~nd had ~oreover their own 

procurement.., laboratory and field f acilities. Since both rr..:. nrower and f acilities 

were becoming badly overstrained a t ~ Alamos, in ~!over:tbe r 1944 , Oprenheker 

discussed with C. C. Lauritsen, head of the Caltech rocket group, the possibilities 

of collaboration between the two projects. The matter was discussed furt~er in 

correspondence with Bush, Conant and Groves, and after sane negotiations ab rut 

contracts, the Camel Project was formed. 

9.16 The character of the work done at Calr..el w.s determined by the 

f a cilities existing there, by the experience of the staff, and by the stage of the 

work at Los Ala.mos at the tirr:e the · Camel Project began. Thus the G.!.!::el staff did 

no work on nuclear physics or the nuclea r spccifiCations of eng ineeriz:ig f their 

work was confined to problems associated with .the banb a ssembly mechanism and its 

cor:ibat delivery. Specifically, their work can be classified under the two teads 

of implosion desien and delivery. Under both categories wide use was raade of 

Can!el proctrr"er;;ent facilities. Under the first ce. tegory t hey did r esearch and 

engineering of special components of the implosion asse.rr.bly, detonators, lens mold 

design, impact and proximity fuzes and high explosives components. In addition to 

these special programs carried out as a division of labor with Y, Camel had its 

o.Vn general implosion progr~. This was set up ~t the tir.1e of U:e fin~. l "freeze" 

at Los Alamos in April 1945, when a shortening time scbedule forced the abandon"f1ent .--

of a lternative lines of imp losion developmel!t. At t hat time the) hrlsty t~ 
bo11b (10.11) v:itb a modulaterl initiator was <-idopted as fim.l by Los Alamos, while 

J~ . ,.,.-j .. r 
- ..J.' ..J ·~· ..... - · . ••. ' ·:i if.fF.oring only i n it::: \ 

lfilii. 
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ou te r high explosives component from that at Los A:IB!nos. rL,his w.::~.s L.t~r c ii:. 1:ged ·--------
·---··----

1 Th is progr~ jJ1vclv~d -;;·;~5·t"ruction·· c;·_r a, ···5p-~~i.2. l h:izh explosives ca sting 
\_....---- -....,_,: 

plant, which was also regarded as a standby in case of disa ster to the Los Alamos 

S Site plant. Camel work on weapon delivery covered t he prodt:ction of implosion 

bomb rr:ock-ups, of "pwnpkins" (bomb mock-ups loaded with high explosive, and . . 

inte r. ded for eventl.13.l prdctice bombing of er.emy targets) with special L~pact 

fuzes, and included a special program of drop tests. The drop test program 

·ps.ralleled the Los AJ..arios program at Wendover and Sandy Beach ( 14.20), and 

provided data, for example, on bomb ballistics. 

9.17 The me.in line of liaison between the two projects was between 

Oppenheimer and I.n.uritsen; reports were exctaneed and p ersonne l ma de numE: rous 

/ 
~ 

trips for consultation on specific subjects. · Lauritsen spent part of_ his t.i.Jue a t 

Los Alamos, where he was a member of the 'cowptmeher Co.i:~ttee, whose responsibility 

· it was to push through the many-sided i1nplosion prograrr; on schedule'. - In lfarch 

and April 1945 there were extehsive discussions of the joint Camel-Los Ala!nos 

implosion program. In addition to clarifying the technical aspects bf the 

program, it wc-.s agreed that there \V-dS a mutual lack of underst.a nding of the 

nature of the responsibilities of personnel at both sites , tbat provisions for 

eicchanging ini'orrr.ation were inadequate and that better lia.ison wc.s needed. As a 

result of tr.ese discussions a CIT liaison office was estnblished a6 part of the 

Director's office at ws Alamos with !~.Millan specially responsible for coordina­

tion. Uail service was improved, teletype connections were establishe d and event-

ua~ r~gular a irFlr.~r:e scLedules establisl:ed for freight and p2. s s engers b(::tween 

"Kingman", ('Sendover Field, 19.2), Los .·,r!£eles, Irvrokern (.~<ifileJ. 1 3 Le- ~d ::;5..te), 

:J.:.,.nta Fe, ..Jand~/ Bea ch ( 11,.. 20) and Albuu.uer:1ue. 

' 
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Administration r 9.18 In July 1945 the administration of the Laboratory was organ5zed 

i.r:to tl:e follcwing groups: 

A-1 Office of Director D. Dow 

A-2 Personnel Office c. D. Shane (Assistant Director) 

A~J Business Office ,J. A: D. 1.:'.uncy 

A-4 Procurement Off ice D. F. Mitchell (Assistant Director) 

A-5 Library, Docur.1ent. Room c. Serber 

A-6 Health Group Dr. L. P.. Eempelmann 

A-7 (absorbed in Groups A-1 and A-9) 

A-S 3hop~ E • . Long f'. . 

A-9 M9-intenance J; H • Hilliams 

. A-10 Editor o. R. Inglis 

( ' A-11 Patent Off ice Major H. c. Smith 

A-12 Safety Office S • . Kers haw • 

Off ice of Director 

9.19 The office of Dow, Assist.a.nt. to the Dir~t:tor;·ha.ndled a variety o! 

administrative duties of a . non-technical sort. One of the most importa nt of these 

continued to be that of construction liaison between the using technical · groups 

and the Post Operation Division which handled construction (J.122). Duri ng the 

fall of 1944 increased consumption caused a number of power failures, and s elution 

of this problem was the responsibility of Do.v's office. Eventually power was 

increased by tying-in with the Albuquerque line. Another responsibility of this 

office - shared with the Personnel Office - was the preparation Of employment. 

contracts for staff rr.embers on leave of absence from academk institutions . The 

f i rst of a series of these was prepared in September 1941+, c overing six months a nd. 

( extending to the beg inning of the ne.xt academic yea r if the prc·ject. termiru t ed. 

Dow's office a lso coor~rated with the 3usiness r,!&.nager's offic e in securing 

,. ~ 
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insurance policies for personr.el. Or.e of the· hi.test of tr.ese, made a va il:.ible for 

purchase by University of California er.,r loyees in July 1945, wa s a n a ccident policy 

issued by the Indemnity Insurance Co. of North America , insuring "aga ins t bodily 

injuries caused by accidents and arising out of and in the cours e of He insured 's 

duties in connection with wa r r esearch undertaken by or on beha lf of tbe 

contractor". Unlike previous Manha t td.n District Master Policies (J. 68), this one 

insured against certain aviation hazards, which were important because of tbe 

expanding test program. 

Personnel 

9.20 Aba.ndorunent of the Plutonium gun program in the genera l re­

organization of the Laboratory (9.1) released a number of chemists and physicists 
' I 

but these were readily ab6orbed into· the newly strengthened implosion program. In 

fact a general ex.pans ion was necess=iry and Shane, Bacher and Long went on recru:tt-

in8 drives to the other projects of t he District. As a result of their efforts a 

considerable group of civilian sc i entific personnel was secured frora the 

1.'.etallurgica l laboratory and from Oak Ridge, and a. nwnber of technical military 

personnel from the SAM laboratories in New York and from Cak Ridge. 

9.21 Personnel procurement W3.S always hampered by the housing shortage 

(3.28), and the s :i.tu.'l. t.ion grew wors e as the labora tory continued t o expand a t a . 

rapid rate. The thi~j section of t he housing area was completed by Mc Kee in 

December 1944 (J.121) an.:1 i t was tenbt ively de termined t ha t no additiona l multiple-· 

unit hous ing would be constructed . A policy had to be . est:i.blisted tin t eror-O'Jees 

should be housed whenever :is :i cl.as s they could not be procured ·N ithout hous1ing -

s pecifically this ,inc luderl m::u~h inL~ ts 1 scientifi~ per'3onnel , es:3 ent.i.J. l n.d.minis t r a - { 

' 
tiv e personnel "' nd sixtP. Gn t ecliniull maintenanc e men (J.119). ,\n effort was mr~ ·- : 

" \ 
t 1 . th 1. + • • 1 • · t t ·o. t +i..·e·' ·-- J•· .... ,.,.; 1 1"; I I, o !'e ieve .e s 110rva.ge oy enc0ur :~~ 1 ns r.•.-i. c ·iinis s o co ;:e .w 1.:,r. 0u~ .. 1: .. L. ....... ~r- __ ,~ 

. / 
I . 

i n excr:;1 nge .for a bcnu.3 fGj'l!H':.~1t . ,:', ~i.:.: .: .>' r of addit.i c1nl ,·lor.nitc·:· .> s 'N e r2 \'11.1.ilt , / I 
I 

' t t "' . ' ~ . " .. n -.~ .., " · (l ' ' 1· ' 1 1 ,. t · "" r ·1~ I " 1· /') \ ~r.l. · z ;f.: no~t~l v.lon , .r ~ !;_": Ct .. , ·' -.1 " ··· t ·~- t -e.-: . , , t:- \ 'l • +, i . 
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9.22 Salary policy remained one of the rersonnel Office's.principal 

difficulties . \lthou8h a worki1¥. agreement was reached »lith the c·ontacting 

Officer in July 1944, it was ·not a final one. The agreement provided that sa.L:lry 

increases be lLili.ted to 15 per cent of the minimum range per year, and that not 

more than 25 per cent of all employees hired within a ye~r might be hired at 

salarie s in excess of the minimum of the applicable salary scale. There were to be 

no increast:>s in salaries over $400 per month. In January 1945 Sha,ne made an effort 

to remove the $400 restriction and proposed semi-automatic merit increases for 

persons in this category. After much correspondence a certain number of individu 

increas~s of this sort were granted, and eventua lly the policy was changed to 

such increases as a regular thing. Also in January 1945 Shane requested that 

Project be granted an exemption from the 25 per cent hiring provision because 

the special conditions of employment prevailing there. He pointed out that in 

determining the salary ranges of the originai job c.11ssifications it was thought 

desirable to use low minima aoo brge ranges in order to permit employment of 

personnel of the varied qualifications needed by the Project. In the shops, 

esrecia lly, t he nature of the work required a greater proportion of highly ski 

workers than an ordin'lry production shop, and the assignment of relatively young · 

a nd inexperience~ enlisted personnel rrade i~ necessary to 

skilled civilians to fill the responaible ' positions. The Contracting Officer 
I 

agreed to rrake certain exceptions, especia lly in the case of shop personnel. 

July 1945 the salary situation re~ched another critica l poi~t, this 

approval of sa.bry increases. .,since March the Personnel Office had 

in reac hing ;.lgreements with the Contracting Officer on salary changes , alt.b 
. 

they were fO'llcwine the same rules which ha d 'peen accept.able since 

July 194.!i.. ')ho.ne requested that a c0nference be held and polides 

rr!'.i V ,:. 1 l ;_1 ~;: · e ement. :~uch a c 0nfere~:c ~ Y.T"l S held l .ltc in Jul~· 194::. 

with 

:.. :..-_ ,~3 .. _·. .. ) , - , .. }· .i: "'·'' ~. r . ~La1 1 e l'es i gne 1l frc!.~ i1i.s ~~ ::-'"~ "' tic ·: 

Qli'tPQY::f' JIBCl 
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Procurement 

9.2J The Procurer:1ent Office wa s not directly a ffected by the 

laboratory's reorganization, except t hat t r.e volume of i ts work i ncre.J.s ed and 

continued to do so until shortly before the Trinity test (see gra ph 7, Appendix 1). 

9.21.+ In October 1944 the Property Inventory Section was es t a bli3hed with 

Capt. W. A. Farina in cha rge. Capt. ~'arina was ~espons ible for making a physical 

inventory of the Laboratory, f or revising the Procurement Office's rec ord s ystem, 

to make it caa;.i:itible with nar !Jepartment regulations .:ind for adv ls ing the 

University concerning government property policy. The necessity for having an 

inventory made a nd for having someone a t the site r esponsib l e for t he a cc ount­

ability of rmt~ rhl had been discussed since the early days of the Project but 

~ lNays. postponed because of more urgent work. 

' 9.25 By the end of 1944 the Ordnance Division h~d est~blished its PVn 

s pecial Procurement Group under Lxkridge, and to avoid confusion it was nece~ary 

to outline the responsibilities of ea ch procurement group. ~/it c hell c ontinued to 

be responsible for all stock catalogue items. Lockridge w·::. s respon.'3ible for a ll 

f abrica tion jobs involving ma c!:i.ne shop work and mechanica l assembly, a nd ei th_er 
. ' . . , 

Mitchell or Lockridge could pla ce orders for fabrica tion jobs i nvo lving ch~mica.l 

a nd metallurgica l . techniques, plastics and e lectrical work . I:i the last case , to 

• 
.1void duplica tion, the office r.nkin~ out the requi.s.i tion ;·rouU notify tte other 

office. ~~uc h of Lockri0ige's purchasing wa s done throui:;h s p~ci.:1.l ch<~ nne ls r a t her 

than through t he University purch.:i.sir.e office in Los Angele8 , but he worker! in 

close coopera tion with U:e o.t:.fic e of Col. 3t ew·_trt. A considerable proportion of 

Lockridge 1s ordering wa s done from t he CIT proJ~ct, a nd also from G. Chadw.ick of 

t he Detroit Office. 

9 . 26 In Apr il 1945, the t i me schedule for the 1'rinit.~r t•: ·; t had bec ome 

' ~ · 
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Up to that· time t he Procurement Off i ce had used four ratings - z, A, B, a nd C, in 

order of decrea.sing priority. F.ar}J" in May Mitchell announc ed t ha t the "super" 

r .:.t ing of urgency X would be subdiviried into three - XX, Xl , a n•:.! X2 . ·ex priority 

could be used only if failure to obta in the :naterial would p roduce a setback of 

major importance in the overall program of the laboratory, and authorized the .. 
' 

Procurement Office, through the ·,vashington Llaison Off ice, to have recourse to the 

highest authority of the 1'/PB 3.nd of all govern.'Tlent age no i'3s, and to use a special 

dispatch or cargo plane from anywhere in the United States for delivery. 

9.27 Delrl.yed deliveries on a number of urgent requests led OppenJ-ieimer 

to call a meeting in May to review the procurement situation. One of the 
. . 

principal reasons for the delays W-3.S found to be the shortage of personnel in the 

Los Angeles, New York and Chica go Purchasing Offices •. , Althoueh the nur•ber of 

requisitions had increa sed gre~tly, there had been no increase in t he number of 

buyers since Janua ry 1944. The Contractor•s representative Underhill blamed the 

lack of adequate personnel on salary restrictions. As the r esult of this meeting, 

additional personnel was secured for all three Purchasing Offices, the Contra cting 

Officer agreed to permit salary adjus t r.,ents ~ direct cammnicat ion was established 

between the Project and the New York and Chicago offices and project members were 

reques ted to submit improved dr.:..wings a nd specifications. There was a considera ble 

effort to improve servi ce as a result of this meeting. 

-9.23 While the number of purchase requests reached a peak in ~,~ay, t,he 

amount of goods handled by the main Via.rehouse of the Procurement Office reached 

its peak j_n June. Some notion of t he quantities involved may be had from the 

followi ng figures: During May, the 'Na rehouse handled an avern~e of 35 t ons per 

day ( 89% incoming and 11~ outgoing ): During June the daily average rose to 54 tens 

( 87% i ncoming a nd 13::0 outgoing): and during the first balf of Jul;,• it was 40 tons 
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Health 

9.29 During the second period of the I.aboratory's history, the 

problems of the Health Group became progressively more numerous and more complex, 

as the number of persons exposed to radiation and radioactive materials increased. 

9.JO In August 1944, following an accident involving plutonium (3.97), 

members of the Health Group and the Chemistry and Metallurgy Division expressed 

the dissatisfaction which they had felt for some time with the progress of 

biological s~udies on plutonium at other projects. Permission was obtri.ined fran 

the Director to undertake a research program at Los Alamos to study the biological 
• 

problems of •pecial interest to this - Projec.t. , This program was begun by a group 

of chemists under the direction of a steering committee consisting of Kennedy, 

Wahl, and Hempelmann, with the prima17 purpose of developing tests !or detecting 

overdosage of personnel with plutonium. Up to this time it had been necessary to 

rely on ''nose counts" (filter paper swipes of the nostrils) to indicate exposure 
.. 

of personnel and these gave oflly a qualitative idea of the amount of material 

inhaled. For a more quantitative test it was thought necessary to determine the 

amount of plutonium excreted daily in the urine, and also tq detennine the amount 

present in the . lungs .. _ . 'A • satiafaot.ory ur~e test.was ;difficult to develop because 
' . (; •' 

. -10 
of the small quantities of plutonium involved ( -10 micrograms per liter of 

urine), anl.b~ause of the difficulty of collecting specimens free of alpha 

contamination. A successful method of analyzing urine was develope d in January 

1945, but was not used as a routine test until after t he first bwro.n tr.:i.cer 

experiment (Append.ix 7, No. 31) had been performed in April. :9ecause o! the 

difficult tim~conswning nature of the ur:ine test, it was impossible to do 

frequent examinntions for any individual, and a system w-as worked out by whicl: the 

persons most heavily exposed, as indicated by nose counts, had the most frequent 

examinations. A satisfactory r::etbod of detecting plutoni um in t.be· 11.:.ngs was not 

developed. 

SE€RET B! 
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9 • .31 La.ck of adequc:Lte ff'.Onitorinc; equipment. continued to be a problem 

for so.1ne time. Instrtunents supplied by t he Chicago laboratory did not a t first 

meet specificat .ions of tL i s J..abo:::·.::.tor~r, and the development o!' equiprr.ent, beg6n 

in May 1944, by the Electron:ics Group of the· Physics D1vision, continued for 

severei 1 months. A proportiona 1 counter of adequate sensitivity was developed 

PY this group. 

9 .J2 With the reorganiza ti or. of the Iabora tory' in August 1'744, the 

Monitoring and Decontamination Section of tr.e Chem~stry and ~.1ete:.llurgy Service 

Group vrds reorganized and part of its personnEl ard Pa.rt of its function trans-
.. 

ferred to the Health Group. The division o! responsibility between the Health 

Group and the Monitoring and Decontamination Section did not prove satisfactory, 

~· 

and in January 1945, a new group was organized which would have full r esponsibility 

for the entire alpha contamination problem of the Chemistr'l.f Ei.nd Eetallurgy Divis ion 

William Hinch, formerly of the Metallurgical laboratory, became l eader of this 

grou~ in April 1945, and as sUr.ted responsibility for developing new methods of 

monitoring and decontamination, arranged to procure monitoring instruments from ~ 

Chicago and added an elect1·onic s section to maintain existing instruments. The 

large quantities of plutonium produced at Hanford began to arrive during April 

(see graph lJ), and one of the new group's most important functions vfris that of 

adapting existing facilities for processing plutonium to meet safely the increased / 

dana.nd upon them. Except for a short period early in July the facilities proved 

adequate. At that time the PlutoniUir. Recovery Gr.oup handled excessive amounts of ~ 

plutoni~, a nd u:rine ana.J..ysen showed t hat four persons had in their bodies more \ 

than the one microgrrun o.f plutonium considered safe. As large amountG of mater .... ' \\ 

arriv~d- and people began to worry abot:.t the a ccidenta l bring ing tog etl'ier of crit 

a.mounts; a policy of quantity contro l w<i. s inaugurated in wticb .:i.ny t r ans f er of 

l!ll'l.terial fran gr oup t o :sroup l::1d to go tl•rough a r ecord o.f f.i. c1-:· . SwLtt<:-. lJ.y DP 

site was bu .;_l t (17 . 72 ff) 1-1/2 rriles from t he r es t of t.;e 'l'ec:--.!"iic <.i. ,·_1·ea t::-

tliD 

I 
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minimize the many dangers of t hi s -..vork , expec fa lJ..y t hat of fire . 

9.JJ The polonium haza.rd , though pa r a lle l in l!'..1.nJ' wci.ys t o the plutonium 

ha zard, never became as serious a prob l er.l for the Hea l t h Gr oup . No research wa s 

done on t he sub j ect a t I.cs Alamos, but routine urine tests were done on a ll 

exposed personnel in accordance with tr.e sta nda rds of the Manha ttan Dis t ri.ct 

Medica l Section. Polonium is not so da ngereua a s plutonium per unit of r adi c-

activity even though it spreads a round a L::i.bor<~ tory very readiJ..y. Hea lth group 

records indicate tha t only two people exceeded temporar i l y t be t olerance l imit., fer 

I 
polonitun excretion. The typic~l costwne of a worke r with plutonium or polonium 

included coveralls or laboratory smock, rubber g loves, cap , respira tor, s hoe 

covers and often a face shield • . All of these items were worn only once a nd t hen 

· laundered. The following figures give some notion of t he magnitude of t he 

decontamination problem. In July 1945 when personnel i.n CM Division n.pproached 

~ 400, 3.550 rooms were monitored, 17 ,000 pieces of clothing were laundered, 6JO 

respirators were decQntaminated and 9000 pairs of .gloves, of which 60 per cent 

were discarded. In June 1945 deconta.m.i~.ation of laboratories was made the 

responsibility of the labora t ory workers t hemselves. To tr. i s end t hey were 

instructed in cleaning procedures and methods of detection. 

9.34 The hazards of external radiation which had been negl i gible and 

conf1ned largely to ac.celerat in.g equipment and radioactive sources in the early 

period of the Proj ect beca.me more critical in the .fall of 1944. At tha t t ime 

.. 

three p•tential sources of da nger appeared - the water boiler and la t er t he power 
.tr· 

~ boiler, the implosion studies of t he Rala Group and crltiea l a ssembly exper iments. 

Opera tion of t he power boiler res ulted in severa l instances of mi l d overexposure 

to rad ia tion caused by leaks in t he ex haust gas line and one serious exposure 

of sever a l chemis ts dlll'.ing decontai ,:i n.-. tion of active materinl. The :implosion 

s tudies of t he Ra. I.a Gr oup \'tr.ich used L'l. r ge amounts of radirec t. ive bar :iurn and 
~ .. 

lc:tnt hCJ. num br ought a s er i ous situa t ion which the health group rncnitore::.:. c.onstant J..y. 
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A series of acc idents and e'J_Ui}-rnent f a ilures caused cons iderc.:..b le overexrosure of 

t.l'~e chemists in this group. This condition persisted for about six months until 

the ~ystem of remote control operation was finally perfected (17.51). The mos t 

serious potential radiation hazard was that of t he critica l assembly experiments, 

and here the Health Group had no responsibility, except that of be inf, s ure that 

the men were aware of the dangers involved. These experiments were especial~ 

dangerous because there is no absolute way of anticipating th~ dangers of any 

particular experiment, and because the expe.riments seem so safe when properly 

• carried out tr.at they lead to a feeling of overconfidence on the pa.rt of the 

experimente~. Two serious accidents resulted from the critical assembly work 

during this period of the Project's hi story - one of them resulted in the acute 

exposure of four individuals to a large amount of radiation and the other resulted 

in the death of one person. 

9.35 The Health Group made extensive reports of the radiation ha za rds 

caused by the Trinity test, and ttese are discuss ed in a later chapter ( Cha.pt e r 
• 

XVIII). 

9.36 With the rapid expansion of the laboratory tha t began in the fall 

of 1944, the Health Group found itself understaffed and unable to m.'lintain personal 

contact with all U 1e individuals engaged in technica l work. ConsequentlJr its 

records of external radiation dosage to personnel beca.me less accur a te. This was 

particularly true in the cases '"Where the radiation hazards were not serious a.nd 

did not change frequently and where exreriments using natural sources were 

performed after transactions which involved transfer of these sources from one 

person to e..nother without the knowledge of the Health . Group. This vias not true 

of grours where exposure to external radiation was prolonged or s evere. There are 

also insta.nces where blood counts of exposed personnE:l were not nl.2.de or were made 

les s frequently tha n des iralile, l11r Je ly- bec .<:.us e o.f poor c ooper a tion of personnel. 

Comp l e t e rad ::..a tion and henBtology r f3cords a r e valua ble c Lif:fl~' <.s le,:_~ ::?. l !::-Vidence 
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in case of future claims against the Project. It was the policy of the Health 

Group, in cases where lack of trained-personnel did not permit meeting all of its 
,, 

obligations, to do job~ in the following order of priority! l. Procedures which 
\ 

actiTely protected personnel against industrial hazards. 2. Accident reports 

or terntina.tion records for persons leaving the- ·Project. 3. Records or reports 

ot routing exposure, hazards, etc. 

9.37 The safety problems of the Project were handled entirely by the 

Safety Conmittee until earl_y ' in 1945 when the conrnittee advised the Administrative 

Bciard of the need for a full-tiine safet1 engineer to ex.eeyte the policies devised 

b:r the canmitte•• At about this time Mitchell resigned as, chairman of the 

eoomittee because. of hUJ increasing responsibiliti~s as Procurement Division 

Leader and was replaced by David Lipkin. At the erd of ,Fi!bruary the Project 

hired Stanley Kershaw of . the .Nations.~ Sa!ety Council to be full-time 3af ety 

Engineer, and on March 1 established the S8.fety Group to parallel the function ot 

the Health Group'! The Safety Ccmnittee continued to mee~ regularly a.a an advisorr 

body to guide in the .fornru~tion of the Project's health and safety policy. A 

conference held in May established a. division of responsibility between the Poat 

Safety Section and the Iabor~tory Safety Group. The Safety Conmittee recommended 

sa!e procedur~s and the Safety Group assisted in carrying them out, but basicall.T 

the group arid division leaders were responsible for the safety of the work done 

under their supervision. Neither the Health Group nor~the Safety Group was a 
I 

"policing" agency, but relied large~ on the cooperation of technical employees. 

A safety 1113.nual was issued in July (Appendix 7 , No. J2) as a guide !or accident 

and fire prevention regulatiorus for the Project in ~cco.rdance with · standards 

approved by the various division leaders. 

Shopa 

9.JS At the time of the general laboratory reorganization in August 

8E€RE~ 

... 
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1944, both b and V shops were canbined under the supervision of Long and Schult~. 

Peters was promoted to !be superintendent ot C Shop1 and Henry t3rockman became . 

superintendent o! V Shop. The reorganization of the La.bo~tory , was coupled with 

a rapid expansion of the new divisions to several times t.heir initial size, and 

entailed a corresponding increase in the volume of shop work. Additio'ns to c 

Shop of a500 and 3300 square feet had been built in l{ay and July, bttt the 

recrulting of competent personnel was going very slowly. · The personnel problems 

of the shop, particularly- those of salary adjustment, had been presented to Shane 

on hfa arrival in June as Personnel Director. Shane reported tothe Governing 

Boa.rd in August the results of an extensive survey or· the shop situation. He had · 

found a bad morale situation in the ~hop resulting from salary incol18istencies, and 

proposed to remedy this by salary adjustments and by releasing certain men whose . 

work was belor1 standard. In order to fill these vacane1es anc.t increase shop . 

capacity rapid],:,r, he proposed an extensive recruiting d~ive bf' army and shop .. 
· ..... 

representatives. Such a recruiting drive was undertaken'_on a +,arge scale, earq . 

in November, after one umtueo-.fta.tul attempt to obtain th• needed· machinists b7 le-Ss 
. . . . ' 

drastic methods. This drive was carried out simultaneous:t.y by six teams of army · 

.and shop representatives; its results can be seen fran the re.pid increase of the 

number of man-hours per month in graph number 9. 
'· 

9.39 During Nov~er and December the shop situation was improved 

considerably as the result or a more consistent salary adjustment and employment 

policy. For the month of December 1944, a peak was reached, far C ~op, ot 

25,000 man-hours. 

9.40 On Janua~ 18, 1945, pa.rt of the roof of C Shop was destroyed by 
l 

fire. This fire started in the heat-treating shop where a large piece of metal 

ignited the tank of quenching oil in which it was being dipped. The fire traveled 

rapidly and spread to . ~bout hal.f of the shop roof before it could be controlled. 

9.41 The loss in shop hours is indicated in graph ni.unber 11. ·Pa.rt of 
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this loss was absorbed by increasing the load in V Shop. Estimates at the time 

were that not more than a week w~s lost. Some machines were iii operation within , 
' ] . 

two days after the fire and m:i.jor construction repairs i'rere •a?f~~ted within a 
I . . 

month of the fire. · The ' lo~eat delay occurred in the mpair o! heat-treating 

equipment; because of difficulty in obta1ning heaT,Y crane parts from the 

nanufacturer, th~ equipment waa not in. operation until the end ot March. 

9 • .42 In Febx-ilary a second rec:ruiting _drive took place, more succesatul 

in the calibre of .men obtained• The recruiters had more experiene-~ than in the 
,; ~ 

first drive, and fown a better. l.abor ' market • . As a result of th.is. drive the ., 

.nuruber of machinists rapid~ approached the 11.mi~~ figure detern4.ned by shop 

capacity; the actu&l i>eak was ' not rea.cheQ unt.il. the end .of Jun•- when ·the two 

.main shops employed, on a two shift basis, 446 m~. 

9.43 'nle rapid increase of . sho~ loads in the fall ot 1944 and spring 

of 1945 reflects the transition of the 4iboratory from research to develoµnent and · 

production, and its rapid expansion after the fo:ina.tion of G.and ~Divisions • 

.'. · 9.44 Some mention ha• been made above of moral• problems in the Shops. 

In addition to the difficulties .'.lrising out of salary inequalities, the shop 

situation was canplicated by the .mbcture of enlisted and civilian machinists, and 

by the qu-3:lity of housing and ocmnunity facilit~e$ wtiicb the civilian recruits met 

oft their arrival at Los A~,. .. 

9 .45 Machinists ~n~ too$iakers already in the armi were s~cured through 
,, 

the SEO beginning in June 1944, when the ahops were falling behind and eivilian 
, •,4' 

mac.hinists became increasingly hard to find. As a group these men -W,~ excellent., 
. , . ·~:-, ·~. I 

perhaps sl~ht~ superior on the average to the civilian group. They should be 

especiali_y credited for the quality of the1r work, in view of sevel'el·l ·obvioos 
' ~~ 

sources of irritation. These men worked the 54 hour week which prevaii.ed ·in the 

shopsJ whereas other enlisted men worked the 48 hour week standard in the 

laboratory generally. The disparity of income between enlisted and civilian 
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co-wor!<.ers was greater in the shops t han in other parts of the laboratory. The 

spirit of cooperation . in research, possible in ether parts of tbe laboratory, ?m.s-

f\ 
It was onl.J• here that a ny obvious cases of personal friction 

developed; these were not of a serious nature, but they occurred. 

9.46 Among the civilian machinists recruited- in November and February 

there was a aerioUs morale problem. 'lbe housing of these men with the:ix families 

would have represented a major investment in housing at a time when the project 

had pre~UJI)A.bly not long to run. It was therefore decided by the military 

authorities that the men recruited would have to be houaed in dormitories, leaving. 

their :£'.a.mi.lies behind. For this they were paid $100 per month above their sa.laries : 

and pranised return expenses if they remained for more than six months. The 

donniteries constructed to house these men were less comfortable and attractive 

than other d~mitories. Compla.irits centered about housing, about mess facilities 

and recreat i on facilities. Althoueh Col. Tyler, t~1e Co.rnnanding Officer, made 

great effort to improve this situation, it could not be ·radi cally altered. After 

a short time a number . ot trailer houses became ava ilable, to l'lhich, however, only 

a small percentc:.;;e of t he men could be assigned. 

9.47 A t abulation of resignations and dismissals was made in Janua ry . 
' 

1945. Of 219 men recruited in November and December, on~third had left by this 

t:i.:r..e. Of these well over half had res-i.gned ostensibly because cf the condi tioll'.3 

of life at Los Ala.mos. There is no doubt th-'.lt some of the annoyanc1:3s were consider-

ably magnified. As a group these men >'fere brought only into the ·periphery of the 
I 

community. They viewed t he Proj ect as one among many possible war jobs, and had 

little reason to do otherwise. The majority, who did their work well and remained 

wit.h the Project, nevertheless felt with some justification that t hey were disc rim­
\ 

inated against by the Contr~ctor and t he community. 

9.48 From t he second recruiting drive in February, 1945, t here were 

definiteJ..y fewer c~sualties. Men were more c~refully selected a nd facilities at 
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Los Al.a.mos had been improved. To help oo.se the work ~ load, shop facilities at the, 

Metallurg~ca~ IAboratory were used· to scxue extent beginning in the spring of 1945. 

9.49 Durilig this period sever.al difficult tec~ical problems were 

encountered • . one had to do with the r.iachining of full' scale ~iosives ca~tings 

(16.Jl). . Responeibility for the design of tools 1nd fixtures !or this work was 

assumed by Lotlg and Schultz in the spring of' 194~. 
. .. 

'They were responsible also for 

the accurate gauging of full-scale castings. 

9.50 . .Another example was the construction and use of molds for high- · ·· 
; . 

expl~ive lens casting. (16.44). <Al:taide firms to which this work was first assign 

were unable to cai-ry ·it ~t. '!)le . shop• suggested changes in ~esign, worked out the 

techn.iquea !,or producing molds and sent reF.esentatives to outside producers to 

teach the~· tbe ·necessary techniques.· 

9,:51 Several difficulties· ot a technical nature were · .encountered,. · .~t 
·I •. 

.~· 

' " • • 'I. 

Los Ala.mos ·a.a at. other sites, in the machining of uranium. It conatituted in the' 

firet · pla~e a minor health basard, that ·or normal heavy-metal -p6isoning. Ura.pium 

mcbirilng ,r&S ·carried OUt from the beginning in a SPeCia.l shop, under. the direct 
'"r' 

~ ~ 

SUJ"rVis~~t SchUltz. It was moved trClll a small annei to the cryogeey building 
I ' r- .. ' • 

\ • , ·t •• • I ,• • • ~ 

· 111 · thtf(,~rillg · o:f' 1944 JI'· tO a ~•ped.al ·enc loaed· region in C Shop. tif; the · ~ pring ot 
:~ "'t.v \ ~ ~.. . ... "" ' • • ' ' 

19/+!)"'lt· was aoved t.o a new building ·of' its. mt.no Thll ID08t serious techn:l-c~l - problem 
~ . \ ' .. 

ln ·ma.~hining uranium was not -encowit~ed until the ma.ss-produc.tion of tamper 

assembllEJS'was begun in.Jul.¥ 1945' after .the .Trinity test . Then if was dis cove:red 

tl;lat · at:ter ~hining the pieces warp'd rather serious!¥ with age. This problem 

had been noticed in other parts of the Manhattan Project, bu~ had not been solved 

for the pirticula.r shapes of impbrtance at Los Alamos. · It was not completely 
I • 

solved by the end of the period revi ewed. 
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:· '··· ~: • : · 10.1 Aji - th~· pre:Yi0us cha~•r :.rlll t~atify# th•. growth o! th• . 

/;Jf;<~t;,c . Loborat~~T plant and ~.':f"'.', d~~ ~!, ~rt~,~~~i,~%~~· d.te~l n~,t~ilT 
·'(\,... . ·,\ '.'. ,. \ii th• . urgency and : ditti~ulty. o.r:.~lle':-1.iilpl.Osl.crLPloogr&nft ·;'.~~ - atatts'~ ·<)f1:t~tf·. ·"' ·~· ~; .. -­
{'."'·L·:· -:-' -' _· ~~;-~ ·?:,. ~-.;· ··. :·.> -, -: _ :~ . . .. ... > . '~.:rJ?;/~): ;·: ,;::\ :p5 ·::\~{}~~'Xt~\',.k·; ·~<~X~-~{1·:~;;/}j~ /~,". :.~,·: :d.~.; / -.;; .\ ;,~: " ,, .. ,>~:\.:·;·h~' : ··~ .. :\:;:·' ~ · ·; ;: 'q 
\~·~\::·: ;:.· · ~:·j ' progra.m. '!'t . the · •,¥ :. ot::·· ~.~ ·pr~: p~~~. ,~~ ~ ~~.~ . 6ut~•d '. .~ ~P~~:.:~ . (~ia4~ ·-:~ ·; 

~{;;;~\< f,i~~i72:~,~~~i'~,!I-if~{~~1~f~1t~~~~~f£t~t~~~,;i·':~ 
:: . . · ·: :- th•'' i&tte:r date -a ·. uajor'·-.ieclino10gical.;Vict9ry :ilad . ~een'. ~w'oii • . ·The p.·J:.iocf"~u..r•<i, : .. ~ 
~L~ - ·,_ ,. :·= . .. . . · :· .. " ~; :~··\\"" .,:"~ (·:· > . J:. > ·\~~ .i,;;:.,/ .. < . · . · ~ .' ·::·; .' .. : .,·: .. >::· ... :· .. 7.i~!: ':< ·· . ~. 
~ -..,. . however; u not .. compl_eteJ..y de.tined by that tlcttj. The •uec•••.-c)t the Trinity' .· · 

' •';, ' ,' , • ~.. .• I . •" . ~ ; • ' •.I' '; • .,, • • - .. ', - • • •• : ,.;_ ::..:• - ' 

-. .. "·: .; ... ;;~.:. ;··_. ·. ~ ... . .. , ~-~· ... :-.J.~ - ....... ~ ... .-: : .. '""· : . .-·': . ' · • .. · ... »; -.. · .-_:- .. . 
::-.,\ · · t.~.t ft~ pasible onlj· in the !1°"1ng togethe;r. Of 8eve~~ partil Of , the. !Ji.bora t6ry.' • 
..... ;.-- .· .. ·._/_· 4 .:~;" . -_ · ... -· . _ .. . ·~ \·::.~. ·.·i~··_t·:~·~.~. ~ · .. ·. -·. : . . i:.··~ .. ::, ~: : .... ~.:,~ ..... ~;:-~~~~~·;;~:~. " .. -~ . . .':·~·- :~:,·:-: .~:::: .• -.. . :;·· . )~~·:··. _ . ·.; . .. .- ' : ~<{· _· .. 
.. . . _. · . = < work.~ .· The •uccH• . o!,.the comba~ '.~•.i:o~ .; cyar .·Ja.~n;· . ~or•over.;·~:. pre•uppoHd that :;:·' · 

c'~r.~:~ - :;_. _~ ~f:"~$t;n1~~-:~~¥w~~r~~~~~~~1~i~·>wit: ~J·-i~f%~~~rtt~;~~,~~~: . 
. . · .. at<B;ic ·: weapon W&s~ th~ .. ~4ttl• S.~ · gun · ~··•~J..Y, :.: d.ev~loped duri.nt ·~H~i.8 :pe~icxi ~ ·.:.>: 
;; '.. . .... ,.": '. :·~..... ::;·:· : -. .:·~. :; ·.;,\Sf-3Lj;~ .. \: .. : L:>~-~: . ;~ ~~~:.::;'::::~,+~-?~- . ;~~~~'.::.':.::::. ·: ::~.'-:- :..:- ..:: ... ,~:_._,: .. :~ .::,,~7j·:~~: ~::-:: ~ :~-.~·'. ·:, ':~"'{?:.~.··· 
_ ..... :-. .. .' . ·· l&rgelj': .b,1· ~- a·i.iiga ·gi:-.oup. ,,, B~~uae it:·~" ' relatlveJ.y •~ller a~ .more .. •traight-:-:; -.· : 

_ .. <: -~, ,. '. --) .. i .. ~·cf!::'~\~~. :.' · _ ·, ".' , : ··~:~i.:-'.1:> ·z,:<};~'. :} -<~i·;:_;~;;;;q !<:'.'. · . • ~:. . :, .• :.~-~ . :· :~ ·.-:-·~ . •. :. :; · 
!orward_ than .the ~ imPlc)sion,, i~. acc.ompti~hmeJ:Ju ... wiJ..l. b~ reviewed, J'ir•t. '.• : > ·. . >::;:: ·:. 

·~ .. :·.· ,. ·. ·· .. '..;. ; :~·: ;~ogr0a ~: ;·::~;i\-'.'>/> - .'.T.':"": :'.~ :;;.~·::,.:, :.:}i·j~;~p~-:¥:>;· -'.<;' .. : - " :·' ·> - -.: . . ,._. ..: -,_.~-
• - .. .' • • . • i .~.~. · .- ... =, '· ·~ .·~~ f''. ~.-~· .. ~·~,- -... -..... .... ;.'".·.··· ··. ::~·, .. ~. · .. ~· :. c: ~ ' - • - .. · - ,,·, , • . . Ir ··.· .. 
'· •. .. .. ~ '. - _, ·>. . .-::::: ~ {:Ji, .... ,..., ·: ·· • ., • -. : . . . : - .• .!- ~ .. ;,,; 't2 " ; ~" . : 10~2 : Duri.iig·' th~ JR.st. ,Ptr ~! the -~ the gun program w,a~ con•olidat•d 

00~ \ WMl:/..:i. 1:r~up, th• c;.;;; · b~oup or th. ~~~ ~rt.ion. · nw group canpJ.ted-~ 
t~j · .. th. d .. i&z, ot th• u2~;~ gun auemblT, t.oted 1ta Compoiients a.t NOducad and 

full acale J undertook thoir final englr:t'•:ring and procur~ent, and a.ti.er U.·:' .. 

.•. 

... ~-... . 

·.. ... -: .. . · .. 

eiaborate program of final. field and drop tests produced a weapon mOI"• certain 
. . . 

of high-order operation, without having been teated~ than the more radical 

implosion de~ign tested at Trinity. During the earlier period o! th• U.borator,-

i 
l . 
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the possibility of a u235 iroplos ion bomb had not been ruled out. With th".! 

acquisition of accurate means of calculation and reliable cross section data, 

it became evident that such an implosion would be considerably less efficient 

than the plutonium implosion. This fact, added to the uncertainties of the 

whole implosion program, made it seem desirable to plan for the use of u235 by 

the gun roothod alone. Toward the end of the war the possibility of composite 

( u23 5 + Fu23 9) implosion bombs was considered ( ll. 2, 20 .2) • By the time of 

the t•freeze" of the laboratory program in February, 1945 (ll.16), the decision 

was final to use u235 only in .the gun model. 

10.J This quiet and efficient group continued at the center of an 

affiliated program in the Research Division, the 'I'heoretica~ Division, other 

groups of the Ordnance Division, and in the Alberta Project (Ch. XIX). From 

the Research Divisio~ Group_ T-2 was able to obtain information on the nucleir 

pr~~e;~~~~--dy ....., ---;.- :fficient to provide accurate data 

for critical m.ss calcuiations and calculation of the amount of material that 

could be safely used. Fr6m the sphere multiplication experiments of R Division 

a still more accurate calculation of the critical mass could be oqtaiD3d, by 

extrapolation. The' gun was "mocked" by the model experiment in the same Q.ivision, 

and this provided an integral check of the calculations of the performance o! the 

weapon, including predetonation probability. The finished. projectile and target, 

finall.y, were brought to the critical point by the Critical Assemblies Group o! 

G Division shortly before shipment to Tinia.n for combat use. Thia assembly wa:s 

a final check of the accuracy of p~dictions as to the-point at which the system 

woulj become supercritical. Reliable efficiency calculation was made possible 

by theoretical and experiment~l estimation of the initial multiplication rate 

of the fully assembled bomb. 

10.4 The fabrication of the projectile and target was the re~ponsibility 

of members of Groups CM 2,7, and 11 of the . Chemistry and Metallurgy Division. 
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Fabrica tion included the forming of the active mate r ia l into piec es of proper 

-~~-1~~~- ~~d -;;w.ity}__ === -~-- _-l~d the ste~l 
cas ing t ha t hous ed the target . The developnent of the initiators used to h83Ure 

an initial neutron source was t he work of tlje Gun Group in collabora tion with 

the r adioc hemists . The fina l design of t he outer ca s e , originally t he respons i-

bili ty of t he Engineer ing Group of the Ordnance Division, was a lmost entirely 

transferred to t he Gun Group during t his period. Responsib i lity for t he fu s ing 

and detonating system remained with the Fuse Gro.ip of the Ordna nce Division. The 

Gun Group and t he Fuse Group collaborated in t}?e drop tests of the "Little Boy" 

carried out ae part of the program of Project Alberta. 

The Plutonium Banh 

10.5 At the beginning of the period under discussion the hope for a 

successful implosion lffi.S so low that F Division was given the responsibility, soon 

after its creation, of investigating even the slim possibility that as an alterna-

tive, an autocatalytic system of assembly utili.21ing pluton.iwn might be found 

meri torious. The desintbility of such system.S was not irrmed iately -evident and in 

the meanti.rne the Weapon Physics Division, the Explosives Division, and the Theore-

tical Division were preparing themselves for a direct atta ck on the implosion 

problem. 

10.6 Prediction based on the ana lyeis of Clinton plutonium led to the 

in bomb-amounts of plutonium, !rom the spontaneous fission of ru240 alone. Light 

impurities would produce additional neutrons, but purification would keep this 

contribution small compared to that from spontaneous fis~ion. Only tbe implosion 

would be fast enough to ·assemble the plutonium in a .: time short enough to avoid 

pre detonation. 

10. 7 The "direct a ttack" on t he implosion problem included t he 

continuation of small scale implosion studies in the new X Division, with 

--particula r · emphasis on jets and irre~larities, 
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includi..'1g t he careful i nves t.iga tion of t?"!e source of timi ng erro~B in mul t i-

'.p0int detonation and the ir contribution to asynunetries. The first lens test 

~hat 108 f fr ed i n Novembe r .1 19~ ~ In the 1n0.:i.11t ime G DivU!ion was getting under 

way its n:ia..ey-sided effort to examine the i mplosion experimentally, was beginning 

work on electric detonators, and was p lanning the hydride critical experiments 

as a step to eventual critica l assemblies of act i ve rr.eta L At t he s ame t.in1e 

t he 'l'heor~tical Division wa s completing its studies of the "ideal" impl~ion 

• (which began with a spherically converging shock-wave), and was turning ite 

attention to the theoretica l interpretation of the jets and asymmetries that 

ha.d b~en found in less-than-ideal experiinental impl.osiorus. -·--·------------·---- ...... 

J 
~-

10 .. 10 In the Explosives Division means for pre·.renting the development 

of irre~~rities were und~~-investiga~ion .( 
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"- -----­Thus although there wa3 as yet no sure path to success, hopeful directions 

of development had been marked a·ut. 
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10.16 At the end of February, 1945, a conference was held at Loe 

' 
Alamos, with General Groves pre~ent, at which it was decided that tbe time had 

/ 

COI!le to freeze the program of the Laboratory in order to meet the July deadline 

for the first banb test,. At this conference it we.s decided to cohl.!entrate all 

i 
f 
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.further work on t he solid core lens implosion with a ruodula:t6d nuclear 

- ---··; 
initiator. / 

\ 

r-----
10.17 At the same time a detailed schedule of all implosion work 

was decided upon. r lanEn "} 
-·------ - 'WITED ) By April 2 full 

scale lens molds had to be delivered and ready _!or full ~cale casting. Full 

sca le lens shots had to be ready by April 15, to test the timing of multipoint 

electric detom tion. Hemisphere shots had to be ready by April 25. The 

d to come into routine production between 

March By the latter date la~ ecale production of ler;ses 

for engineering tests had to be begun.. A f'ull-scale t~st, by the magnetic 

met,hod, had t0 be made between April 15 and May 1. FuU scale pluto!liUI!l sphere~ 

had to be fabricated and tested !or their degree of criticality betw~~ May 15 
. -

and June 15. By June 4 the fabrication of higheBt-quallty lenses for the 

Trin:..ty test had to be under way. The Trinity sphere fabrication and assembly 

should begin by July 4. 

10.1.S To meet the stringent requirements of this program, the 

-. ([ {;; Cowpuncher Con:anittee (9.8) was set up V.arch 1, to "ride herd" on itj ·- -

I f7 p) c DILBTID 



/, 
,-.()(,.. 
\ ;v-;;. -

1.~ ; y;, \. . .J I 

X-8 

-·J The feas ibility of a modulated .bit:i.at.:on Y<a~ 

DIUMID:::;...-__ __,\ Dof 
r wd ID (Full ecale lens mol&3 were completed in Uay , after irmurr.erable \...C3) l_o?rCI' . . !) 

procurement delays. Tin:ing mea~mrernent~ of lenses were made with successful 

--·----- -------

results s hortly thereafter, -~u~-~o delayed. )--=---

\~-

( ~ D'!-#1- zlD _______ , -4'1'!!..I.> .-J At t~ie ___ _ 

the f i rst "urchin" initiator[ __ DILITBD _ ____ -' filled with · ~·-----

-] 

polonium. By J un.:i 12 t wo full scale plutonium hemispheres were tested f•)r 

neut!'or. multiplication, something over two weeks late. The d elays referred 

to arose primarily because of t he difficulty of p rocuring good lens molds 

on sch edule. The result. was a shorteneiAed time for fina l enginee rine tests. 

But the Trinity test was made , a ctually four days ahead of tte target date 

- July :20, 1945 - assumed in rraking the above schedule. 

Theoretical & Exgerimental Ph,p ics 

10.19 During the period reviewed the Theoretical Division was able 

to bring to a successful close it~ earlier investigation of the tecr..niques for , 

solving neutron diffusion problems with accuracy, reliability, and speed. The 

Division developed these techniques and similar refineraents irt the means of 

treating the other theoretical problems involved in the implosion and the 

nuclear explosion. It was therefore able to give realistic guidance to the 

last phase of the experimental program, to the final weapor. design, and to the 

preparations for the Trinity Test. In F Division the investigation of the 

Super continued at relatively lovt priority until the end of the war, when the 

freeing of men from other work nade it possible to bring this work to partial 

completion. The results obtained indicated, in a convincing but not decisive 

way~ that such a weapon is indeed feasible~ 
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10.20 The experimental prograa in nuclear physics was continued by 

Divisions R and F. In R Divuion the original program of differential 

measurements was brought · to compat~on: · Neutron number measurements, spontan­

eous fission .-aaurements, ·meaeurement ~the fission spectrum and ot fission 

cross sectiona, and scattering ci-o•• sections. Increaeing emp~ie was put on 

~tegral experimente, includiilC tamper measurements and integral multiplication 
. . . 

experiments, using solid sphere.• ot u2.35. ' In F Division, meanw~le, new 

measurements were mde o . e eu erium and tritium cros,s sections 1 which 

indicated a materiall.7 lower ignition temperature tor tritium-deuterium mixtures 

than had been first obtained! The develoµdnt of the high-power water boiler 
.• 

was carried through, and the instrument put into rqutine operation as a neutron 

source. other work ot the Division included cooperation with R Division .On 
..... ,. 

sphere multiplication experiments, and the preparation for .radiochemical 

measurements at the · Trinity test. 

10.21 In G Divisi0n the · Criti~al Assemblies Group carried through a 
,.. f " I 

program of critical assemblies' with _urani\im hydrides- of nrfous compositions, 

and finally undertook the task ot making metal critica+ a~usemblies with active 

material.a to be uaed in the !iret. b<ln.be • . ' . 

Chemistry and Metallurgy; · 

' \ 

,. .. 
10.22 The period under revid saw, in the Chemiatry and Metallurgy 

Division, the bringing to completion of.. tull scale process and plant design, . 1 

• and full scale plant operation· for production of active and tamper naterials 

o! both the u235 gun model and the Pu239 implosion m0del bombs. In addition 

to this the proces.sing .and handling or highly radioactive materials was can-ied 

out, both for the Rala implosion test program and the neutron initiator program 

(polonium). As already pointed out the basic research pro~ram, plutonium 

purification, had already been solved on the research level by the time of the 
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10.26 The information gained from this trial run proved valuable 

tor the -larger job ahead. As the July deadline of the teat approached, lArger 

and larger contingents of personnel arrived from Loa Alalll0-9 to make read;y the 

equiµnent for tiring the bomb, tor recording meaauremnts of blast arxi shook, 

' of spect,;pgra.phic and photographic infoma.tion, and or nuclear data. The tn 

hemispheres ot plutonium were delivered from Los Alamos on Jul,y 11, and 

a~jsembly of the ,high eicplosives be~n July 13. 

10.27 The first atan.ic explosion was set oft on the morning ot 

Jul,y 16 after weeks of intensive preparation, and hours 'or te!We waiting to 

see i! the weather, which had turned bad the night before, would clear. 'Ibe 

event can hardly be summarized more concisely tha.n in 18.26 - lS.28. . 

10.28 With the impressive success ot the Trinity teat--wbose yield 

eertainl.T· exceeded the expectations of most people, and was soon estimated to 

lie in the range 151000 - 40,<XX> tons of TNT-the llllchine.ry ot Project Alberta,· 

the overseas ~ssion, began to operate. Since the histor!7 o! this. p~ject la 

largely an account of its test program; its liaison arr~gemente and . general 
-

· · administration, the present technical sunmary ends with the successful .. ·: 

eoiitpletion of tti. Trinity program. 

. ·~ 

... ; ..... 
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Chapter XI 

THE THEORETICAL DIVISION 

Introduction 

11.l During the second period, from August 1944 to August 1945, . 

the Theoretical Division took part in the general expansion of the Laboratory 

to the extent of increasing the size of its groups, and adding three new Groups. 

In comparison with other divisions it had relatively little administrative 

history. It was not seriously involved with the general Laboratory problems 
I 

of personnel, construction, transportation, nor was it involved except in an 

' 
advisory way with the complicated procurement and scheduling operations of the 

Trinity test and Project A. It was therefore able to administer itself and 

do its work rather unobstrusively. Nevertheless it was an essential part of the 

final development program. As it gathered power from its earlier work, it was 

able to handle more realistic and complex problems with increasing efficiency, 

and to gain ihcreased understanding of the difficult hydrodynamical questions 

involved in the implosion and the nuclear explosion, to refine its earlier 

calculations ~oncerning critical masses and efficiencies, and to provide reliable ,. "' 
. interpretation of many integral experiment.s. . .. 

' 

11.2 The Group Structure of the Divisiai by August, 1945, was as 

follows: 

T-1. Implosion Dynamics R. E. Peierls 
T-2. Diffusion Theory Robert Serber 
T-3. Efficiency Theory V. F. weisskopf 
T-4. Diffusion Problems R. P. Feynman 
T-5. Computations D. A. Flanders 
T-6. IBM Ccxnputations E. Nelson 
r-7. Damage J. o. Hirschfelder 
T-8. Composite Weapon G. Placzek 

11.J Group T-6 was added in Se ptember, 1944, to operate the IBM 

rr.t1ch i nes , unde r 3 . Frankel and E. ~; e l son . Frankel l ef t this group in January 



f J 
\ 

·( 

c 

SECRET~ WB9_ 
XI-2 

1945 to join the Theoretical Group of F Division. Group T-7 was formed in 

November, 1944, by a change of name . .. It was the Former 0-5 Group, already 

for practical purposes a part of the Theoretical Division. At the time of 

this formal change of status, however, the group was given the responsibility 

for completing earlier investigatioos of danage and o! the general }Xlenome-

nology of a nuclear explosion. Group T-8 was added in May 1945 upon the 

arrival from Montreal of G. Placzek. The responsibility of this group was to 

investigate future fission bomb possibilities, specifically the levitated and 

composite core implosion, intended to use u235 (with Pu.239) more efficiently 

than would be possible by gun assembly. 

Diffusion Problems 

11.4 Although by August 1944 the essential difficulties of the 

one-velocity diffusion problem had been overcome, even the mast economical 

method (expansion of the neutron distri bution in spherical harmonics) was 

still rather expensive. A very great s.implificati~n of these calculations 

was accomplished by Group T-2 in the Fall of 1944, when an analytical. 

expression was developed whic.t1 by comparison with _Ereviously computed critic al 

radii gave accuracies withir. 1-2%. 'Ihis method made· use of simple solutions 

for the shape of the neutron distribution far from bounda.ries {such as the 

boundary between core an<l tamper), and then fitted these solutions dis­

continuously a t the boundary in such ·a way t hat the critical radius was given. 

Froln this time on, solutions for a great variety of critical radius or mass 

problems were proli f erated extensively, and even reduced to no~ograjiiic form, 

permitting very rapid calcula t i on. 

11 . 5 1hr out::hou t t he pericd under r evi ew var io us groups in the I 

TI1eore tical :H vi.3i on , bu t. par ti cula rly T-2 , were c or:ce rr .1 ed with special problems ) 

arising out c f sphe r e rr.u ) t.i. plha t icn expe r lrr.e r.ts ca rri ed out i n R Divi sion . 

SEC~i!'f ireg 24 
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These calculations had to take into ac coi;nt the variatlon of tbe average cross 

sections after the initial and each follcwi.r!g collision of neutrons e.r:ierging 

from a central source. '!he number of neutrons corning out of the sphere as a 

function of ttie number of source neutrons was calculated for various size 

spheres and for various dispositions of the source. 'Ihese calculations 

agreed very closely with the measured values; a nd as larger stfieres of u235 

became available, it was possible to extrapolate to the critical mass with 

very high accuracy (12.18-12.23). 

11.6 Critical mass calculations for the hydride were developed, by 

Group T-4, as a meanft of predicting the size of the hydride critical assemblies 

carried out by Group 0.:..1 of the "/'/eapon Physics Division. When the first 

assemblies were made, a sizable discrepancy between the actual and the pre-

dieted critical size was found, of the order of 50%. Efforts to track down 

the cause of this discrepancy were partially successful; when newer values for 

the fission spectrum were used, the discrepancy was materially reduced. '!he 

conclusion was reached that the discrepancy arose from the sensitivity of the 

calculations to experimental errors in nuclear constants employed, and not 

from errors in the theory. '!his however was not certain, and same doubt was 

cast upon the adequacy o! tte methods employed. Hydride calculations, 

fortunately, were, much more complicated . tr.an those for metal assemblies, and 

here the theorists had already de.c:10nstrated their ability to make accurate 

• predictions. 

'!he Gun 

11.7 During the period und.er review relatively little new work had 
"'t 

to be done on problems associated with the gun-assembly. Group T-2 r er.;a ined 

ir. charge of this wor k, and prer~red fi nal calculations of the expected 

efficiency, including t.l;e predetcn'.1'.:! c, n pr obability. 

e~CRE+.~ 
!n the latter ca::. cd atior:g 
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use was made of the integral experimental data obtained by Group R-1 from 

the gw model ex[.€rimcnt (12.2~). 

The Implosion 

ll.8 By the beg inning of the period discussed in this chapler, most 

o f the calculations relating to the ideal implosion (starting with a converging 

~;ymmetr·ical .shock-wave at the outer edge of the tamper) had been completed, and 
:.' .. : 

it wa s possible to sa y tr.at this f)3.rt of the subject was almost completely 

Ll:'. derstood. Implosion studies continued to be prin;ar i ly the work of Group T-l • 
. .---

lllLITBD 
... ,,. 

l 
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11.14 The paragraph a above give a qualitative account of how tte 

background wa s prepared, within the tr.eoretical di vision, for the ''freeze" of 

design whjch occurred in February, 1945. j 

L_~---:----
11.15 These decisior.s, nkide or.ly five . mer.tbs be fore the Trinity test, 

set several new problems for the Theoretical Divisior.. The first of these was t u 

determine Uie effect of temperature on the course of tile r-y 

1~~-llll~~ll"t~BD~~~~~~~~~~Dl~l_s'l_l_ID~~~~~~~~~~~-- ) Tue 
second was the question of proving the stability of convergent shock wave. · Since 

it would be very difficult to ge t experjmental informB.tion on the irregularities 

produced inside a solid core, it would be necessary to re1y entirely on indirect 

evidence and on theory. The third theoretical problem of ID'ljor importance was 

to provide specifications and to help design a modulated neutron initiator. 

11.16 On the first of these problems, the . effect of 

u.e course of t he implosion, calculation of equa.tions of state 

shoe k-hea ting 

r--f or _._ __ 
on~ 

l.?( 7..>J 
l·~~o,~· --'--'-...=-:,I 

./ ·'--;;;;;;::;;;;;..-.::::;;;,;;,;;;;~· \))~ 
11ran:iwn were coc:ipl•,ted by April, and new IBli calculations of the[ lo( ~) ,_ 
implosion th ereafter included the effect of temperature. As a result efficiencie s 

' were decreased by a small amount, b ut less than had been anticipated. 

11.17 On the question of stability of shocks, it was fina lly· proven 

that plane shocks were stable, and the decay-rate of irregularities was found. 

In the absence of a complete theory for convergent shocks, it was ne\•erth'3less 
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pc.ssible t.c r:.Ci.ke ro ugh e stimates of the effects of insta biJit~ 

11.18 In the design of the initiator, s pecifications were provided as 

to t he initial neutron intensity required from the sudden mixing of polonium and 

beryllium. By 1'. pril 1945 the· design for the initiator had been frczen, the so-

called urchin design (15.45). 

------~~~~~~~~--./ 

lmliBD· 

IFI ID 

... ,.1) . 

---- -------------11. 20 As t h e ti rr.e or t.te Tr:Ulity test approached, the main effort of 

':;roup T-1 went in to an attempt to explain certain dlscrepancies between the 
"' 

e xperilr.ental data obtaine d from :11nplosion studies in G Division and the results 

o f t he latest and most co~prehensive IEu calculations. Densities measured by 

t he betatron and RaLa ·methods were sor.:J.ewt:a t lower than the tbeoretical values. 

},~easured shock velocities were also lower than theoretical values. !.(aterial 

velocities measured by the electric pin method were in agreeQent with theory, 

while those measured by tbe 'magnetic method were l ower Uian predicted. A 

t~ orough ~anva ssing of all the as s umptions used in calculation, and etamina-

ti on of pus;;ib ~e experimental errors 1 led finally to the conclusion t..11at the 

t he ore ti cal calculations should be revi.:;cd downward. sornewha t, but not by an 
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/ a:a:>un t, sufficient to a lter t he expecte d perfor:no nce of the weapon v'2ry 

significantly. 

Efficie ncy 

ll.21 Dur:!..ng the period discussed in t he presen t chapter the study 

of efficiencies, like that of other theoretical probleffis, mo ved from exploratory 

anal.ysi3 intended to in2ure an essentially complete understanding of bomb physics, 

to final calculations of weapon design and performance, by the most reliable 

methods known. Efficiency calculations, in particular, carri.ad the full 

responsibility of assuring the Laboratory that it was ~orking toward an effective 

weapon, and of predicting as accurately as could be the efficiency of the bomb 
~ . 

finally developed. In the nature of the case there could be no experimental 

verification of efficiency t heory as a whole until the first test. 

11.22 Several undertakings begun in the previous period 01ere carried 

over and co::ipleted in the present period. The first of the3e was to examine 

carefully the effect of mixing between core and ta~per, expected because of the 

at the interface~ 

DBLlftD ---
Another t y pe of calculation considerably improved upon wa s the 

prediction of t.he initial multiplication r.o. te for supercritical assemblUs. 

Allowance for several group3 of neutron velocities, in p -.. rLi cul 3.r, introduced ;:. 

transient time-dependence of th i s rate in the initial stages of rnul tipl i ca ti on. 

The comparison of this theory with experir.:p.:its of Groups R-1 and G-1 was not 

satisfact.ory and required some re-examination of theory and experiments before 

good a greement was reached. 

11. 24 During this period, also, the qualitativ~ under;:1tanding of u~i-~ 

· effect of radia_tion on the course of the explosion was bro t1<._',l: t to cor.ipl~t ion; 

5i!iGRi.:T Tlft9 
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lJ.,:: 5 As l:~ ~ i:- '.iS ?.'.=.y, l',~4 5, c c,ns id er.: o le v1vcry w.-.:.""' oc c :o.s i .:,n.o,.· i ·u.Y u-~ ~ 

r redetonat.iun j i· r.blen. C C~n ne cte.-J ?:i.th t!-- -:, imrlos }_on <l SS~:nl:1h· . r-
DILl'iD 

DPsFl'ld> lm#i&D 

11./.6 Pinal effic i_enc,y c 2 lcub tion<;, rublished in tbe Theor~t i.r: r l 

Division fro.~re::;::; Heport for .June (~·-.!:S 267), gav·e :~. pred~_ction th~> t t!--;f-

yield 'it t!-.e Trinity t es t would lie betwet:r. 5,00Q .:. 1;d lJ,COC tons c.f TI:T. The 

<lct.ual yie l d of the Trinity explc·sion w;!S cert:: inly in exc <_; s s of t.r:is Ul-'I ·'=·;· 

lill1it. Cne qu:'..te successful me-'.lsurement r-:ade during tLe t~st w.:;;s the init.iaJ. 

rnult. iplica ti on rate of t re bor..ti as j t ex1 loded . Using tr. is v;due ar,d c-n:i tt in g 

rec-'ilcuL:1.tion go.ve ::. v<il\.1_e near 17,000 tc,ns. Doth b ~ c :1use of tl :e •11·,cert<:dr.t ~ (·S 

ir. mea.sur ir!f; tt:c yie]J .:ind :ilso because o f t! ;c L:; -i:C tLer. rc-t:ic --~ 1 uncert .'i:1J1t.,: 

ir+.roduc'ed by igr.orirJ6 t! ·,f_· effects of c.:i.d.L:..t .icr: , t!'.e c lo::>e agi·e~;:•e: t. between 

tl : ~ . s .figure and the 11 offic:i.otl11 yie ld c- f 17 , ,-((l t·:-·r.s conc~:~ l s several un.:;-:ilved 

I 
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p.:·oblerns. The first of these is the effect of radiation. The second is the 

proportion of the energy released converted into blast energy. Uncertainty 

1 · about the latter relations :rakes it necessary to distinguish between the 

"nuclear" efficiency (fission energy released) and the "blast" efficiency, 

derived from the measurement of the blast wave. In view of the complexity 

of the efficiency problem and the unknown factors enterL~g into it, the 

correspondence between theoretical arrl measured values was remarkably good. 

11.27 There was scx:newha t less close agre.a!nent beb~een the very 

successful result of the 'Irinity test and the subjective a.nticipa~ions of 

many members of the laboratory, who had by one argwnent or another prepared 

themselves against disappointing results. Shortly after the Trinity test, 

therefore, there was some discu3sion of possible unanticipated effects that D~fJ 

might have accounted for the unexpectedly high yield. /,____.,... .~-·-·"' ~"---..... __ _....... b{s) 
• ...---. - ;,,gt e!#-<11-• •• .::;,.!.-.:;...:..... .. _-_.:-_,~~-.,..,.;, ............. ~-~.I'!.·~·...,-<: . ·;;; - - ~ z; ~'·~~·;:_-,. _ •• . 

'8l ID 
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11.28 Much more extensive investigation of the behavior and effects 

of a nuclear explosion were made during this period than had been possible before, 

tr.J.cing the history of the process from the initial expan3ion of, the act~ve 
I I • 

m. .. 'l:e rial and tamper through· the final stages. These investigations incl,uded 

t.! ;e for:nalion of the shock-wavt! in air, the radiation hist.cry of the early 
' 



( 

( _' 

Xl-11 

stages of the explosion, the formation of the "ball o~ fire", the attenuation 

of the blast wave in air at greater di3tances, and the effects of blast and 

radiations oa hwnan beings and structures. Much of this information wa.,s of 

importance in making plans for the 'Irinity test. It was essential to know 

also the probable fate of plutonium and fission products in the ball of fire 

and the smoke cloud ascending out of it. These calculations, plus calculations 

of blast and radiation, were essential in planning experiments and observations 

at Trinity, and in planning for the protection of parsonnel. 'Iheoretical studies 

of damage to structures and to personnel were of course .aade in anticipation 

of combat use. Extensive use in this connectioo was made of British data on 

damage to various kinds of structures caused by high explosive bombs. General 

respoosibility for this work was given to Group T-7, with the advice and 

a ssistance of W. J. Penney. 

Exgeriment9 

11.29 As in the earlier period reported (Ch. V), the consulting 

services of the Theoretical Divi.31on continued to occupy a consid·erable part of 

its time. Some of the more import.ant lines of relationship ra"/been discuss~d 
under the previous sections. Among the large number of neutron ex!)3r1.11e,nts on 

which the Division gave advice or performed cwputations may be mentioned the1 

Gun Model experiment of Group R-1, the scattering experim~nts of R-J, the 

integral tanper experiments of R-1 and R-3, the multiplication ex.p:!riments of 

R-1. For the Neapon Physics Division the theorists assisted with problems 

such as the design of Ral.a experiments, the theory and analysis of magnetic 

pick-up data, and the focussing of x-rays for the x-ray method. Assistance was 

given, as before , in the design of variou.3 counters and detectors, a!'ld in 

cal ci_t 1a ting f heir eff i ci~nc i.-=s . 

SECRET JiliJ 
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11.30 'llle most varied ass'istance was given to the operating groups 

engaged in the conduct of· the Trinity experiment, all phases of which were 

under surveillance b7 the Theoretical Division which, as mentioned above> was 

responsible for preparing adequate order-of-magnitude calculations of the 

effects to be expected, and also for being sure that, in terms of t.hese 

calculations, the experimental program was properly planned and coordinated. 

11.31 In this place credit must be given to the oomputing Group, 

T-5, for its essential services in obtaining numerical solutions, required 

in most theoretical investigations. 
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RESEARCH DIVISION 

Introduction 

12. l In the first period ot this history the emphasis of the 

experimental physics program was placed on the measurement of quantities 

needed in determining the nuclear specifications of the bomb. By the end 

of this period two eaaential developments had occurred: the Laboratory had 

acquired a full view ot the difficultiee in the field of implosion dynaraice 

and was read,y to begin the integral inveatjgation of chain reacting systems. 

1 'lhe first development. was the most important organizing influence from thi.s 

. ,sn~ on. A oon8iderable nwnber of experimental physici.sts went into the new 

G DiTision, to aaeist in the inveatigatJ.on ot implosion dynamics. llle 

second development. also drew personnel out ot the old Experimental Physics 

Divisioo. A nwnber ot experimentalists went into G Di.,i.sion, to work with 

hydride and later with metal critical aseemlies. In additi0n the Water 

Boiler Group and part of the Detector Group went into the new F Division. 

'D"lis left for th• new experimental physics di_.ision, called tll• Reaearch or R 

DiYieion, four groups: 

R-l Cyclotron Group 
R-2 Electrost.atic Generator Group 
R-3 D-D Group 
R-4 Radioact.ivit.7 Grollp 

R. R •. Wilaon 
J. H. 'lill 18.tn.9 
J. H. Manley 
E. Segre 

R. R. Wilaon . became Division Leader; while rem~ning Group Leader of the 

C1clotron Group. 

' 12 .2 The program as well as the ccmposition of the Re~earch 

Division was affected by the new stage the Laboratory was entering. Some 

part of its work can be describ~d as a continuation of the previous Experi-

eE6RE:f . ~ 
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m<:nta l Physics Divis i cr rro~ro.m . Incnx-.sin · ~ly, r oweve r, the expe1· imental 

work r e flected the mat.UI·ing of the LLlb o ra tory pr ogr an1 as a whole; differ-

entia l experiments were carried out _to investigate the finer points of 

t he c hain fission reaction, a nd an increasing nwr1ber of sen:i-integra l and 

integ r a l experiments was made. Finally, in Jan~ary 1945, Division R was 

asked to assist in preparation for the Trinity Test scheduled for ·July 1945. 

~\Tith this all but the highest priority experiments· were P,Ostponed, and t he 

f our g roups bega n to develop instrumentation for the test. Their work on 

tha t proJect is described in ·Chapter XVIII. The account of the experimenta l 

physics resumed after the test (July .16) brings us close to the end of the 
.. 

per iod covered by the present history. The present chapter closes trerefore 

with a n account of work in progr ess in Augus.t 1945, or planned for the 

irrmediat e future. 

Neutron r ~UI'.lber Measurements 

'· 
12.J One of the neutron measurements for which only p'reliinirmry 

da t a had been obtained in the first period was the comparison of neutron 

nw1ibers from fi.Bsiom induced by slow and fast neutrons. The Cyclotron 

Group, the van de Graaf! Group and the D-D Group all made further ccrnparisons. 

Of these experiments those of the van de Graaf! Group had the highest r eliability; 

but all showed that there was no appreciable dependence of the neutron number 

on energy. 

12.4 
233 In September 1944 a sample of U was received and enough 

mE:c-. su rer.:ents (Append.ix 7 , No." 33) made to show that it wa. s a. good potentia l 

bomb me. ter fa l. Its ·neutron nwr.ber, in parti'Cular, was me;; sured by the 

_Cyclotron Group, and found to be slightly greater than thq.t of u235. 

12.5 The only other direct measurement of a neutron nwrber was 

ti Cit made by the Radioactivity 8rour , for spontaneous f ~.s sion of Pu
2JIJ. 
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Over a period of months enough d.J.ta ivere r.;a thered to show t~:. t the nurnber 

of neut r ons pe r fiss ion 'Kas in the nei 5 r.borllood of 2.5. 

12 .6 As incidenta l to the construction of a pparatus to measure 

the decaw' constant of nea rly crit.ical assewblies of n235
, the Cyclotron 

Group rr~asured t he product of the neutron number times the fission cross 

section a t high energies. 

Spontaneou3 Fission 1~easw·ernents 

12. 7 In the f':all of 1944 the Radioo.ct i vity Group moved its 

3ponta neous ·fission work from its old Paja rito Canyon Site to a new site, 

called the F.ast Gate Laboratory. This cl.ange !;ad the advan tage of a much .. 
shorter comnuting distance, and also of a vold ing close contact with new 

hig h explos i ve firing sites, as t he test a r ea of the h1plosion program 

exj...::i.:-ided toward Pa jarito Canyon. 

12.3 In t:ie ;tear between August 1944 ru1d August 1945 spontaneous 

fi3s ion data ·aere taken with a long list of heavy elements, i ncluding isot opes 

of thol·ium, protooctinium, ura nium, neptunium, plutonium, a nd element 95. 

Sareful measurements were made with a number of samples of plutoni-.un , 

including early samples produced by eye lotron irradiation, later samples 

fror.i the Clinton pile (including one :rb-irra diatF.:d . sample) and still later 

sam.ples of Hanford IMterfal. This work was necessa ry in order to know the 

neutron ba c kground coming from the sponta neous fission of Pu240 in the 

H.:i.nford borab i:u teri.al. 

Fission Spectrum 

12. 9 The principal ext:'eri.11ent performed during this period was 

.J. rr.easurerr.ent by tl-:e Electro:3tnt i c Gener.->. tor rrroup of the fis:>ion s :pectrurn 
•• 

.from f ast neutrons i:npineing upon a plate' of enriched uranium. These meas ure-

n:lrntrl were m~ rle by the photographic emulsion technique. They r,:1ve results 
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in qu8. lit;:i tive agreement with those obta ined earlier by the same group 

using slow neutron inithtion. The average energy of fission neutrons was 

somewhat higher; but it was not possible to dec ide whether this was a 

real difference, or caused only by difference in the experimental arrange-

ments. 

12 .10 'Nork waa begun by the Electro8tatic Generator Group tp 

investigate the low energy end of the fission spectrum, using the. cloud 

chamber technique, a mock-fission so.irce and a surrounding sphere of 
l 

enriched uranium. Data w.n-e obtained which gave good agreement with extra-

pol.at ions from earlier measurements. Canpletion of thi3 experiment had 

to be postponed because of the pressure of T:t'inity work in Uarch 1945 • 

Measurements -were completed , hOl'lever, for the bare mock-fission source. 

In the 101v energy region its spectrum was reL.1.tively close to the fission 

spectrum. • t'· 

12. ll Three mock-f:i3sion sources were built by the Radiochemistry 
. 6 . 

Group, using 2 ,B, and 25 curies of polonium, the l:lst giv~ ~ 10 neutrons . 

per second • . The.se were used in the various s.phere multiplication experiments 

( 12.l~-12.23). 

Fission Cross Sections 

12.12 One of the series of experiments c.9I!1pleted in the last months 

of 1944 was a remeasurement of the fission cross sections of u235 and Pu
239 

as a 

function of energy. Earlier results had been accurate enough to shov1 the 

existence of resonanc~s at low ener_gies and to indicate the general character 

of tr·e energy dependence over the s pectrum. This remeasurement was intended 

as a c heck on the earlier data and to obtain more accurate data in the inter-

mediate energy region. As be fore, this work was done by the Cyclotron Gr oup 

for t hcrr:,al up to one kev _ neutr~ns , a nd by the Electrost.::ttic Generator Group 
I 

... 
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at high energies , collaborating with t he D-D Group at t he highest energies. 

Tl e Cyclotron Group, in particular, measured both ~he f i ssion and abeorpt ion 

cross sections. To obtain t he latter they measured the tr!l.nsmission of 

neutrons; i.e., those not captured (or scattered) in pass ing through the 

fis s ionable material. Since absorption is fission plus radiative capture, 

this experiment gave add i~ion~ l . d~ta on radiative capture. An important 
. . ' 

physica l result wa s t ha t t he · r a tio of radiation capture to fission, was a senai-

tive function of energy. 
-

120 l.3 These same groups al.so measured the fission cross .section of 

233 
U as a function or energy, as pa.rt of the progr~m to . est~te the virtues of 

' th i s material. They found that a t hieh energies its fission crosa .section was 

235 235 2J'T about twice t hat of u-- 1 placing it between U and Pu both in cross 

secti on and in neutron number. 

12.14 As a continuation of investigation of fission thresholds, 

compar i s ons wer e made by t t e Electrostatic Generator Group of the fission cros5 

sections of neptunium 237 and u2J5. The cross section of the former was measured 

fr Clr.l the threshold at about 350-4()) kev up to 3 Uev. 

Scattering ExperL~ents 

' . . 12.15' The principal scatter i ng measurements in this period, as before, 

were the work of the D-D Group. Differential measurements .of the type carried out 

earlier were continued. ·FoJf this purpos e a new directional proportional counter 

was deve loped with a higher di rectionality factor t han t he one previously us ed. 

Different ia l measurements were completed for some r!'lateri als used in t he banb 

cons truction tha t had been inconplete l y measured before; namely, a luminum, cobalt, 

copper , a.n,. l 11..!"an i um. Fim.lly, ment i on shou_}.d b e ma.d e o f tne measurement of 

s c ~ ttering from the fir s t amount of beta stage u235 l:trge enough to provide data . 

'3ca t t ering .turned .out to be s maller than for normal ur anium by an amount comparable 
.. 

t o t he difference of tte ir avera8e fis sion cross secti ons. Thia experiment was 

• . I 
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i.apo:rtant negatively, in that if a large inelastic scatteri ng cross section r,.:i.d 

been .found in u235, th i s would impJ.¥ a longer ti:ne between fissiom' and hence , 

.3tn:>. ller efficiency than expected. 

12,16 The difficulty with differential sc':ittering measurements was that 

they did nQt give reliable information oh inelastic scattering as it would actual.\y 

-
effect the operation of the bomb. A number· of more nearly integral experiments 

were ca rried out by the D-D Group for this reason. In the principal ~eries o! 

these experiments, the technique used was to measure neutrons at the inn~r _ surface 

of a hollow spherical tamper, using a central D-D or photo-neutron source. B7 

using source neutrons of different energies and detectors of different threshold~, 

it was possible to measure the integral energy degradation for various tampers. 

12.17 Another meane of a ttack on the s ame problem was the measurement 

of the "decay time" of tamper materials. A burst of neutrons sent into a tahper , 

gives a n intensity of reflected neutrons~that falls off with time, and t his ca n 

be measured by me.:i.ns of a time analyzer. Wha t is r;:eA.sured here is again an inte-

gral effect, depending on the path and energy degradation of the scattered neutrons ; 
. ; . 

but it is just this integra l effect by which the tiI11e .!'!Cale of the explosion is 

affected. 

Multiplicat ion Expe~iments 

12.18 Hultip+ication experiments, us ing Jarger and larger· spheres of 

u235 and Pu239 as t hese ms.terial.9 became nvailable 1 were among the m~st L~portant 

inte~ra l exper iments marl.e in t h is period. T)1e technique coomon to the various 

experiments was the use of a mock fis s ion source suri· ounded by a sphere of active · 

ma terial -and i n son:r~ cas es tamper. These experiments were the work of the· 

Electrostatic Generator Group a nd the D-D Group . • The interest of the latter gro1tp 

wa s L"l.rgely the measurement of neutron distr ibution and inel<'~st ic scattering in C·?re 

~nd t amp•3r. Eeutron multiplica.t ion was a lso measured in t he proces s . More accur a.te 

me .'ls ure:nent of neutron mult i plk :i,tion, pl us the mE:.3. 3 urerr.~ .. mt c-f t he . vera.g~ fissio r: 

• 
cross section f er f i s:> i o r; neutrons , plus dat::t which set '.H1 ur::pP. r lin!it to the value 

SE€RE;y ~ 
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of the branching ratio for fission neutron energies, ca.me frorr. the experaents 

of the Electrostatic GeneNtor Group. These experi.menti pverlapred somewhat; for 
·. 

example both groups :neasured the inelastic scattering in the· spheres of active 

nute rial, by comparing the spectrum of outcoming neutrons with that of the mock 

sourc e and with ea r lier fission spectrum. measurements, in which not enough material 

had been used to produce substantial energy degradation. 

12.19 The ratio of neutron inteneities with and without the surroundiri.g-

sphere of fissionable material is a quantity which depends upon the average fission 

cros8 sect~on, the neutron number 1 and the branching ratio ··~ In order to set an 

upper limit to the last named quantity; the Electrostatic Generator Group lll::!asured 
I 

the aver~ge fission cross section simultaneous~ with the multiplication. The 

method of do .ing t his was to place foils or thin sheets of active material in the 

equatorial plane between the two hemispheres, so arranged that 'the area of exposed 

foil at a given radius was proportional to the volume of a she111 of material at 

the aa~e radius. In t he untpmped sphere measurements the hemispheres were s•pa.rated 
.. . 

by insulators and used as the two pl.ates of a high pressure ionizatf,orr c;hamber. 
• ~i· 

One hemisphere with foil attached was kept at high voltage, while the 'o"ther was 

· u.sed as the collecting electrode. In this way it was posa,ible tQ c oont the fission 

fragments frcim the foil; the total n\lJllber of fissions in the sphere was then this 

number multiplie d by the ratio of sphere to foil masses. 

12.20 ":There a surrounding tamper was used the abpve techniqu• •as 

unwieldy; instead th l.n plates of naterial were placed between the hemispheres, 

separa ted by cellophane "catchers"~ The nur..ber ·of fissions was estimated by­

measuring the radioactivity of fis'3ion fragments deposited on the cellophane. 

12.21 One outc crne of these experiments was the conclusion that the 

branching r atio averaged over fis sion r;eutron energies was small, as had been hoped 

on gener'11 t r:ecretical grounds. This experiment rr.e :isured the net increas e of 

neutrons pe r neutron capture. Compel. risen of tr is with tr:e net increase of neutrons 

~\no\·rn .frcr:1 ea r.lier exper:tments to ~~ es.3 entia lly inder errl.ent of ener·gy, 

SEGrcEif. ilf!!fJ . 
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sh owed that the high ener~y bra :1c'.1ing r a tio vrcis quite s m.1 l l. 

12.22 Another outcoi1e ·No..s tl ·e ros '3ibility of extrapol.J t in~ t he sphere \ 

multiplications ·as a function of r 'ldius to the point where n:ult i plic:::. tion would 

become inf inite ; i.e., to t he. critical radius. Thes e octr a polations p ve , in 

fact 1 a pred iction of the critical r adius t hat wa s extrer:1ely close to t he va l ues 

obtained with the first metal critica l as s emblies ( 15.12). 

12.23 Because of uncertainty as to tte a ccuracy with whic h t he mock 

-fission source reproduced the true fission s pectn.un, t he rnult iplic ... t ion experiment 

rns repeated by t he Cyclotron Group for sm:.tl :: srhrt:;s and by t he ~·:at~r :1oiler 

Group in F Divis ion for large spher es , usir..g a true fis s ion source. The results 

checked very closely (13.47). 

Other Integral Experilrents 

<( 

12.24 In late 1941+, ~x})erirr.ent vnn devised in the Cyclotron ~1-roup 

to me.J.sure t he number of criticr,} Jk'. \'·s e s th.:-1. t c ould be di.,pcsed saf!.ly i n t he 

target <'lnd projectile of the i:;ur; as::;t:r::bly. In place of ac t:i ve n.c. ter i ,:; l :J. nd t arq.er , 

a mock-up was used whieb-.. for tr.err.Bl neutrons i.mit 'lted· tr.e absorb_in~ and 
\ 

sca ttering properties of these ~terfals. By this time it i-vas :pos s ib le accura t ely 

to ca. lcu1ate· the critical mass of an untar:1ped sphere. Hence a mock spberc was 

constructed which was equivaJ.ent to a just-critica l meta l sphere. The decay time 

of this spbere was measured with pulsed thermal neut ror1s . Once this mec:.surc:-Jer t 

was rr..:i.de, compa rison with odd shaped t amped sys tems could be made , s1_i ch :1s t. ·. e gun 

projectile a nd target. This experiment not only det er mfred a.pprcx iJrk.l tely the 

nun"ber of critical masses that would be so f e in the r r c ,Jectile < nd t a rget , but 

also gave information on the chc1.nge in de.; r et:> of crit.ic-:.l lity a s the pr ojecti l e 

moved toward the target, and hence on t 11e Jre :le t. ..:.n;:, t ion pr obab i l1. ty. 

12.25 Another integra l exreriment rr\.:lde by Ue Cyc lot ror: 1] :roup w~~ s t!-:e 

r:ieasurement of th~ rnultiplicat jon r a te <i. s a f1mc:t ior. of U.e 1;,:,s~ of e. c :.ive n!iltE:•ri.:.iJ. 

This e.xr eriment w::i.s :rerforrr.ed . by two met! od s , one. .:J. ~; •:i:::'::' rl. b~· Uc ?.a~..::. 3 rc· ~1r· c·f 
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Division (fonLerly the J€tector '~;:-oup of F:Xrer:i1;1(:ctL1l fi':/.:i.cs), .. r,.·: cr: 1:· '::.· :; t! :e 

Cyclotron Group. The first Y.fo s ~ ~os si tyre of experiment , in V!l: i.c l: U:e co~ .~ i:;._: 

of a single neutron trigger erl the cot'.nting of f urthe r ne.ut r or!S :ls .~~ fur:ct i on of 

time. The second was a fast r:iodul at i on experi!' :cnt, in whicr U:e d:air. was :>tz: rte-1 

b y a neutron pulse from t he cyclotron and the dec c>y of t! .e bi.:.r.s L r.le .:; :;u:--ed as ii 

function of time. The c hange in decay time for sm.111 c:·.anges in t:1e d c~ree of 

criticality of th e system is thus me ::isured in tbe near-critic:i l region . ,~c co!'d='-i·:!} 

to theory the curve so obtained c a n be cxtr:1pola.ted into U:e su,;=erc1·i. tic ., } positl: : .. 

235 ' ' ;------) 239 
Both U .with a/ DBLlfD t ampe r ~nd Pu 

--::;~~ ~----- bo~ 
wP.re o (~) 

239 
measured in this experiment. T'ne Pu spr:ere v:as useri in tbe Trinity test short l..~: 

thereafter. The u235 measurement permitted extrapolation ·to the nwr_b(: r of critic :"l 

masses in the a.5sembled Hiroshima bomb . This rr..'.lde possibJe :.l serr:i-em;-·frie :· l 

prediction of its eff i cie ncy. The eq11ipr;'. ~rn t used in tr.is exre ri.!JF.:n t exer.ip lifie;.: 

the counting techniques carrfrd to a hic;r.·point of developir.er.t .:-.t Los Alillnos . 'l·: .c 

cyclotron beam was modulated to g i ve puls ss .0 .1 micros-::concls l ong . Time res olu;:. ion 

of 0~06 microseconds could be obta ined in the counting channels. 

lilscellaneous Experiments 

· 12.26 Capture cross sect"~surerr:ents were continued. The 1.adio­

.aciivity Group made differential measureii1ents a t va ri ous energies, and the 

Electrostatic Gen~ratcr Group measured aver.'.lge capture cross sectior,s in s pr1er·?-S 

surroiinding a mock-fission source. Neutron c;.ipture in tantalum, whic h seerr.ed to 

show sane anor.i..'.llies, was investigated by both groups. 

12.27 . Hass spectrosr ;.phic analysis a nd neutron as s ~:::. ,1r of fis3ion·.~-·k 

"'"( 240 material .a:s continued as a routine matter. The Pu content of new o~~-:ci':e::; of 

plutonium W'a.15 rne.'.lsured_ as they arrived , and se5.rches were m:.;de for t.he r ::rer 

isotopes of ura nium and plutonium. Hass s _r-ectro1::r -'lpbic work w.:is a t t ·J·. Ltd to tl e 

Electrostatic Generator Group, neutron assay to the R..::i.dio<J. c t ivity Croup. 

12.28 As incidental to the invest i8·~ t.io r. of' fis:>ion properii1_. .; cf 
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r its rolf-life w:, s mE:asured b.)r the &ldioactivity Groui:. The same group continued 

its investiga tion of gamma radiation a nd alpl:a particles emitted with fis s ion. 

They al.so riec>.sured the gamma r a diatior; of r a dio-Lantf:;;.num, needed in conr. ection 

with the Ra.I.a measurements of the implosion. This group also mea sured neutron 

backgrour d from assembled initia tcrs as these were constructed. 
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Ch8.pter XIII 

F DIVISION 

Introduction 

If 
13 .1 As purt of the admin:i.strative reorganizatinn of the Labora tory, 

F Division was formed in September 1944, shortly after Fermi's arrival from 

Chicaeo. As Aesociate· Di rector Fermi w•.s given eeneral responsib:llity for 

the theoretical and nuclear physics research of the Laborat0?"7. As Division 

Leader of F Division he was p,iven the directive to inveetigate potentially 

fruitf\.:.l lines of development not included under the main program of the 

Labore.tory. This responsibi1.1.ty included the Super in its theoretical and 

exr~rimental as~cts, and m~'-Uls of fission bomb as"8mbl1 alternative to the 

eun and the iID!)looi.on. Bl'!cause of F.ermi' 11 previou11 aseociation with pile 

d~velopment, the Water Bo:i.ll'!r Group was also placed in thio divisicn. Thct 

l ast v-oup in the division wa.Ei added in February 1<)45, to do experimental 

work wit.h t he high power water boiler ae a neutron eource, and to prepara for 

th~ meaaurement of fissi on fragments at the Trinit7 test. The work of F 

Division in the Trinity t est is reported in Chapt~r XVIII· 

The Super 

lJ.2 The gl't')Up organization was as foll o1'e: 

F-1. 
y .. 2. 
F-J • 
F-4. 

The "Super" and Generi.tl Theory 
The Water Boiler 
"Suf~r" Experimentation 
Fi ss:l.on Studie11 

· E~ Teller 
L. D. P. Kfog 
E. Bretscber 
H. L. Andersoa 

lJ.J During June of 1944 Teller's group harl been separated from 

the Theor~tical Phy~t~g Division and placed in an indeP"nd~nt poftition, re-

'1(_,rting to the D.ir~ c t cr. This .'J~ psr1tt i on w&.s a r~c-: ognit1 on of the exploratory 

-~E6RE T )RB* 
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t..'han .. cter of this group's vwrk as ccntrastl'ld with that of the Theoretical. 

Division generally, whkh had rrimarily respon:; ibi H ty for obtalning design 

data. for fission banba. Ag&in in August 191,4 Teller's group- became the 

theoretical branch of the new F Di vision, created under Fermi. 

13.4 'Theoretics.l work on the Supor from thif' time was without 

essential surpri~es. The analysis of the thermonuclear reaction became 

more quantitative and concrete. Increasing a·ttention was p,iven to the theory 

of detonation-mechanisms. Work reached its highest inteneity in th~ spring 

of 1945 and continu~d for severtl months after the end of the war and the 

r..eriod covered by this report. 

1'~5 The <letai1~d chron0logy and connections of th~5e d~velopment8 
will not be trac~d here. There will he, rat~r, a qualitative ~ccount of the 

processee fund6Jllental to the operation of a thermonuclear bomb, aa finally 

undorstood. ThN:e proc:-e~-St'S are, in summary: the rel~a.s~ of nu.clear energJ" 

in high-ter1per&ture colli s Jons, the transfer of energy !Tom nroduct particles 

to the meditmJ, the lose of enera by radiation, the loss of energy becautse of 

the presence of low t"'rr1perat.11re rf.ldiati cn, u~e lose of onergy through thermal ~· 

cor.duction. 

RELF.A~;E OF FJJEHGY IN HIGH TI-:Mf"'.~R4TURB COU.ISIONS 

lJ.(i New measurements of the r~fl.ctivity of deuterium with deuterons 

':ind tritone htii.ving t.re low energies c f thermRl motion were performt'ld by Bretsche""."' ' ti 

group, (13.38). . Tho .Ml¥ D-D data a~eed with previ..o•Je theoreti.cal extra.p<..~l&-

ttons .from th"!: ~;ld , hif: t! eri_"rgy data., Tr:~ lcr: energy T-D r~acti.ons , h<mev~r, 

er 
I.urned out to have a ~or.sUerkbly big!)' re&ctivity than even that antic1pati,d 

.~.old measur~mor:t~. J 
NILlllD 

0ECRI!T fil<D_ 
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J; .B 'me rucJ.ear endrgy release d in the rea.ction of n deuteron 

n~ · ~ .r!ton with ~!. cfonU•ron 10 tran~forred into the kinetit~ energy of the 

:.,-r- , rJ~. iC t-part~ c 1 r,s . Thj s enE<reY must, in turn, he us;;,d to heat the <'!euteron 

tr.Hit Wt. t.c _:ircr.u('"' ~: ore reRct j ,Jns. The product-particles transfer their enerf.Y 

t.h· vugi: co} 1is1 ws . In ge ne ml U.e energy is "deposi ted " it1 the r.iedium through 

a. cr.e.in of Ct:.1J i~d. or.s , ,lurir.g "Nhich the product-particles dis~>erse themselVf~s. 

~€' : · 0 : 1:.· •.:: of !..Lis disperi;i0n the volumA to be in~ ti ally heatP-d must be large 

eno'< ,:;l; t• . c:;.,.tc h m-:.st of the e:-;ergy deposits; otherwise tbe procuct-rartieles 

"'tt:i l.1 er, ~!i:C:J<) f'rom the system "Vith ,too large a part of their energy, and the 

r ··B.ction ;xr_lJ f1dl to be seJf-pr.opaeating. -~l . I 

J 
1 

·: I 

I 

....... 
_j 

-
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IJ.9 Tbf:~ m~chru1bm ... of ;rachtian-loss has alrer.idy been d~scrihed . 
. ~· 

Sjn~"-' the loss rate ut. lolY t.ernpera~ures exceeds the prorlucti •Jn r'l~-~ but ri se::: 

J 

<.: ,. 

much' less rapidly with tm!lJlerature, t,here 5.s . a minimwl: tet:iporatur~ _, 

"id~!il .ignitJvn to~~~a~Ure~ at,- ~~ic~ the e·~'ergy evolution reachei;i 
- :· ~. • f' ,;.·' ~~ ~ ·• ~'. . ':~' ._-,:: .·_ ~ ; ••.• '. . -~ ;,~ ., • -; __ .- •• ~.:~:<f ·. ,• . ~-.... :,., . . . . , 

called 
: :_·. 

th~ 

·._ equality with_, tbe , frei:isst·rahlurig _ loss ':rat~;. '\, Th~ quali:fic<:tticn . 0 ~<foal" 

.:;;; · •·'. · , . ·• <;:,' ~·/:~, ,::. ; :· {.~:71,~:f, ,\::/'°J~,~·~''f~'.~~;),~~~~'.~'~;:Y\::,~:'/d::A~;.~;}~-~-j«~~~\tjf~~&:;Kj;~}t . . . . . ·. .. . ·. · -· . ··::." .::,,:·. -' 
.. ..:Y,~: . . . : .. :·~ r~f~~~ ~,~~-~:t~~, ~~fl:~.t;,~:~hat'i' · hly>"J"lld,~t1·0111J..9sse·ti.i a.t"e'·,so ~, fµ~ ;. t~ken . i1 1to ~ ·i;l.cco\ll'•t, 

f 
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l}. l/., This co.-;.pletes the summary of 1 he e 2 sentfi::i.1 proce~ses taking 

I 
pl:'l.ca in a thermonnc 1-ear b omb-. Tr:rough the-ir analysis some requirements to 

be f'ulfiJ.1~'1 by cmy ~uccessful design l'lere known. The condit:ims .cons:idered 

reJ.<:tte, however, onJy t -") t.he behsvi0r of n given volUJ:le of reactant to which 

••. ,. .• 
n.t ....... . -.....a·-u·· 

-\ 

\ 



) I 

. · ....... . 
. . . . : . ~ . ~ . . 

. . . 
"-

.. ". 

;;a t 'CJ"IV{ &c lu JWP _ 
~JII-6 

. . · .. .-· ... 

DILBTBD 

I 
I 

j 
t ~ 

-r 
i 
l 

I 



S.E'5. ~CZ: ' 
XIII-7 

J 

..... : : ; - . ~ .. 

···- ? 
I 

! 
; 

,., 

! 
i ' .; I 
: I I . , I 

! 

. ___ _;.;::;;,;.;;::,._ ____ ~-~---......,=·-~=~~~-~-.~~-·----··---.... ---..-J 
Li AMA GE 

13.21 No account of U-.e Super development at Ins Al.3.mos c an be 

cc.nplete vfithout some account of est1.n1<ites of da.ma,se . It must be e!:!phasized 

t hat these considera t i ol1.3 a re esser.tia lly qualitative. In f a ct with energies 

of the orde r contemplated, the effects bf explosions begin to enter a new 

range, which ma~, ma ke necessary sooe c::cccur:t of meteorologic.:. l and geological 

phi:·nomer..a norr:ially beyond human control. Under tl':ese cfrcur:JS t a nces accurate 

c:1 kuJ..-·ti.on is less :irnpcr·t.ant tL~, n a tl-.crouzl1 ca nvassing of t he possibilitiE:s . 
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Tho f ellowing a ccount is highly tentat i ve, both quunUta•, ]vely and in degrae 

of thoroughness • 

13 .. 22 The t~m-million t(;n .Super des(>:r1 hed c<.bove w..-; 11l d nc .. t b 'l 

thl'.l larges t expl osion seen on the E'il"th . Volcanic explosions a.11d the 

collision of J r:1T /'-~·1 met-eor Hes such a s the Arizona or Siberian have undoubtedl1 

produced lu'!"ger blas t en~rgies, perhaps a. thousand or tan thousand ·times larger. 

On the other hand these explosions were very cool compared to a thermonuclear 

explosion, Find c c:1 r·.-;;i.:pondingly moro frunl.lfa.r in their effe.cts. 

1.3. ?J The bhst effects fr cm a tcn-milli on-ton Supsr can be scali:id / 

'.(}l frcrn the known damage at Hiroshima ~d Hage.saki. Taking the destroyed 

e~rea from a · ten-thousand-t<'.Jn bomb to ba t en square . rnjles, the Suf.<3r sh cmJ.d 

r1· r..duce e qaal h1ast. dA st!'uctkn over a thous11nd- 's q-:.11.l.1·e-mile fl.roa. This 

wot:ld be more than enciugh to saturA.te the Jargest ·r:etropoJ itan areas. 

lJ.24 ?.:ore widespre~d r,round damage woi..ild perhaps result' fran 

an e:q 11osion under'1!'ound or under\llater ne1.;.r a cont i nental .,helf. S:ince it is 

RStimated that a aevera earthquake proclures e rnn-t;ie s of the same order as 

the Super, t.he ::iurface effects might be CctniJa.rable. To produce these effect.a 

v·0u)d :requi.ro ignition at a. very great r'lP-rth , cf t he order of several miles. 

1.3. 25 This bcmb begin& to :ea.ch the upr-·er limit for blast 

ciestr'.lction. that is pof!sibla from <ietonation in nir . Just as a fission 
• 

bomb e>; r loded in shallow water will have its r a dius of <lest.ruction in water 

limited by the rleptb at which it is exploded ( 14• 21 ) , so with a Super in the 

~tmosph•3re . It "blows a hole" in the atmosphere, so that the maximum radiu:i 

of nest.ru~ticn ia comparable to the depth of tha atmosph1Jre. 

lJ . 26 Neutrons and ganmia rays rr om the Super would not be a sig-

r. ' fi e :·rnt: '. 1,1.r- t of its damage ; tJ.a ir 1nteos1 ty falls 0ff more rapidly with 
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d i st a nce than the blant e facts. Even a t Hirosh ima and Naeasaki they d~d not 

cau e a large percentage of casualties. Frooi a larger bomb their effects would 

b~ greater, but not proport ionately groat.er. 

13.2? The effects of visible r&diati cn , on the other har.d, fall 

cff less rapidly than blast effecta. Thla destruc t. ion can, in fact, be made 

d il"flctly proportional to the energy release. Wh1.le blast damage can be :increased 

a hundredfold, vi.eiblf:) radfa.ti on damage cnn be j:~ creas~d a thou sandfold. For 

the fi'rst purpoae the banb. would be detonated abcut ten times higher than at 

Hiroshi ma and Nagasaki, for the second about thirty times higher. And the 

real point of the latter method is that there is no limit to ~he poss1bility 

of detonating larger bomb• at higher e.ltitudf'JB. (I'hus a super which buruftd 
I 

a. t en-meter cube of deuteritrlll at a height- of three hundr"d miles would eqna.l 
' 

in effect a thousand "ordinar,-'' ropers detonated at ten-mile a.ltif.udee .. · In 

both cases the ar~a of . damage would be in the neJghborhocid ;f e. mi 111 on square 

m!.les. It should, of course, be emphasized that such a high altitude weA.pon 

ie at the present time onl7 a theoretical possibilit y. 

13.28 It is difficult to estirr~te darna~e from visible rudiat 5on. 
. . v . 

In Hiroshima and Nagasaki th~ total effect was a cH1f!lposite of blast, gamma 

radiaticn and 71sible radiation. The 1ast '\"las aufficient]y 1ntens4' to jgnit,e 

wocclen etructure&!J over an area. of a square miJe or so . CasU8l ties frc,m 

vj td hle rRd:laticn alone wouJ d be c onaider8.bly smc J l er, hecoi:se cf th P. 

pr ct ect1ng eff<,c t of ~lothing and wall a. . Eff~ct.s .frooi a s'1per would be 

c00i:r.iarable, and either more or less intense cepending c.o n he relative military 

j u1!1ortance of ext~nsive versus .intensive burnfog . The f:ieuras already given 

would correspond to an intensity about t;A same as that 11t HirosMJDa and 

N agaoa.ki. 
.. 

1.3.29 The most v; orld-i~ide 1fo ::: tr11ction c0uld cor.ie f'rm. ""radicactive 

' 
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l'oiscr.t:: . It hus been estimated t.httt tho dot<'rn.tic:n of 10,mo - Joo ,ocn 
. . 

fi:3~dnn bombs "Ro1J.ld bring the rudic.active c ont.ont of the Eartr..' s allaoophJ:·~ 

If a Super .-,ere desj rned ·d th a. U;JB __ .. f f-Diiiii Do-
(__ ~- t-

bC3) 
r:utr:-.h ! ts 11eutr(;r;t,; and adi:.1 fission-ener·cr to that c•f t.he therrnonuc-lear rt~ll c t.l c,n , 

it ,..o,Ud raqu}re cnly in !.he neighborhood of 10 to lGO ~u~">ers of this t:/~_1P, 

to rr0<h1ce en e< ~ td vn ) Pnt. a tmo sphor ic radioHct.i vi ty. Presumably Supers c f 

,c.-. thiB type would nc't be u~ed in .,,·1o1rfare for ju~t this reason. Wj thout th!! 

IYJ//----· 
()A' J uni.niuml II . o,. cr.cus radicact:5.v~ elel!lent.s could 1:,e p-; ·c,(1t:ced on]y by 

b e Hb::: crpt~C;r.; f or 13X13.Dple 1 ~arbon11f s ould 00 prOOUC'3d in the atztosphere; ttc.•t, 

however, in danger(1Us amcnmta. J;'ois onir..g, moreover, wouJ d be obvia t.ed by 

detawtlon ab.ove the atn:oephare, which is in any case the region in which 
.. 

the generul deatructive effects of the Super seem greatest. 

-·-- ~ 
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13 • .3.4 .Some time was spent o_n· safety c:ilculations for tbe 1\-.25 

diffusion plant, principally on estim::-.tions of critical asseohlies o.f enricr·.ed 

uranium ·hexafl'..1oride under various conditions and degrees of cnrkhnent. 

13.35 A topic of interest in connection with the Trinit~r test was 

the for:n::ttion of c l-; ei~,ical compounds in air by the nuclear explosion. >uch 

compounds as oxides of nitrogen and . o~one are poisonous, and the c~1.<Hr:t1ty 

rrod:.iced had to be esti:nated. It wu.s 3.lso anticip..<J.ted th<tt they w-.:mld &ffect 

. the radiat ion history of the explosion, which W-d.5 to be exClm.i.:ied spectrograph-
'" 

Deuterium and Trlt i u::1 Reaction Cr00s Sections 

lj.J6 It ;:1a3 .stated -'ib '.Ne (lJ.5) that th~ low. t: nergy cross ::>er.:~ion 

cf t he T-D reu.ction 1v-.:is found to be hi6her than extra_pol =.tion fron hi51: en(~ rgy 
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J_,t.a h3.d indica t ed . ';'his dis c ·wery, wl. ld1 c ons id er ·,b] ~r lov:ered t!1e i sr. it.ion 

tenr•en.tur<:: cf T-D r.i.ixtures, w~ts U-ie b .:.sult of wor k ur.dertD. ken 2t t !:e beg:.nnJ :·-b 
,,. 

of t!':e period under r e view b:r Group F-J, tl:c .>up(;r Ex.peri.Jnentaticm 'Jr oup • 
.,--" 

DIYllD 

]J .37 Since both the T-D and the D-D cro.'..n sec t.icns at, lovJ eneri. ;_e,3 

v1ere known only by rather dubious ex:tr-:i.pob.tion, it W':ls phnned to :neasure 

them simultaneously. • 
13 .38 The first series of merisurerr.ents w.:is mc;i~ with a srr~ ll ( 50 kev) 

Cockcroft-Walton accelerator constructed for the . purpose at .Los Alamos. ··1ith 

this e ·.:i_Uipm.ent experhnents We!'e ca rried out in the region fro:.1 15 to 50 kev • 

' 
The quantity measured was the total number of disintegrations ~:.s a funct i ·~' n 

of the bombarding energy, from whic h t he reaction cross sections could be 

derived. In both cases the target used was m.'.lde of heavy i ce coole:i .with 

liquid nitrogen. The D-D rea ction was produced by a deuterium ion be-9.ln, and 

the protons produced in the reaction mea sured. In the ca se of tl-.e T-J reaction 

the pr ocedure was analogous-, except that special precautions h.:d to l)e t.ak.:> n 

to conserve the snail amount of tritium a vailable as an ion sour ce . Jn this 

c a se t he alpha particles from tbe reaction. were counted . 

lJ.39 The result of the::ie,;:measure:..'lents was th:ctt t!1e extr;o.pob ted 
"'· 

values of the D-D cross section we r e sho\'m to b ~ apr ro.ximat P- ly currec t. ';'!·.c 

... 
tritium cross s ection, however, wat> ve ry much kree:r ti n :~ ha.ct oeen Etnticip:.t~d 

j 

at energies of interes t ( I 
,-~-- ~----:---

13.40 These meas1ireu~e:it .'3 w~re hter (after U :e end of the period 

under review) extended to the 100 kev region, using a lBrgcr acceler3.tor 

constructed for the purp0se. · I · 
( 
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The Nater Boiler 

lJ.41 Upon t he cor1pletion of t.he s eries of wate:r boiler exper .:.n:enb 

described in Ch.'.lpter VI, it was decidi;d to develo}' .:>, hl~Le r r·o-••er 'oo::.ler to be 

used as a strong neutron source for var ions experiments. A :t:-ower of 5 kilow..i. t ts 

was c haser: "~ s a. suitable value. The origina l 10 kilowo.tt ci.esi.pl w-a.s modi ied 

consider.:lbl.r. The essential desi~ feati.u· es were coraplet~d , in October, 1nd 

construction of concrete fow1d J. tions and s r:ie lds begun. The boiler wa s buiJt 

and in operat ion in December 1944. 

13.42 The ·power level for which the boiler was designed was cho~;en 
~ 

because t !lis was att:linable with the amount of enriched materhl ava.i l ab lt.> a t 

the time, because the cooli~ r equirements would be simple a nd beca~se the chan~e 

of ~rouble from frothing or large gas ev.olution caused by electroly3is of t\-.e 

solution would be sm'lll. Such a boiler w;:i.. s ca lculated to give a flux o; 5 x 10
10 

neutrons per squ.:i.re centimeter per second. 

lJ.43 A number of changes in design were made from that of the low 

power boiler, and sane fran the or:iainal 10 kilowatt design. The solution used 

w-as ura.eyl nitrate rather than uranyl sulfate. The main rea son f or this was 

the greater e-1se with which tl:e nitrate could be decont ::imimted if tbJ. t should 
.. 

prove necessary (17.47). Additional control rods were installed for L11cre:ts ed 

flexibility of operation. ;'{~ter cooling a.nd a .ir flus hing systems were insta. lled, 

the latter as a rae ans for removing gaseous fission products. The boiler h;.id , 

fira.lly, to be carefully shieldP-d bec.1use of ga:nma r a.dfation and neutrons. 

lJ.44 It turned out that decont.az:r:.ination of tr e boiler was unnec~ s s:~ ry, 

even after 2500 kilO'lvatt-hours of 'oper-:ition. T1 i .'J ·.vas c :111sed in J."3.rt by the 

,· s uccess of the air flushing system , which r er .. oved. some ~O/i of t he fi:3 E; ion prodi; c ts, 
• 

am in part by the absence of corrosion of . the sta info3s steel conLa ir.cr:. 

13.45 The tamper of the i r;h pow€r r-,oi i.er v ... ls chosen o n t i.e (;; .sis of 

t amper exper1.rr1ents performed with t l.e l ow power boiler be fore it w.J. s to rn down • . 
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Partl;r becaus e of the ditficulty of r·rocuring the needed r:tmount of beryll ia , 

and partly becaus e of the ( y ,n) reaction :Ul berylli um which i t was de 9 irable 

to avoid, t he tamper choserr"wa.a only a core ot beryllia bricks 1 surrounded by 

a layer ot graphite. 

13 .46 'n'le power boiler w-a.s equipped with a gr aphite block for 

t hermalizine · fis s ion neutrons. 

Neutron Phys i c s Experiments 
¥ 

.. 
' .. 

· 13.lt-7 I t has been mentfOned' i n Chapter XII (12. 23 ) tt..r1t t he lmrort-

ant sphere multiplication experimentl which were ma.de .first in the Electr r>-

static Generator Group were repeated and verified in F Division. Thes e expe r i -

J ments were pe rformed independent\r by the Water Boiler Group and the F-4 Gr01.1p . 

-In both experiments a source of fission neutrons was obtained by feeding a 

beam of th,rmal neutrons .frm the water boiler and graphite block on t o a targ~t 

of u235 in t he center of 'the "3'" a~4~" u235 spll91"es.. In the "Nate r Boile r 

Group t he f i ssions in the sour~e and throughout the sphere- were measured by a . ~ . . . 
1 , •1. 

t echnique s imll,a r to that used by the Electrostat.tc Generator Group, ca tc r :Ulg 
C-' 

t he fission fragments on cellophane foils. In .th~· exf>er .iinents of F-4 t he 

f issioM produced were measured by means of a srna.li' fis s ion chamber pfaced a t 

various radial .distances from· t he center. In the°'se exPeriments the u235 targe t. 

was itself a sm.:t.11 fission chamber identical ~ith tha t us ed to measur e fis sions 

in the sphere. Canparison of fis s ions in the source chaiµber wi t h j .h oBe in t he 

detecting chamber at various. distances · gave t he m11ltiplic:1t ion r a te . Of t hes e 

two experiments the first gave resvlts closer to those of the El ectros tat i c . . 

Generator Group, and t o the final eJnPi rica lly esUl.blished values of the cri t ic .. l 

mn..ss . 

1J . 4S Sev eral therma l cross sect f on me<isurements f or t . e v ::Lr i ous 

elements were ,nnde,,s ing t he high neutr on nux from t he boiler. One wa s the 

-SE6RET ~ ' 
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.:.. tisor rt.ion cro!" s SE' r;tj en of v233 • TLe ' .. eri: 1, ~ !. si:: ;i.t ti;rir._s cro.J:> sec~J ion.c. of 

2"> 5 239 
!.' ..1 D- nd Pu wer·e a:e1s urecJ , :i.. nd i~ t .. ~ P ~011 r " e of t~est' ?'71 e.:t.-st<re!:;ents <.:ross 

se c ~.icns wer e :i l s o obt 1il""ed f or a hrge :~w:1oer of otr:er eler.,ents. 

13.49 Jn order to r1ake c :, li~rfi t ior..s· for t!. e "le.:isure:.ient. of g\Jr1El3. 

r 
r ;;,.y ·t ,..d neutron int.ens'i.t i s ;\t tLe '.'.'rin Lty te8t , tl ,e ,fat,er 0o.iler 'Jroup rna d e 

:: eA:mre: .!ent :-i c f' rl e l e.yed n eu7, ron ·i.nd :::;a1-f ;:,:. r .'"'·Y emis s ion f r on s .:.:1r1.As of Pu 
239

, 

:.;. s .c.. func t ion of t he d~by tiinc (i.<? ., tii B tire a ft er irradbtinn) . " Tl:ese 

cxperinJrnts r. ;:.d• ) '.l.38 of ::t r at lte · s1 ~:cct;:: c"..lhr technique, whicl: w:.:is t o shoot 

• 
a slug of 1-:JJt P;' l cc l wH.h a. pneun. tic ~-: 1m into a pipe through t 11e "1idd l e of 

tbe boilf?r, and mt;?asure the dec:•y of .:i.ctiv i ty with t .i.'T.e by n:e;.1ns of "'.n i on-

i :::.J.tion ch:1r'.lber for g.:.-.· rrna ;..~ys a·nd a boron trHluor.ide counter for neutrons . 

lJ.50 I n addition to lTov iding a s .trong neutron squrce f or t he 

ex~ ·erkent.s de0·.::ri.'oed c.bove , the water b0iler a lso was used tci m;:i.l.- p neutron 

i n ·:_>.dht ions for other .::;roups in the L:l.bontory. 

(_) 
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Int.rodi;ct ion 

ll~.1 ·,s a result of the ,\ugust 1944 reorganiza tion of t lie L:l.boratory, 

three groups of t hB old Ordn.:i.nce Div ision ·:mre tra nsferred to the new Explosives 

Division: The Implosion Experiment:ttion ~roup, the Ei,:::-i ::Xplosives De~relopment 

Group nnd t r.e S .::>it e Grmip . Tum .::;roups 1 the InstrUinenta tion Group a nd the Ra!a 
I 

and Electric uetoniltor Gro'1p, bec.::. .. :ie r<1 rt of the n~.'" r ·:,'e,1pon f'hys ics o'ivi.,sion. 

The rema.ining t.ix e roups (7 .1) constit '..tt ed tr. e new Ordn;mce Division, but with 

the old Frov1r.g \rround and Projectile, Targ~t and Source GrourJs combined a s a 

sinzle Gun Group . Added s hort~ were bro new grou p , one t -0 investieate the 

pos ~.> ibili.tfo s of underw.:i.ter ex;:-losion of tre ne.J.pon o.nd to compile bombing tables 

for the Ll.ttle Boy and Fat l'.=tr. , and one a s a specia l ordnance procureinent group. 

Dy t te end of September the organiza tion of the Ordnar:ce J ivision was as follcnvs: 

<>-1 
0-2 
0-J 
<>-4 
0-5 
0-6 
0-7 

The GW1 Group 
Delivery 
Fuse Develoµnent 
Engineering 
Calculations 
Water Delivery, Exterior Ballistics 
Procurement 

\ • E' . Dir.ch 
N. F'. &:unaey 

I3 . Brode 
G. Galloway 
J. o. Hirschfeld er 
'U. • H. Shapiro 
li. Col~ R. w. Lockridge 

14.< During the period under review the activities of the Ordnance 

Division followed two pa.ths. One ·was tf.e completion of its earlier resea rch an:i 

design c. ctivitie:.3 1 c..nd tLe other wa s its bcreasing weapon test prot;ram and pre-

pan+. ion f or final delj·n~ry. In 1'. n.rcl: 11.45 this second 3.ctivity wa s formalized 

a s Project :.lberl:;. . For tbe sc.. ke of continuity, however, t r.e test :.u;d delivery 

p r cgr::-.r.is cf 0 Divis .l.on ci.rt> de~cribe d in He chapter or: the Al ut;rtl!. Project 

(Cli.3.pte~· llX) for the en t.i. .i:e periui und~r review. '.:'his leav f· s ':'er tLe f-.n~ sent. 

:-i e 0rdri::.r:ce :J h·i. ::; io11 :r!:icl :, , l tL01' ~.h i.ncre: ·.dr.;_; ly i:: onr. ~: c i.e d :.ith tLe work o f 
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Ue t e~ t f!'Ogr c..r.' , deGc rve eeJ:arate trec:.trn:r.t. In L.e .sections follcrning, 

~:.c ··~cco~t of t!-· e gun d€·velorl!:ent progr0..lri is ca:1p l eled , ~ .. ~ is tLLL t of 

i.:ior.:b ballistic.5 ~nd U;e sti.:.Jy cf s ur.Ll.c e '1.nd unden'<·ater 

<::-x_rlr..s i ::m3 . Tl:~ work of t 1~0 groups iG o:!Jittt';d. One is t Le CalcuJ..:.;.tions 

~!·oup , ·.)rig in<; l~· •;stablis!ierJ to compute rressu.r "..'-Lr:. Vl· l cvrv es for t!1e 

gun (7 .2_1). BJ' th(; b·:t;innir..g of the p€'riod now review~"} LhE· i\'O!'k of this 

grc·;.:.;.. vms essenti.:.~ lly con.r-let.e . Not lon1J; :tfter it bec..:, r.:e atL_cbec , on a 

f .:':r t-tLne basis, to the 7l~ ouretical Division as Group T-7 (ll.;). 

J.4.3 The sec0nd group who.'5e .:.ctivities :lre not separ2.te \y 

discussed is ti-·.e Zngineering Group. Not lone after the beginning of this 

perio.:l tLe main design of the outer ce.se for both tl:e Little BoJ· 3r:d the 

F<1t. :..'.iin h2.d been frozen. Arart .frrn:: the er.gineering serv i ce ac t i vities 

for tl:e Division, t h is group designed the man;- det:!iled modif ic0tions of 

tre out~r c.-t se and layout of the Fat Jia n tb.t beca~1e nece::;sary as design · 

of inner co:.1ponents progressed Grid :1 s · the test progr1rr, revealed w-:::akriesses 

in earlier designs. 

11+.4 :.'tile · tLe administrc:. tive difficulties of t he earlier period 

di:l !:ot entirely dis :tppear, the. Engineering GrOU.p was relieved of tr.e 

burdens wLic;h had be8r1 resro~ible ' for i:tcs t of its earlier t.rrubles (7.49 ff). 

Tt:e gee.er;;, 1 coordi.ri:; tion of the weapon prq~rrun w:::. s t a ken ove.r by ~r.e ·.:ea pons 

·i::: or.l.'"'uitt~e ( ') .10). The adr:linistra tion ,,f sho;s ·aas placed under the new Shop 

Group cf 1-_:1Le ;,ct;·;;ir.i3tr::..tive Divis ion . It remained th<~ r 8sp<ms ibi lity of t.he 

0': the grour fron: tl:e tine he took ov1~r, in .Jept-:;::bP.r l ?L, !1, to the end of 

tb is pe :d i>i . To ttis group Ii1ust be cre:ii t 8.J the J~::.:ign of U-:i:> ovter comronenls 

cf U .e f.:J.'v ',::.n , inc1.1.~(l in,s ,,_ IJIL8TID 
.)-.--_--- ---

SEORli;'f ~,.._ 
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DILBTID · and fin structure . The corresponding 

elexents of Uc Little Boy 1:ere designed primaril:,' within the Gun Group 

itself. 

Gun Asser& 

:u;.5-~"fith the aba~donment Of U·.e high V(; l ocity gun project (-for 

plutonium) in 

~: t;<:: pon out of th f 
emphasis on gun work was put on making a 

fer u2J5• All ':rork on guns, targets, 

projectiles, initiators and b crJ:; -assembl.y for the gun was then consolidated 

in one group under Coorlr. F. Birch. Becaus e of the current uncertainty as to 

r.ow plutonium could be used, the obje~tive of the group was to produce as 

reliable an assembled weapon as possible, for whicb field operations would 

be a s simple c.s 12ossible, so that a t lea ::. t the u2.35 that wa~ being produced 

could be used ef~i~el.y. 
14.6 At this time, there was still considerable uncertainty as 

to the isotopic concentra tion in which the uranium would be received and a 

consequent uncertainty as to the critica l c~ss. .The previous experimentation 

With the hieher Ve locity, however I had abolished almost all Other UTIC~rtainties 

of more fu.ndarr,ental nature. Thus tr.ere wa s no essential problem in projectile, 

target and initiator design or in interior ballistics. . The problems were, rather, 

how to m:i:ke this unit serviceworthy and how to establish proof of the over­

all assemb~r. And for the part of this work tJ-.at depended upon the mechanical 

properties of the active material, the normal. ura niun zaetal '\lre.S a perfect 

substitute. 

14. 7 One lesson that had been learned frore the previous 

tr.at it required six rn.ontl~s to procure new guns. 

DO"f° 
b(~) 

' 
had been ordered in liarch, arrived in Octo'ber, :And the special mount arrived 

somewhc>.t later • . It Trc. s December before active proof work on · the new mode 1 could 

be started. The proof of tubes, as ~uch, consisted of instrum~nted firing of 

.~· 
9E9rtf!T 
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roch tube two or t hree times a t 1000 feet p e r sec ond with a 200 pound projectile. 

Tbey were then greased and stored for future use. A fe'l'i tubes were used in 

connection with other· experi::ier.tntion. ratable amop..g othe r tests were the rrocf 

of full-scale targets and the determination of the delay between the application 

of t he firing ct1rrent and the emergence of the projectile. In addition to the~e 

11 live" barrels, a large number of dummies were procured for use in drop tests , 

of the as sernb l ed bombs. These guns, l'rhich were made mostJy frooi discarded 

firing and required no "proof". 

gun pre3ented no new ba llistics prob-lem, 

it wds far · .from a conventional gun in appearance. It weighed only about half 

a ton, was six feet long a nd fod -~ large tl:read on its muzzle. Two types of 
~ 4 

these guns were origiri.ally designed and !l'iide: Type A, of~ a lloy steel, 

not t:~dially exp.q.nde<l, and with three prim€rs inserted radially; and Type _r. , 

of more ordiw.:ry steel, radially exparrled, and with the primers inserted in 
.... , 
the "mushroom" (nose of breech assembly). 

somewhat lighter weight and particularly because the process of radia l 

CXJ.--.C.r:.s ion is an excellent test Of the quality Of t he forging. 
•. 

14. 9 In the . interval between August and Dece.r:;ber, the proving wor k 
1 -~ 

was done on targets, projectiles and initiators at reduced scale. 

.J 

CECll:6~ 
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tl!is p.rcgrc-.;-:i ws.s t !":at, by the t:i.J-:-: e the[_J>~ 

design of the target and projectile c aq.oner:ts 

The :rt;sult of 

14.10 From Decod.:i·~ r C'·n , I-·r ::>. ctic ::. 1-ly a ll firing w~~ s done at full 

scale. This was done to detercinc· v1hether th€ results at s ::i..:. ller see.le W<: l'c.: 

mis leading, as they n:ight be b.e c 'iuse o.f the inability to duplica te heat treat-

r.1ents at different linear scalE.s. The target cc.~es for full-sec.le tests 1<1ere 

irnpres:3iVe Objects and difficult to find.le, particularly to take apart fol' 

inspection after the shot. The latter difficulty was alleviated by development 

of a tapered assembly that could be pi.:.~hed a_r.~ rt hydraulic2.lly. In this way, 

the very good outer cases of hj ,c-:h a lloy steel could be i.;.s ed [1.g ;_;;, in, In fact, 

a most amazing development in th€ history of U .e target c;ises is tha"t the 

first case ever to be tried proved to be U:e best ever made. This case wc;.s 

used four times at Anchor R.3.nch Range and subsequently fitted to. the bomb and 

dropped on Hiroshima.. Certain failures in subsequent target c:-tses of the same 

design emphasi.zed the importance of .careful heat treating and led to slight 

.modifications of design. In general, tte pieces that were heat treated at Site 

Y wt:re f a r superior to those procured fron industry. As in the . case of guns, 

a large number of dummy targets had to be made for the drop tests of the 

assembled bOl!lb, and these were no~ made very carefully. The fact that tl:ey 

shattered when the projectile seated, in those drops where a li·re gun wa:i used, 
.. 

only aided in recoverine th(• inner portions for ::i tudy. . . -
IJILITID 

~--- ----- . 
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-) Tt~ engineering and development of initiators as service­

worthy units was carried out by the ·Gun Group in cooperating with · the radio-
- -=''\ 

chemists. DBLBTK.U DIJ,ftBJ> . .V. 

DSLITID it was ne~essary to engineer the initiator design a rd prove 
..,,.,__ - - ---

t he stability of low nentron b3.ckgrounds under rough h::i.ndling a nd adve rs e weather 

conditions . 

1l+o13 By far t he most ex.tensive program in this group ~as the 

engitF:ering and proving or assembled units. This work consisted of ironing 

out the mecha.nfoal integration of the ·bcmb in cooperation with the !"using Group 

and the Delivery Group. Various stages of cor.tpleteness . in the assembly ;•rere 

required, depending upon the CQnpleteness of the test. .Thus, the practice drops 

ranged from tests of fusing and informers a.nd bom::: ballistics in which_ dUf!mV' 
... 

guns and targets were employed to drops of units trat were coaplete e.~cept tha t 

ordin.:--try uran ium was . used in place of the acti11e V3.riety. In the 1?.tter tes ts, 

the .bomb w~s dug up for further study of the assemb],y. 
·., -----

DIL&TID DlfclTID 

J,,::::;..~.:...--=·=-=-=-=--:...:....· ~~==-~~~------
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14.15 There were no m.ajcr ch'.lnges in bomb desic;r: in this period. In 

f :.ict, the design was frozen in Febru.3. rj- 1945. In or-ier n .. ::. t no one outsi:le 

ccntr.'..l.ctor would possess the ccmplete design, the heavy f.'..l.bri::; ;.:,tion was divided 

among three independent plants. The gun and breecn were m.J.de at U ,e Ha.val Gun 

Facto:r-y; the target case, its adaptor to the rr.uzzle threo. r.l.s and its suspension 

lug were rinde by the Nava 1 Ordnance Fl.ant a t Center line, Hichiga~ a nd the b::> mb 

tail, fairing and various mounting brackets were _made by the Expert Tool and Die 

Caupany, Detroit, Michigan. Contact with the latter fir:us was maintained through 

the Project~s Engineering Office in Detroit. (7.12) ~~~ller compone~ts, such 

as the projectile, t3.rget inserts, in,itiator.s and fuse e1ler:1~nts were either made 
I .. ..,, I I 

or modified for lheir ultimate use~Site Y. 

14..16 The component parts were assembled at Y!endover Field, Utah, in 

preparation for drop tests. Sa:ie assemblies were r:E.de <it Site Y; h~ever, both 

for prcli1ninary experience. and for instrumented ground te,sts. An a.ssembled gun 

;ind target system was fired at Anchor R:tnge in . free recoil with entireljr success-

ful results. At Wendover, thirty-two succes_si'ul drops were mrtde, a!1d in on\y 

one drqp ·did the gun fail to fire. Tnis was traced to a mistake in electrical 

conned:. iom • 

:U..17 The airborne tests led to one revision of design for the breech 

of the gun. It was desirable to be able to load the gun after take-off, or 

·u.."llood it b efore lar.ding with an active unit. ---- .. 
Tbe original design did not per!!'.'Lt \ 

' } thb under flig} ~ t conditiorls, so the breech was tYYJLfi<.:d to permit loading and 

f unledding Of th~ i°:cwder b.3.gs · bj one 11'..3.0 in . the bCJ!',b b3.y Of t he plane. 

Arming and Fusing 

}h. lS In thi:; period under review the center of activities for the 

fu3e Group was the test program at Wendover Field, lJtah. The final ~nd. !Il.3.in 

SECRE~~ 
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series of tests be~an in October 1944 and contin~ed through May 1945. JJy the 

beginni~g of these test3 the overall design of the an~ing and fusing system, 

begun in April 1944, was completed. The following is a general descrlption of 

-· 
the .!'us in.; system as fimlly developed. Its m~t in can.ponent was the modified 

.'. FS/lJ t a il wc.. rning devic8, c-'illed "Ar-chle ". This radar .device would close a 
I 

relay at a p r edeterminell ·altitu•le above the b.rget. Four such \l.Ili,ts were used 

in each fuse , wi th a network of rebys so arra nged that when any two of the 

un i ts fired , t he device would send a firing signal into the next stage. TI-1is 

s t a.ze con.3isted of a bank of clock-operated switches, started by arming wires 
• 

which were pulled out of the clocks when the bomb dropped fran the plane's bomb 

bay . These c.lock switches were not closed until 15 secorlds after the bcrab was 
~: -· 

releasert . Their purpose \'ras to prevent ~etonation in case the A units were 

fired by-- s i gm. ls reflected frorn the plane. A second armirig device was a pressure 

switch , which did not cl0-se until subjoct to a pressure corresponding to 7000 

f eet altitude. Jn thP. gun 'ffe::i.pon, the firin~ signa.l went f.irectly to the gun 

primers; in the implosion weapon, this signal actuated the electronib switch 
--. 

which closed the high .voltage firing circ~~t:J 

DILBTBD 

14 .19 .-ilternative to the /, rcbie, .but witr,' a lom!r altitude range, 

'\\"as anoth~r r ada r devlce developed at the Univeiisity of l.Jichi.gan,· tlie Ilffi or 
f I 

"Amos" unit. (Appendix. 7 , No. 21) This W-3 S st.qnd-by equipment, or equipment 

( 
th.<i. t could be us ed ii' .:i cha~f' of strategy should favor low~r altitucie firir.g. 

!t w1s also tested ·3.nd fouirl fairly satisfactory, but the tests were not 

exte nsive. The ;~bove is a very brief account of a complica.ted test progra.m, 

involvine tests of much subs\.dinry. equipment connected with .the firing ci'.rcuit 

aiikCRIST ·~ 
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for the two bombs and radio Lruonners in t he bomb case to signal information 

t o observers. As .in a ll parts of Project A, t his program served to tra in ccmba t 

crews. 

Borab 3allistics , 
One of the' tasks carried out at Los Alamos was the conntruction 

of bombing u1bles for the Ll.ttle Boy and Fat Man. For this work the necessary 

ballistic da ta were obtained from fiel(l measurements at Sandy Beach, the Salton 

Se:l Naval •.u r Station, a sm:i l.l r ocket test ing station, used by !J:is Alamos because 

it a fforded a n approach over water nea rl.,v a t sea level, simulating the conditiom 

whicl'l vrouid be enc wnte+ed over Japan. 3imila r data were Qbtained for the block-

bust er "pumpkin" program by t he Camel project at Icyokef'n, and th~ ·t~'b"'groups 

were in consultation on techniques '<Yf ~asurements and the data ohta ined. The 

work a t Ics Alamo.s was in the hands of Grciup 0-6. 

Surface and Underwater ~losions \• ., 

14.21 As mentioned earlier, one of the tacticai uses considered for 

the bomb was a s a weapon against harl:>ors, by s~face or µnderwater detntion·. 
~ . ~ '. ,;. • "'.'i • • " .. 

At about the beginn ing of the period under re'!i.E?r,. it b~~ame clear tr.at surface 

or shallow. underwater detonation would ~pend ~ large part. of the energy of the 

explosion in "Producing cavitation, and relatively little would go into shock wave 

in water. To maximize shock-wave dam-'lge it would tie nece.ssary to detonate much 

deeper than would be pos~ible in harbors. , 

14.22 The effects of sha ;Llmr explosion$ were investigated. experimentally 

::i. t a ve r y srn.:~ 11 sc,q le by the sudden withdrawal of a n irmnersed oy).1nder which 

re~ulted in the creation, and sudden collaps!, of a cylindrical cavity in water • 
•. 

L:l t er exp eriments were 'carried out with .amounts of explo.sive 'ot a few ounces at a 

der th of one or two feet. The ampli tudeB of gravity waves produced in thes e tests 

c onld be s c:1led up to gj_ve rou,::h c.i ,~re rnr:ent with e:xistl.ng data on underwater 

oexplosic n:; o f.' 3eve r a l hundred pounds of explosive . From this point the res'J l t s 
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were sealed up to explos ions of the order of rr.agnitude of interest to the 

I.ab oratory. 

14.23 From t~e experiment.al data it was discovered, contrary to 
• '>. • 

expectation, that a surf~ce explosion produced larger gravity waves than a 

subsurf=.r,e explosion of tr.e same size. From a theoretical anaJs'sis scaling 

laws were derived which made it possible to predict with some assurance the 

effects of t he surface or near-surfa~e detonation of atomic baub3. This program 

was the work of the ~later Delivery and Exterior Ballistic ~ Group, with the 

assistance of Penney and von NeuuiSnn. It had b~en-"begun ~t the end of the 

previous period by McMi l lan. 

• 

• 

r .. 
-·,· 
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Chapter XV 

VfllPcm PHYSICS DIVI3ION 

' 15.1 At the time of its or~ani&ation in Aur;ust 1944., the Heapon 

' 
Phyeios or G DiTision (G tor ,ad,et., oede for weapon) was giTen a directive to 

oarry out experiments on the critical assembly ot active materials., te deyiae 

metheds for the study of the implosion and to exploit these method• t• gaia 

i•f•rmatien about the implosioa. In April 1945., the G DiTisi•• direoti•• was 

exteaded te inelude the re1poa11bility f~r the de1iga an& preoureineat et the 

illlplolioa tamper., a1 well as the aotin core. Iu additioa to its primary work 

with critioal assemblies and i~ploslon studies., G DiTision U?lderteek the deal~• 

and te1tin~ of aa implosion initiator and of eleotric detenatoro for the hi~h 

explosiTe. Th• Eleotronio• Group was tran1ferrod frem the ExperilD9ntal Physio1 

DiTllion to G DiTiaion. and the Photographio Seetioa of the Ordnance DiTision 

beoame G Dhision's Photot;r•phio Group. 

15.?. The initial or,anization of the diTision. unchanged durin~ the 

year whioh this account oovers. was as followa: 

G·l Critieal Assemblie• O.R. Frhoh 

G-2· The x-aay )lath•• L. w. ftrratt 

G-3 The Magaetic Method Be.We . McMillaa. 

G-4 Electronic• w. 1. Higgiabotham 

G..S The Betatron Method s. g. Neddermeyer 

G-6 Th• Rat. Methed B. ij,essi 

G-7 Bl•otrio DetonAtora. L. w. Aln.rea 

G .. 8 The Elee tr i c Jlethod D. K. Fre,.._a 

G- 9 (Absorb"d in Group r; .. J. ) 

G-1 0 Initiator Group c. L. ~ ri tohfie Id 

G-11 Optica J. E. Maok 

6E6RET Jj.D 
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15.3 For the work of G DiYisicn a lar~e new laboratory building was 

constructed, Gamma Building. New firing 5ites were estabiished, with smc1ll . 

1..'1.boratory buildings a ssociated with .them (see nap Ap~ndix No. 3). Uost of the 
~ 

work of G Division occupied new office, 1a.boratory and field_ facilities; despite 
I . 

thi.8, its work was well under way by the beginning of Q:tober. 1944. -

Critical Assemblies 

15.4 The work of the Critical Assemblies Group was carried out at 

Qnega Site, (6.64 ff) where it shared space with the "'ater Boiler Group. Its 

main work was to carry out experiments with critical amounts o! active materials, 

including both hydrides and metals. It was givea the further responsibility of . ' .. , 
investigating the necessary precautions to be observed in the handling arid fab-

rica tion of active materials at Loa A1anws, to be certain that in. t~se operations 

no uncontrolled nuclear reactions could occuz:. When G Division acquired· .the 

definite responsibility of designing and preparing the core ard tamper._ the 

"pit assembly" - ot the Trinity and· subsequent implosion hombs, ·members of the· 

Critical Assemblies G~oup we1~ given this responsibili~y. 

· 15.5 During the early period of this group's exis:tence a large number 

of critical asseoblies were· made· with various ura nium hydride mixtures. A rel-
.\ 

" atively large amount of effort was spent in investigat ing thes·e assemblies for 
·:. f c 

two reasons. The first was tha t there w.:is not yet enough material for a metal 

critica l :1sse:nbly wit.r.out hydrogen. The second was that by successive)¥ lowering 

2 " 5 
the hydrogen conter.t of the ~1. terial as more U ;> became ava ilab~e 1 experier!Ce 

wii s g.:i ined with f aster a nd fast er reactions. It was a lso still not ruled out, a t 

/I t};is tirne, that hydr ide borr.bs using sma ll .:m ounts of r.iater.!.al r.ii.;ht be built. 

15. ::, By f>:r1e1Eb£r 1944 enoug i: :1;rd ride-rJu.stic cubes of compo!:1 ition 

UH10 had be en a c cwuul.:i.ted to make a cub i cal re.:.i.cting assembly in t he beryllfa 

tamper , if t he eff ec tive compoe it ion '1JJ.s re '.~1 1 c -:· d to mr80 by st;:i.cking seven p~~rth ;; r,e 

c ube~> for ea ch cube of mr
10 

pl.::t :5 tic. Further e.xre r iments were triide with less 
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hydrogen and other tan:pera. In February 1944 this hJdride v.aa sent bae i<:: to tt:e 

chemiata and metalJurgiata for recovery and conver•i~ to met.al. and the pr~rAm 

Gt hydride critical a,semblie1 was onded. 

The moat apectaoular experiments i--er f c·rmed wi th the hydride ,..,..,re 

thoae in whioh a slug of uu
30 

wa1 dropped through the center of an almost oritio•l 

aaa .. bly of UH , so that for a short time the ass-embly was auperoritical for 
30 

proapt neutron• alone. Thi• experiment wa• called "tiokling the dragcn•s ta11•, 

or simply the •dragon•. The velocity of the falling slug 11/1!1.S measured ele c trieall~· · 

B!efore the experiment waa actually pertonned a number of tests were made to . prove 

that it was safe, for example that the plastic would not expand under atront; 

neutron irradiation, thus causing the alu~ to stick and cause an explosioc. 

On January 18, 1946 1trong neutron bur1ta were cbtained, of the order of io12 neutror. s .. 

15 .a These ex per intents gave direct evidence of an explGei ve oha. ir. 

reaction. They r;ave an energy production up to twenty million watts, with a 

temperature riee in the hydride up to two degrees centigrade per milliaeoond. 

The 1trongest burst obtained produced 1015 noutrons. The dragon is of historical 

importa~oe. It 'Ml.a the f'irst controlled nuclear rE°'action which was superori ti ea l 

-with pr om pt neutrons a 1 one. 

15.9 Because of the intensity and short duration of the; bursts obtained, 

better measurements of delayed neutrons were possible than h9.d besm made previously. 

Several short periods of delayed emi1sion were found, doun to about ten 

mill11econda. that .had not been reperted before. These experiments suggested a 

promi1ing future method for produoir1g modulatttd bursts of fast neutron•• 

15.10 ?Pe Critical As1emblie1 Group nade large ntmtbers of safety testa 

for other groups. Most of the3e 1r:vo1Ted placing various amour1ts of enriched 

uranium with various geometries in water, in order to determine the conditions . 
under whioh the accidental flooding of active mt.terial might be dan~erous. Durin~ 

the course of these tests the first accident with critical materials ocourr~d. 

SES~ET Jfili 



A Lrgc .:i..mour.t oi' enriched uraniurr., surrour.ded by polythene, had been placed in a 

cor.t~i.iner to \tLich water was being slowly ~d!::itted. T!--.e critic.::i.l condition wf:3 

r eu. cbed scone-:: t ha n expeoted, and before the wa ter level could be· sufficiently 

looered the reaction became quite intense. No ill effects were felt by the men 

involved , althouL:h one lost a little of the' hair on his he.J.d. The m'.lterial was 

so radioactivt:· for severa 1 days t i:at experiments pbr..!!ed for those days had to 

be postponed. 

15.11 Similar s a fety tests were rr.::i.de on models of the gun assembly. 

These tests were made becE-use water immersion of the bomb might occur accidentaD.y 

in transportir16 the bomb or in jettisoning it from aircraft. Immersion could 

also be tr.ought of as the limiting case of wetting fr~ other possible sources. 

l5.l2 The number of tests mde v:ith u235 metal assemblies . uas much 

239 
l.:lreer than tho:s e with Pu , since sufficient plutonium was available onJ..Y rather 

.l.J.tc. The first critica l assembly of the btter m.'.lterial, wl~ich was of a wo.ter 
239 . 

s olution of Pu with a .beryllia tamper, vras made in April 1945. By fabricating 

larger and larz~r spheres of plutonium and inserting these . in a banb IJlOCk-up, the 

(f critical mass in a 

~~) -\_ ______ __J-

bomb was determined. 

DILBTED 

""'. 

15.13 In April 1945 when G Division was given the definite responsibility 

·:of designir~ t he pit assembl,y of the bomt>, the "G Engineers", Morrison and 

Holloway, were t a ken for this work :from the Critica. l Assemblies Grrup. The G 

Engi.r:eer~ worked with the design staffs of X and 0 Divisions in the final detailed 

of the i:.1plosion bomb. 
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) --------- ~ 15. V+_ At the request of the G Engineers tte theorists me.de further 

ca lculations on the predetonation problem, and this reconsiderutioh led to higher 
__,...,.___ 

estima.tes of the probability of serious predetonat.ion (11.25). r 

Dm.&TID 

Implosicih Studies: The x-2!i1y Method 

15.15 The X-raying of sm:i.11 s }ilerical charges was developed in the 

Ordnance Division and was in successful use in August 1944 (7. 70). At this time 

-tr:e small scale work was pL'lced in X Division, and the G Division X-ray ,Group was 

fcrrr.ed to extend this method of implosion study to larger scale. In addition to 

tt..is development work the G iroup continued a number of service activities, such as 

' 
the servicing and improvement of the X-ray tubes for the X Division work. Other 

demands made: upon them included the radiography of ~plosive charges for the RaLa. 

Group. Rndiograrhic examiretion of the fina.l weapon tcunper wus also ·a problem for 

this group near the end of this period but the work was done with radioactive souI"CN 

of gaw.rna rays ruther th°'n with X-rays. 

15.16 In the early p3. rt of the new progr:.lm the chief objective in tba 

development vrork v1<1s to ad.<i.pt X-rv.y techniques to lr1rge scale imp~osions (up to 

~-



) . 
200 pounds of high explosives). It was rroposed ac'..u-,11.J' to follow,t.! :e course of 

·, . 
the implooion by d~tectin<i the incidence of the X-r<J.;r:; •~s ; 1 funclion of U ::ie , . 

using a grid of sm:.tll Geiger counters. These cowiters were 1.0 oe t:.itl-.er of or:e 

or three milllileters in diameter, and disposed in the f e r!'.' of :.i cros;:; in t!:e X-rd..f 

shadow of the object. The f1rincipa.l aims of the projccte·i pr<')c r : ,'.:! were (1) ::-e li .. 1.~1· 
... 

action of the counters a nd (2) reduction of the amount 0f sc3.ttered r~dia.tion tha t 

would b B reco!'ded. These obj ectives were pursued re leo ntl~s:..~ ly, but beca1ne 0f tl:e 

great technical difficulties involved, with little rrol suc,;·~s s . The p r ogr,::.rrt w: ' s 

dropped in H.arch 1945. It had become clear that, r;i.ltho1.t011 t.J.r.:- d. ifficult ies mit;Lt 

not be insurmountable, there W.3.s not suffiCient justificat.ion for reU:i.ini..ne tLe 

highly trained personnel required for this work. At thi3 · ti-;-. e a.lso it ha d. occo:~e 

cle::ir that essentially the same type of information was o~' t :J. in.:.t:) le by r epe ::o. t~d 

exposures with the betatron (15.26 ff). 

15.17 Although the development of the counters <·rid their electronic 

circuits and the reduction of the sca ttered radiation were unc e::-ttdn of success ' . 

in the new X-ray program, preparation of .a fiP,ld s ite wh er e tl :t=: t~c!-:nir1ue coul·:! be 

tested was completed by early fall 1944. This site 1-..:~s c«1lleJ P Sit<?. The 

protection required for X-ray equipment near explodillg cr><1 rges wa s desigr:·ect so th!.l t 

it would be useful in . oth~r X-ray experiments as well. As a prepctra t ion f ctr t!-,e 

final use of the X-ray arid counter technique, the problf.:rr,0 of usi ni:; the m::::.net. ic 
.\ . 

methcxi (15.20) in conjunction with the X-ray method were . !:.:ol\'f:!d :: t P- Site. Ule 

first combined ·X-ray and magnetic record vras obtained in lnte L:;,mDry 1945. TI-.e 

technique was directly applicable to the canb ination of beb.tron t!.. 1v:l~ :'.>B zr.etic 

. records (15.29) • . 

15.)..S For the most part the gre::t.t u::H~fulnes .> of r .:iite was in p··:·v iding 

-------- . . t ... !or sm.111 scale X-ray experiments ~t~ photogr·o.ph1-i:: pl:.lte . expc:; ·Jr'2:4 IL&flD 

Q~ \o~~- ·~. ·-----~- -'° ( J.~ _ _ J J'I"hese experiments, ns well ns :'lost of the srn.::. 11 sc .:~1.e rhoto2rar:--~y at 

·~P!GRli:T -~ 
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-, _ 
were under the direction of Tuc1':: --- .R 

~) . ~ Dlll&TID 
'lo I u•" •,a 11 l Dll.rrlt) Dlol.D ______ _ J 

~~~-15-.1-9--~~--~~~~---~!I-_ .. -.-~DJ_ As emphasis -on lens design I ...... 

·:. :.....L 
the'" flash X-ray fhotography W'i S u s ed in -the study of the interaction ,5ets f orn:<:>d 

-· ' 
' 

at the intersection of detona.tion waves. Thes~ sbdi~s [\'lralleled t!10:1e of tl ~ e 

X-ray, section of the Implosion Studies_ Gr~~p X-~~6. 9 ::J;f-

DlleBTBD DILBTSD I 
(_ From March on, therefore, the work of the I-ray Grcup at P Site was 

largezy devoted to the study of various proposed inithtor mech'l.nis;if 

____ _.., __________ ·- -.. -- -

In April 1945 a second X-ray team wa s placed on the initiA.tor proolern. Alt/1;;etLe r, 

a . large amount of important experi.'1lental work on -inilh tors was acco~plis~"'d. The 

u.Se of P Site for , the initiator program branched out into vJ. rious recover~· ~xperi-

ments carried out there, and !ina-1.ly to the installation of the alpha c 0unt .tng 
• · 

ezj>eriment (15.44) the re~ · 

Implosion Studies: The Magnetic Method 
a • 

15.20- · By Aug'..ist 1944 the rutgnetic method lud be'O'n e,:; t a blisl-:ed as ":l 

practical way of determining the VFJlocity of the extern.'.11 m ~tal surf;ti:,.e of an 

imploding sphere (7. 70). By integration th•..' .1verac;e coi::pr~ssion could also be 

obtained. The development of the r.i.etr.od was directed <"1·)!1::; three rr.<c in linP.~: (1) 

the improvement of ~he instrur:1entation and ad;;_rtio;i of u ·:·:: :-.etLoj to b. rge charge.'3 
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separate proving ground in the Pajarito Caeyon (see Site Map). This wa~ cccipleted . 
in December 1941+. · Meanw~l~ a great deal of work was done in the Laboratory in 

improving the circuits a"nd develoring shielding techniques. When the field work 

got under way it was found that the main problem was to protect the magnetic record 

agaimt epurious signa~ caused by the electric detonators and by the sta.tic charges 

. ~eveloped in the explosion. New results were obtained when it became possible to -. 

"purify" the magnetic records and interpret their details. It was found that 

several reflected shock waves from the metal core could be recognized. The inter-

section of detonation waves also produced reliable signals. 

15.22 The magnetic techniques were adapted to larger charges, more 

detonation points, and !ina.11,y to the electric detonation of lenses. The increase 

ot surface velocity with number o! detonation points was demonstrated in this way. 

15.23 A unique property of the rr.agnetic n:ethod was the fact that it wa~ 

the only experimental method that could be applied to a .full::acale implosion 

assembly. The electric method (15.37!!) could be applied at full sc~le, but not to 

canplete ~pheres. One of the chief objectives of the magnetic program was to pre-

pa.re for the investigation of full scale shots. · Un!ortllna.tely the method could not 

be used at Trinity because it was desirable to !ire that shot with the same type 

of iDetal case as used with the banb assembly, and this .case ma.de it impossible to 

obtain nagnetic records. 

I!-. 15.24 AIJ technical difficulties'were surmounted the method was _ app~ed 
f) fv . 
~ t?)· successtu~~ atj_ ___ _ Jl9Ll.TID __ ~ . tamper diameters. At these scales the 

method was used alone as well as in coordination with the Ra.I.a and Betatron methods. 

The timing result~ were particularly useful in these cooperative1tests. As a 

method by itself its main value lay in following the dynamic sequence in the 

imploeion and giving data as 

i:mplos~on./ 
< DIL&flD 

to the way this changes with increasing size of the 

DILITID DBJ.B'i~D 
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15.25 Although the magnetic mettod rapidly developed int9 a widely 

~ed rese:arch tool'in essentially its original form, it was widely recognized t hat 

this method was .lilllited by the fact that -- --------:~ 

DWLilD 

I 
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Implosion Studiea: ; ·. The Betatron 

15.26 The use o! the betatron as an instrument to study the implosion 

had been prop03ed earlier, but was not decided upon until the time of the 

di8c~sions which led to the formation of G Division. For this work the 15 million 

volt betatron of the University o! Illinois was obtained, after expert analysis 

of its capabilities for this work by ite inventor, D. 'fl . Kerst, and of the possible 

use of a vertical cloud chamber for recording by Neddenneyer. These analyses gave 

euff icient· promi8e of success to justify undertaking the develoµnent of the m~th~d. 

Experimental work was begun in the early fall of 1944, on the performance (rise and 

burst times) of the betatron at Ill~ois and also on the refinement of shadow 

recording by means of flash photography of the cloud chamber. 

15.27 Construction o! the betatron site (K Site) was begun con~urrent.1,y. 

As at the X-ray site, the test implosion was detonated between two closely spaced 
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b<xnhjJroor buildings, one contaf.r\i.ng the high voltage ga.mna ray s oorce, the other · . . . 

containing the. cloud ., chamber and recording equipment~ Equiµnent was 'protected 

!r~ t~ bla~"· by aluminum nose pi~~es over .· the exit and . . . - . ' . . 
entry 
1 · . 

ports through which 
·; .. : 

the ' radiat.ion passed; 
,. 

. I 

and by shock-moitntirig all eq~ipment which could be danaged 

-~ 

.~ ·. . .., .. ."·: 

·~-~·~its~. · · -· 
~~ · ~~ ·: .,, . ;•: 
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for thi..9 reason its history can be written briefly, the,t~chnical achieve~e nts and 

ultimate importance of this work are among the most impressive of the sever a l such 

achievements at Los Alamos. 

Impl.os ion Studies: The RaI.a Method 

15.31 The Ra.I.a pr .ogram (7:74) resembles t t e betatron effort in tha t it 
;>:. 

was a single-purpose, more or le5s direct, adaptation of a known radiographic tech-

nique to the study of implosions. Both methods had to be adapted to micro5econd 

time resolutions. For Ra.I.a this meant the development of unprecedented performance 

with ionization chambers as well as unheard of sources of gamma radiation. As has 

been said elsewhere (17.52), the source of radioactivity was the radiobarium from 

fi8sion products o! the chain reacting pile. By the fall of 1944, the extraction 

of radiolanthanum had been put on a working basis. The production of sufficiently 

fast ionization chambers had also been achieved. 

15.32 · The Raia firing program itself got under way in Ba.yo Canyon (see 

Site Yap), October 14, 1944. Because of the lack of knowledge as t .o how serious 

the contamination wouid be after imploding a source which was the equivalent of 

. many hundred grams of radium, the permanent installations were kept at a minimum 

1for these first trials. Sealed anny tanks were used as observation stations. The 

caitamination danger appeared so conveniently small, however, that permanent baitb 

proofs were subsequently installed (November ·l944). 

15.33 The early shots were fil:ed by multipoint, prima.cord systems and 

the results were correspondingly erratic. j ~ ·---· - ~ 

I 

-- _ ..... _._..-- .---..,,, 
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In February electric detonators were put into use and the quality 

of RaLa results immediately improved. In the course of the spring further refine-

ments were made in the ionization chambers. Protection was provided a ga inst 

spurious signals. Provision was made for obtaining simulta neous magne tic reco_rds. 

As a result t he significahce of the results obtained was so improved tha t the RaL3. 

method became the most important single experiment affecting the final design of 

the banb. The principal advantage of the method was that analysis of the data gave 

an average o! the compression as a function of time. This threw light on tvro of 

the most criti<?al attrlbutes of the system, namely, the duration and nagnitude of 

maximum compression. A disadvantage of the method was that uranium ha d to be 
':· 

replaced- by cadmium ane full scale shots could not be made . Since ' ura niwn had too 

much gamma ray absorption, an IBY calculation had to be IIE..de for the RaL3. model as 

well as the bomb m6del. If the RaL3. calculation agreed with the experi.raent t hen 

it was asswned that the calculntion for the actual banb ·was probably al.so correct. 

15.35 A second Rs.La site was started in March 1945 in order to utilize 

the ever increasing amounts o! activity available. The first high quality lenses 

produced were allocated. to this work, beginning in April, so as to approach final 
. t'"/ 

de3ign as rapidly as pos.sible. 1 '1 

15.36· ·The Ra.IA program was relatively straightforward, but its success 

was po!:lsible only becau.s~ of unsparing pains in the construction and testing of 

equipnent, -under almost assembly-line conditions of operation. F.ach shot involved 

the destruction of ionization chambers and electronic equipment that could not _be 

removed fr<:El the neighborhood of the shot. Each new set of equipment had to be 

completely checked to be sure of proper operation on the single occasion that countec 

Implosion Studies: The Electric Hethod 

15.37 The principal technique of the electric method of investigating 

the implosion was that of recording electronically the electrica l contacts formed 
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between the imploding sphere and prearranged wires. This is a well-established 

method of investigation but, as always in adapting old methods to implosion work, 

it was necessary to sharpen the time resolution and meet rather more serious 

interference with the circuits on the pirt of the explosive ttan had previously 

been encountered. 

15.JS The develoµnent of the electric method ~s undertaken in August 

1944. Although many possible applications of electronic circuits suggested them-

selves, the first effort was to make oscillographic recordings of the position of 

a plate as a function of time, when the plate was accelerated by a high explosive 

charge. This was done by merely spacing small pins at intervals differing by 

about a millimeter !ran the surface to be accelerated. The first successful result ~ 

were obtained in early October 1944. The technique was then rapidly developed and 

refined, so that by the early part of 1945 quantitative .data on the acceleration of 

plates was being obtained. The method was then adapted to the more severe implosior 

of partial spheres, and finally used on lens systems in which only one lens was 

anitted. Information was obtained on· velocities of material at various depths in 

the core, and on shock-wave velocities. This information was particularly valuable 

in supplying the Theoretical Division with direct, quantitative data on which to 

test its conclueions and base its predictions for the implosion bomb. 

15.39 Variations of the technique described above were studied but not 

developed as fully as the contact method. These included the condenser microphone . 

and resistance wire methods. The use of tourmaline crystals for timing signals, as 

well as for possible pressure recording w~s pursued by the Initiator Group. In 

addition to the in.formation, of general theoretical interest, on the properties of 

metals under compression, these methods were useful in many particul.a~ studies. 

Thus the Initiator Group was able to determine the pressure distribution in a deton-

ation wave, and the Electric Method Group me~sured transit times relative to 
' 

detonation times, unifonnity of lens operation and the location and velocities of 



~palls and jets. They also measured r.l'lny velocities of interest in conr.ection 

with initiator design, and the velocity of shock-operated jets formed in the thin 

crack between tamper halves. 

15.40 Aside from its gener~l usefulness for n;any research purposes of 

G Division, the Electric Method wa:5--apart from the magnetic method--the only one 

.which could be applied at very large scale. By June 1945, the technique was being 

applied regularly at large scale and to almost complete spheres of lens charges. 

DELB'l'BD 
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Initiators 

15.41 ·The Initiator Group differed from those discussed above in that 

\ 
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it was primarily concerned with the development of a component of the banb rather 

than with a particular research metho~. r-
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A proving ground was built in Sandia Canyon (see map) for this 

work. The nature of proof was not predetermined, however, and in any case could 

not be complete, because the perfornunce requirements could be rr,easured only by 

operation in the bomb itself. Many leads were followed, accordingly, in the attemi: 

to simulate actual conditions as closely a3 possible and to learn as much as poss-

ible about the mechanism3 tl-:at were supposed to make the various designs work. 

15.43 The initiator program involved a great deal more than the atten-
r 

tion of the Initiate!'. Group. A large part of the problem was the procurement and 

radiochemical preparation of polonium. (17 .Jl3 rr) There was considerable theoretic 

investigation of prop6sed initiator mechanisms, and a large amount of exper~nental 

corroboration was produced by the X-ray, flash photography and electric methods. 

The function of the Initiator Group was to coordiiiate these researches with its 

own and with trends in design. 

15.44 By February 1945 it was pretty well decided that the initiator 

should be of an (a. .,n) type u.sing poionimn and beryllium. Many designs were invent-

ed, and the work of selecting promising ones and testing them _was started. All 

designs- worked by sane mec~ism-for mixing polonium and beryllium, preyiously kept 

separated by sane a ·-...b66rbing. material_ such as gold, under· the impact of the 

incoming shock-wave. At this time the possibility of complete recovery of impioded 

spheres was discovered. The recovery of units with and without polonium in them 

formed an important part of 'the. ~rly work. Although the results thu.s obtained 

built up confidence in the feasibility of initiators, this work was superseded by 

studies- of specific mechaniam.s. 

15.45 The deadline for a decision on the feasibility of an initiator was 

met, with a favorable report, on May 1, 1945. At that time tLe decision was made 

) A'/J u to concentrate on the "urchin" design for production of a service unit. 
/ t0 <::' --~~- DILBTID _____ - --~~, 
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15.46 In the course of the month after May 1 the acceptance speci.fi-

cations and fabrication procedures were established and the first service unit was 

finished by the radiochemists early in. June. (17.45) (Appendix 7, ro. 34 ) 

15.47 The Initiator Group set up handling procedures in cooperation with 

the _G :Engineers and the Radiochemists for production, surveillance and recording the 

hi.story of each unit. This plan had just \:>een put in operation by the end of the we 

Electric Detonators 

15.48 The need for a high degree of simultaneity in the multipoint 

detonation o~ the implosion had been realized from the beginning, as had t he pot-

ential usefulness for this purpose of electric detonators.. The ear],.y_ development 

of prirrac'ord branching sy~tems, the investigation of t~ errors associated with 

them, ~nd the exper~ntal and theoretical discovery of the crucial importance of 

such errors, is reviewed in 7.76 and 16.15 ff. ·Electric detonators ·were already 

under develoµnent by the beginning of the period reviewed, and during August 1944 

this work Was transferred to the new G Division. 

15.49 The degree of pei;fection desired was, of course, not built into 

the comri~ercial electric cietonators, and the problem of sir.mltaneously firing many 

8uch units had not been faced. Thia required the develoµnent of an adequate high 

voltage pov1er supply and of a simUltaneous :switching device. The high voltage 

aupply could be made from coomercial units, and was simply a bank of high voltage 

condensers. The switch problen1, acute at first, was met by straightforward devel­

O C: opments which led to several designs adequate for experimental purposes. The 

!2J}? (~) switch finally developed for weapon use a~d the particular C- J etona tors 
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used, were proved in X Division (16.58) But with a firing circuit adequate for 

experimental purpoees it soon became apparent that there was a serious lack of 

simultaneity and source of failure in the detonators therr~elves • . , 
15.50 Detonators of two types were studied, the bridge wire and spark 

gap types. Impetus !or the study o! spark gap detonators with lead azide came 

frcm Engl.and in the summer of 1944, where detonators of this sort were being fired 

with timing errors reduced to microseconds. The reduction of errors came from the 

use of powerful high voltage spark discharges. The use of simiL~r high voltage 

energy sources with COll'lllercial bridge-wire detonators at Los Alamos also showed a 

ccmparable reduction of timing errors. It was wrongly assumed that even with 

powerful electric discha~ges only primary explosives -- i.e. those no:nnally used 

for detonation o! less sensitive explosives -- could be used. A contract was 

arranged with the Hercules Powder Canpa.ny for the production of several types ot 

experimental detonators, mostly loaded with lead azide. 

15.51 Because of delays in manufacture, only a few batches of these 

detonators were received. In the meantime facilities for rapid loading of experi-

' mental detonators were developed at Los Alamos, and this local supply became the 

primary one • 

15.52 'l'he main path of detonator developnent was deterniined by another 

discovery at Los Alamos in the late swrmer of 1944. This was the fact -that, with 

the high energies necessary to detonate '.Primary explosives •vith small timing errors, 

PETN could also be detonated with comparable timing errors, and could not be 

detonated at all'with lower energies. This was of great importance from the stand-

poimt of safety, particularly safety in battle use, because it reduced the 

poss~bility of accidental detonation from such sources as accumulated static cha rges 

or leakage fran low voltage energy sources in the bpmb. The use of PETN detonators 

made it possible, among other things, to el:iminate the use of "safety gates", 

mechanical separators between the detonator and tte hi~h explosive, which would 

SEGRE'f ~-
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have been a most troublesane design problem had their use been necessary. 

15.53 Many factors were found to affect the timing or t he energy 

threshold of the PETN detonators: Mechanical factors, such as the leng~h, diametE 

and composition of the bridge wire, its location in t he detonator cavity and the 

shape of this cavity, electrical fac"tfors, such as the voltage and capacity of tl:e 

energy source, impedance in the circuit, variations in resistance between detonato 

connected in parallel; the explosive, its density, particle size and crysta l form. 

These latter factors were so importan~ that careful control of the preparation and 

loading of detonators was necessary. 

15. 54 The criterion for acceptance was of c rurse a small maximum time 

sprea~ and percentage of failures. Tests were made by oscillographic methods and 

later by photographic observation, using the rotating mirror camera. 

15.55 In the spring of 1945 the Detonator Group was burdened with the 

supervision of the preparation of thousands of detonators for field work in the 

implosion program. By the end of May the specifications for the canbat service 

units hag been canpleted, and responsibility for putting the units into service was 

taken by Group X-7 (16.58-9). 

Photograp~ 

15.56 The Photographic and Optics Group, which before August 1944 had 

been a part of the Instrumentation Group of the Ordnance Division, was responsible 

in G Division for the developnent of optical instrwnents and for the operation of 
. 

technical photographic facilities. As such it was pei.rtly a service group and 

partly an experimental group. It prepared photographic and spectrographic equip­

ment for the Trinity test. Before that it had played a substantial part in the 

Wendover drop tests. 

15.57 B~sides procurement of photoeraphic equipment and maintenance of 

a photographic stockroom, the Photographic Group designed and built cathode ray 

oscilloscope cameras, armored still cameras for various high explos ive~ test sites, 



( 
( ) 

/ 

( 

( ) 

.SECRET ~e. 
XV-19 · 

an armored stereoscopic camera for the flash photography of imploding hem is} . her es 

(16.12) and a cloud chamber stereoscopic system for the betatron cloud chamber 

~15.28). The graip built boresights and a photo velooity, system for the 20 

millimeter gun. It designed and developed t~e rotating prism and rot.ating mirror ,,, 

cameras(l5.54). As with electronic, so with photographic recording of data, tbe 

laboratory was able to . reach a high level of perfection in accurate high speed 

work. Much of this work stands to the credit of the Photographic Group. 

Electronics 

-

15.58 F.ar13 in September 1944, the Electronics Group was greatly expanded 

because ot the very heavy demands pl.aced on it by the laboratory. At this time 

many types of equipnent were in production. Among the standard iterr.s made were 

scalers, porrer supplies, discriminators and two types of amplifiers with rise t~nes 

ot 0.1 and 0.5 · Jlicrosecon::ls. Many new pieces of equipment were designed and bui l t . 

- ' ;' A scaler with a resolving time of o. 5 microseconds per stage, amplifiers with l es s 
i 
I 

than 0.05 microseconds rise time, a ten-channel pulse height analyzer, ' and a ten-

channel time ana}J'zer were constructed. The group built most of the electroni c 

equipment used on the betatron and much auxiliary equipment for the cyclotron, v~n 

de Graaffs and D-D sources. It designed and built new sweep circuits, delay c frcuits 

calibrating circ~its and a hoet of other circuits needed by a laboratory as large 

and diversified &a Los Alam.os bad. becane. If the above gives sane indica tion of 

the variety of WQrk carried out by the Electronics Group, its .magnitude is ind i cated 

by the fact that the membership of the group averaged in the .neighborhood of fifty. 

These ranged !ran wire men to designers of new equipnent. The number of major 

construction items ranges over a thousand, and the number of service arrl repair 

items :far beyond this figure, for the period covered. 

15.59 The services of this graip are not reflected directly in a s :ine le 

part of the weapons finally developed at Los Alamos and for this reason are l i kel,· 

to be slighted. But it is 8afe to say that wit hout its services many of the exp€ 
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ments of G Division and the fabor:-i.tory would not have been done as well, 

they would have required :nore time, a nd the corapletion of the bonb itself 

would have been delAyed. 

/ 
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Chapter XVI 

Organization and Li~i~on 

1601 TI1e Explosives Division, organized in August 1944, consisted 

originally of the Explosives Experimentation, High Explosives, and S Site :~roups 

of the old Ordnance Divis ton. Its r apid growth from toot time (see graph No. 5) 

was accomplished by subdivision of groups into sections, and by addition C•f new 

groups. Two organlzation lists are given below, for September 1944 and for 

August 1945: 

X-1 
1A 
lB 
lC 
lD 
lE 

X-2 
2A 
2B 
2C 

X-3 
JA 
JB 

X-1 
1B 
lC 
lD 
lE 

X-2 
X-3 

JA 
JB 
JC 
JD 
JE 

X-4 

X-5 
X-6 
X-7 

September 1944 

Implosion Research 
Photography with Flash X-Ra.ys 
Terrainal Observations 
Flash Photography 
Rotating Prism Camera 
Charge Inspection 
Development, Engineering, Tests 
Engineering 
High Explosives 
Test l.'.easurements 
Explosives Development and Production 
Experimental Section 
Production Section 

August 1945 

Implosion Rese:1rch 
Terminal Observations 
Flash Photography 
Rotating Prism Camera 
Charge Inspection 
Engineering 
Explosives Develoµnent and Production 
Experimental Section 
Special nesearch Problems 
Production Section 
Engineering 
Mainten~nce and Service 
Mold Design, Engineering 
3ervice and Consulting 
Detona ting Circuit 
Assembly and Assembly Tests 
Detonator-Booster Developments 

Comdr. N. E. Br '-1.dbury 
K. Greisen 
P.. Ll.nsc hitz 
W. Koski 
J. P.offman 
T/J '}. H. Tenney 
K. T. Bainbridge 
R. :'I. Henderson 
Lt. :1. F. Schaffer 
L. Fussell, Jr. 
Capt. ,J. C. Acker:n£tn 
Lt. J. D. Hopper 
J. B. Price 

Candr. N. E. Bradbury 
H. Linschitz 
;·1. Koski 
J. Hoffman 
M/S G. H. Tenney 
R. w. Henderson 
Ilia.j. J. o. Ackerrm n 
LL. ,J . D. Hopper 
D. f1

• Gw-insky 
R. :~ . Popham 

• ;/eidenbaum 
Lt. G. C. Chappell 

L :1. Long 
L. Fussell, Jr. 
Cor:ldr. N. E. Bra.ribury 
K. r~reisen 
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16.,i The following are the principal development.. in the admin1strsti'fe 

hietor1 of X Division. The new Division wss headed by G. B. KistiakoMq, whose 

previous status had been Deput1 Division Leader of the old Ordnence DiYision, 

in charge of the lmploelon Project. Kist1akowsky we.s assisted b7 Major W. A. 

Steven.s for administra ti•>n and conetruction. Group X-4 was created earl7 in 

October un<ler ~· A. Long and J. w. Stout. It was charged with the engineering 

of molds ror S Si~, research on sintered and pl.Ast!~ bonded explosives ( 15- :s ;:; )~ 

and miscellaneous services. for the Division. A section was added to this group 

in December 1944 under w. G. Marley, responsible for some aspects or lens research. 

In November 19/J. a second research section under D. H. Gurinaky was added to 

Group X-1. 

16.) A major organizational change occurred in March 1945, when 

Group X-~ under Bainbridge was dissolved. Bainbridge was i:ut in charge o! the 

new Trinity ProJect, preparing !or the Tr1nit1 test. Three new groups were 

formed to continue the work of X·2: an Engineering Group under R. w. Henderson, 

I-2; a Detonator Firing Circuit Group, I-5, under L. Fussell, Jr., whose section 

of I-2 had already acquired the responslbilit1 for the design and developnent ot 

a firing unit !or the electric detonators; and an Assembly and Assembly Test 

Group, X~, under N. !:. Bradbur7. In March 1945, M. F. Roy joined the I.aborato77 

staff as Assistant to the Division Leader of I Division. In Ma7 1945, Section 

X-lA was discontinued and a new group formed under K. Greieen, 1•7, to carry 

through the final development of booeters and "handlebar" detonators. 

16.~ The directive of the new. division. was, in ••a•nc•, to develop 

the explosive components of the implosion bomb. In the same senae it was the 

dir9~~1ve of G Division to develop the active componen~~. These directives did 

not mark out separate areas of work so much as they did specify the direcUons 

from which the two divisions should attack the centr~l probl•, which was to 

produce the optimu:n assembly of active material.· X Divbion was specificall1: - • 

1. To inveet1ga te methods of detonating and boetftering the high 

~EQ.hlJ;;.T ~ 



exploeive component..!. 

<:) 2. To develop methods for improving the quality of high explosive 

( cast1 ngs. 

( 

J. To develop let18 systems and the methods for fabricating and 

tee ting them • 

4. To develop engineering design for the explosive anrl detonating 

components of the. actllel weapon. 

5. To provide explosi:ve charges for 1mplo8ion studies in G and X 

Divisions. 

6. To specify and ini tlate the design of those part.a o! the final 

weapon for whose development it was responsible. 

16.5 Since it was the joint responsibility of X and G Divisions 

to carry out the fundament-ll implosion development work, these two divisions 

worked in close coopera tlon, Both, for example, carried out e tudie8 of implosion 

dynamics. In these studies G Division was primarily concerned with the 

measurement of the assembly velocity and compression of the bomb pit; while 

X Division was primarily concerned with the explosive techniques for achieving 

high assembly velocity and compression. But no real sepAration along these lines 

is possible. In practice the methods of implosion study which w~re already 

developed and known to be reliable remained in X Division, while G Division 

concentrated on the development of new methods. 

16.6 The division of labor bet•een X and 0 Divisions in relation to . 
the implosion bomb can be described roughly by saying that the former was 

responsible for the e:xploe1 ve components., the l&tter for the case, including 

under the latter mainly wlult was necessary to conYert euch a bomb as was set oft 

at the Trinity Teat into 8 combat weapon. 

16.7 The important out.aide connections of the Explosives Divieion 

were with the Explosives Research laboratory at Bruceton, and b•.er with the 

Camel Project of the California Institute of Technology. Work Wl!l& done also at the 
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Yorktown Naval Mine Depot end by the Hercules Powder Company. A good deal of the 

early work of lens development, and inveet1get1on of poseible fest and slo~ 

component explosives, wee done at the ERL. The Yorktown Navsl Mine Depot 

euppli ed expl08i ves and when a new type of explosive 1'6.S under inves t1ge. ti on 

supplied informati on on its physical and e~ploeive properties. Hercules produced 

spark-gap detoMtore to Loe Alamos epeclficat.ions. The general liaison •1th 

the Cemel Project ie discussed in 9-15ff • . Special items related to the work 

of X Division are diecueeed ln the appropriate eections below. 

160~ The history of _X Division, like that of the whole implosion 

project, is one of gradual development, usually in the direction o! greater 

complexity of the operating meche:nfani. From the eituation in the Summer of 191.4, 

described at ·the end or Chapter VII, it was a long time before there was any 

real assure.nee of euccess. One of the fire t achievementll was an undere tanding 

of the nature of interaction jete, which led into the electric detonator and 

explosi•e le118 progre.me. Both of these programs were complex and uncertain of 

suceese. AlterMtives - primacord initiation and non-lens charges - --had still 

to be worked on with !air priority. The pursuit 9f these various developnents 

would, moreover, have been useless without constantly improving techniqu~ of 

experiment and observation, attenti.on to which was therefore a large pe.rt of the 

division proeram. 

~D§ Implotiog Studies, 

16.9 The study or non-lens imp~osions was continued until the spring 

of 1945, · when the lens method was finally adopted and all effort at Los Alamos 

thrown into its final development (lD.16). The program of investigation · 

included .the observation[ - -·· ·· 

optical techniques, and the X-ray 

----·--:----··--··--- .... --._-~-
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------------J A good deal of theoreticg,l effort went info the · 

interpretation of implosion jets. Several interpret.!l.tio~ were first proposed. 
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) The lens p rog r "-rn , fina lly, 
~~~~~~~--

was progressing well, and it was eventua lly decided to fut a ll the Iaborrttory' s 

resources into it. 

16.12 Three principal techniques were used in the aboV'e studies; 

rota ting pyramid and rotating mirror photography; high explosive flash .photo-

graphy and flash X-ray photograp~y. ~ '~ 

oo& 

~~1) l 
/)0 V' ----==--------=.,..· --<::::~. - ---_______..---::::::::==:: ·- . . 

a) .r;,ent 1i l at maximum compres s ion was possible by ca re-!?( " l\ . 

~ 

Heasl!.re-

ful timing of the X-ray flash and the explosive detona tion • 
...-

UNfr' { wmw I 

p(j) L DIUrb WH'BD ~ . ___ j~ 
rota ting prism or mirror techniques, and the high explosive fl.A.sh techni1ue ga ve 

shadOl'f photography of _ imploding cylinders. By a device wh ich gave a sur~ ces s ion of 

high explosive flashes it wa s pos s ible to obtain images on the s ame nega tive at 

different stages of collapse. Henispherical implosions were observed by reflected 

hig h explosive flash light, a nd photographed stereoscopica lly. These observations 

made it possible to v erify predictions ahout jetting b;"?. s ed on two-dimensioM.l 

cylinder results, r...nd served to remove the last possible doubt that the cylinder 
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jets might be optical illusions. Early in 1945, this hemisphere technir-1ue 

became standard, and the cylinder work was dropped. 

16.13 Apart from timing studies and lens develop!T:ent work, discus sed 

in the next sections, the r emaining work of the Implosion Research Group also 

centered on the investigation of jet phenomena. Experi."llent .:i. l data r. c eded to 

test the theory tha t jets were caused by shock-wave inter~ction was obtained by 

so-called slab shots. Slabs of explosive were placed on top of metal slabs and 

detonated at two 6r more points. The effects of interaction between the shock 

waves were observed by flash photography and terminal observation. It was thus 

possible to study :jetting as a function of the angle between detonation waves. 

Another type of investigatioh, which began as a check a~a inst the pos3ibility 

that j ets were caused by flaws in cast explosives, was t he X-r:iy exn.mination 

of cha rges. This investigation ended as a standard service examinat ion of all 

castings, by a section set up for the purpose, X-lE. 

Timing Studies 

16.lJ. The &periments described above led to an understanding of 
I 

the nature of implosive jets, and demonstrated the importance of simultaneous 

detonation. The history of this growth of understanding was of decisive 

importance for the development, and to some extent perhaps the end-product, 

of the work of the implosion project. Had the control and understanding of 

timing errors which came at the end been available in the beginning, l!k'-ny 

complexities in the program would never have arisen. It is even possible that 

a successful weapon would rave been produced without t he use of lenses. On the 

other hand there was no foundation in experience for such a . development. :,s 

in other parts of the laboratory the .end result w-c1.s not so nmcr deve loried a s 
· ·: 

evolved; it depended upon the interaction of several relatively indepencl er.t 

series of investigations. 

16.15 The need for special means of initiating the high exrlosive 

at several points 11 sinrultaneously11 was recognized from the beginning . 'Hhat ;'13.s 

.SECF<E?f~ 
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16.20 The lens program 11m.s gotten under way with high priori tr at 

the time of the creation of X Divieion. At thie time very little 1'118 ., 

known about the mechanie1111 of e:xplcsive lensee. · These . ,make use of two 

explosives of unequal detonation rates, to alter the isha.pe o! a detonation wave. 

Some work of this sort had been donfl outside of Los Alamos, but noJ encugh to 

provide much guicmnce. lfe give at the ouuet a general description of ·the type 

of leDO implooi.on developed at Loe A~.( ' 
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and tamper mater~l is thus struck a terrific blow over _ its entire surface, 

• 
~uf!icient to produce the desired compression and initiate the nuclear cha in 

reaction. 

16.21 In the course of the lens proeram a number of major difficulties 

had to be overcome. 'One of the first was the choice of suitable f ast and slow 

ca:nponents, susceptible of fabricatfon into lenses subject to a nwnber of 

requirements on their size, shape and mechanic .::. l properties. Next there vr2.s 

a set of problems connected with possible aberrations in the functioning of 

lenses, and not taken into account by the rat her simple optical analogy from 

which they were designed. Finally, there were all the problems of design a nd 

exploeives preparation involved in the actual fabrica t _ion of lenses. 

16.22 The first experimental lens work was a study by the Implosio1'i 

Research Group of two-dimensional lenses. Its purpose was to check theory ~nd 

investigate possible aberrat i ons. Its advantage was primarily ease of observat i on 

and fabrication, which made it possible to acquire da t a some time before this 

would otherwise be possible. 

16.23 A m.unber of aberrations from simple geometrical optics were , 

suggested by theoretical analysis. P.ydrodynam.ical ana lysis ·of the behavior of 

detonation waves passing through the interface of the two explosives indica ted 

' that there might be a persistence of the velocity of the fast component ·in the 

slow, distorting the detonation wave from spherical fonn. It was also poss ible 

to show that the detonation velocity in a cooverging detonation wave must 

ff. slowly increase. 

oo 
ki t3 ....... 
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-----'l-6-;?5 All of thetie difficul tiee were made eerioue by the fact tM t 

time we.e not available to investigate them !1ret and then design explosive len9 

molds ,t}µl.t corrected appropriately fo:- the various aberrations. The design and 

procurement of compl~cated preciejon molds involved long delays. In order to 

obtain 111olde at all it .· was neceesary to freeze design and begin procurement 

before the correct shllpe of the lens could be determined experimentally. Hence 
' -..... .... , 

molds procured did not in general !it the fast and elow components !or which 

they were deeigned. It bec1U11e neceeeary to cut the coat to fit the cloth, by 

al t.v.ing the composition of the com po~~ 
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16.26 The ge~eral program of high explo~ivee development is disc~ssed 

in the following section, including the additional compl1cation8 arising frcm 

the decision to wse exploeive lense11. 

r 
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Dqilosives Devtlopment and Production 

1£.27 In Chapter VII the early development of production facilities 

has been reviewed. A~er August 1944, the story is one of continual expansion, 

constant training of new personnel, and research on better and more reliable 

production methods. The size of the undertaking is indicated by the records of 

X Division, which shov1 that in a period of eighteen months some twenty thousand 

castings o! adequate experimental quality were produced, and a much lareer 

number rejected through quality 'control tests. At its pea k, S Site used sane-

thing over 100 1 000 poUnds of high explosives per month. Seven or eight differ-

ent explosive materials were used in castings, in an enormous variety of shapes 

and sizes. The 1*'incipal explosive used was Composition B. Others used in 

snaller qU3.ntity were Torpex., Pentolite, Baronal and Baratol. Casting methods 

were used wherever possible. In some of the lens experimental work slow com- · 

ponent explosives were produced by hand tamping, until castable slow explosives 

were obtained. Sane develoµnent was carried out at the Explosives Rese2rch 

laboratory of precision pressing techniques, but without encouraging results. 

16.28 It may perhaps be thought that in such a field as high 

explosives casting there was an existing art which could be made use of at Los 

Alamos • . This unfortunately was not so. Military techniques . for loading explosives 

are crude when measured by such standards as were needed in the implosion. Very 

little scientific work had ever been done in the field, and there had been very 

little incentive to regard high explosives as possible precision means for prod-

ucing phenomena outside the ordinary range of experimental physical techniques. 

But jU3t such an incentive was created by the requirements of the implosion 

program at Los Alamos. Hence many of the problems faced were new. Their solution 

was undertaken primarily by the Explosives Development and Production Group. 

lmsiflD 
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16.JO Various casting techniques were investigated b~fore adequate 

resul ~ were obtained. The baeic techniques that were uaed l!luccessfully 

involved the casting of a larger amount cf explosive than needed with such control 

of conditions that the imperfectiorus were concentrated in a part of the .caetir!g 

which could eubeequenUy be machined off. Thie technique involved the use of 

rhere, or overcaeting by removing the top of the mold and filling to a height 

groo ter than needed. 

16.31 The machining of explosives, entailed by the W!le of ri~el"!I 

and of overcasting techniques, be.ca.me a well developed art at S SH.e and was 

the greatest innovation introduced in the manufacture of exploeh·e charges. By 

removing the top section of the casting {in which its imperfections had been 

,;, concentrated) a charge mee.ting the necessary s+..andards of quaH.ty we.s obtained. 
' . 

Thie machining program required cloee cooperation ,between the exploeivee groupa 

concerned .a.~ the Shop Group { 9.49). Holding jigs and cutters firi&lly wsed 

represented several months of development and experimentation. The earlif'.st moles 

were ~esigned so a~ to ,minimize rnachinir~ by the use of sr!lBll rieers. But t.hie 

design 11188 responsible for moat of the trciubles in lens mold production. For 

the ~ratol C8Stinge, overcasting and large-surface machining wer~ re.sorted to. 

Thia kind of machining i• noI'Wlll7 considered very dangerous, 6nd 1 ts development 

ie considered ae a revolutionary development in explosives r.amlfactur1ng. By 

careful design and control of operating condi tior.JS all hllzsr<ls were virtually 

eliminated, ae is shown. by the fact that more than 50,(1()() major machinirJg 

operations had been conducted by the end of the trar, without detonation of the 

explosive. 



) 

" 

J ---r .............. .,,,,, 

DILITID 

1

~~1i ty ccntrol of explosive castings was accompli~hed partly 

by destructive teet.8, i.e., by their uee in the field. Other metho<le. included 

.t .. 

physical measurements and chemical analysis~ One ot the snos t useful methods wa.e 

I-re.~ and gatl1Jll8. ray examination, which gave date. on all castinge, used. When 

Baratol castinge came into prominence, it 'Wt\S found that X-rays were abf!orlied 

by the barium. G11mma ray inspection, using the radiation from large re.d1urn 

sources, was reeorted to. Thi2 inspect~on work . had e.n important effect on the 

exploei ves program as a whole, and pe.rticulsrly on the len~ pr<•gram • . 
------~--:-:~:-:-:-:-:-:--------:--:--,.......,..---:--:-.:::..:-~ .. '. .. ·: : ·: .. . 

. ··_. 

_J 
!CJ?losivee Productioo 

16.34 During all its bistcry, S Site 1168 forced by the growing derutr..(le 

for explosives production to grew at a rate faster than _the completion of 

f aci li ti eis end e.rrj val of per:! onnel ltould es.sf iy allow. That S S 1 te e:uccees fully 

fulfilled it.8 objective is l.Brgely the .result of faithful and effichnt work by 
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16.J~ S Site,_ or Sa'Wlrlill Site as it wee origir.e.lly cslle<f, was 

placed in lilli ted opera ti on in llsy 1944 after a winter of construe ti on and 

difficult equiµnent procurement. It was subsequently enlarged, and its equiprr.ent 

completely modified • . 

16.36 All early caetinge made in the large casting buildings at S 

Site, were cylinders of Compoeition B, ranging in weight from JO to 500 pounde. 

SMll caetinge of Pentoli te at that. time were being cast at Anchor Ranch cs.sting 

room which bad been placed in operation in October 1943. Thie small ca~ting 

room •• equipped w1 th four kettles of two gallon size. It ccntirrued to furn.i~h 

Vf/r7 small cyllndere and •pecial castings of Pentcli te throughout the -..ar. 

16.37 Experience geined from an eltAmir~tion of the cylinder castings, 

11&de by the Standard met.bode of ordnance practice, showed that extensive 

r~earch would be necest'lary to produce l.s.rge caeting8 rl th the required qus.11 ty. 

16 • .38 A.a a result, a &se&rch and Development Section we :1et up in 

June 1944. It started with !our men but we.s enlarged throughout the ...ar ae 

qualified men could be assigned to the work. I~ tially a building •ui table for 

experiments.l casting research w&s not available. Building 5-28 1 the trimm.ing 

building, 118.S used temporarily until the laboratory buildings were completed in 

September 1945. 

16 • .39 Early research was confined to the deter11i1ia ti on of the nature 

o! the exploei ves and to the problews of eecuring in castings a quail ty adequate 

tor the testing program. lJ.ttle time wse available !or the longer re.nge progre..m 

'& of making large castinge 

~{0 · ---~~~~----~~~~----

v DILITID 

of unifonn quality. 

/ The natur• of th• work d.,,,andod that the m•thO<ls 6~ 11md.j ·- - ..... ··--- ·---- -
enough to put into safe production uee w1 th equi~ent which would be obtainable 

under wartime condi ti.on.a. 

1 ,. 
7 
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16.41 Beginning in November 1944 the experimental work was divided 

into two .fundamentally different parts; the fir~t was the ~olving of problems 

encountered in making high quality large castings with al~iett, and tte second 

wss the development of ~etbods tc msnufacture explosive lensee. 

16.42 The adoption of le~ee i~poeed upon S Site a tr~mendous 

DILnBD 

C'--• _· -•~.n_'ID _ __,._ ____ ~----
plrt of the research work conducted in late 1944 and early 1945 was dir.ected 

development progr~m not only in the research for, but in the production of many ·r 
----~..;;_]) No 1i ttle 

/ 1 

f oras of lenses. 

toward the production line mam1facture of small-ecale lene chargee. 

16.43 Incidental items of research included the development casting 

o! special explo~ives such ae Torpex and Baronal. 

16.44 When the use of lenses became a certainty late in 1944 the 

deeigna for a aeries of lens molds were frozen. These molds covered the 

range of predictable explosives rates and lene aizee, from s1:1all to full ecale. 

Thi• freezing of de81gn was a wiee decision, as it permitted meeting schedules 

later. On the ether hand it greatly increased the burden on research, to make 

available molds work in spite of their known deficiencies. 

16.4~ Ae research entered it.is final warti~• phaee in February 1945, 

with the adoption of cast &ratol...Compoei tion ·B leMes, research 1'8.s directed 

f everiehly to the development of almost roolproo! methods for manufacturir.g full 

scale len8efll and inner components of very high quality and reproducibility. 

A• ultimately 11anufacturf<l, these chargee were reproducible to very clcse tole-

rancesf 
j 

~- ---~" -r=-1 - .. 
16 .46 Throughout moe t of 1944, production of charge~ in larg~ quantity 

•e not required. late in 1944 the demand for VRrioua sizes and ishapee of castill€ 

~-'5¥1iii~ ~ 
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1ncreae;ed greatly as a rMult 'cf the introduction of new method!! of •tu.dying 

implosion end the general gro"th of the laboratory staff. The new testing 

method• included the ~tatron, X-ray equipment, new mirrcr camera inst&llaticrui, 

Ra.I.a, fl.seh X-re·ye, the magnetic 111ethod and the "pin11 method. Theee · teets etimuleted 

requiremente for leneea as well ae solid ch8.rgea. 

16.47 Ae a ret!lul t of theee increased requirement. a new sinall 

ca21ting line, conei~ting of five buildinge,wae constructed between December 

1944 and March 1945. This line was designed to meet the then predictab l e 

d if' requirements for small castings, l8sli°Bi> It l.ster wae called 

P f-j) upon to meet mcire . varied requirement.a in the lens program. It •a in this lino 

Jo ~ o! buildingt1 that the quantity production of saall lensee used in the testing 

' 
program "'88 conducted. 

16.48 The adoption of Bara tol leneea and full ma.chining of charges 

!or the full-scale unit callfld attention to· the inadequacy of !'acili ties for 

full-scale work. Buildings S-25 and S-26 were, therefore, built for this 

purpose between March .1945 and June 1945• 

16.49 Bees.use of increased dema.nde for full-sea.le high quality 

ca.stinge not only for Trinity but for CO!Ilbat use, manufacturing, research and 

control wer• intermingled during June and .July 1945. New probleiu arose 

continuously, involving major ch.angee in process and control. The requirement.a 

for iil!lpection, both by physical measurement and by gamma and X-ray e:xaD".ir.ation, 

increa.sed so grea Uy as to make the succ~H of thie phase o! engineering one o!' 
., 

the primary accomplishments o!' the period. 

16.50 Throughout the work at S Site, it -was canmon to speak of 

"production casting". This was ree.lly a. mienomer, as all caetinge were of 

tailored quail ty and were produced 1n reasonably emall quantity in a large variety 

of molds. Such production differed from ordnance production not onl1 in that it.a 

ma~imwa monthly output of 100,000 pounds of e&8~11€" would be one day's run of 

a standard ordMnce line, but mor~. sign1!icantl1 in that it consieted of thouaar.de 

.9'i*i.-..w:r ~-
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of high quality cha rges one pound to 120 pounds in size compared with a small 

number of large units weighing thousands of pounds each. 

16.51 Because of the requirer.ient of the site for men with scientific 

or explosives experience and willineness to work with explosives, each new 

r equest for assignment Of enlisted men or civilians was followed by a long 

delay. The site was always hampered in its work by a shortage of manpower. 

On the other hand the growth in manpower which did occur made the training of 

new men a continuous problem. 

16.52 Similarly, the general shortage of personnel available to 

the construction contractor delayed construction at S Site. It was necessary 

always to reduce building requirements to the minimum in order to meet time 

schedules. 

Recovery Prozram 

16. 53 The early work of the recovery program has been discussed in 

Chapter VII. This was one of the branctes of the Laboratory's activity which was 

dropped, after extensive research and develoµnent, for reasons extraneous to the 

program itself. It was argued, originally, that the chances far a nuclear explosion 

at the first test might not be great, and that in this case ·it would be necessary to 

recover the active material. As the time approached !or the test, ·however, two 

argumei1ts were sufficient to justify the abandonment of recovery plans. One was 

that with the weapon finally designed the chances for .!!£ nuclear explosion became 

very ~mall; the other was that the use of a containing sphere or "water baffle" 

would make it quite difficult to obtain informati.on that would explain a pa.rtialJ..y 

successful nuclear explosion, by this time a more realistic worry than complete fail-

ure. Hence when the first test was made, Jumbo, which was such a magnificent piece 

of engineering, stood idly by, half a mile fran the test tower. After the test 

<rur:,bo was W1scathed; but its crumpled :rigging tovrer was a preview of the damage to 

stee 1 structures in Japan. 
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16.54 The specification!! !or JUJ11bo had been that it ~t, without 

:nlpture, contain the explosion o! the implosion bcmb's full complement of high 

explosive, and penait . •ubsequent mechanical and chemical recovery of the active 

material. 

Jfi.55 The !inal design of Jumbo wae the elongated elaetic design 

de•cribed in Chapter VII. An order was placed for thle container early in 

A~t 1944, rlth the Babcock and Wilcox Corporation. It was delivered to 

th• test site in Kay 1945 and erected on i te foundation. Because of 1 t.41 lizfl 

~bout 25' b1 12 •) and weight (214 to~) Jw.i'bo had ~ be transported to the 

nesr~t rail siding on a epecisl car over an iridirect rout. to prcvide 

adequate clearance. Fro11 the siding it ns transported overland to the . test 

•ite on s special 64·wheel treiler. 

16.!-(i Jumbc wae constructed frOJI.: the design of R. •. Ce.rlson. 

Numer0\18 teate were .made rl th scale model "Jumbinoe" to deterinine their ebili ty 

to contain charges rl thout rupture. 

16.57 The other recovery Mettcd investigated in thie peri6d -we.s the 

"..ater baffle", in which fragments were etopped by a 50sl ratio of water to 

high explosive mass. Thi~ work was dropped before conclusive reaul ~ were 

obtained, but ehowed that high-percentage recOYery would be c!ifticult to achieve. 

, I 

I 
i 

For WI& in recovery e:xperim~nte, a shs'.llow eon¢re'te ,catoh .~sin, ~200 .. feet in d i11.meter, 

was co~tr'ltcted at Loe "Alamos. 

Ih§ Dt?tonp tioo Sn tea 

16.~ The main development work on electric detonators Wl!ls carr1~ 

out in the Electric Detonator Group of G Division. But the de.toutore d'eeignad 

there were prmrily intended for experimental work, either on detonator,; 

-
themselvee "or for f1..-ring e:xperiDental cbargee • . Detonators_ tor the weapon had to 

satiety further requirement., •uch as durability, ruggedness, and reliabilit.,.. 

Feliability 1'88 a particularly· i~portant cor.eider&tion. The implosion bomb 

~d ({'finally adopt.d had ~ ... n'l initiAt.ion points, · and a t~il~e or even a j 1.- ·-~ 

~(1 ' 6 f!i.•. fii? r=:r '~· 
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serious tiir.e lag in one might mean the failure of the implosion. Hence the t:(~ 

)' · &- probability of failure in any one detonator had to be!L:· __ __:l:.:_•:__&'f __ l_D_.....----.:::::~-·-· Un 
DO 4" 7 - - . -/J J order to assure a probability ~ p.etona tors would function 

j; correctly. Sufficiently numerous test statistJ.cs were impos~>iole to obtain in the 

time av-aila.ble/ V 
n ~ f) - - u-·· -BD 
V J;) ._ DMD& assigned to Section X-lA, 

}:; 
1 which 1n May 1945 acquired the status of a separate group, X-7. Its work of devl:'i~ 

_____..,, 
I)~ detonators proved more dif'ficult than PJf :J oping am testing these ,.__ 

/l {; bad been anticipated, and was completed only a few days before the Trinity Test. 

16.59 The firing of the electric d~tonator~ was acc~nplished by ,dis­

chargine a bank of high voltage condensers through a suitable low inductance switch. 

DBLBTBD 

r-::::-~..,,___~ 

- -----__;..------·-------------·_-____ _JJ One type of 
switch cxten.sive]J- developed, and used . µi experimenta l work when accurq.te timing 

was required, was the so-called explosive switch. In this switch electrical 
. . 

;1 contact was made by the detonation of an explosive cho.rge wliich broke through 

a thH1 dielectric layer betwe_en two metal .discs, between which the high volt-

' 
age then passed. This switch Wa.s ma.de doubly by the use of four semicircular 

.. 
discs. Its disadvantage was that it could not be tested before use. Because of 

this an alternative switch was fin:i.lly adopted, an electronic device resembling .. 
t he thyratron. This switch operated between two electrodes, the discharge beiJ18 

triggered by charging a third, "probe" electrode to a suitable high voltage. 

These switches were able to . pass . currents( r )in a fraction Of 

a microsecond, with timing accurate to a tenth of a microsecond. 'lbe firing 

units incorporating them were built by the Raytheon Cornp.:J.ny_. Delays in their 

production made it possible to test only a few of then before the No.easaki drop. 



) 
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16.60 The divieion of labcr bet•een the Explosives Divieion and the 

Ordnance Division has been described abcv• by saying that the fonr.er 118.S 

responsible for that part of the con:pleted weapon which would be tested in the 

Trinity Te~t, the latter for 1 ts use as an airborne weapon. But those con:ponenU! 

.for which I Division 1188 responsible bad to be developed to the roint of adecpacy 

in COll!ba t WJe; this included the inner charge snd lelUles , D 
. L 

and the !iring circuit. In addition to developing· these elemenU!, the engineer• 
.... 

or I Diviaion worked with the engineers of 0 Division in designing their assembly 

within the . :Fat M8.n case. Onoe wJ dMign was compl•ted, it had to be ·gj.v;n 

••a•bly tes t8, and .tee t8 !or re lie.bill ty and ruggedness UDder condi tiona of 

combat U8e. Aesembly design was the work of the Engineering Group. Aeaembly 

testa ~ere the work o! ·· the same groupj until ,- the formation ·to.r thie ~~poe~ of . 
'' I •• ,' 

~- '.l 

a •peci4;1. group, X-6, in It.arch 1945. The latter group al~o collaborat.d nth 

other interested groups in the drop tests at liendover Fi•ld. ( 19·3 ) 

16.~l Aside from ~~•cel~~pus engineering work .for the Di!~eion, 

the !ngineerir1g Group was at fint reepoMible for the design or high exploeivee 

mo~de, pe.rticularly lens ~olds of various types and eizes. Mold develorment 

and procurement ~ecame euch a eeriOUB bottleneck by OctOber 1944 that the 

engineering of mold~ _ llae aade o~e of the aiain reponsibilities o! the new 

Engineering Servic~ Group eetablished/i that time. A 11,..tem RB developed 
/ 

! \ . 
b,. which experimental molda were built in the Los Als11~ shoi:-, while' the 

eame designs were aent out tor outside procurement. Theee ·out.Eide orders were 

clo.ely tollowed, with' local shop experience as a guide. When · the Camel Project 

~me into existence, it& engineering group -pTe valuable aaeiatance in 
.. 

expediting procurement in the Loe Angeles area. hen ao, the bottleneck. 

remained and it '1188 only by a me. t ter of days thA. t enough final !ull acale 

lene nolda were obtained !or . the Trinity Te:e·t. 

J. 

., 
" ;· 
" 1 
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Introdu5tion 

l?·l In August 1945 t.he Chemistry and Metallurgy Division h._, d evolved 

to the 'toll°"ing group organ i zations: 

CM-1 Service Group R. n. Dunlap 
CM-2 Heat Treatment o. n<i Metallography G. L. Kehl 
CM--4 . Radiochemistry L. Helmholtz 
CM-5 Plutonium Purification c. s. Garner 
C.M-6 High Vacuum i~search ' 

/ s. I. Weissm<1n 
CM-7 Miscell~neous lihtt~llurgy ;\ . u. Sey bolt 
CM-8 Plutonium Metallurgy E. R. Jett• 
CM-9 ;1.nalysis H. A. Potratz 
CM-11 t)r"4niwn Meta llurgy (' 

.:>. Marshall 
CM-12 Health w. H. Hinch :• 
CM-13 D P Site J. E. Burke 
CM-14 RaLa ChemiRtry G. Jo'riedlander 
CM-15 Polonium I. B. ~ohns 
C.M-16 Uranium Cheraistry E. Wiehe rs 

This organization evolved by the following step3: 

l) In September 1944 Group CM-3, Gas Ta.r.;per and Gas Liquef<.ction, was 

,•:: ·. traneferre<l ~~the new .Explosive• Di via ion. 

21) . In .n.pril 1945 the following changes occurred: Uranium and plutonium 

chemistry, formerly concentrated in CM-5, was divided between CU-5 and a new· group, 

' 
~lb. CM-1 was divided into a Stsrvice Group (C.M-1) and a Health Group (CM-12). 

Th~ old Radiodlemistry Group (Cl4-4J Wi! S s plit into three grou:)e, with Cjt._14 'and 

::.;CJl-15 ta~ine charge of Ralil und polonium work respectively. .rt. W. Dodson, forllle r 

group leader, became Aseocia te Divis i on Leader in cha rge of radiochemistry. C. C. 

&lke, former grouiJ leader of CM-7, left the Laboratory. Mi.Rcellaneous metallurgical 

services were transferred to this group with its new p,roup leader, ,~ . U. Seybolt. 

CM-ll remained as the Ur0tni~ Me tallurf,,y Group . CM-10 , the 1tecovery Group, was 

absorbed into the new D P Site Grou p , CM-lJ . 

17,.2 These changes were motl va ted prirr..:irily by the ex1:><1 ns .:.on of radio-

cheniical work associa ted "Wit n the expanding Ha.L.t irr.plosion studi e s ;~ nd t he preparei.tion 

of polonium for the implo sion initi 'itor progr u.m, o.nd by the need t o streamline the 
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processine , of uranium and plutonium, arr iving in ever increasing quantitie ::i . 

•17.3 The transition to large scale opera tion involved a constant 

growth of persoll'>el in the Division, and a constant expansion of Iabor~tory , shop 

and plant f ac ilit ies. The main steps in this physical expansion were the c orr.p l et i m 

in August 1944;pf a large annex to D Building; the completion of the metallurg.y 

b~ilding, Sigma Buildine, in October 1944; the construction of t he RaI.a Chenis t ry 

Building in Ba.yo Canyon in November 1944. The last and greatest addition wa3 t he 

chemical and metallurgical production plant, DP Site. The first buildings of tr.is 

site were completed and being occupied in the SUllliler of 1945. 

Uranium Purification and Recoverz 
LZ 

17.4 The flow of beta stage enriched uranium received from the Y-12 

plant was generally as follows: The naterial was received as a purifiea' fluor i de:, 

and reduced directly to metal. For hYdride experiments the metal was converted to 

hydride and fonned by plastic bonding. When hydride or metal experiments were 

completed the material was returned for r ecovery , as in the meantime were cruc ibl e.s , 

liners and other containers that had been used in fabric ::i.tion. Recovered solutions 

were converted to hexanitrate, extracted with ether, and precipitated as reduc ed 

ma.late. The oxalate was ignited to oxide and converted bac k to the original 

tetrafluoride. 

17.5 The essential step of purification was the ether ~raction method 

that had been developed at t he end of the first period (8.18). This method was 

al.30 applied by the radiochemists to the decontamination of water boiler s ol utions , 

and by the Recovery Group in experiments on test-shot recovery methods. In April 

1945 uranium. recovery and purification was concentrated in a new group, CM-16. 

Before that time extensive investigations had been made to determine the best 

reagents and ion concentrat ions for the extraction. 

17.6 The dry purification steir-reduction of uo2 to UF4~was devel oped 

to a point where fluoride yields were as high as 99.9%. Fluorin;J.tion of the tr i -

axide and oxalate were a lso invest igated. 

·sc..- ~--=.~ VRP c..s. s .: .. aa1 



l 7.7 The studies of recovery from liners and slag revealed the necessity 

for complete diesolution of these materittls prior to recovery. l:.ther ext r ncti" n 

wo. s then employed. l.ontinuous extraction appora.tus W•l S designed and bu il t by the 

' Recovery Group, capable of extra cting a large volume of solution per ho 1. r, a nd givin l• 

recovery yields averuging better than 99.9%. The average aI:lount of uranium rem<:in-

ing in stripped solutions W«s not more than blJ ndcrograms per liter. 

A very difficult research problem, undertaken by the rtecovery Group, 
I 

was that of r~covering active m.:1teria l in ca se or a test shot failure. ltecovery of 
similAr mnterl~l s 

uranium dissipated through a l ,1rge volu1r.e ' or s .. rnd, sawdust and/ was atte1~1pted. This 

was in imit<l tion of the condi ti 0ns tha t would obtain if the bomb m:iteria l were 

scattered over a l < .... rge area by high explosives. Recovery by this method wa s f ound 

to be very poor. Recovery from staled conta ining spheres wa s entirely succe :3 s.ful. 

A 3/4 inch s phere of ur<:miwn, scattered explosively :inside of a 12 inch "Jumbino" 

containing sphere, was recovered about 99%. 

) yraniwn !!talltttfl 

) 

17, 9 By ;\ugust 1944 it was possible to oLtain metallic ura nium with a 

neutron count below tolerance. A number-·of developments ·afte?-.! tnat date t1ere es sent ial, 

235 however, t o the final U weapon. The principal topics a re the stationary bomb re-

dueti on, uranium reoelting, ura niua. forr.rlfll~ , clRdding and protection of surfa ces , 

use of urC1ni\ll11 sponges and production of fino.l weapon parts. 

17.10 After the adoption ot the stationary bomb reduction 

technique a large nwmer of minor iaprovemente were .made. A better proc\uct 

wa• obtained by increasif18 the bulk density o! the tetra.fluoride to be reduced. 

A wide survey of liners was made, resulting in the final choice of two: one 

a magnesia liner developed by the Miecellaneoue· Metallurgy Group, the other a 

magnesia plus silica liner developed at the Massachusetts Ineti tute of Technology. 

Other inves tigations included the effect of impurities in the calcium r &ductant, , 

grain size, £~ring technique 1 aoi t.he use of inert gases in the boa1b, Th e net 

9ECt ta1 -
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result o! this research was a very high yield of high purity, well consolidated 

metal. 

17.11 Work on uranium remelting was begun in June 1944. 11lis process 

served the double purpose of driving oft volatile impurities and preparing the 

metal for ehaping. A great deal of trouble was encountered in obtaining crucibles 

that wruld not crack on cooling. ?Jagneaia and beryllia were · finally used,. with 

special heating methods. 

17 .12 Techniques !or fol"ming uranium were intensively investiga ted 

after August 1944. Three main t.~chniques used were casting, hot pressing, and 

rolling. Both magnesia ~nd graphite molds w~re U3ed successfully for .casting. 

A serious difficulty wa~ that of melting large amounts of uranitim but . the tr.ouble 

was overcome by resistance heating. Investment and centrifugal ca5ting were 

tried, and the latter adopted as by far the best. Hot pressing was not used in 

preparing parts for -the full sized gun assembly; it gave no greater accuracy than 

casting. It was us~d, however, for smaller pieces, including hemispheres for 

sphere nrultiplicat~o~ ·~r:iln.ents, and the preparation of slugs f~r r~lling·\IJ 

~---· ~ 

17.lJ A variety ?f cladding techniques were investigated, including 

electroplates of gold, zinc, silver, and later nickel and chromium. Chromium 

gave the best, but still inadequate, protection. Evaporated metal techniques 
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17.14 La.Y density can:pacts of uranium were prepared by sintering 

~tal powder 'obtained from decomposition of the hydride. These had densities 

ranging from 1 to 6. Protection against spontaneous coobustion and corrosion 

wa~ obtained by treatment with nitro~en which formed a nitride coating on the 

~ 

I 

--~--~~~~--~ 

e culminating work of the Uranium Metallurgy Group 'tlfaS the 

casting of the final parts for the Hiroshima bQUb. This work had been scheduled 

It was in fact completed 

Dl'filUJ 

of the war, t r.e 

casting equipment was 

(20.2), in· graphite .or investment molds. 

Plutoniurn Purification 

i 
f 

f 
' 
f 
t 
~ 

l~ 
~ 
f 
~ 

'l'he plutoniurA purification program was of course the most directly · ~ 

affected by the al)andonment of the plutoniUDl gun program in August 1944. By the 

standards of that pr.ogram considerable success had already been achieved, however. 

Plutonium had been obtained with a neut.ron count which was within a factor of ten 

of the original goal (see Appendjx 5). With the newly established ·toleran.ce limits 
' 

fifty times the original figure, successful purification had been more than 

achieved. 

17.17 Concentration of effort in plutonium purification after this time 

was upon simplification, production routine, efficiency, and the plutonium health 

hazard. 

~ 
~ 
~ 
~ 

~ 

f 

I 
I 
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WET PURIFICATION 

17.18 Shortly after the beginning of this period the first completely 

enclosed full scale apparatus was completed. The full run of 160 era.ms re :iuire<l 

24 hours, with about sixty litres of supernatant remaining for recovery. Aside 

from minor difficulties and improvements, this represented the completed form of 
·:.S. 

the "A" process of wet purification, described in Chapter yrrr (3.JO). 

17.19 . Early in 1945 investigation and testing of a 11 B" and "C" wet 

process began. The 11 B11 process, the one finally adopted for routine plutonium 

purification, was simpler than the "A" process, and gave higher yields and a 

srmller volume of supernatants. It involved only two steps: an ether extraction 

with calcium nitrate, and an oxalate precipitation. The process met purity 

requirements and gave a · product satisfactory for further processing. In July 1945 ., 
the "A" process was dropped completely. In August 1945 five 160 gram units were 

' 
up in D BuiMingJ - · DILITBD set DBLITSD. 

17.20 For a time some thought was given to an even simpler "C 11 process 

involving only an oxalate precipitation. ~ Purification, however, was not sufficient. ~ 

The followitlg chart gives the essential infonnation on the 11 A11 and "B" processes. ~ 
~ 
~ 
~ 
~ 
'· 
~· 

~ 
~ 

~ -
~ 
~ 
~ 

I 

I 
~; ·· 
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"A" Proces s 

Nitrates from X or W 

l reduction with dilute 
HNOJ and HI 

Pu+++ 

·t H2C204 

Pu2(c204)3, 9H20 

i oxidation with NaBrOJ 
and mJOJ 

Pu02 + + 

t 
NaPu02AcJ 

l HN03 

PuO ++ 
( 

2 ether extraction 

l with NH4No
3 

and HN°J 

Pu02 ++ 
dilute t reduction with 

HNOJ and HI 

Pu+++ 

i 
~(C204)3' 9H20 

yield 95 per cent 
supernatant 60 liters 
16 - 24 hours run 

"B" Process 

Nitrates from X or -.V 

l oxidation 

Puo2 ++ 
I ether extraction 
~ Ca(N03)2 and HNOJ 

PuO ++ 2 

l 
reduction with 
iilute HN03 and HI 

P11 + + + 

yield near 100 per cent 
supern~tants JO - 40 litei 
10 - 11 hours run 
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DRY CONVERSION 

17.21 After it was decided to employ only fluoride metal reduction 

(8.43), effort was concentrated on the production of the fluoride. Three methods 

were investigated, involving nitrate, oxalate and oxide hydrofluorin~tion. The 

method finally chosen nas tt:e oxide method, which involved the conversion of the 

oxalate from wet purification to oxide by heating in oxygen, and introducing 

0 hydrogen fluoride at 325 C in the presence of oxygen. The process involved a 

24 hour cycle~ and gave yields of 92-99%. 

RECOVERY 

17.22 Aside from recovery methods developed earlier (8.34 ff), the 

principal development of this period was that of peroxide precipitation. Of the 

four steps first employed~oxalate precipitation, ether extraction, sodium plutonyl 

acetate precipitation and a final oxalate precipitation~ the ether step W--dS elim-

inated, and the sodium plutonyl acetate step used only for rather heavily contam-

inated material. 

17.23 The danger of plutonium to the health of operators was greatest 

in the recavery operations. The need to vary procedures to fit the type of contam-

ination involved made the development of enclosed apJ.l<lratus difficult. Such 

apparatus was in fact not developed until after the period covered by this history 

(November 1945 at DP Site). The main safety effort was perforce the careful 

monitoring of personnel; those who showed exposure in excess of body tolerances 

were taken away from further exposure until counts returned to normal (9.JO). 
-

Plutonium ~etallurgy 

17.24 When the new purity tolerances were establis hed , all metal reduc-

tion methods were eliminated except the sta. tionary bomb reduction of t he tetra-

fluoride. ;1ork continued as before in the field of crucible res ea rch for remelting . 

It became possible however to use magnesia , since \Vit..h increased tolerances tl:e 

danger of magnesium impurities was less serious. A good deal of r esearch was done 

on the physica l properties of r l utoniu.m metal, s inc e more than two a llotropic 

SiiCJ?ijl ... 1.w .. 



phases were suspected, and this was of primary importance in forming operations. 

Work bega n on alloys, with the purpose of finding one that' would keep a high 

t emperature phase stable at room temperature. The stable room terr,pera ture phas io , 

called the alpha phase, is brittle and difficult to work with. Fabrication opera-

tions were i nvestigated, a s were methods of surface cleaning and protection. 

Because plutonium is highly susceptible to corrosion, these were far more ir.:r or-

tant topics than in the case of uranium. 

17.25 The techniques .o! metal reduction and remelting were well es t ab-
( 

lished by August 1944. This work of course was on a very srnali scale, and the 

techniques had to be adapted to large scale operation as more plutonium became 

available. 

17.26 Within the iimited time ava ilable to them, the metallurgis ts made 

rather extensive studies of the physical properties of plutoniwn. The first tran~ -

uranic element manufactured in kilogram amounts proved to have a remarkable phys i ca~ 

structure. It exists in five distinct allotropic forms between room temperature a.nd 

the melting point, labeled in t he order of temperatures at which they are stable 

It is very electropositive, but had the highest electrical 

resistivity of any metal. It is very corrosive in water and air. 

17.27 Of all the phases the ~'or room temperature phase is t he den-

. s~....m> DSLlllD ~- __ ... _!} 
( ~--~ .~ Because h~weve~ t his phase is brittle, and the 6 and ~ phases malle-

. able, t he material was pressed at !I phase temperatures. When a series of .hemi-

spheres were cast by this method for multiplication studies, warpage and r acks 

appeared after the metal stood a day or so at room temperature. Evidently higher 
... 

temperature phases were being r etained for a time at room temperature, the warpir16 

and cracks be ing caused by_a delayed transition to the denser phase. 
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DILl'J'lru 

1 

17 • .30 While cleaning and etching plutonium surfaces caused no serious 
< 

problems, that of protective coating did. A large number of electroplated and 

evaporated metai · coating3 were tried, and electrodeposited silver was decided upon 

for the Trinity hemispheres. At the ,last minute, however, small pinholes were dis-

covered in the coat as well as · blister~ caused by the ret~ntion of small amounts 

of plating solution under the coat. Since the :scheduled test was on~ a fev• days 

. away, it was decided to use the material in this conditi~h, · with the blisters 

polished down to restore the fit of the hemispheres~, 

J 
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MiScellaneous Metallurgy ·'.!-

17.31 The principal metallurgical work of this period, other than 

uranium and plutonium metallurgy, was that of the Mi.s.cellaneous Metallurgy Group 
---------~ ,.--- I 

in fabricating DILll'ID · the gun tamper, beryllium for the urchin 

initiator, crucibles and refractories and sane boro·n compacts. 

17.32 The fabrication L..IMILITll . . /in larger pieces than had been 

made previously was the outstanding accomplishment of this group. Pieces were 
.- - -- - -....-

formed weighing up to .300 pounds. 

These studies gave information on the time-tl!mperature-pres$ure relations necessary 
,\ 

to achieve· uniform high densities. 

17.34 Beryllium metallurgy was confined to the production of initiators. 

The lJetallurgy Group coope·rated with the Initiator Group of G Division .in nicro-

scopic and r.i.c.croscopic . examinations of r+ow c h'lracteris tics and structure of the 

metal after implosion. (15.41 ff). 
~------~~~~~~~--~~~~--~ 

...... ';...;.' · .;;:·~.:.:.·"..:..· ;:.::-·'--· -'----'----=---------------- - .. -------
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l .J6 lll-crucible research cerium sulfide continued in use for some time 

after the lowering of purity standards. The material finally adopted for all 

plutonium and uranium crucibles and liners was a vitrified magnesia developed by 

the Miscellaneous Metallurgy Group, and manufactured at Los AJ...:unos, ~t the 

M.:issachusetts Institute of Technology and at Ames. 

· Radiochemistrl 

17.37 The . principal developments in radiochemistry after August 1944 .. 
were the following: The implosion initiator program was gotten under way, and the 

staff of men in this program engaged in polonium research was increased. Radio-
. . 

lanthanum y;'prk, in collaboration rlth the na~ Group, was carried out at the Ba.yo 

Caeyon I.ab oratory. These two groups were formally separated off from the Radio-
.· 

chemistry Group _ in April 1945. Work began with the. high-povrer water. boiler, with 

its con.sequent problem of decontaminating highly" irradiated uranium • . Foil chemistry 

wa,s continued. A new sensitive neutron detector was developed. A calorimeter was 

built for polonium work~ .~ A microtorsion balance was constructed for· use in the 
'/; ; · ·1 

dete~ination of the ·in.ass purity of samples. 

POIDNIUM 

17.JS The use of polonium for the ·iniplosion initiator represented a 
I 

· maj.or technical ac_: .~evement, which moreovev involved a good deal of basic research 

into the chemical . and. "metallurgical" properties of this element. Investigation of 

this element might be said to be as novel as that of plutonium. 

17.39 The .m3.in proplems were these: first, to prepare polonium of suf-

ficient purity to.meet the neutron background tolerance; second, to prepare bigh-

density uniform foils; third, to coat these foils against polonium and alpha part~ 

icle escape. It must a1so be said that this work is hazardous, both because of the 

high alpha activity of polonium, and because of its extreme mobility. It is 

virtually impossible to work l'Tith poloniwn and avoid entrance of the !Il3.terial into 

the human system. It is also eliminated rapidly, hcr~ever, and does not settle in 

qrr=aroc;T ·~ 
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dangerous concentrations in tJ:e. bone, as do radium and plutonium. 1be' full extent 

of the polonium hazard can only be determined with·ti.Jle. Pragmatic safety rules 

were intended to winirnize and detect polonium absorption. rersons with more than 

a tolerance dose were removed from possible contact w·ith the material until urine 

counts dropped below tolerance. 
0Jc;~-c · 

17./.+0 Aft~r the first ha:.if'''birie, ~which was recovered fran residues from 
, .. ~. 

radon capsules, the polonium used at Los Alamos was obtained from bismuth irradiatec 

in the Clinton pile. Poloniu.~ was separated fron the bismuth at two pl.ants of the 

1fonsanto Che'llcal Company in Dayton, Ohio. This materi.11 was deposited on platinum 

foils and shipped to Los Alamos in sealed containers. Much trouble was encountered 

throughout by migration of the polonium off these , foils, on to the walls of the 

container. 

17.41 Polonium purification was prinarily the responsibility of Monsanto, . . 

although some research on chemical purification and purification by distillation 

was done at Los Alamoo. 

17.42·. Three methods were used to obtain high density polonium deposits 

within the initia~d~; }~ -- -

. . . 
- . ~. . . . . . .... 

- ·· ·-.. · : _. _·. . . 

-;_ 

l'StftiiD .... llO 

J? sumably caused by 

D>~Jt 

The migratory nature of poloni'1rn has been mentioned. It is pre­

the rec_:~ or polonium ato1~ from a_lpha :rticle~,~~ ; ) 

· ~ 
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17~46 ~he.~ work ot ~he polonitUn chemists was chiefly the preparation 

·of ( a,n) ne11tron -~~es.;!Or .:the -~~iment.8.1 ph~icie,ts. Of these the most 
. . .. ~ ·. :'·: : .· :~11- ~ .: ··~; ..... \· . • : ' . . . . . ; . 

cariplicated.'were thtt moc~tiesibn sourdes ·referred to in 12.ll • 
. ·.' . . ·.. • ".... · ~ 

WATER BOILER CHEMISTRY . ' 
, . 

I• ' .~ • . '• 

17;47 Work on· the·· i.ow powe~· boiler eiided in AUooUSt 1944, and operation 
. : .. . '. . ·. . . . ~. . • I • . _. . ' -

Of the hlgh Po-er boiler Wa!f·. begun _.µt i:>dcember 1944. It was decided to use the 
;._ . ... : .. . . . . 

. . . ... ,. ~ . . ·. · . ·-· . ,.. .. · 
nitrate in the s.econd '.boiler~ so the fir.st job of the radiochemists was the re-

. - . .. . ...... , .: - ' - -. ... . -

purification and conversion of the c;>id. material from sulfate to nitrate. The 
. . .···· . . . \ 

main reas.on fer .choice. of the nitrate Wa.a that the nitrate bad to be used in de- . 
. .· "' .. . . . 

contaminati~n. (~ther extraction}; the ' nitrate al.So was found to be slightly less 

corrosive thaf(the sultate. 

17.48 . It ~came necessary to build a "hot" ch~stry laboratory and 

remote control decontamination apparat.US. ' Research was carri~d out in collabora­

tion with the Recovery Group on the ·use o! the ether extraction method. 

17.49 The remote control apparatus wa:s placed behind &. thick concrete 

~ 
~ ... 

• 
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wall. The irradiated material W'd.S run directly from the boiler into an under-

ground tank. From there it was pumped up into the extraction column by means of 

' air pressure. After extraction of the solution it could be run back into an 

underground vault, or let out into the "hot" laboratory if concentra tion W-ds 

desired. Concentration was carried out behind a shield of lead bricks. 

17.50 The heavy irradiation of the nitrate in the boiler caMed de-

canpceition and loss of nitrogen. This caused precipitation of the basic nitrat e . 

To avoid this, frequent analyses of the boiler solution were made, and nitric acid 

was added to make up the deficit. 

RADIO-IANTHANUM 

17.51 The ffrst remote control apparatus mentioned in 8. 70 was developed 

largely before August 1944 but its first use falls in the period after that date, 

and the entire subject is discussed in this pl.ace. The determining feature of the 

Rala chemistry, essential to the Rala method, was the enormous radioactivity involve~ 

A single batch of material could represent up t$ 2300 curies of activity. 

17.52 The isolation of radio-barium trom the fission products of the 

Clinton pile was arranged in April 1944. The material received from Clinton con-
U.O 140 ' 

si8ted of a mixture of Ba and I.a. • After arrival, the short-lived l.antharrum 

ha.d to be separated !rem its parent barium. 

17.53 The first control apparatus and associated means for separating 

lanthanum trom barium was designed as protection against about 200 curies of 

activity, and operated by the so-called phosphate method. In small sca le tests, 

the separation of the lanthanum from about 100 times its mass of barium was found 
i 

to be nearly quantitative when the phosphate was precipitated frCJ11 an acid phos-

phate soluti on. But in full scale practice the method did not turn out well. 

Difficulties were encountered because of long ·filtration times and strong hydrogen 

ion dependence. 

17.54 As the RaLa method W"d.s develoP,ed, moreover, the requirements on 

source strength and dimens i ons became more stringent. It became necessary t o 

develop a new ;ind better method . Thi s method would luve to prov i de shorter fil-

•• b p z - a ~- lJRB 
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tration time and precipitation on a smaller filter area, and would have to give 

good separation with higher yield. And the operat'ors would have to be given pro-

tection against higher activities. 

17.55 In March 1945 work began on a new method, with collaboration 

between the radiochemists and the Plutonium Chemistry Group and Recovery Group. 

For greater radiation protection the controls were removed to a distance of 90 

feet. The separation method developed was a hydroxide-oxalate process. IAnthc.num 

hydroxide was precipitated with sodium hydroxide, filtered on a platinum sponge 

filte~, dissol~ed in nitric acid, and reprecipitated with oxalic acid; the oxalate 

was allowed to stand approx:iJna tely 25 minutes, and then a small quantity of hydrc-

gen fluoride was added. The resulting precipitate was crystalline, which could be 

filtered rapidly on a snall area and was not affected by intense radiation. 

17.56 Half-life measurements of carefully purified ra140 gave a value 

of 40.4 hours. 

IllSTRUMENTS AND SERVICES 

17.57 Mention has. been made of boron trifluoride investigations for 

fill~ proportional neutron counters. The preparation of very pure trifluoride 

was investigated, as were methods of recovery of the costly isotope 10 from 

c0W1ters no longer needed. In addition to filling counters in large numbers as 

a service to the experimental physicists, the radiochemists developed a very sensi­

tive counter, the "quadruple proportional counter", for quick measurement of weak 

neutron sources. 

i7.5S Among other important services a large nwnber of foils were pre-

pared for the experimental physicists. The essential problems and accomplishments 

of this work have al.ready been described. 

17.59 A calorimeter was buiit for use in cormection with the measurerr.ent 

of the halt-life of polc>'nitun. A microtorsion balance was constructed for weighing 

polonium samples. 1be comparison of weight and activity of samples was found to 

be a reliable method of purity analysis. 

~1'5AF2flFT ~ 
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17.60 In the early work of the Analysis Group. the ~ain emphasis 

had been upoq~the determination of very small amounts of light element impuritie~. 

~~er the discOTery of Pu240 • however. the need for strict contamination control 
I • 

was eliminated. as wa.1 that for fUrther research on methods for determining 

these element•. Tolerance 11.aita were easily determined by existing methods. 

and it became possible tc tuna attention to investigations which had previously 

been secondary, particularly in heavy element analysis, 'fhe Analysis Group 

devoted increasing effort to the problems of the metallurgists, to improvement 

of instrumental techniques and development of routine methods. lbe following 
• 

is an outline of th• principal analytical methods investigated after August 1944. 

1. Spectr6chemical methods 
a• Plutonium · 

(1) The cupferron method for heavy elements 
(2) The gallium oxide pyroelectric method 
(3) The determination of gallium in plutonium metal 

b · Uranium 
(1) '!'he determination of zirconium in uranium 
(2) '!be det~rm:ination of uranium in urine 

c · Miscellaneotlti 
(1) Impurities in calc i um and magnesium oxides 

2:. Volumetric methods 
e. • Deterininati ol') . of ·scid soluble sulfid.~f in U And~ Pu 
b· De:termiriotion. of sulfRte in Pu 

3. Gravimetric methods 
e• Thtt determination of geliiu~· in pl utoni um metal 

4. .lssa;r 1119thoda 
a · 'Ralf 108-eu.y 
t , . Phptometr i c e.sssy 
C • G~~~intetr ic ssse.v 
d . Yi.t:r~volumetr i c t1sss y 

1. Spectroch~mfe!~ Methods : 

17. 61 · · '!be cupferrcn procedure as applied to heavy element· determination 

was essentially the same as that developed ~arlier for light element trace analysis . 

It eventually proved applicable to thirty n:ine element impur i ties. In addition ~o 

its use for plutonium analysis, it was applied i n analyses of other elements, 

including uranium, The procedure consists in forming the acid-insoluble cup fer !'i l e 

of plutonium. and **-' extracting the compou~d from the impurit i es wi t h chlor o-

fonn, The aqueous impuri ty solution is th~n evaporated on coppe r elec t rodes , 
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sparking of which gives the jmpurity spectrum. It raay also be noted that this 

method was used by the rlealth Medical Group to determine plutonium in urine 

samplea. 

17. 6~ .i)ie._ pyroelectric gallium oxide method was developed in the 

first period for uranium analysis. but became one of the important .methods for 

plutoniW1 analysis as soon as such analysis became necessary, ln this case the 

material was arced in a dry-box to reduce health hazards. 

17. · 63 · Gallium was determined in plutonium metal by a method which 

illustrates the value of seem.1ngly irrelevant research. A considerable time 

before the need for such a method appeared. the spectrochemical staff decided 

to conduct some studies in the extraction of iron and gallium complexes with 

di-isopropyl ether. The results of this work were immediately applicable when 

gallium became important in the st&bilization of o phase plutoaium ( 17°28 ). 

!be complex extracted with the ether named above ie re-extracted into a small 

amount or very pure water, and evaporated on copper electrodes. The residue is 

excited by sparking, and the amount of gallium determined photometrically. 

17.64 . Fo~ certain elements, notably t i tan ium, zircon ium, thorium, 

columbium and tantalum, no satisfactory spectrochemical method was discovered 

by the end of the period considered in thj s history. None of these elements, 

fortunately, was of crucial importance. 

17. 65 Some further investigation of uranium analysis was made in 

' this period. At the end a method was beinr studie~ for the detennination of 

zirconium in uranium. A process was beinG investieated for determining uranium 

in amounts or one tenth to one microgram in urinf! samples. This method was being 

sough~ for use in health control 111'¢rk. 

17.66 fhe analY$1S of impurities in calcium oxide 3.lld magnesium 

oxide became i mportant with ~he adoption of th~se materials as crucibles 3.lld 

line~s in plutonium metallurgy. The investigation was. begun ~arly in 1944, but 

was pursued ~ore intensively after they were adopted for that purpose. The 

method wa~ one of direct arc spectrography. Dft(~~lties were encountered in 

81 "'Ci..-1 ii;T ~ 
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obtaining consistent results, mo~t of wh i ch ware found to be ca~sed by vari~~ion 

in the state of subdivisi0n of ~he oxides. This was overcome by v~ry fine 

grindin0 -Of the sampleG. 

17.~7 Several useful developments of spectrochemical techniques 

were made during this period. These included the double spectrograph, the double 

slit spectrograph and the dry box arc. The double spectrograph consists of two 

spectrographs aligned in opposition, and passes light emitted from the sou rce 

through the slits of both instruments. The double slit spectrograph produces 

juxtaposed spe~tra of two wave length ranges on the same film. The advantages 

ot these methods lay ln halving the sample size in one case, and the ti~e for 

a compl,,te anal~is in the other. l'hey were import.ant. because of economy of 

valuable material, reduction of analysis time, and reduction of exposure to 

plutonium on the part of the operator. The dry .box arc with outside controls was 

developed because of the extreme danger frOll arcing plutonium. laboratory con-

c taminatibn is s-erious with ordinary arcing, and the da.ng~r to operat ors very great. 

2. Volume~i:,i.s §!thods 

17. 68 lcid soluble sulfide was determined by distillation of hydro-

gen suln.de, which was absorbed and detennined volumetrically. The method was 

used for plutonium and uranium metals. Sulfate in platonium wa3 determined by 

raluction to sulfide, followed by volumetric measurement of absorbed hydrogen 

sulfide. ' 

17. 69 A method for detenaining gallium in plutonium-galliwn alloys 

.iltemative to the spectrochemical method vras one wh ich, after ether extraction 

of gallium, determined the latter graYimetrically as the 8-hydr0xylquinolate. 

17. 70 Photometric, volt..Ullet!"ic and gra·1jmetdc methods were investigated 

( to establis h :t procedure for rO'..it ~ne pluton.ium ass~y. Res ·1lts from the photometric 

method were untrustworthy. The gravimetric was gocx.i bt.: t too slOYr. The volumetric 
' 

s·~·gz;cc-r 'iilio »- • 



( 

method was tht'! one finally adopted. After its developrr.ent in early 1945, all 

Ha~ford mat~rial was aasayed by thj s method. 

17. 71 Assay problems· con.""lected with pl11tonbm bookkeeping at Los 

Alamos were frequently troublesOlfle. The volumetric assay results were found 

to be systematically too low in comparison with radioassay results, wh i ch had 

b~en used from the begi nn i ng. Investtgation of th~ ~berration uncovered the 

fact that the specific activity of ifanrord material was about four percent 

higher than that of Clinton plutoniUll, Since Cl 1.nton activlty was used as a 

radioassay basis, the discrepancy was accounted for. 

D P Site 

17, 72 At the beginning of 1945 all plutonium prC\1uction work had 

been planned for and was being carr'ied out in the Chem~stry 3uilding, Building .. 
D, Three things contributed to the alteration of this plan. The first was the 

increasing realization of the seriousness of the plutonium health hazard. As 

has been pointed 0ut before, Building . D was originally planned with the .idea in 

mind o! preventing the contaminatiai of plutoniua by l j ght element impurities. 

In fact the most serious contamination problem was to prevent the contal!lination 

of personnel wi th plutoniu:a. The building was not ideal from this point of 

view, and as la.rger ~ounts of plutonium began ~o. arrive, adequate decontami nation 

beca11e ~ncreasingly difficult. The second factor was an i ncrease in the expected 

rate of flow of the Hanford material, which would, at maximum production, tend to 

overstrai n th~ resources of D Building. The thi ~· factor of importance i n 

changlng the plutonium production plan was a bad fire wh~~h occur red in C Shop 

on January 15, 1945 ( 9·40 ). This ftre demonstrated vivinly the ?Ossibility 

of fire in D Building. "l'he consequences or such a fire, including the spread 

of contamination over a wide area of the 1-boratory, indicated that it was 

imperative to builn a new product i on plant, designed so that fire was unlikely, 

and so ·· 1oca teci. that acciden':.s would not retard the work of the Technical Area. 

17.73 In February, consequentlr, a coinmitt1'e was appoin t ed to design 

-, 
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cUld expedite the con9tn.iction of a new plant. The plans for th : s plant we~e 

enlarged so as to accommodate the processing of polon .' um, wh i ch ~ n th~ mean-

time had shown itself to oe a serious hazard, and which was inadequately housed 

in the Technical Area. 

17. 74 The new plant, the so-called DP Sit,e, located on South Point, 

was divided into two areas. The first of these, the last Area, was designed for 

the processing of polonium and the production of initiators, under the super-

visi1)n of Group Cll-15, the rolonium .Group. The second area, the so-called West 

irea, was designed for the processing of plut~iWI and the production of bomb 

cores. This area 1ras under the control of Group CM-13. 

BUILDING DESIGN 

17. 75 When building design work started, the fin.~l proces3es were 

not work~ out. nowever, it was necessary to design bu j ldings which would 

house any finally accepted process. The buildings consist of four identical 

working builrUngs, plus an office, in the West Area, and one working build i. n r, 

plus an office in the ~st A.rea. The buildings are of entir~ly non-corr.bustble 

const!"Uction, steel w'llls and roof, rock wool insulation, metal lathe and plaster 

lining. All rooms have smooth wall3 and rounded coniers for easy cleaning. 

F...ach of the We9t Area operatjng buildings is 40 ' x 200 feet and contal ns two 30x30 

feet operating rooms and two 40 x 50 feet operating rooms. The East Area operat i ng 

building is 40 x 240 feet and is broken up into small rooms. 

17. 76 The chief featurl'! of the buildinp,s is the ventilating syst~m. 

The air is withd r:iwn from the rooms thro11gh hoods at :i rate of a ':)out two cubic feet 

per second. Where th"' hood capacity of the rooms is too 9ma.ll, additinnal 

exh3ust jucts are furnished so that the air in every room is changed one~ every 

two minutes. The exh&ust ducts ~ssemble into a co1I1non duct. The exhaust air 

from each Area (East and West) is then pas3ed throug-h a bank of electrostatic 

( ' filters to remove contamination, through a ba..'lk of paper emergency filters 

l\nd f:i nal~y through a series of fifty foot stacks. The air is exhausted 

cu_1a "·~ 1 ~;r . 
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by four fifty horsepower blowers in the West Area, and by two forty horsepower 

blowers in the Eaat Area. 

17.71 A tn preliminary building drawings were ma.de early in Februarr 
. ' 

and serious design work started about ·the first ot March. About March 15 work 

was started on the F.ast Area buildings. The latter s~t of buildings was eesentiallJ 

complete June 1. Installation ot equipment was canp,lete by July. 151 and operations 

started shortl,y after that date. '.Ibe West Area buildings were canplete b7 Jul.Jr 15. 

'n)e much more extensive process installation na essentially canplete by October l, . 

but minor di!ticulties prevented plant operation until November 1, after the end 

ot the period described in this hiator,i •. · · 

PROCESS DESIGN 

17.78 When work started on desi~. a new plant the operating pro­
/ 

cedures were not fullJ" work'd out. Subeequentl.7, these processes were worked out 
l 

' \ 
by various groups in the ca ;Divi.Sion. While these procedm-es were being used in 

D Building, a new plant ccmnittee supervised the redesign of the equipment for 

use at DP Site. 

17.79 For sate operation with plutonium and polonium, all operations 
\ 

are carried QU.t in closed systems.· · For easy pl.ant operation, all operations are 
~ . 

designed to be carried out in. a routirie fashion. Finally', t~ prevent cha.in reactions 

with plutonium, all equipnent is desigbed ao that no more than a safe .amount can 

be charged into any piece o! . appar.atus. ~ 

17 .oo Improved prote.itive Jurniture . (hoods, and dry boxes-sealed 
1 

boxes containing an inert atmosphere with inserted glove•) was designed !or every 
} 

operation. This equipment was all made c;ut ot stainless steel far corrosion and· 

!ire res i stance and ease of decontamination. A total of about 20 carloads of 

this furniture was fabricated by the Kewaunee Manufacturing Canpany (Appendix 7 , 

No.35 ) in about 100 days. 

S.ECRE4 -
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Chapter XVIII 

PROJECT TRINI'l'!' 

Pr&-Trinitr 

18.l Preparations tor an experimental nuclear explosion were begun 

in March 1944 when it was decided b7 the Director and most ot the Group and . 
Division Leaders ot the Ia.borator7 that such a test was essential. It wae 

extremel.,y difficult to plan integral experiments which would duplicate in al\1 

satisfactorily complete wa7 th• conditions of a banb. The mat\1" ·questions ·about 

& practical bomb lett una.mwered b7 theory and differential and integral experi­

ments could onJ..y be answered b7 an actual experiment with tull instrumentation. 

Kiatiakow•IQ'", then DepR7 Division wder far the illploeion program in the 

Engineering ·Division, formed E-91 the High Ex:pioaivea Development Group, under 
. . 

~inbridge 1 to investigate and design full scale HE assemblies and ~epare for 
' 

a lull scale test with · actift .material. Group E-9 became Group X-2 (Development, 
.\ 

Engineering~ Testa) during the general Iaborator1 reorganization. 
·' ' . 

18.2 'The tirat a19tema.tic account of the test plan was made in a 

memorandum (Appendix 7 , ·No.36 ) earl.,y in September 1944 by Fussell and Bainbridge 

in which it was conaidered that the energy- release might be from 200 tons to 

101000 tons· TNT equivalent. These earl,r pl.&na were. based on the assumption· that . 

Jumbo, .a l&rge steel veas•l• would enclose the banb so that the active material · 

could be recovered in case ot a canpl.ete .failure. Among the tests pla nned at 

this t.ime were the following: 
) 

Blast measurements - piezo electric gauges 
paper diaphragm gauges 
con:lenaer blast gauges 
Barnes' Baxea (not used) 

. condenser gauge blast measurement from plane 

Ground shOck measurements - geophones 
seismographs 

Neutron measurements - gold toil 
fas~ ion chamber (not used in this form) 
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recording in plane,rdropped "gauges" - (not used) 
ga!Jll\a ray sentinels 

Nucle~r efficiency 

Photographic studies - fastax cameras at FK>O yards 

SCR-584 Radar 

• Meteorology 

spectrographic studies, rad iation characterbtics 
photometric 
ball of fire studies 

Additional nuclear measurements were considered in three reports by Moon, who 

anticipated some of the experiments later adopted. 

l.S.3 One Of the early problems of the test group was that of selecting 

a site. At one time eight different sites were considered - t he Tularosa Basin; 

Jonlada del Muerto; the Desert training area near Rice, California; San Nicolas 

Island off the coast or southern California; the lava region south of Grants, 

New Mexico; Southwest or Cuba, New Mexico and North of Thoreau; eand bars off the 

coast of south Texas; and the San Luis Valley region near the Great Sand Dunes 

National Monument in Colorado. There were a number of factors to be considered 

in making the selection. Scientific considerations required that the site be 

!lat to minimize extraneous effects on blast and that the weather be good on the 

average because of the large amount of ?Ptical information desired. Safety pre-

cautions required that ranches and settlements be distant to avoid possible 

danger fran the products of the bomb. Tight time scheduling required a m,inirnum 

loss of time in travel of personnel and transportat·ion of equipment between 

Project Y and the test site, while security required complete sepa.ration of the 

activities at the test site from the activities at Y. The choice finally 
•. . 

narrowed to either the Jornada del Uuerto r egion in the north'lfest corner of t he 

Al:unogordo Bombing Range, or the desert training area north of Rice, California . 

6-ECRE!T~o 
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The final choice o! the Jornada del Muerto was made, with General Groves' .. 
approva l, after consultation with General Ent of the Secbnd Air Force early 

in September 1944. The project secured the use of an area approxim.atel,Y 

lS x 2.4 miles within the base, with the nearest habitation 12 miles away and 

the nearest town about 27 miles away. 

18.4 Once a site had been selected it became extremely important 

to secure good maps of the region. Arrangements were rrade with the Secong 

Air Force for a 6 inch to the mile mosaic to be made of a strip 6 x 20 miles ., 
including point zero (the point of detonation) at the center. These aerial 

mosaics were extremely useful both for the early exploratory work and for 

final precise planning. A great deal of delay was occasioned because of an 

inadequate supply of maps, which had to be obtained through the Security 

Office in order not to reveal the I.a.boratory's interest in the reg ions in 

question. The m.->.ps finally used were obta ined by devious channels a nd 

included all of the geo·let ic sw-vey maps for New Mexico a nd so':11hern Calif­

ornia, all of the c,ootal charts of the United State3, and most of the grazing 

service and county maps for the state of New Mexico. 

13. 5 TI1e orig i nal plans for construction of the base cainp at t he 

test site were dra wn up by Capt. S. P. n<:valos (Assistant Post Engineer), 

Bainbridge, and Fussell in October 1944 and provided for a maximum of 1..60 

men. This was supported by a mEl!lorandum (Appendix 7 , No. 37 ) from 

Kistiakm'lsky ou t lini ns the plan and scope of the proposed operations and justify-

ing construction requirements. These two documents were approved by Gen. Groves 

and contracts were let for t .he initial construction early in November. · The camp 

was completed late in December and a sro 11 detachment of Milita ry Police unrler 

Lt. H. c. Bush took up res idence. I.abor.<t tory personnel conc-erned with the Tr ini ty 
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tests agreed that the wise and efficient running of the Base Camp by Lt. 

Bush under extremely" primitive conditions contributed greatly to the 

success of the tests. 

18.6 With the concentration of the T.aboratory on the implosion 

program beginning in Augu.9t 1944 the test program lost in priority. The 

shortage 6f manpower for research and development work resulted in the 

members of the Development, Engineering, Tests Group devoting most of their 

time and effort to engineering proble.ms and abandoning to a large· extent 

their work on the test • . Among the few accanplishments during this period .. 
were the layout of the test site, the design and corustruction of shelters, 

the collection of earth samples, the procurement of meteorological and 

blast gauge equipment and a certain amount of planning for the measurement 

of nuclear radiations. 

Trinity - Organization 

~.7 By March 1945 almost all the essential physics research for 

the banb had been completed and Oppenheimer proposed the establishment of 

Project TR, an organization with division status, · canposed of pers'onnel 

chiefly from the Research Divi~ion, which was to have full responsibility 

for a complete test. As original]Jr organiz~d, Project TR included the 

following: 

Head K. T. Bainbridge 

Safety Committee s. Kershaw 

TR u.s.E.D. Capt. S.P. Davalos 

Security Lt. R. A. Taylor 

CO MP Detachment Lt. P.. C. Bush 
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Consultants H. I" Pen !'"l ey v . 
( 1 v. }". \\eisskopf 

( 
F. 8 . Moon 

TR-1 Services J. H • Williams 

'ffi-2 Shock and Blast J. H. Unnley 

'IR-3 Measurements R. R. \':Uson 

IB-4 Meteorology J. M. Hubbard 

TR-5 Spectrographic ao:t 
1-'hotographlc J. E. Mack 

m-6 Airborne l feasurements B. Waldman 

This organiza u .. n expanded rapidJy anct by tl:e time of t he test involved 

a bout 250 technl cal men. Gr 0.ipe R-1, R-2, R-3, R-4, F-4, G-11, 0-4, T-3, 

and T-7 wor k t d full tin.e or. the 1'.rini ty Pro j ect, and va1-tous other groups 

gave a great deal of time to t hi s work. Gro up G-4 manufactured the greater 

part of t he eJ.ectronic e q L1ipmen t. 

.18 .1:3 In JlU1EI 1945 fToject TR included the followir 1g: 

Head K. T. Bainbridge 

Aide F'. Cppenheimer 

Capt . ,... P. Dav aloe ..) . TR U.3.E.!J. 

Security Lt. R. ,\. Taylor 

CO l.1? Detachment Lt. H. c. Bush 

Con8ul tant.s 
Struc tures R. 'II. Carls on 

Meteorology F. E. Church 

Physics •' .t'.. . Fermi 

J. c. fl irschfelder 

Safety s. Ker :3r. aw 

L. n !.ee t .., . Earth Shock 

... G. r eni~ey ... ( . F- l 1st and S.h ock 

H:ysic :3 v. F. :l/ e i s;-; t·orf 
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1R Assembly Cooirlr. ~ - E. Br adbury 

( _j G. B. Kist iak ow :>ky , Al tcr na t e 

( TR-1 Serv:i ces J . H. :,•: U l:iams 

TR-2 Air Blast and Ea!'th 

., Shock J. I! • Manltiy 

TR-J Physics R. H. Wilson 

1R-4 Meteorology J . " Hubbard .. , . 
'IR-5 Spectrographic and 

Pho·:.,ograpbic l.l.easurements J. E. Ma ck 

'IR-6 Air Blast B. '.·lal dman 

'IR-7 ~ledical Group iir. L. H . Hempelmann 

18.9 By the time Project. 'rn was set up, all of the · elaborate 

schemes for recovery of active material were virtually a bandoned, including 

the use of Jumbo ( 16·53) and the use of large quanti ties of sand or of wa ter. 

At the time re covery methods wor e cons1dered seriow; ly tre supply of active 

( material was extreme l.y l:i.mi ted and tr ere w~. s a very str ong feeli ng t hat t t.e 

bomb might fail comple tely t o explode. As cmfidence in t he ultl.ma te succes s 

of t he bomb increased and ade 4uate production cf ai:: Live rr.aterials s t en.: ed 

assured, the recovery progrrun no lon&er seec.ed essen tiaJ . PerLc..p s the 

rr.ost important deciding fe.ctor, however , wa s tt:e fe:..ct 'lh a.t any effective 

recovery program would interfere seriously wi U: securing information on the 

nature of tho explosi on, ltlhid1 was, after aJ l , tl.e pd Lc:!ral reason f or tte 

test. Jumbo was taken to tr.e site and erected at a po~nt 800 :-, a rc: s fr oir 

it s originally plannec l ocation, si : ce it was not to be u~Ki f or tr.i s te3 t. 

Rehea r sal Test, . 

18. l O The fir ~ t tasl-: of the nevi gr c•up wa s tr.a•; of prepur ing a 

reheareal shot kno~m a!3 the 100 t w shot. Tt:i s r.nd b E>en propo ::;ed in t.r e 

(_J 

t/&t ., ... wt_, 'l"."l EX ... J 4 . .... I 
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summer of 1941. bot.h as a full dress admi!'.i stro.ti ve rehearsal an:l as a way 

of p1 ·ovidi ng calibration of blast and earth shock eqU.:. pm1-mt for t he nuclear 

bo1.1b test. It \'fas finally schedu l ed to take plaoe on May 5, 1945 . The 

date was exterv:led to May 7 to allow the installation of additional ~quip-

reent, but several requests tor an additional tjme extension had to be 

refused because any furtber delay would !':ave delayed the final test, which 

was already very tightly scheduled. 

18·.11 !he test wae carried out early in the morning cf May 7 with 

100 tons o! HE stacked on the platform of a twenty foot tower. Very l ittle 

experimental work had ever been done on blast effects above a few tons 

of HE, and it was iir.portant to obtain blast and earth shock results in order 

to de t ennine the proper structures to use to withstand t hese effec ts for the 

final sh9t. By using appropriate scale factors, the cen t er of gravity of 

c t he 100 ton stack of LE was made 28 feet above the ground i n sea.le with th e 

100 foot height for the 4000-5(X)() t ons expected in the final test. 'Ihe stack 

of I-IE was provided with tubes conta i ning 1000 curies of fissi on produc t s 

derived Crom a Hanford slug to simulate at a 10\'I level of activity the radio-

a c t1ve pr oducts expe c ted from the nuclear explosion. Measurements of blast 

effect, earth shook and dar.~ge to a pparatus and apparatus shelters were made 

at di stances in scale with the distan ces proposed for tr:e fir1al shot. Measure-

ments to d.etermi r.e "cross-t alk" between circuits and photographic observations 

were in general carried out at the ful l distances proposed. f or th e f inal 

shot. 

18.12 ·n ie test waa successful as a trial run, and was useful 

chiefly for sugge5ti ng me t i.ads f o1· i .r.lproving procedures for tr:e final test . 

n.e most critical administra tive needs emphas ized by the test were better 

transportation and cor:.in1w-1i ca ti on facil ities and more help on pr ocurenen t, . 
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The chief purposes of the test were accomplished. Men who had wor t ed in 

well equipped laboratories uecame familiar with the difficulties o f field 

w erk. Blast measurement and ear th shock data were valuable in calibra ti r.g 

instrumenh anct providirig staroards _for the safe desj.gn of shock-proof 

instrument shel tere. Measurement of the effects from the radicacti ve materi.al 

i nserted in tl:e stack of HE was especially valuable in giving information 

on the probable amount and distribution of material which would be deposited 

on the ground. This information secured by the Fission Studies Group of F 

Division wae essential for planning the recovery of equ.ipnent, t.he measurement 

of bomb efficien,cy ani protection of personnel for the final test. The h igh 

percentage of successful measurements in the final test may be attributed in 

l arge measure to the experience gainsi !rem the rehearsal shot ~~cti ce. 

Preparations tor the '#'in1~l Test 

18.13 When Project 'Irinity was established, July 4 was set as the 

target date for tbe test, a l though it was doubtful th a t thls date could be 

met. Pr"parations !or the test continued at an increasingly rapid pace after 

th e comple-ticn of the rehearsal sho·t. The breadth and intensity of the prepar-
I 

ationa which were neceseary for the 'n"'ini.ty test ca:-.inot be overemphasized. 

The task was one of ' establishing under conditions of extreme secrecy and -

great pressure a canplex scientific laboratory on a barren desert. The number 

of people available was very small in comparison with the amount of v.ork to 

be done • . Over twenty miles of black top road were aid, plus a pc..ved area 

in t l;e vicinity o! the tower. All personnel and equ :pment had to be trans-

ported frcrn Los Alamos, and after considerable effort t h e Trlni ty staff 

succeeded 1n securing about 75 vehicles. About JO more were added during 

the la st. week hy the monitoring and intelligence grou ps. h. comp le t e 

communl cations system had to be instal l ed, including telephone Urie~ , public 

c • Lr'---
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address syatem1 ~all of the bullcli.ngs ~~ n'~ci1~ · µi lS ot the c~ra. 
" 

lliles bt win• were med both tor the comm.iidcationa sys~ and in con-
. . .. . .; ~ 

Junction rlth the mioae expe~iment.8. A oa*tph~ : techn~~a~ stockroom had. 

to be established._ &!Jd 411 ot its va·ried coateni. trtUUtp0rted tram U::ls Al.a.mos. 
~ ' .. I 

The stockroom waa otticiall,y lm°"Jl ae "hbar• • Sanita17 ·conditions were 
.\ ' • • • • ' f 

ditf~cult to maintain, eepecialli in the mes• b&U, because of the hardriese 
... ' . . . . ~ ~ . " 

ot the water. B~auae ot the. a:t.rea,1¥ tight aohe<iule tor the teat, &!\J' . , 
' . \ . 

dela7 ill the · proc;urement or del1YeJ7 of needed mt•rial meant that the group 

'attected would haw to redouble ·its •ttori.e when the tilings tinal.l.7 did 
... ~ ~ .~· •' ' 

arrive. The c~iDation ot ti.pt schedule and e}iot.t&ge or persomiel meant 

.that meet at ·the :people at Tr~it.r; trm •••· •\tenda.nta . . to gi-oup leaden, 
~ . " .. ,. 

worked at re-Yer piteh, eapeciall.7 during .the la'\ . month~ A t~hour working 
J t , j ~ • 

da.r was co~id•red noZ.l, anq .oi~en it stretfhed to eighteen • .. 
. .. ~~' 

18"-,i14 Among the ~ complu adla~trat.i.ve pro'blem , ~ssociated with· 

the test were thoa~_.. eolved bt tJle · ~~rrlces ~P~,· TM11 . ~oup ~dertook the . · ' 
~~ . : 

veey di!ficlllt taak or provid~ the w1ring9 .p • .,.,. \rane·portation~ coanunication .. 
tacilities, and construction •edeci.' . 'nle conatruct~on schedule was espec1all.r 

tight and required !& great deal'.: of careful planning ~d hard work to · canplete 
' \ . 

f " .. ·7. 

suc~essfull,y • . P'or a month .. befOX'tt the test tlMtre were nightly meetings to hear - . ' \" , . .. \ . 
reports on field constructio~ progress and i.· p~n th•·· assignmen~ 0:£ me~ tor . . . , .... 

r .• , , ti 

the following day~ Construction help Wa8 &ssi~ on the basis of the priority . . . 

' {1• • I I . "' 

of the experiments tor which it wa• needed. . ,. 

18.lS Conaiderable attel\tion was paicl to security- and to the legal 
' .~ ~ 

. . 
and safety aspecte of the test. A peat et.tort ~ made to dissociate the 

, . ' I 

work at Tri.Dity trca that at Loe A~moa. \ There waa a great deal of discussion 

·about what should be done about people in surrouming towns. 'Ib.is :was fina~ 

settled by having a group ot 160 enlisted men under the c~ ot Major T. o. 
' . 
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Palmer stationed north ot the tes.t area with enough vehicles to be able to • 

evacuate ranches and towns it this was !'OWld neceBae.17 at the last manent. 

At lea.st 20 men aaaooiated with 1lilit&1'7 Intelligence were stationed in 
' 

neighboring towns and cities up to 100 .U.S &W&:T 1 and moat ot these men 
~ . 

served a dual tunction b7 careying recordiilg barographs in o~er to get 
' .. ~ 

permanent. records ot blast and earth shook at remote pointe. 
I 

lS.16 ~ millor aQll'Ce ot acitement wu the accidental banbing, 

with a d1B117 bomb 1 ot the Trinit,r ba.ae camp by a plane from. the Alamogordo 
! .. . 

Air Base earq iD Ka,r. The incidents were reported to the base camiander 
. ' 

through the S.Curit7_otticw and precautiom nre taken to prevent their · 

recurrence. 

18.17 F.&rl,r in April Project TR aecured th~ serYicee ot J. M. · 

Hubbard, meteoroloa supervisor tor the Uanhattan District. He requested 
. . 

information tram the various experimental groups on the particular weather . 

coDiitions or sUrYe19 which the7 would !'ind usetul in their operations, an:l 
. 

made an ettcrt to t1.Di a tim tat would meet nearl,y •~17 specification · 

ot the var10Ull grmpe. He secured the oooperation ot the Weather Divisio11 

ot the AJ'D\Y Ail' Forces 'and was able to draw on 1ntormat1on ot a world-wid4 

nature in making hi.a aurv91s. 'nle period which he sel.ected as first choice 
' 

tor the tina.l test was Jul.T lS - 19,20 - 211 with 12 - l4 u second choice, 

and Jul.T 16 onl,y & poasible date. 

18.lS ~ of the most ditt'icult problems taeed b7 Project TR was 

that Of · scheduling. W.ekq Metings WG'W held with OODSultanta and reaponsible 
I 

group am section leader•' attending te conilider new experiments am discua• 

detailed scheduling and progress reports. It w.s important to get M llllCh 

information trom the test as poa:!ible, but it was not possible b~ause ot the 

limitations or time a.Bi perso1U1el to schedule enr7 experiment proposed. 
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In ortier to have a new experiment considered by the weekly scheduling meeting, 

the person ma.king the proposal would have to prepare a detailed account of 

t.he objectives of the experiment, the accuracy expected and the req':l1rementa 

for equipnent, persamel am machine shop ar¥1 electronics shop t.1.Jne. 

On the basis of such information the Trinity scheduling group could decide 

whether a particular experiment was suitable and whether it had any possibility 

of being successfully completed. 

18.19 The July 4 date accepted in March was SO<Xl found to be 

unrealistic. Delays in the . delivery of tull scale lens molds and the conse-

quent delay in the developnent and production of full scale lenses, as ~ell 
• 

as the tight schedule . in the production of active material, made it necessary 

to reconsider the date. 'n1e Cowpuncher Canmittee made; an effort to schedule 

the pacing canpon~nts in order to determine the time at which other oomponent~ 

or other develoµnents would have to be ccrnpleted in order not to delay the 

teet. By the middle of June, the Co~punch~r Coaunittee agreed that July 13 

was the earliest possible date, and the 23rd was a probable date. Because 

of the great iressure to have th,e test as early as poseible, it would ·' . 

undoubtedly have to take place before all reasonable experiment.5, tests and 
\ 

improvements could be made, bUt the Jul1 13 date was fixed so tta t easential · 
• 

components would be ready at that time. On June .30 a review was made of all 

schedules by the Cowpuncher Comm1 ttee, and the earliestdate f or Trinj t y we.s 

changed to Jul y 16 in order to inclllde sane important experi..'Ilents. Coomit­

ments had been made in Washington to have the test as soon after July 15 as 
' 

possible and these commitments were met by tiring the shot ear l y on the 

mornin.g of July 16, as soon a:> weather con:iitions were at all suitable. · 

' . . \E*> 
SE6F+ET 
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l8.20 Four rehearsals were held on t ·he 11th, 12th, 13th and l4tf: 

with all pcr3on11el cooperating. A "dry run" of the as:Jer.ibly of tbe HE 

component of t.1e oocnb was held early in July f ollowine a nuinber of tests 

to study methods of loading and effects of transportati on. Fina l as3edJly 

of the HE began· on July 13, and of the active core on tht! s s.me .da.y• Nucle qr 

test5 and the ass~rnbly of the active component Mere cArried out in McDor;a l d' s 

ranch hou~e - a four room fr&n e house about 34·-:xJ y-ards frorn ·the det ,1na t i on 

point. Th e variou!3 pieces of apparatus employed. were identical with U-ioso 

already shipped to Tinian, and the operation took on the cha.rd.cter of a 

field teat for the overseas expedition. :On July 11 the active material .. 
was broug.li t down by convoyed sedan fro.c::t Los Alamo3 ·in a field c:irrying case 

des~ned for use overseas. 'Ihe HE components were asse:nOled at one of the' 

outlying sites at Los Alamos a.'1d brought down by convoyed truck arriving at 

'lrini ty on Friday July 13. 

Je.21 8 efore the assembly started a receipt for the active 

material was signed by Brig. Gen. T. F. Farrell, deputy for Gen. Gro ·1es, 

and handed to L. Slatin (dcd) who was in charte of the nu.clear assembly. 'll1e 

acceptance of this receipt !'ignalized the · forG!al trami f er of the precious 

r"u239 from. the scientiste of Los Ala.mos to the Army to be expen:led in a test 

explosion. The final assembly took place on a canvas-enclosed flooring which 

had been .built for the purpose within the base of the tower. Active material 

in large quantity was put ldUlin HE for the ·first time on this occasion. 

Although the people performing ·the operation and - those watching it were 

outwardly calm, th ere was a great feeling of tension apparent. Cnly one 

diffiw lty was encountert:d which made the actual carrying out. of tbe 

asseai:>ly anything more than a routine repetition of rehear~als. n-.e ~: eat of 

together with U:e !; eat. generated by the active 
-~;;....;;....--.. ....... ~-..=-:..:.__:.~, 

~----=~--------'~to a ~ery hieh temperature. L 
ma~erlal raised l)Oi:;: 

~'--~=lJrP'> 
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had on the other hand been assembled the night 
.. 

o! I.cs Alamos and was cold to the touch. · Different.hi l 

expansion between these two p:i.rts was enough to cause interference1 

DBL 
!)<1~ L -- DBLITID _____ {1-w-hich had of course been-tested ~lze. befor-:-

l (.)) _hand. A delay ot a minute or two occurredr= 
µ . t;"&Lef91> 

[ 

DBLBTID __ Jto permit its entry as 

~~ 1-----------
f.l lS .22 After the HE arrl nuclear canponents were completely assembled , 

j 

th~ bcmb Wa.!5 still without detonators. It was haul_ed to the top of its 100 

foot tOW'er ~ere it rested ·in a specially co~t_ructed · sheet steel house. On .. 
·the 14th the Detonator Group installed the detonators and informers and. the 

Prompt. Measurements Group and other test groupa checked and completed. the 

installation of apparatua for their experiments. Visits were made to the top 

of the tovrer· every six hour3 by members of the Pit Assembly Group to withdr.:?.w 

the manganese wire whose induced radioactivity was a measure of the neutron 

background~, ,_, 
. . . . : •, _ 

l.S.2.3 _ Perhaps the best way to give some notion o_f the complexity 

of this lmpl?Sion banb, wh~e manufacture requ~d the . efforts of so many .· . ... . 
' ~ · .\ . ~ 

sp~i.alists and whose as~embly wa.e "r? .delicate an operation;· is to en'1filerate 

its · contents. · 
. . J 

·, DILBTBD· 

Dm&TBD 

... .. . c 
l 

-....n ·.·· ·····.· l 

-··-'··- - - - - -
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·'-------..,-,;;:;-::;-;----;.;-:;~= 18.24 Elaborate plans were made for the evacuation -of i:ersotinel in the 

event of any serious · difficulty~ with the Medical Officer to be in charge • . The 

Arming Party 1 a s!Ik1.ll group responsible for final operations, also assumed 

responsibility for guarding the banb agaillst poesible sabotage, and remained at 

the tower until the last possible moment. The weather seemed unfavorable early 

in the morning of the 16th and not until shortly before 5:00 a.m. did _the weather 

reports received from Hubbard begin to look satisfactory~ As originally planned .. 
the decision whether or not to run the test was to be made by Oppenheimer, 'Gen. 

Farrell, Hubbard and Bainbridge with one dis::ienting vote sufficient to call it off. 

The final decision was made and announced at 5zl0 a.m. and the shot was sc!'-ie<luled 

to · be fired at 5:30 a.m. 

lB.25 Nearest observation points were set up 101 000 yards from the · 

toV1er with Base Camp located 17,000 yards from the tower. A number of disting­

uished visitors ca~ for the test including Tolman, Bush, Conant, Gen. Groves, :C. 

Lauritsen, Rabi, E. O. Lawrence, A. Compton, Taylor, Chadwick, Thomas, and Von 

?leumann. All were instructed to lie on the p-ound, face downward, heads away 

fran the direction of the blast • . 'nle control etation, which was located at 10,000 

yarrus, ~s connected to the various observation points by radio. From here periodic 
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time announcements were made beginning at minus twenty minutes until minu3 

45 seconds. At that time automatic controls were switched on, setting off t.h: 

_explosion at 5:29 a.;n. on rlonday, July 16, 1945, just before da.Wn. 

Trinitz 

lS.26 There have been a great many descriptions of the explosion; 

one of the meet graphic is that of Gen. Farrell who saw it from one of the 

10,000 p.rd observation points. He said, in part: "The effects could \vell 

be called unprec•ented, magnificent, beautiful, sttipendous and terrifying. 

No man-made phenomenon of ~uch tremendous power had ever· occurred before. The 

lighting effects beggar,d description. The whole country was lighted by a 

searing light with the intensity many times that of the midday sun. It was 

golden, purple, viol.et, gray and blue. It lighted every peak, crevass e and 
. . 

ridge of the nearby mountain range with a clarity and beauty that cannot be 

described but mu.st be seen to be inagined II .... Several of the men stationed 

at Base Camp and ·m8mbers ot the Coordinating Council of the labora tory who 

watc~ the explosion !rem the hilla about twenty miles away prepar~d eyewitne:::::; 

accounts of their experiences. All were deeply impressed by the intem1 ity of 

the light, and also by the heat and the visible blue glow. 01;. the heat, one man 

said• 111 felt a strong sensation of heat on the exposed skin of face and arP.lS, 

lasting for sever.:il secoiids and at least as intense as the direct noon sun. " 0f 

the blue glow, another rep_orted, "Then I saw a reddish glowing smoke ball ris ln; 

wi th a thick stem of dark brown color. This smoke ball was surrounded by a o ue 

glow which clear~ indicated a strong radioactivity and was certainly. due to the 

gamma rays emitted by the cloud into the surrotmding air. At tha t moment the 

cloud had about 1000 billions of curies of radioactivity whose radiation must 

have produced the blue glowf'. There were also many detailed accounts of t he 

appearance of the now familiar mushroom-shnped cloud. It was sever11 l minute .'3 
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before people noticed that Jumbo's steel t01ver had disappeared ( 16.53). At Los 

('"'· Alamos, over 200 miles away, a number o! people who were not directly involved 

( . in the test and were not members of the Coordinating Council, watched for a 

flash in the southern sky. As the shot had originally been scheduied for 4:00 

( 

a.m., many watchers grew impatient and gave up. A !err did see it, however, and 

they reported a brief blinding flash of considerable intensity. 

18.27 For mal\Y of the men who watched the test at Trinity, the 

immediate reaction was one of elation and relief, for the succeas!ul explosion 

of the first nuclear bomb represented years of difficult concentrated work. 

With this elation and relief came a feeling o! awe and even of fear at the mag­

nitude of what had been accanplished. For many the successful completion of the 

Trinity test marked the successful canpletion o! the major part of their work 

for the Los Alamos laboratory, and there was a general letdown and relaxation 

after the intensive efforts o! the past months. For those men who were going · 

overseas, however, there was no rest, . and their preparations tor 'h-inity were 

simply a reh~sal ot their duties at Tinian. 

18.2S Seourit7, which alJrays pervaded the work of the Iabora tory, was 

not forgotten even in the hectic hours after Trinity. As ... the tirst cars of weary 

excited men stepped for food in the ~ittle town of Belen on their way back to 

I.De Alamoe, they spoke only of inconsequential things, and the occupants or one 

car did not recognize the occupants of another. In fact, the members of the 

coordinating council were required to return directly to Los Alamos in buses, 

avoiding any stops in New Mexico conmunities. Not until they reached the guarded 

gates of Los Alamos did the flood of talk burst loose. There was a great s a. l e 

of Albuquerque newspapers the following day because in them was an account of 

an "explosives blast" at the Alamogordo Air Base. The story was credited to tl.8 

Associated Press, but appeared in very few papers outside of New Hexico, and 

( ) then only as a brief note about an unimportant accident. 
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Result::; of 'I'r in i ty F?cperin:.ents 
• 

;" 13.29 Tc give some notion of the nwuber J.nd s cope of t he experiJJ:ents 

done in cc-nr.ection with the Trj_11i t y test, the follov: ing s un:ma.ry is included. 

(See c h.:i.rt of location of Trinity e.xperimer.ts in ar;..-endix). There were six chief 

groups of experiments : 1.- I mplosion; 2. 2r.ergy reJ.ea :.;e by nuclear measurements; 

3. Damage , bl.J.st and shod:; 4. G£neral phen omena; 5. Hadia tion meas urements and 

6. Meteorolc;:zy . 

1. Implosion experiments included: 

a . Detona tor asimultaneity measured with detonation wave-

operated switches and fast scopes. These records were 

fogged . by gamma rays. 

b. Shock wave trans r..ission time measured by recording on 

a fast scope the interval from tte firing of the detonators 

to the nuclear explosion. This experiment gave a result 

[ ~ ]in exact accord with µrediction.s. 

c. The multiplication f~ctor (a) measurement was done by three 

methods . - with electron multiplier ch~bers and a time 

expander; by the two chamber method; and with a single 

coaxial chan~ber 1 coo.xi.al tra.nsfomers ar.d a direct deflection 

high speed oscillogr<1 ph, f t ·.·.·. DBL..,....· ·.....,~· 

2 . The calcuJa tion of energy releas e by nuclear r:ieasure.ments included: 

a. Delayed ear::r.a ra:r; mes.sured by ionization chambers, multiple 

a..'il.p lif ier:-: , ?....nd Heib.nd rec. orders from bot}; eround :ind balloon 

sites. 
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b. Del.a~·e d neutron med.sur.:-r..ents dor.e in three vrays - by the 

c _235 
use of a cellophane catcher and u- plates both on the 

ground and airborne, by the use of gold foil detectors to 

give a n integrated flux, and by the use of sulphur thn,shold 

detectors. For the ce lJOphane catcher method a record was 

obtained from the 600 ~eter station which showed an ener8J' 

release consistent with the P.. Anderson figure (c. belovr). 

With the gold foil method the number of neutrons per square 

centimeter ~er unit logarithmic energy interval was measured 

at 7 stations ranging from 300 to 1000 meters frar. the 

explosion. Of the sulphur threshold detectors only 2 of the 

8 units used v1ere recovered and these gave the neutron flux 

for energies of 3 Mev at 200 meters. 

c. The conversion of plutonium to fission products, measured by 

determining the ratio of fission products to Pu, "'ave a 0. 

l 

result } equivalent to 18 ,600 

tons of TNT. An attempt to collect fission products and 

plutonium on filters from planes at hit;h altitude frcm the 

dust of the shot after it circled the Y1orld gave no results, 

although lq.ter sa::ie indications were obta-ined after the 

Hiroshima explosion by this method. 

3. Drur.age, blast and shock experiments were divided into three groups: 

a. BL::i.st, b. Earth shock and c. Igriiticn of structural ,rnaterbls . 
• 

a. Blast measurements included: 

(1) Quartz piezo gauges - these gave no records since the 

tra ces were throWJi off scale by r --vifat.ion effects. 
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r ecords w .r e oti t .1 iuPd bee <. us e t he shot ha d t o be ired 

wJ- en tbe planes were out of os it i on. 

(3) 7f:e exc ess veloc ity of t e sh ock wave in r ela t ion to sound 

velocity was meas · red with a :novi ng co~l l ouds r eake r icl-.:­

up, by the optica l method with blast- operated switches 

and t or pex flash bombs and by the ~chlieren method.. By 

t he moving coil loudspea ker methcxi t he ve locHy of sound 

was ob ined for a small charge and then the excess 

velocity !or the bomb; this measuremer.t ave a yield of 

10,0CO tons a nd proved to be one of the most successful 

blast measuring methods. 

(4) Peak pressure measurements were done with spring loaded 

piston gauges a t an intermediate pre~sure range of from 

2.5 pounds to 10 pounds per square inch, with the same 

kind of gauges above gr ound and in slit trenches at a 

pressure range of from 20 to 150 pounds per square inch, 

with crusher type 0 uges and with aluminun: diaphragm "box" 

gauges at a r a nge of from 1 to 6 pounds. The first of 

these methods gave blast pressure values 'Nhich were low 

c ompa red to 11 ot her methods , the crus her t ype gauees 

gave t he hi hest pressure range and t he "bax 11 gauges 

gave a TNT equiva l ent o 99<X) ! 1000 t ons . Th is last 

r..ethod was fot..nd o be inexpens i ve and r e iable. 

( 5) Remote pr ess, ire baro r ct i h r ecor ders gave r eGult cor.­

s i .T'·.en t with l C, 000 ons . These werf" 11ec essa ry .for 

l l"e,;a . rea s ons . 

(u ) n u se .:;'.J.Ufcs - m"'d .an L:,> lly r ecor :iiz,7 pis t on liqu.L 

1 ~ · . ,( (" tor,·, . 
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(7) Has s ve ocity r~.i:-:-st,remen s v1ere m<i fo by v it'vdng ..:ith 

Fasl" x car.1eras su&:-ended r in.ac ord t.nd ;n...1.gnesiurr. fl ':!.s h 

( powder . 

(8) Shock wave expans on measurements "'ere mE.de with 

F stax c ~.meras at '300 yard stations and gave a. ota 

yield of 19, 00 tons . 

b . Earth shock m.asurements included : 

(1) Geophone measurements with veloc ity-type moving co l 

strong motion geophones gave 7000 tons ~fter extrapo-

lation from a small harge and lC() ton d ta. 

(2) Seiscogr~ph mea surements done with Leet ) -component 

strong mot i on di3 lacerr:ent seismoi:;raphs ;;:we r esults 

of approximatel_y 15,000 t.ons . These were necessary 

for legal reasons . 
( 

(3 ) Perm::i.nent earth displac er. e nt measurements using steel 

s t kes for level .:i.nd vertical displacements gav _ result3 

of 10 ,ooo ~ 5000 t ons , 

(4) Eeinote seismographic obserV3.tions a t Tucson , Fl Pas o 

and Denver show~d no effect a t thes e distances . 

c. The ignition of structun. l 11\'.l. terials w~s observe:l .is ing re f ing 

mater ials , wood and ex.cel3ior on stak~s . Observ·1t. ions shO¥·ed 

that the ris k of fire roduc e<l by r :i.di3.nt energy i .s sm;..ll .fo~ 

dist.:.nces ,greater than 3200 .r;e ~, . TI e risk nf fire fro1:i. Urect 

r'.l ·Ji ·, .i ·)n ·ins li~~eq to be ;nuch les s t h3n th e rlsk · f fire frcm 

J toves etc . 3. t. he t.ime of tbe ex •losl n . These conclus ions 

were ~onfir:ned t Hirosh:in::l. !J.nd ;·.:.i.,:;as; ki. 

studi<.?:; of 



( 

( 

( 

studLe0 d i d inclur.ie .:i. l" .:Lr s ·~ 1 1dy .vit r. " >CH- 514 r :->. d ~ns it '.v !.~·:L t ·.··,_, : l'.:>b ·:,f 

tne c loud we re obtained ; ra r ref lee~ lor. , howeve r , w.:i3 not found t0 oe f :.. ·10!·-

abla . Phot ogr aphic equipment us ed for t : es e s t udies inc ludel Fu.st~~ ca::;er:.i.s · 

r £> n;i11,g f rorr: 300 to 8000 fr -.n1e.., ·per St:!COi"\·j , standard 16 n- illin;(~ .er c ol:)r c cmer::.s , 

a 21..i. f r c,1ue per second Cine- ~rec ia l , 100 fr 3.Jnes per second d i tchell car. er~ s , 

:i:inhole cameras, ga.rrrna r ay ca.mer:.ts , Fa ·rchild 9 x 9" aero view c.J.r:ier3.s a t l C, OOJ 

yc..rd.s a nd at 20 miles for stereo- hotc· s . TI1e.3e phot.,gr :i li ic rec ·Jr ds were extremely 

va luab le . 

The ri3e of the column w.::..s followed with sea rc hlight equi ment a nd the 

first 13 miles of t he main c l ou r ath w.;. s obtained by trLi.n,::ruLtion . A part of 

this gr0up of experiments was a m1mber of s;:;ec trogr aph ic :i.nd photo1:.etric rr,e.J.s ure-

ments and ::1easure;: ent of total adi:i. ti on. Spectrogra}:'hic r.;easurer en t s were done 

i'fith Pilger and Bausch and Lor: b hi ;;L-t i.J e- r es o ution s ectro:.; r ,tphs , rhoto.netr ic 

measure1::ents with movi ng fi:Lrn a.n.:i fi lters a nd with pl":otoc ells and filter s recording 

on dr u : _ oscil ographs , a nd tota l r ad iat i on .e.J.surerr.ents with t'."len1ocour:lP-s and 

record ing equipment . 

5. Post-s bot r a d iation 1'1easurements included : 

a . Ganuna-ray senti~els - t hes e ionization cl <>.nb ers which rec or ded 

a t 10 , 000 ya r d shelters were extreDe ly va lu~b le in g iving the 

dfatribut ion of radi roctive roducts Lr11me di·1 te ly after the s hot 

until sa fe sbble conriitions were a s3ured . 

~ . Portable c hambe r observations in the high gar.'lm.~ fJux r egion 

.·1ere ;1u· e fr oia heu.vil,t shiel·ied .:\ rmy tanks using porta.~ le ion-

ization c ::a.11bers of s tand:.;. rd •ies i~n a bout fo 1..<.r ho'..c~ a.ft.er the 

3hot ·rnd i n.'..zat l on tl· :i f;o1:1 t hese chamber'.; ·Ne e r:Ldlced back 

to '...l.~ control she i__te:· . 



( 
( 

s :recfal ir .:ilters w2.s \IJ'l81 ~cce3:.>ful a.s nnted ~bove (J . ·- · ( .... ); . 

c . .\ et:i. il~~'i •:r;, ·:· su rv '!y WJ.S :~~de with i on:!.z 1t ion c'.:~'.'.:.;ers 3.nri 

1·er hour a t t r.e e~e of the _r:iter J.nd 0 . 02 roen+,o;~ns er hour 

'.Vea.th'?.r in!'orr tion w·.i s ob .J. inod up to 45 1 .in t e0 he.: ol e t he 3Lot 

rro.-:i tr.e ; o i1~t )f ~tona t ion to /C' ,oro f eet .J.nd 25 '.!linutes fter t.l e s r.o • Low 

l eve l smo·:~ st •.id ies were r.rade to de te1 ni ne tl e pre~-td of a tivd ·rut eri..:i. l in C..lse 

the nuc le.:~r explosion failed to oc.-;ur . This infor n:t ti.on w:i s vi ta lly ·J::-.port.:1:it 

f or ~ he st c_ess of ~e tes t . 

--·-
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PROJEC'l' A.LBERT A 

19.1 Altl'wug~ Proj ot Alber~ 1'U not orga::l ized f ormally until 

Maroh 1'~5 . \ts worlc h.a.d 'be.,n done by the Delivery Group of the OrdMn e e D\vi s ~on 

si~., J \me l j4), (Se~ Chapter VII• l)e liv e ry). The group wa" respondble f or the 

deliver/ of' the bomb !lS r.. praotioal tti-rb\>rne military weap on, and durlng the f ir :;~. 

p&rt of the Project'a history partfoipllt('d 1n d esign of the fi l bornb, lllnd 

•mdertook to a ot as l iaison w1~~ the Air Force on suoh matters ~s the se l cct1?n 

of ai.r era.rt ~.nd the sup•1n·vlsion of field tests wi th mo(lk banbs. 

ol<!itl" that the plutoni um gun as5embly methoo would n•'t be us~d, thrf!te mod-el11 

rema in6d - the Little Bo1 for the if-35 gun auembly (7 .Sh). the l?.22 Fa t Man 

model l)f tho ilnpl-:>E;l:>n !ls sembly and the model whfoh became tho fin.ally it.dop t.,d 

l'.:)61 Fat Man.. 9y 3-!pt&nber l, 19}.J.., it was decided to fre>lZ8 th6 ex-tt)i"Utll shap~ :; 

L"ld 4.iN,.l:lft requil"~.in nts o!' the three modeh iso that the Air ?or ca oould begin 

immedlatol:r to train a 00t0hat unit for the delivery of the bomb. A pr1').'b.o ti.;, f1 

1,)t of 15 B-29'& wa ~ inodified s.t the Mar tln Nebra:slca ph.nt under ~'le guU.anoo o f.' 

3. Dike and M. 3olstli!ld of Los Alamos. The first airct•aft beo!:\me avail.abh in . 
October. Wendo-ver Army Air Biu e in Utah, sometLnes oal l~d by the o•:>de Mme Kin g11rn.n. 

ri?" the symhol 1t..147, was designated 11s the tra.bing and test oent"r f'or th(" 1M 

At~ ie Dafnb Group, and Col. P. w. Tibbets wa s appobted canP.lllnd1.ne of!'io r of 

the combat gr.:>up kn<"tn as the 509th ·~anpos 1.ta Group . 

19.3 The f'irst tont" began at 'll'endover in October 19-'Ji. a nd •::: <rn •. h ·.I • .i 

up to the tl.:n of the fir~t com~"lt drop. A m.unber of groupa fr co(JI 0, .X an<l G 

Divlsi ".ll'1S, in additll)n to the Delivery Group~ 911rticipn t~d in the ',fond ->"1 er t:B'.Fi. 

ir:cbd.ing the F\.1alng Gr oup, t he Gun Gro1..1p. ho HE A.'H31.lmbly Gro1.1p, th~ El .-. d .r :.· 

Det;r:.,_t ,,r Grotip Afld tho Dallletic Group8 In Nov mber 198+, Comd r . !". L. Ai.I . .., ,_ ,. · ... 
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'J~, asg1..1ned the resp •.>n8ib ll1tq' of' S'.lperv i s ing these fi e ld oper tions. Thi') l o'l& 

se i..,s of tests whi•"?h . d en hegun wi th t~ree tent.'\ ti've an.d hter .,,ith the 

flnal mo<leh tn• luded. t est s for allisticis lnfo.l"'.natioo, f or e lecltri.0 11 1 fusing 

in fonn 11 tL n. f fliGht performance of electrl~al detonatm·a, for ope!"!lti10. o!' 

0 

t.he airorit.ft release me cMt\ sm, f or vi :,rati:m inf onnati ::in. f or it.ssambly exper ien...,e 

'l!ld f ot" t~mparaturd effel~ts. Becaus e the fira t lot of B-29' & proved to have p oo~· 

flying q a l lties l!llld the sp eo1~1 Project mod l f 1cQti ona to have a n1J111ber of weak­

ne s ses . a nelt bt flf 15 planes was obta i ned in the aprlng of 1945. Those ail"cra f t, 

wnich proved e:xtrtt:nely u.tiafs.ot.")ry, had fuel injt!!~tor engines. eleotr-ioally 

¢\)n trolted prop llers, ver</ ruc;ged pro·'7isions for oa rrying the bomb a.nd &ll 

ann~~ent remov d exce pt the tall turret . In addit ion to t he t 9ste b~sed at Wendov er 

a number of t ast drops wer3 made at the Camel Project's field at Inyokern during 

1945 (9.16). In connection with the 'lfend over tea ta , the Ball1stlo3 Group of 

0 Division did sQae reaearoh on the problem of airoraft .sar.,ty in delivery . Th6y 

were conc~rned wi th such probl~ms as the s hock pressure t~t ~ B-29 cou ld safely 

wi tri.st&nd, the man..,u-ver that would oarry the plane a maximum dis t,inoe away fr\)tll 

t hu ta:?"get in a miniman ti.ine a.nd the use of special shook braoing for per&S..:rmel. 

19.h During the fall of 1944 11nd wint~r of 1945, the Delivery Gr o .1p 

<J.~ Los AL~mos e:mtinu•!ld a program of des ign a nd pr odw:>t\ !)n of moolc booib s in an 

effort to achieve a fin~\l mode 1. Duri ng this period the· 1561 Fat M~n was ad•>pted 

i n p l a'e of the 1222 mod '!J l4 In a ddtti!)n to tho i'fendoYer t~sts numer o•l phy:sio.! 

l\Od nginaerirlg tests on ocr.ip let e u.."'litB were ms.de at •?ne of t.'l\a out l ying t1l t e11 

at Los All\mos. The Delivery Group also began formul~ ting plans for th6 establish­

~ent of an overs a5 ~perat tn~ bas~. kn • by the ood9 word ~Alb~rta•. 

Org ,l-t~ ti on and ! +3 st,: 

19.5 In Mtll'"ch 1945, Proje ot Alb,rt& or Pr ojt5ct A was est.itblish~d to 

pl:'o11ide a. more ~fi'aetlve me na of inte&rating the activities of the va.i:-lous 

Loa Alam o:> groups wo,-king rm pr obl.,.1ls of pr~P"'rtt.tion a nd <'i e li ery of.' a c ba 

b nb thi\n th e Deliv ry Group by lts e l f had been able to offer. The n1:m P~oj~ct A 

was ind penden4.; ., f any d ]J/;lJ or g n l "><l s !l l')o ... oo:-din~t!~ 
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body. with 'lll speeifio wo•k b 1.n6 d ne by groups of other cttvls1'111 s, and with 

?roje t A providing dlr~ . tioo ooly in ofar as preparatl ons for c , b'l de ivery 

wer e concerned. Capt.ain Pars ons was the offlcer in oha r-ge .-,!' Proj'9ct Alb r .. , 

with Ramsey and later Bradbury as deputi e s for so L~ntific anrl teohnl al matters. 

The organiution 1nol d ed three grou?S - an a.d.:nb istrative group lcnown e.s the 

Headquarte rs st&ff, a technl al policy committee · al led the Wea pon s (:oc:unitt.,e 

(9.\'J) and a ·-;,orking group of reprosentati ves fr om other ivi slons . Ca:udr. Ash.w ) r th 

w~s opera.tlona offi cer and military a ltern&te for Capt . P~r6C11s and $e rred as 

chief of t he Headquarters staff which eventUillly incl• ded A l179.re~, Bol st ad , S, Dik~. 

G. Fm l.&r tl. nd s. J. Simmons (dod), Simmens cs.m e to. the Proj~ct in June fr !l 

Massac settR Itts ti tute of Teohno ... »gy Rad la ti on Laborat'.lry , wh,,re he had engaged 

in simil.!lr lialson activities with the Air Foree. Thft Weapons CCE1mittee of wh l ~ h 

~ t1111sey was oh8.irman , ·.mtil he went o ve r seas and was succeeded by Br~dbur1. tn luded 

Biroh. Brode, G. Fow l er, Fuaae ll, Morrison and lfarner 

includ6d 

Tests ~ t Wenda 1er - Candr. Ashworth 

Group repr~sent~tives 

TeGts at Wendover aft er June, 1945 - Simmons 

Me suremen ts , a iz•borne obne rva t\ on s - 1£.a l dman and Al va rei 

General Theory - Bethe 

Gun Assembly - Biroh 

AL- c:r·d't - Bo l.stad and Dike 

HE As$~mbly f or implosion - Br&dbury and WS.rnor 

Fut1 lng - Brode 

E l~otdtl& l de ton!.tor systam - Fussell 

Fhg in er ing - G 11 a.y 

Supply - Lt . Col . lAo lcr ldge 

Pit (a tl ve terl l and tamper of Fa t Man ) - Mol"ris on and Holl y 

Ra iology - Capt. No l :'l 

Damg.g " - Penney 

B l sti s - S apiro 
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19. C _ :: Proje_c,t _ Al°:J t: rta ,,as \~C?P~-~-~r:ed cLl efly v:i th '. three :prcble1J1n: ( 1) -!.he 

cci~·r1 et) on of desigr., procur~rr.~nt sr.d 't:ri-1 ii;:ina.ry asse nJJ ly of toi::;lJ tud t !:I wi:l . ..::li 

19 . 7 ti gt 1.<: l-' .: ... 

' \":" .... • ..I • • ,,. 

th~ _r;rc·bletri TmB nc-t we lJ 1;1; :~ ~r!". toc.-d. The empr.8 ~- .1 s du ::-i nf'. t.h i !.' 

E:xarr. r1~s of problerr.r, o c Jved r. r~. sticn :n .'.itt~L' 

/) (} tJ, t): f' e x~ct design 

// '.>) l Jm.l'l'ID 

r 

b e l'l\"een t h e m: blccku f or . I.Gon5 tcring purposes'· 

tzil. Ac tu~ l}y the Lt t.tle B~y ;;afl far a he.ad of t...he r:1t !.';:in frc:r. the pc.1,1.t. of i:J.is 1c 

to devot,e t.~' such irnprcvt:r::ent.s. l.'.e.n;bers of the V>eapur~ ::::c·:r,;;ii t.tee were ccncer r.G d 

w: lh lb~ nel":d fer 8Vt:rting 'll'·o:z-k 01, an .i.nt~grF.ted design {<.:r- the ~t 1nn hs".\c or. 
·. : 

curi- ~r.t . J.:nov;)edee ·Kith no cor!lm:ltm er. ~.-13 to past. · productim~, but reeliz.e.d thtit su;~h 
:. •. ·- -• .~ .. : •• : : I ' :·~ 
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nd Do ks Na"VY 0 pe.rbn nt , NOTS Inyo!cera, NMD Yorkt1JWn and NAD McAl t'tshr. 

After Parsons and Ashw orth went over seas muoh of this work was handled y 

~apt. R. A. Lar kin. U • who arrived at Los Alui os in Jun~. 

l 8 The Wend~ver test prog ram und er the supervision of ProJ ct Al~er ta. 

oontinued at s.n increasing ra te. The prin ipal diffloulty encounte:-ed in carrying 

out this program was the un f ortuna t e failure of the 01XnpMy manllfacturing Fat Man 

firing nits, kn n as X-units, to meet its delivery sohedule. I n addition to 

r "ducin5 the number of tests possible on the X-Units, thi s failure prevai tced 

efficient overall testi."lg since many tests had to be r epeated twl oe - once at 

an early date wi th all oanponents except an X-un lt and ono e at a cri.ti·::a lly ls. e 

date wi th an X-Unit . The tightness ot sohedule resulting oan b e s t be illustrated 

by the fact that it was not until t he end of July that sufficient X-Units had been 

t est ed to oontinn thetr .u.fety with HE . The first live tests wi th the X-llnit were 

not made u.~t il August 4 (Wendover) and August 8 (T in iao) . De spite these diffioultieA 

a ot~l of 155 t~st units were dropped at Wendo·er or Inyokern betw en Ootober 1944. 

nd the middle of August 1943. Much information was obtained f rom these tosta 

and the corresponding cha.:iges inc orporated into the design of the bomb s . 

Destinll ti on 

19 9 Perhaps the mo'!t impor~nt t\1nc tia"l o f Pro j ect Alberta wu 

pll!l.nning and preparing for overseas opera tions. As early as De o~ber 1944 the 

initial planning and pr 0<.h1rament of some kits or tools and materia.ls h!ld begun 

~d these activities ccntL~ued at ~n accelerated rate through July. In February 

Ccrnd r . Asnworth was s ent to Tinian to make a. p re llminary survey of ~he l <>o"atlon 

and sel~ct a site f or Projec t act\vities. By March the ooostru~ti on n a~ds f or the 

Tini&n 8!lse, kr1own as 0 stina ti on, were fr o t en, and con3truotion b gan in Aprl l. 

Th bui ldi.ngs whioh wera us..,d by Pro ject Alb rta ~d all be n s p acib.lly oons truot"d 

by the Seabees. Moat o ~ th bu ildings ~ere l o~ate in the area a ssigne d to th ls+ 

Ordn1t.nc e Squ.'\ ron (Speoi1 l) of' the 509th Group, near tho b a h. Tho ge buildirlgs 

included 4 airo~ndltioned Q ons huts of th typ~ normally us d for bQnbs igh t 
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:- ,; patr . in which all the l abo!" t or-y 1rnd b t rumentwor kwas p rform d. Thee 

buildintjs were enc l osed in a s pe c ial y g~ rd e area wi thin the guarded wor kin g 

ar ea of th~ Group. In additi on 5 w&rehouse buildings. a shop bu i lding and an 

administration buildL~g we r e l ocated he re . About a mile away were throe widely­

s paced, barri caded and guarded, airoa'lditi oned as embly build ings. Ten IM.gazinea 

and tw o special l oa11ng pfts equipped "ith hydraulic lifts for 1 ading bombs into 

t~e aircraft were also constructed. A third such pit was c onstructed at I• o Ji:na 

for possible emergency use. Materi.t.ls f or equipping he b·.JUdings itnd f or h ,,.ndling 

heavy equipmstt in ass mbly, tools, scientific inatrumenta and general s upplies 

were l inoluded 1n spe cial ki ta prepared by the various groups oonoerned. A kit 

for a centra l stookroan was also started, but the materi~ls for the latter had not 

een sh .i pped by the time the war ended. Beginning 1n May five ba tches of kit 

m~teri~ls and of ca:iponents for test and anbat units we re shipped by b t~ 

Tin M • and a number of air shipments for ritic!llly needed itecs were made in 5 

C-54 a ir"oraft atta ch ed to the 509th Group. Pr"j"ct Al ber a was ab l., to beat ita 

chedules largely beoa se of the a ailability of the se C-54's for em rg~ncy 

ahipmente. 

19 .11) As early as June 1944, the ne ed had been con.sidered for ae l e ti 

personnel for field crews required in final de livery of the banb and in the later 

ahg"s of exper bentat1•1n and esting pri or to deli very. At tha t time it was agre d, 

h ow1lver, th.at since the type ot work might ohange and sin~ there were many peoph 

anxious to voluntearit l'lould be wise o delay recruitine;. Actual ly the personnel 

for he pro j~ct eama at Tb is.n were sele cted • arl.y in May 1 5, and wer9 org!Lnited 

as f oll s: 

Of fi.cer-L"l.
0

-Charge - CApta 1.n Panrnn 

Scientific and Teohn ic~l D p ty - Ramsey 

Operations Officer and W.1.llta.ry Alternate - Comdr. Ashworth 

Fat Ma n Ass embly Team - '/tarn r 

Li t le Boy Asse~b ly T~~ - Bi roh 
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Fusing e~m - Doll 

Eleotrloal Detona or Lenm - Lt. Candr. E. Stevenson 

Pit Te m - Morrison and Balcer 

Observation T !tJll - Alvarez and aldman 

Airor&ft Or<lnan e Team - S. Di~e 

Sp ec ial Consultant - Sarber. Penney, md Capt. J. F. Nolan 

Team members included: H. Agnew, E!ns. D. L. Anders on. T/5 B. Bederson, M, Bolstad, 

T/Sgt. R. Brin, T.Sgt. V. Caleoa, M. Camao. T,Sgt. E. Carlson, T/4 A. Collins, T/Sg1 
I 

1. n<J.wson, ·r /S~':.. L Fortine, T/3 W Goodman, T/3 O. Ear?!l&, Lt. J. D. Hopper , T/S&t.. 

J. Kupftirbe rt;, I.. J oltnsto!'l, l. lane;er, T/Sgt. W. ta.rkin, H. Linsc h itz, A, Machen. 

Ene. D. Mas 1ok, T/3 R. Matthows, t.t. (jg) V. Miller, T/3 L. Jl.ot. i chka , T/Sg;t. VW. 

llurpt.y, T/Sgt. E. Nooker, '!'. Olmstead, Sns. ~. C'Keefe, T. Perlman. Fons. W'. Pr ohs, 

Ens. G. Reyn old s, H. Russ, R. Schreiber 1 T/Sgt. G. Thornton, Ens . Tuoker a.nd 

T /4 F • Z imme.r 11 • 

19.) 1 The Los Alamo& group f ormed part c f what ws.s .kn c.'91n as the Fir st 

Te chnical Servioe De~chment, and this army admi.rl 1 E ra tive organ ha icn provided 

hous i ng and v rious servic sand established security regulati ccG at Tini&n, Also 

c 1Qse1y assooiated with he work of Projec Albor a at Tin i~n were the members of 

the 509th. Co1i1poeit.e Group, whose dut y it was to delivttr the bomb s to the enemy. 

19 12 rt was decieed that labors.tory employees would remain on the 

Con trac .or's payr oll. They were provided with per diem and unlforru all a.noes in 

a.ddiUc1n to their reE;Ular ~e.la.ries a.nd also ith inau.rance policie<J. Eaoh civilhn 

was required to wear a uni.form and received an a ssim ilated army rank in &. ocorda.nce 

wHh his i'vilbn sa l ary classificati on. 

19 .13 Te&m leaderR formed a Project Technical Coounitte o •..i.nder the 

chal rnJB.nship of Ramsey to ooordinat.e teotmical mntters and to rec 1me11d technical 

ac t. ions. Project pereonnel were responsib l e for pr oid.ding and t es ting· e rtair. of 

1.J'·.e b omb componen te: f o r ~ Uper•r !. iC>n e.nd in5f6Ction duri.r..& the 9.SliCJ:<bly of bombc i 

f 0r insp~c t i on prior to take off'; for testing c cmp leted un i ts ; for d..-eond l co -
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ordindn.tion of p r ojec ac tivltiei;_ including the certifioa.tion of the sa.tisfs.c+,ori-

uesc of +:.h e unit and finally f or rrov "dir·e dvioe and rec onunrodo.tions ab ut t. e 

s e of the ~oap on. 

19.ll.i Al though preliminary con!tr ction a.t Tinlan began in April. 

tecimical work di~ not begin to any greet extent until July. The firs half of 

July was oooupi d in establishing and inst.a.lling &ll of ' t he technical f'aoilities 

needed for assembly and test wor k at Tinia n. After completion of .hese technical 

prtJpara tions a series of f our Little Boy t ests was carried out 111it.h uniformly 

excelleut results. The last of these included as part of tho t es a oheck ot 

faci lities at Iwo Jima for emergency r~loe.ding of the bomb into another airc r~ft. 

The first of three Fa.t Man tests was reade on Augus t 1 and sh0111ed essential ccmponent1 

operatinc satisfactorily; the last of the8e t ests on August 8 was conduc t ed as a 

final reh~ar 8al for de livery and used a unit hat was oanplete except for active 

nllterial. 

17.15 The u235 projeotil~ for the Lit tle Boy was elivered at Tini&.n by h 

ori.iaer Indie.11apolis on July 26, only a f~ days befCtre its tra.gio sinking off 

Pelel iu. The Indianapolis had beon espeoially held at San Franoisoo to wait for this 

cargo , and had then made a record run across the Paoitlc. The t:f35 rget inaert 

a rri~~d on the 28th and 29th of July in three separate part.a, as the only argo of 

three Air Transport Coounand C-54' s. Since the earliest date previously dhcu ssed 

t or oomb!\t delivery was August 5' (at one tim" t he official date wa.s August 15), 

Parsens and Ram sey a.bled Gen. Groves for permlssion to drop t he first ao+;ive w1it 

as early as Aug st l. Although the active unit wa s completely ready, the weat~er 

was not and the flrat four days of August were spent in Ur.psti nt alting. Finally 

on the morning of August 5 a report ce.me hat weather would e good he foll ing 

day anrl shortly afterwards official oonfirmation came fran Maj. Gen. LeMay, Conunandir~ 

General of ha 2 0 h Air Force, that the rcisGioo would take place on August 6. The 

Little Boy was lad ed on .. o its transp orting t railer he moment the offki~l con-

flrru!ttion C8.Die thr•)1..gh and was taken to the loading pit and l oaded into the B-<-·). 
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Final t e ting of the unit was canpl~ted and all was ready ear y in the eveni g 

Be een then and t keoff the ai ro raft w s under o~tinu~us watch both fran • milita 

guard and from r epr sentativ s of t he y teehnioal groups. Final briefing ao at 

midnight &nd s hort!y afterward the orews assembled at their &. i.rcrat t under brillian· 

floodl ighta with 6Warms of photographer~ taking still and motion piotur~a. For thi1 

mi s i on Col. P. • Tibbet was pilo of th~ En ola Ge.y. the B-29 which ~arr ied th 

bomb. Maj. Thomas Ferebee was bombardier. Capt. Parsons was banh OClllDlll.nder and 

Lt. Morri s Jepson wa s eleotronios test o1'fioer fa" the bomb. 

19.16 Only a ftfff days before the scheduled drop it was decided by he 

technical group that it was not a&fe to take off with the b .b cmpletely SS6mbled, 

since a cr&.sh might mean tremendous destruoticn to men and materia ~ on Tinian. Ful 

sat ing could not be secured. but it was finally greed that a partial safeguard woul 

c<ne if the cartridge ~hich contain~d the propellant charge were in£ r ed through 

the opening in the breech blook during fl ight rather than on the ground. Thi a schein• 

had been oa:i.sidered before (14.17J but was not finally adopted until this time. 

Capt. Parsoru who was already assign d to the crew as weaponeer wa.s ghen the job .. 

This decisi on meant that Capt. Pa.reona had to be trained in a short time to perform 

the operation. and also tha t the banb bay of the B-29 had to be modified to provid 

him with a oonv·Mlent place to sta.nd while oanpleting the assembly. These things 

were done and the bcmb was no t. completely assembled until the plane wae safely 

in the dr. 

19.17 The progress of the mission is described in the log wh ich 

Capt. Parsons kept during the f light : 

6 August 1945 0245 Tako Ott 

0300 Started final loading of gun 

0315 F niahed loading 

0605 Headed t or Empire fr Iwo 

0730 Red plugs i n (these plugs anned the bomb 10 1 t 'Ml uld d e tonat<e1 
i f released) 

0741 Started climb 

eat.her V$r pr i.m ry and t rtl ary 
.,cond ry target 
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0838 Leveled off at 32, 00 feet 

C847 All Archieca (eleC'tronic fuses) tested tc be 

0904 Course west 

0909 T~rget (Hiroshim ) in sight 

0915 -1/2 Dropp d .orr.b (Originally scheduled time was 0915) 

Flash followed by two slaps on plane. · Huge cloud 

1000 Still in sight of cloud which must be over 40,000 feet hi ~h 

1003 Fighter reported 

1041 Lost sight of cloud J6J mi es from 'Hiroshima with the ~in· ·a r.' , 

being 26,000 fee hiah 

Th crews of the strike and observstion aircraft reported that 5 minutes after 

r elease a lo• three mile diameter d:!trk grey cloud hung over the center of Hiroshima, 

out of the center of this ~hite column of smoke ros e to a height of 35,000 feet 

with the top of ,he cloud being considerably enlarged . Four hours after the etrike 1 

r-hoto-reconnaissance plsn~e found hst ~oat of the city of Hiroehiria wae sti ll 

ohsc\1red by the cloud ·creahd by ·the explceitin although fires could be 5tien arouttd 

the edges Pictures were obtained the f ollowing day and ehowed 60 per cent of th~ 

ci "1 destroyed. 

19 . 18 The active component of the FJ t 1an came by sp~cial C-54 

transport• The HE componetite of t 10 Fs t Me arrived in 

two B-29 attached tc the 509th Group, which had been retained a~ Albuquerque 

~sp~dally for this purp se . In all cl!see the active componf!lnts r;ere accc..'!'llpti.d ed 

by !pecial personnel to guard sgal118t accident .!nd lo e. 

19 .1 9 Th firet F.!lt llin was schedul~<3 for dr pping on At.i.gu~t 11 (st en 

time the :11 r:l!du · f! lled for Augu~t 2cl, but bJ Au4ru t 7 1 t a ap:r-rent that th~ · 

ec.:h~dule coulc! be dvanced to ,\ugut!t lC. IYht!n Fersor. and Ram!ey prcrc t!d this 

~- i-ha ge to Tibbete he expressed regret that the s cl edule could not te ed• need , ) 

C ) daya instt-ad cf only one sin')(' gol!>d weather waa f or"' .6lst for August 9 ~nd t:a , ... th~r 
f .-:or the fi ~ s11cceed1r1g do.ya. l t ima finally a~r,.<•d }; t Proj ect Alb..-r r..a 1·w11l tty 

~ FP?r? r .. --r J!!j.J 
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to be r dy for August 9 provided it 1'9.S by ll c nc e ried tha. t the 

advnnct"lment of the date by two ful) d yr:. introduced large measure of "U.ncer .ti i . •::1 ~ 

All went well 1th the asaeribly , howeveir, nd the unit ,.. 1 ded and fu1~ y chr:d ""• ... 

l ate .in tbs evening of Augu:!!t 8 . The stl'ike plane nd two obse ving plan~e t.ook 

off 8hortly before dami on Auguet 9. •j • c. • Sweeney s pi let of the strik• 
Great Ar hte 

shii:; l apt. l<. K. Beahan s bombs.rdier, Comdr .. Aehworth wae bomb commander nd 

Lt. Philip Barn s Yl&S e lectronics test off:i c~r. 

19.ZO It ue not possjble to "s fe 11 the F t Man by leaving the as~ ""mb.lt 

ivcomple te d\:iring takeoff in the eall!e manner es the L ttle Boy. 'l'he techni<'al st& ff 

realized th.At s crl!!eh durjng takeoff wouJ d mean a serious risk of cont.ar.iinating 11 

wid arM on Ti rd an w1 th pl u onium scattered by an explosi on of the HE and evf'n s c:i' e 

rielk of a high order nvclee r explceion which woulc do heavy damage tc the lelruid. 

These risks were po:1 r,t,ed ou t to the · mUi tAry 1d th the req . st tha. t special gue..rcHn€ 

and evacuation rec ut:i cna be ta t1n during the takeoff.. 'i.'h Air Force officer in 

command decided that such upecial precautions were not nee ssary, and as 1 t urued 

out the takeoff a made w:1 thout inoi ent. This mission WPt as eventful as the 

Hiroshima mission was operationally r0utin~. Comd r · Ashwor h•a log for the tr ir-

is as followu 

0.347 Take off 

0400 Cr.anged er~en plugs t o red pr5or to pres8ur1zi~g 

05<?0 Charged detonator concens~r~ to t.est leakage . Satisfactory . 

0900 Arriv('!d ' rendezvous po.1.nt at Yakashima and circled al181 ting 

accompanying aircraft • 

09:20 One s ... 29 sighted a joined in f orm.a ti cm • 

0950 Depurtl!'d from Y11keshjma prcct'eding to primary target Kokura havi.r·~, 

failed to r ndezvcue w1 th second B-29 . T e weather r pc.r a 

receiv d by radio 1 di cat~d good ~eath~r a t Kokur~ (J/10 low 

clout1 , no ir1ter1nt"di a te or h1gh clcuc.la, e.nd forecast of impr•~ J .11.-

conditions) 
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inor sing loudinese. as forecast. For this r e son ~~ pr1.zn r:r 

targ t 1'i8.8 se ec t ed. 

Arr ved initial p oint and st11rt.ed bcmlling rtms target. 1'&rgtt 

was obscu red by h 11vy grcund hau and smoke. Two additi ona l ru.r 1 

were made hoping th.at the target might be picked up aft r closer 

observations. However, at no tkie was the aiming point seen . 

It was then decided to proceed to Nagasaki after pprcxi.ma ely 

45 minutes spent in the target a r a. 

1150 Arr ived in Nagasaki target area Approach to target was 

entirely by radar. At 1150 the banb was dropped after enty 

s e cond visual bcmbing run. The banb f\Xlctiooed nonr.ally in 

all respects. 

1205 Departed f or Okin~wa after having oircled s~oke column. La ck cf 

available gasoline caused by l!ln inoperative bomb bay tank b c•o ~u· 

pt.mp f oro ed decisi on to land t OkiD.8.W& before returning to Ttni r 

1351 1.Anded at Yon tan Field, Okinawa. 

17o6 Departed Okinawa for Tinian 

2245 Landed at Tin l n 

Because of bad eather good photo reconnaissance picture& were not obtained •mti 

~lmost a "lfeek after the Nagasaki mission . They showed 41+ per cent of t he city 

des r ayed; the discrepan cy in res ~ lts bet7leen this mission and the first wa g 

explained by the unfavorable contour of the city. 

19 21 Exchange of in.fcrmatim between Tinian 1t.nd Los Alamos was 

extremely unsatisfactory, ~nrl caused ocms1derable difficulty at each end. 

Ne e sar lly tight security rul s made direct e munion.ticn L"llpouib "• and 

te l e ype message~ ~ere relayed from one place to the other through the Wa shington 

Liais on Office using an ela orate t able of codes prepared by Project Alber t • 

La t e in July the I..a.boratory s ent Manley to the Washingt on Lie.hen Office in n 

t ernp o make sure that there would e n o fri c tion in th~ regu ar chann 16 vt' 
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i n.fc,rma t ioo and th& t n o ln f c•nna t i on was being held up in 'lli s h ing a:i hi ch R C\, _ 

( 
oneeivably be of int~r est. rhe first. new s of the H!reish ima dr cp ca.me t o Lo& 

( 
Alamos in a dre.natio t ele type pr ~ red by Manley summari~ing the messages sent 

by Pars ons from the plane after the drop (see Appendix No . 2) . 

19 .22 On the da.y follow ing the Nagasaki mission the Ja panese init la e ·! 
, ________ .,. .. ....., ______ .... ---~-~- ... ..,.-.,~,a ......... -._,.__ 

surrender negotiations and further a.cti~ity in preparing active uni t s was suspen' 
....__..~---------~-·-•""'_,.___ I .,.....-....__....~._li•,, \.,. ,. __ ........ _. .. ---,,·---·.-., ., ... _,._, _ _._ -~ - ·-· • 

The entir e Project was maintained in a state of oanplete readiness for furthe 

ssemblies in the event of a failure in the peace negotiations. It wa s plann ed to 

return all Project Alberta technical personnel to the United States on August 20 

except tor those ~ssigned to th Farrell mission for investigating the results of 

t he bombing in Japan. Because of the del.Ays in surrender procedures Gen. Gr oveB 

requested all key personnel to remain at Tinian until the success of the oc UJ:&. t· ., 

of Ja n ·as assured. The scien tific and teohnical pers onnel f inal l y recei ved 

auth orizaticn and left Tin i an on September 7, except f or Col. Kirkpatr ick ~hd 

Comdr. Ashw or th wh o remained to make fln.a l disposition of Projec t property . 'l'Hth 

this departur the aotivi i es of Project Alberta were termina ed. 

19.23 The ob joctive of Pr o jeot Al erta was to a e sure the s uo essful 

ombat use of an ~toinio bomb at th~ earl iegt possible date a.f er a field ~3t ~r 

n atomio expl osion and after the availability of the ne ce~sary nuclear mater t~l. 

This ob jecti ve was acoanplished. The firGt ombat b .b was ready for use again t 

he enemy within 17 days after the Trinity t est ~nd ,]mos t all of the lnter7en1ng 

tiine w11s spent 1.n aocuruula.ting additioo.a.l active material for making anc.ther 

bc.mb. The firRt a crn i c bomb was pr par~d f or cc.mba.t us e a~alnst the en~m on 

~gust 2, wi hin f C1ur ays of the time o.f the eltvery of all of the !lCt ive rr.a eda : 

needed for that bomb. Actual combe.t us e as d eloyed unt il August 6 only by 'v~ 

1feather over Ja pAn . The s e cond b omb wq s us e ... in • .:rnba.t only three days aft r t . ... 

f irst although it was 11 comple ly dtfft'!r en t m<:del a nc one much mo re dif fir;\ 1 

to ass mble. 
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Chapter XX 

COICWSI ON 

20.1 After the end of the war the Iabora tory _experienced a sudden relax· 

ation of activi.ties. Everything had been aimed at a goal, and the· goal had been 

reached. It was a time for evaluation and s tock-taking. Plans for the f uture of 

Los Alamos and. of nuclear research in general were widely discussed. Members of 

the Scientific Panel of the President•s Interim Committee on Atomic Energy met~ 

Los Alamos , and prepared for the Committee an account of the echn~cal possibil-

t . 
ities then apparent in the atomic energy field. A series of lecture courses was 

organized, called the 11 I.os ·Alamos Univer·sity", to give the younger staff mE",mbers 

the opportunity to make up for same of the studies they had missed during the war 

years . 

20.2 While research projects that had been under way at the end of the 

war were being completed, plans for the period to follow were being formulated . 
I \ 

Although their disc·ussion leads beyond the period of the present report, one that 

rray be mentioned was the outlining and writing of a Los Ala.mos Technica l Series, 

under the editorship of H. A. Bethe, to set down a more syst~matic and polished 

r ecord of the laboratory's .work than had been possible during the war. There 

\!fa.S s~~e concentration of effort to complete the theoretical investigations of 

the Super described in Chapter 13 i\Teapon production he d to continue , a nd plans 

were made to fin ish t he development work on the implosion bomb, including the 

levitated core and composite sphere assemblies mentioned previously (11. 2). 

20.J This history has been nn account of ,roblems and their solution, 

'ot work done . The other side of the his tory of Los Alamos, the r eactions of 

these accomp:}..ishments upon the people who made them, is present only by implfoa-

t i on. This account ends nt a time, however, when these reactions assumed a 

sudden importance , and it is ppropriate that it should end 'N ith some des ription 

o~ them. 
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20.4 For JT\9.ny members of the L9.boratory the Tr inity test :narked the 

successful climax of years of intenslv~ and uncer tain effort . A new kind of 

weapon had been made, a nd the nngnitude and qualitative feat ires of i ts o eration 
~ 

had been successfully redi cted. D~spite the fact, perha s in part because of the 

f act, that the explosion occurred as expected, t he si0 ht of i t was a stunning ex-

perience to its creators, an experience of satisfact ion and of fe:ir . A new fo rce 
I ' 

had been created, nd would 'henceforth lea d a life of i ts own, indepen ent of the 

will of those who made i • Only at Trinit~·, perhaps , were its magni tude and un-

predictable potentialities fully grasped and pprec i a ted . 

20. 5 Four days after the first banb was dro ped over Hiros h:i.m3., the 

Japanese began surrender negotiations. The feelings that had marked the success 

of the Trinity test >-rere evident once more . But n~« . the Iaboratory, experiencing 
I 

• the sudden slackening of effort that followed the end of the war , began to speak , 

seriousl.$ of t he banb and its consequences for the future . 1ne thoughts t hat were 

expressed were not new, but t her e had been no time before to express them. Since I 
1939, when the decision had been ~de to seek Government support for the new I 

I 

development , a uni.fonnity of insight had grovm up among the working scientists of J 

~ 
the Manhattan District. They had come to r ealize that atomic warfare would prove 

unendurable. This was learned by the Japanese in the days of irosh.iroa and J 

Nagasaki, and soon all the world was saying it . 

20. 6 What the members of the laboratory saw who joined in ttese dis-

cussions was more incisive than thi s. Atomic bombs were offensive or retaliatory 

weapons , their existence was a threat to the security of every mtion which it 

cou d not venture, with ut t he gravest r i s k , to mee t on the military pL1.ne alone . 

The law of counterdovelopment, which has so uniformly in miii tary affairs o erated. 

to produce new defenses against new · eapons , could in this case operate t o open 

cJiannels of colliboration t at ha ve not revious l y existed among nations. The 

wart ime cientific collaboration t hat had produced this weapon could , by l t3 W•"r l •'-

~ 
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wide extension, b made uniq ely the means for eliminating it from naticn-i.l 

armaments. lien of science, 'l'lho had as a group never be.en concerned with the 

problems of society and of nations, felt responsible to tell the .\rnerican 
• 

public of the nature and implications of the new weapon, and to make clear the 
~ 

alternatives for the fu ure that had ar·sen. This concern received perhaps its 

best and simplest expression in a speech by Oppenheimer, given on October 16, 

1945 when the laboratory was presented by General Groves with a certificate of 

Appreciation from the Secretary of War : 

20.7 "It is with appreciation and r a titude that I accept from you this 

scroll for the Los Alamos I.aborato y, for the men and women whose work and hose 

hearts have made it. It is our hope that in . ears to come we may . look at this 

scroll, and all that it signifies, with pride . 

riToctay that pride mus t be tempered with a profound conce~. If 

atomic banbs are to be a dded as new weapons to the arsenals of a warring vmrld, 

or to the arsenals of nations preparing for war , then the time vdll come when 

ms.nkind will curse the names· of I.cs Alamos and Hiroshima. 

11 The peoples of this world must unite, or they will perish . This 

1var, that has ravage so much of the earth, has written these words The tonlic 

bomb has spelled them out for all men to understand. Other men have spoken them, 

in other times, of other wars, of other ea pons. They have not reva ile • There 

are some, misled by a false sense of human history, who hold that they vrill not . . 

pre·.rail today. t is not for us t o believe that. By our works we are coomitted, 

conunitted to a world united, before this common eril, in law, and in humanity • 11 



Graph Nunbu l 

Age Dj_stributior1 of Civ·11.isn Per sonnel - tl.s y 1945 

Two cti.r..,es are sho•m, one a Pe. ple of al l e . ployees, the 

other of sci .nt:i fi c mp1o ees only . The averages f or both 

ar low - 29 . J., for t he scientists and 31.3 f or t he othera -

nth 27 the most probablEi age f or r.oth.. Ac ually there is 

only one nia.n ov 58 among the scientific err.ployeos. These 

fi gures emphasize the importa nt.:'c of t he draf t defermout 

problem. 

I nformation s obtained from t he active car0 file of t he 

Perf'onnel Division in June 1945. 

) 

( 
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Shown sharp and ecr1t1nuoue im-rfle.se of personnel fron1 

ft8 [ ' ~ 
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Graph Number 4 

Distribution of Personnel by Occupation Groups 

Classification of personnel into five lnrge categories, according 

to occupation, as of May 1945. Pie charts are proportional in dia­

meter to number represented. In the chart for the total number 

one sees the preponderance of s~ientific and technical personnel; 

in the civilian chart the preponderance of scientific personnel; 

in the SEO chart the preponderance of technical personnel. The 
. 

chart of terminations shows the v.ery sm:i.11 proportion of scientific 

personnel terminating and the relatively large proportion of skilled 

13.bor termina.ting. The latter fact reflects some of the difficulties 

encountered by the shops in retaining personnel, as well as a .difference 

in motivation. 

Infornation was obtained from card files in Tech area and SED personnel 

offices • 
• 

Un 

Wh 

Sk 

T 

Sc 

Unsldlled (laborer, Messenger, darehouse Ass•t.) 

White Collar (Clerk, Secretary, Nurse, Teacher) 

Skilled (t:achinist, Toolmaker, Glassblower) 

Technic:i.l (Technician, Draftsman, Scientific Ass 1 t.) 

Scier.tific & Adminintrative (Jr. Scientist and up) 

•. 

) 
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DISTRIBUTION OF PERSONNEL BY OCCUPATION GROUPS 

MAY 1945 

TOTAL=2231 

CIVILIAN= 1109 SEO =1055 

T 

Un 
Wh WAC=67 

sc--?T+-Wh 
Sk 'f/ 

T 

DISTRIBUTION BY OCCUPATION GROUPS OF 
TERMINATED PERSONNEL UP TO 6-1-45" 

TOTAL=524 
(84% Cl:VILIAN) 

s~un 
T ""' Wh 

110MITTING Sk 
271 LABORERS, WAITRESSES,ETC. TRANSFERRED 

TO POST 1/44 
322 LABORERS, WAITRESSES, ETC. TERMINATED 

BEFORE GROUP TRANSFER 1144 

'Ali • 



Graph Nwnber 5 

Total Personnel - Distribution by Divisions 

Shows growth of varioua divisions, reflects change in 

emphasis from research to engineering, especially after 

reorganization in August 1944. 'Engineering divisions G, 

X and 0 assume large proportions while research divisions 

R and T rerrain smll. 

Informa. tion was obtained from group assignment records of 

Tech Area and SED personnel offices. 

Abbreviations and letters refer to various divisions: 

Exp. Tr & A T 

Eng. F Ch 

Theo. R Shops 

Chem. G Admin. 

Shops x 

Admin. 0 

) 
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Gnph Nwnber 6 

Percentage Distribution of Personnel among Dilr ision.9 

Data of previous graph replotted on percentage basis • 

..... hops, G, X and 0 account for more than ha lf of tota l 

personnel. 

Abbreviat i ons and letters refer to various divisions: 

Exp. · Tr & A 

Eng . F 

Theo . R 

Chem. G 

.Jhops x 

Admin . 0 
( 

'r 

CM 

Shops 
. 

Admin . 

"· 
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Graph Nurnher 7 

Purcr~se P.equesta Hendled by Procurement Off ice - Teletype Bnd Meil 

Total mU11ber of requests handled eAch month by Procurement 

during 1944 and pert of 1945. Mail requests represent bulk 

ot routine bus1ness, teletype requests those items nE:eded 

with spacial urgency. Peak month, especially for t6letype 

requests, was lliay 1945, 111 prtipsration for Trinity. Note 

the sharp slump which follows. Es.ch request involves at le6st 

60 pieces of peper, according t c Procur~ment records. 

~ 

Information 'Wfte obtained frcm a m~nthly recorc of purcrBse 

reque!ta kept in the request file S6ction. 

. Y' 
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G re. ph Num t.er 8 

Tot81 .~rett of Tec hn i cal CoruJtru l!ti on - Tecbn:i.cal ArP.a e.od Cutlying Sites 

Shows steady growth of coru; truc ti0n both in · Tecr~ical Aren and 

011tlyi rig sites . Sharp ra.te of iricre.flse in outlying dte cons-

tructi on in June 1945 r~presents completion c•f fir&t buildings 

at DP site. For more infor mati•)r: ~e~ map of sites, Appe ndix 

Infonr.ation was obtained ft c-m fil es of D. Dow in Dlrect<..r 1s 

Office, f iles of Post Con:i t.i·uctlot) Officer and files of w •. c. 

KrugfJr, Project Archi tEict. 
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Gre ph Nwnb~r 9 

Tota) 1&n-hours of Work in fh1ch~no Shops 

Shows rapid eypansion of shops after reorganizaticn . Slump 

!.n C Shop in Ja · ry and s harp r.l ee in Fehn.wry indice. te 

result.$ o f fire. Peak cf ac tivity ~n C Shop in June prepara­

tory to ir1nity , followed by sr2r~ decr t:"as e 1~ activi ty ; 

OOf! 1 onth lag ln peak f ·>r V Shop , but eame sharp d~c 1· ase 

follo 

Informa tion wss obtair.fld fr om w~ekly records k pt itJ offi ce 

of machi ne shops. 
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Graph ~Jumber 10 

Total Man- hours of "/ork in V Shop and Distribution by Divisions 

Shows largest ._,roportion of work done in V Shop f or G and 

CM Divisions . 'Nork i one for A Division re resents work done 

for shops then.selves . Decrease in ~ctivity for all divi3ions 

except A after June 1945 . 

Information was obtCJ. ined from weekly rec ords kept i n machine 

shop office. 

Letters refer to mrious divisions: 

c G 

p Cr 

E R 

A F 

x 0 

A 



30 

25 
( 

rt'> 

Q 20 
x 
fl) 
a:: 
::> 
0 15 :I: 
I 
z 
c( 

:E 
10 

5 

0 

I I I I I I I I I I 
I I I I I I I I I I I I I i- r---r-1 -t--+--t--<-·-r--t-t--+- t-

I I I I I I I I I I I I I I I I I I I I I I I I I I I 
TOTAL MAN -HOURS OF WORK IN V SHOP AND --+--+---1--1-l 

1--+-+--+--+-r- 0 IS TR I BUT I 0 N BY DIVIS I 0 NS --t-1-t--+-+-t-1-t--+-+---+--+--1 
I I I I I I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I I _I 

1--+-+--+-~(MAN -HOURS PER MONTH)-r--t--+-+-+-+-+--+--+-+-r-+-+-4 
I 

3 5 7 9 II 
1944 

OATES 

I 

I 
I 

I 

I 

3 5 7 9 
1945 



Graph Number 11 

Total Man-hours of Work in C Shop and Distribution by Divisions 

Shows largest proportion of work done in C Shop for 

X Division. Fire accounts for slump in activity in 

January, no apparent reason for subsequent slit.mp in 

March. 

In.formation was obtained fran weekl,y records kept in 

mehine shop office. 

Letters refer to various divisions: 
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Graph Number 12 

Hi gh Enrichment Uranium· 235 Receipts from Beta Stage of Y-12 Plant 

Cumulat.tve total of U 2)5 received up tc· ctate of Trinity 

test. This represente ~11 highly enriched r 235 produc~d 

by the Di strict. Such material was shi pp~d a.fter the 

final processjng done in the beta stage of t he Y-12 plant 

at Oak Rj dge. Enrichment of U 2)5 in · t ubealloy in.:: n.-ased 

from 6J% to 89%. 

Infonns.tion was obtained from records of receipts in 

Director's Office, now filed with the ~ua.ntity Contrcl 

Section of the Chem1.str-y and 11.e.tallurg Div1!1 C1n . 
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Graph Number lJ 

Plutcnium (! u 239 ) Receipt.s - Clinton and Han.fore 

Cumulat.lve total of Fu 2 ')9 receipts fror. Clinton and from 

Hc. nf ord. Clinton pr odu1: ti on very small, increasing elc'lrly urJti J 

i t end ed in February 194 5. Hanford startup wes in Septerr.ber 

1944 a nd fir~t ma te r ia l was recei ved from there in February 

1945. 

Infc rn.a tion wns obtained from reccrds of receipt! in Direc tor 1 s 

Offi ce, now filed wi tb the '.c:uanti ty Control Section of the 

C r. e m:. ~ try a nd Metallurgy Di vision. 
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, OFFICE FOR EMERGENCY MANAGEMENT 

OFFICE OF SCIENTIFIC Rf..SEARCH AND DEVELOPMENT 
1530 P SIBEET NW. 

WASHINGTON, D. C. 
\'ANNE.VAR JllJSll 

ow ...... srerw:r Jflftj 

Dr. J. rt. <»J>enheimer 
University of California 
Berkeley, California 

Dear Dr. (\>penhei.Jllera 

February 2S, l9L.3 -

We are addressing "t.lrl.s letter to you aa the Scientific 
Director ot the special labOratory 1n New Mexico 1n order 1iO con­
firm our many conversatiooa on the matters or organization and 
responsiDillty. You are at J.it>er"ty to show this letter to tnose 
with whom you are d1scuasing tne desirability ot their joining 
the project w1 tn you; toey of course realizing tneir reaponsibili ty 
as to secrecy, including the details ot organization and persormel. 

I. "J.'he laboraliOry will be concerned ritn the developmnt 
and final manui"acture of an instrument of war, whicn we may desig­
nate as tTojectile S-1-'1'. '.L'o this end, the laboratory will be 
concerned With 1 

. 
A.· Certain experimenta..L studies in science, 

engineering and ordnance; and 

B. At a la~er date large-sea.le experilllents 
1nvolV1ng difficult ordnance procedures 
and toe hand.ling of hignJ..y dangerous 
material. 

'!'he worx of the laboratory will be divided into two periods 1n 
ti.met one, corresponding to the work mentioned in section A; tbe 
other, that •ntioned in section B. During the first period, the 
l.acoratory will be Cll a strictly civilian basis, the personnel, 
procurement and other arrangements being carried on t.mder a con­
u-act arranged between tne War Depart.ment and the University ot 
Ca.Litomia. l'he conditions of this contract rill be essential.~ 
aimilar to that ot the usual <l3RD contract. In such matters as 
dra1't determent, the policy ot the War Department and <l3RD in regard 
to the personnel working under t.l'lie contract rill be pract.1.ca.1.ly 
identical.. When tne second di vision or the work is entered upon 
(mentioned in B) 1 which will not be earlier than January 1 1 1944, 
the scientific and engineering start will be composed or commissioned 
otticers. '!'his is necessary bee&U8e or the dangerous nar.ure ot tn.e 
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worK and tne need for speci&J. conditions o! security. It is ex­
pected that many or those employed as civilians during the first 
peri0<1 (~) will be offered commissi<Xls and become members of the 
commissioned star! during the second period (B), buT. there is no 
ob..LigaT.ion on the part or anyone employed during period A T.o accept 
a camnission at tne end. o! tnat time. 

II. 'J.'he laboraT.ory is part of a larger project whicn has 
been placed in a specia.L. category and assigned tne highest priority 
by t.ne President of tne United States. By his order, the Secretary 
o! War and. certain other hlgn ofl'i.cials have arranged tna t tne 
control of this project shal.l be in tne .na.nds of a Kilitary .Policy 

• Commi.T.tee, ccaposed of Dr. Vannevar Bush, Director of Cl)itD, as 
Chainnan, Major General W. D. Styer, Chief of Sta.i·f, S(l), .ttear 
Admiral W • .tt. !11rnell, Assistant Chief of Staf,f to Admiral King; 
Dr. James B. Conant serves as Dr. Busn•s deputy and alt.ernaT.e on 
this Comm:l.-&tee, but attends all meetings and enters inro a.L.l dis­
cussions. BrigacUer General L. R. Groves of the Corps 01· Engineers 
has been g1. ven over-all executi Te responsibill ty for this project, 
wor.lci.ng under the direction 01· tne Military ~olicy CommiT.tee. He 
worKs in close cooperat.ion with Dr. Conant, who is Chairman 01' the 
group or scientists who were in cnarge of the earlier phases of 
some aspects o! tne investigation. 

III. Responsibilities of tne Scientific Director. 

1. He will be responsible fora 

a. l'he conduct of the scientific worK so that 
tne desired goals as out.Lined by the Military .Policy 
Camnittee are achieved aT. the ear.liest possible dates. 

b. The maintenance ot secrecy by the civilian 
personne.l under his control as well as their families. 

2. He will of' course be guided in his determination o! 
policies and courses of action by tne advice or his scienti.fic 
start. 

J. He will keep Dr. James B. ConanT. and General Groves 
inf'ormed to suc.n extent as is necessary for them to carry on the 
work which falls in their respective spheres. Dr. Conant rill be 
available at any d.me for consultation on general scientific 
problems as well as to assist in tne detert:rl.na-&ion of detini te 
scientific policies and research programs. 'l'hrougn Dr. Con.ant 
complete access to the scientific world is guaranteed. 
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IV. Responsibilities of tne Commanding otf'icer. 

l. 'J.'he Commanding Of't'icer will report di.rectJ.y to 
General Groves. 

2. He will be responsible fora 

a. 'l'he wor.ic and conduct of ail mili'tal7 personnel. 

b. t he maintenance of suitable .Living conditions 
tor civilian personnel. 

c. '!'he prevention of trespassing on tne s1 te. 

d. '!'he performance of duty by such guards as may 
be established w1. thin tne reservation for the purpose 
or maintaining the secrecy precautiona deemed neces­
sary by tne Scientific Director. 

v. Cooperaliion. 

·.rne closest cooperation is of course necessary between 
tne Commancting Of11cer and the Scientific Director i~ eacn is to 
perform his function to the maximum benefit of the work. Such a 
cooperative attitude now exists on tne part ot Dr. COna.nt and 
General Groves and has so eXistea since GeneraJ. Groves first 
entered tne project. 

Very sincere~y ;roars, 

Tb' ti r~t"'""'t. , ,.,.. , ~ f ·. ' ' 'l i ~·,, ri b19., t!r -: tfq; ri ,11 t '. '"'I 
de . ' . . . I ·\ ·. . I : I ' "· ' ; 4 , , 1 Ii~ 
f • . . ~ . , .. •,1.n HI 

4
• '· •1 ·1 .:.n j ' .-~ to &a 

LLIJ I ' 1.JY I.a w. 

T~ 



Appendix Number 2 

Hiroshima Teletype 

Copy of teletype announcing succeee of Hiroshi11& 

mission received at Loe Alamos from l'hlshington 

office, prepared by Menley (see Chapter XIX). 

Note comrnente by teletype operators at end. They 

were T/J Flora L. Little of Jackson, lliaeiaaippi in 

the Waehi.ngton office and T/J Mildred Weias of New 

Orleans, Loui!iam in the we Alamos office. 
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Ar pencii x Number J 

Site Map 

Sca le • 1. 8" : 1 mile, s qllli rns are ¥12 mi• x 11 2 mi • 

Hard surfaced TO{lds ---
• Trails ( f oot;) 

.. ~ Site and Designation NUJ"lber 

~--< Water supply main 

-~-~- Power line 

~ Firing sites 

111 h I DP Site 

~umb'r 21.!t! Pivia12n ~ CcorcHnate EW Coe.rd~ 

I Post Tech Ar~ 100 135 
Il Omega G 93 121 

III S. l';ega G 89 158 
IV Alpha G 68 1C8 
v Beta G 69 94 

VI 2-Mile ~eaa - upper x 74 171 
Vll 2-Mile Mesa - lower Q 69 147 

VIJI Anchor Gun S.i te 0 65 184 
IX Anchor HE x 65 18J 
x &.yo G 107 71 

XI K G J8 157 
XIJ L x 59 1J9 

XIII p G 47 l ?l 
XIV Q x 52 152 
xv R x 49 1J8 

XVI s x 46 187 
XVll x G 72 192 

XVIII Fa jeri to 0-X 45 91 
XIX E. Gate lab R 93 72 
xx Sa.ndia G 77 82 
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Appencli:x Number 4 ... , . .. ~j;/ UC ~ a ~ 
I b . , 

Trinity Project Detail Location Plan 

Sj;ati@ Group team Sxabpl 

Piezo Gaufe Walle er x 
Sentinel Type A) Moon • Sentinel (Type B) Moon * Geo phone Houghton & 
Paper Box Gauge Hoogterp GJ 

Fl.ash Bollb Mack l!I 

R 4 Ground Station Segre .ID 

R 4 Balloon Winch Segre ' E. D. G. Moon *-
Mack Slit Camera Mack A 
Impulse Meter Jorgeneen e 
Conderu5er Gauge Bright ' .. 
Excess Veloe1t1 Gauge Berechall E9 
Tank Range Polee Andere on .& 
Tank Flag Polu Andere on I'> 
Primacord Station Mack -i 
Metal Stake (Earth Diep) Pe_lll'l91 • 
Piezo Gauge Amplifier Welker 0 
Balloon Richard• ' Balloon Winch Richard8 e 
Ground Sta ti on Richard• • 
Roads ====-====:::.:=====--========:--..:==::::::::--=· ::.::._--. ···-__ -___ -. ________ ::::.----
Buried Wires or Cablem 

Center Lind 

Tank Right of Way 

Note: Anglea are Azi11R1the on "OA" Line · 
Dietancee thua (800) are Radial Yarde from "011 r 
Diatsncee thUll (751 ) are Of!eete rroa L of Roede and Center Li.nu. 

Scales 1500 Yard circle. , - l" • 300 Yards• - Sheet l 
10,000 Yarde - i• • 27~ lardao - Shtutt A 
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APPENDIX NUMBER 5 

Purity specifice. U.ons of Fu239 and u2J5 and neutron backgrour<l 

caused & (a: ,n) react.ion. 

I. Plutonium 
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II • Uranium 
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App6od ix N tnnber 6 

Techn i. &l Area Plot Ms.p 

t!.a.p ahcwinc building lay m. t of the ·re cl'-.r. ~ca l 

Ar~s , as d. ra.ft:ed in D emb e r 19U?. Te chn 1c 9.l 

Buildings T, tr , V, W, X, Y and Z were coo-

s ·r~cted as map lndl . a t~s. 

For~ o<mparie cr. of' the growth of the T~ehn i~o.l 

Area., refer to the Te olm i al Ar~a P!ot Map 

(31 Dec ember 1~6} shvwn in Appe nct b :\• V,1h . .me I 

of Book nn. 
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Apperxiix Number 7 

File Referenc es 

Description 

Although the spec i fic loca tions of certain rcfe r-ences made in 

the techn ical part of the history of LJ:>s Alanos rove been given b e lorr, 

general.J.vr copies of all cited report~ i.'1Cluding LA and IJJXS reports will be 

fouoo in the Document Room, a nd copies of other item.s including correspondence 

will be found in the Central Mail and Record Sect i on of the Los Alamos 

Scientific laboratory, Los Alamos, New Mexico. 

Ref. No. 

1 

2 

3. 

4 

5 

Item 

Prime Contract No. ~-7405-eng-36 between University 
of California and Ma nha tta n Engineer District of the 
War Department became effective 20 April 194J. A 
copy of this document is located in t he Central Ma il 
and Record SecU.on, Los Alanos, New Eexico. The 
Contra ctor's o rigina l copy is ret~ ined at Berkeley, 
Californ:i.D. with Robert Underhill, Secretary-Trea~urer 
of the University. 

L'l-1 - The Los Alamos Frimer W-d S written by Edward u. 
Condon and Robert Serber. It i s based on a five 
lec t ure indoctrira tion course gi ven a t Loo Alamos, 
April 1943. A copy is loc atej in the Docwnent Hoom, 
Los Alamos Scientif ic Laboratory, New Mexico. 

hler.iora nciwn of March 1943 from ,r. R. Oppenhej;ner on 
initfa tion of experimenta l wor k in Ordna nce. Personal 
files of J. R. Oppenheimer. 

Report of Special Reviewinr, Canmittee da ted 10 Ma.r 1943. 
Person--11 f i l es of .T . R. Oppenheimer 

Memo:re ndum of Hovemher 194.?. from J. R. Oppenh~imer to 
R. r.: . Peierls dis cus ::.: i ng points of di!'ferenc ~ b e twl'.'!en 
Drit i s h a nd Ame r i c f.i n the oret ic~ l work . F'ers om 1 files 
of J. H. Oppenl·, piJn~r. 

i\tomi~ Ener ::y f or 1
.
1.ili t:;n ru r ro:;n s ( :3li\,vth Report ': J. nd 

t he Br itiJ!1 l n.f or ::-'-·1t. ~ cr, ,ervir,e ;jt, qt.e;,rnnt. 11 Bri t·, ir1 and 
The Atomic 5onb " , /,u ,,"l:·d , 12 1 1 '?45 . :,.e p1·int ec :. i s ;, 

Suppl€'Jn~nt (Arr-·"'n ~ :Llc 7) 1:r, ~ - r hc ~t~··n l"n i v e :·sit y T'ress 
Edition ol' the ·-~~yt ~: : 'e; <·;·\.. . 

, 
.... 

Par. No. 

l.µ 

1.27 

1.82 . 

2.3 

2.4 
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15 
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Item 
- ~l!CREf 

Par. No. 

Copies of t he minutes recorded fran Governing J.2 
Board lleetings are located in the Central Mail 
a nd Record Section, !.l>S Alamos Scientific 
laboratory 1 Los Alamos, lJevr Mexico. 

Letter dated 29 June 1943 fran President F. D. J.19 
Roosevelt to Dr. J . n. Oppenheimer. Persom.l files 
of J. R. Oppenheimer. 

OSRD Health and Accident Policy (m:i.ster Pol icy U. s. 
No. 1) with the Fidelity and Casualty Company, New 
York City became effective 14 October 1942. A copy 
of this policy is retained in the Business Office, 
University of Ca lifornia, Los Alamos, New Mexico. 

The Manhattan District Master Policy No. 1, with Sun 
Indemnity Ca:npany, New York City became effective 
September 1943. A copy of this policy is filed in 
the Business Office, University of California, ·Los 
Alamos 1 New Mexico. 

The Ma.nbattan ·District Master Policy No. 2 with 
Sun Indemnity Company, New York City, became effective 
July 1944. A copy of this policy is filed in the 
Business Office, University of California, at LJ:>s 
Alamos, New Mexico. · 

The Manha ttan District Ma s ter Policy No. 3 with 
Sun Indemnity Canpaey, New York City , became effective 
J July 1944 1 as a supplement a ry policy to Master 
Policy No. 2. The Business Office, Uni vers ity of 
California , at I.cs Alq,mos , Hew Mexi co reta ins a copy 
of t hi s document. 

J.68 

J.68 

The or:ig ina.l of t he secret letter written t o t he J.68 
University of California , concerning possible injuries 
from extra hazards, is in the office of the .Secretary­
Trea surer to the Regents ' of the University of Californi a, 
Berkeley, California. A copy of this document is retained 
in the Centra l lfo. il and Records Section, Los Alamos, Nevr 
Mexico. 

CL 697, Chapter 12, Revised Edition of the Project 3.96 
Han:ibook compiled by t he Chicago Chemistry and Uetallurgy 
Health Grou p with informat i on on radioactive imteria ls. 
A copy of t his handbook is on file in the Document Roam, 
loo Ala.mos, New lfexico. 

The Purdue Research Founda t ion took over an OSRD Contract, J.125 
under Contract No. W-74C5-€ng-146 and operated it frcm 
15 J uly 1943 until 30 ] ept er..De1• i 943 at tota l cost of 
$11 , 3?C. 72 . A copy o f th is cor. l r .:! c t is l oca. t t=d in t he 
o~'fice cf LhE: .\ . !.'.: . :· . .r ec. l~:m'-' i',•-· r, T.os Angr=les, Ca lifor nia . 



Ref. No. 

16 

17 

18 

19 

20 

) 
21 

22 

23 

24 

~ 

• .. 
25 .. 

' ~ 

~ Par. No. 

Sub-Contract No. 3 under the University of California 3.125 
Pr~ Contract No. W-7405-eng-J6 was ma.de with 
Frederick Flader, Buffalo, New York to cover special 
consultant and engmeering services of his firm. The 
total costs of this sub-contract were $47,990.84. A 
copy of the contract is in the A. E. C. Area Manager's 
office at I.cs Angeles, Ca lifornia . 

-
The California Institute of Technology was under an 3.125 
OSP..D Contract No. OFllsr-418 for va rious phases of 
rese.arch. A copy of th i s contract is on file in the 
A. E. C. Area. Manager's Office, I..os Angeles, California. 

LA-94 ... Pint report of Im1 Cal.cul.a tions of Implosion 4.2£> 
Hydrodynamics by H. A. Bethe, 20 JWle 1944. A copy of 
th i s report is located in the Document Room, Los Alamos, 
New :Mexico. 

Contract No. W-22-075-eng-54 with Harvard Uni.,.,rsity 4.27 
covered the high µ-essure eDCperiments performed by 
P. w. Bridgman. The total c~t of this contract was 
$2,441.89 reimbursed by the Manhattan Engineer Diatrict. 
A copy of this document is in the office of the A. E. C. 
Area Manager, U>s Angeles, California. 

See Governing Boa.rd minutes referred to in Note 7. 5.63 
/ . 

Originally there was an OSRD contract, No. oats!'-1233 
with the University ot Michigan. This expired JO 
November 1944 and work was continued under Contract -
No. W'-2~75-eng-JO. This latter contract eipired 
.31 December 1945, but wa s continued. Wltil 28 February 
1946 for purposes of fisca l and property clean-up work. 

Sub-Contract No. 2 under the University of California's 
Prime Contract No. W-7405-eng-36 covered services with 
George B. Chadwick at a total cost of $23 ,,59.35. 
Primarily, he was to aid in employing personnel and 
training them in~making and other precision work. 
A copy of this instrument is held in the office of the 
A. E .• c. Area Manager at Los Angeles, California. 

OSRD Contract No. T-111 with Norden laboratories 
Corporation. See tiies o! OSRD, Washington, D. C. tor 
copies of .Contract and reports. 

LA-147 - Production of U by Electrolysis of Fused 
Salts, Author: Morri8 Kolodney, written September 28, 
1944. A copy of this report is filed in the Document 
Room, Los Alamos, New Mexico • 

7.13 
7.45 

JJ+.19 

7.15 

. s.23 

LA-124 - Preparation of Pu Metal on the One-Gram Scale 8.24(a) 
by Mea.ns of the Graphite Centrifuge. Written August 18, 
1944 by Nicholas Dallae, D. B. Loeb, Theodore T. Magel. 
A copy of the report is on f i le in the Document Room, Los 
Alamo ~ , New Mexioo. 
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Ref. No. 

26 

Item 

LA.-412 by R. D. Baker, Chemical and Metallurgical 
Operations Invo:l,.ved in the Fabrication or U-235 
for use in Nuclear Wea.pOn.s: Part III. Reduction of 
Uranium Tetrafluoride to Metal, March 19, 1946. 
~ by .R. D. Baker, June 25, 1944. Preparation of 

.JfranlUm M~tal by the Banh Method·. Copies of these 
reports are on file in the Document Room, Los Alamos., 
New Mexj,co. · 

Par. No. 

S.24(b) 

27 L4.~l24 - See Refere~e No. 25. 8.41 

28 J.A-473 - Preparation of Pu Metal by t.he Bomb Method 8.42 
. b7 R. D. Baker I May 15, 1946. A copy or this report 

11 tiled in the Document :~, Los .~1-os, New Mexico. 
'~ \ . ,. 

· _.29 Files of the Los Alamos lmplo&ion Program Reports are 9.8 
located in the Director's Office, Ios Alamos, New Mexico. 

30 The Weapons Ccmn.ittee Minutes ard ·other tiles perl.aining 9.10 
to this Administrative Group are located in the Central 

.31 

Mail and Records Section, Los Alamos, New Mexico • 

·IJ'he first human tracer experiment was performed 1n 
Rochester, New York, 9 April 194,5. This is covered b,­
a _report written by the Rochester Health Gr~p entitled 
.11 Pllltonium Excretion Analysis - Statistical SUl!lnary", a 
OGW of which is on file in the Bio-Chemistr1 Office ot 
the Los Alamos Health Group, IDs Alamos 1 New Mexico. 

~ A. Safety Manual was prepared Jul..3' 1945 by Bradbury, 
.: ·:·Marley, Fitzpatrick, Hopper and Bradner, on the proper 

'bandling of high explosives, equipnent, ¢c. A copy of 
this manual is on tile in the Director's Office, IDs 
4]amoe, New Mexico • 

. , ,~"' . 

9.37 

.33 CS-2229 - A Chemistry Division Report by T. R. Rogness, 12.4 
.. S.ptember 1944. A copy of thi.a report is in the 
D.ocument Room, lD8 Alamos, · New Mexico. 

34 ~cceptance specifications and fabrication procedures 15.46 
tiles are located in the Office of the Director, .LJ:>s 
Alamos, New Mexico. 

35 Furniture aoo laboratory equip11ent tor DP site was 17.SO 
built by Kewaunee Mfg. Co. under contracts administered 
by Major Edward Jfr.ite, U.S.E.O., P. O. Bax 1539, 
Santa Fe, New Mexico. The contracts covering this work 
were: 

Date rrsep. 44 
3 Apr. 45 

23 Apr. 45 
5 May 45 

21 May 45 

Number 
W-7425=eng=68 
W-17-02$-eng-15 
W-17-0~-eng-19 
W-17--023-eng-20 
W-1'7-028 ... eng-25 

4 

Cost 
$43~.04 

9,990.00 
27 '703·:00 

523, 5B9.19 
5,494.05 ............... , .• 



Ref. No. 

36 

37 

) 

I t eir, Par. No. 

Measure.ments Proposed for Gadget Test by L. Fussell, 18.2 
Jr. a rrl K. T. Bainbridge, 1 September 1944. See 
Appendix 2, Volume 24, Los Alamos Technical Series 
for complete report. 

Complete report outlini ng plan, scope, and justification 1$.5 
of Trinity was written by G. B. Ki.stiakowsky to Dr. 
J. R. Oppenheimer on the subject Activities at Trinity, 
da ted 13 October 1941:. This is given in its entirety 
as Appendix 6, Volume 24, Los Alamos Technical Series. 
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GLOS~ARY 

(a,nj reaction 

A:ri.y nuclear reaction in which an alpha particle (helium nuo leus) 

is absorbed by a nucleus, with subsequent emiesion of a neutron. 

Autooataly~io Al'l~em!:!l: 

Any moth~ cf assembling !uper-critical amounts of nuclear explosive, 

in which the initial stages of the explosion are made to asshtthe 

further assembly of the explosive, e.g., by expulsion or ccm:preuion of 

neutron absorber~ placed in the acti~~ :aatertal. 

Daratol 

A oe.stable explosive mixture ot be.ri\.111 nitrate and TNT. 

Barone. l 

A. ca.stable explosive mixture of barium nitrate, TNT and alU1ninUJl\. 

Betatron 

Induction electron &ooelerator for generating eleotrm beams of very 

gr~a t. ent;rgie ~. 

Branching ratio 

The ratio of the capture croae-•eotion to the fission croee section. 

Cockcroft-Wa lton Accelerator 

An accelerator using voltage multiplication of the rectified output 

or a high volta.ge transformer to obtain a high potential. 

Composition B 

A c~stable e~plogive mixture containing RDX, TNT, and wax in the 

proporti on 60/to/1. 

Critical Masa 

Thb.t amount of fiaaicnable material which, under the particular con-

dit.icns, will produce fission neutrms>t a rate juat equal to the rate ,. 
at which they are lost by absorption (wi t.hout fi ssi oo) or diffusion out 

cf the m&. z:; ~. 
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SECRe1 tAli 

Tamped Critical )dass 

The critical .11'18.88 when the active ms.terial 18 eurr c.µnded by 

a tamper. 

Critical Radius 

The radius of a spherical arrangement of fiaaiai.able material equal · 

to one critical mas& l.Klder existing condition&. 

Cron-Sect ion 

A quantitative mea1ure of the probability per particle of the 

occurren~e or a given nuclear reaotie11. It ia defined as the number of 

nuclear reacti<Xls of a giveri type that ooour. divided by the n~b•r of 

te.rset nuolei per aq\.are centillleter and by the number of incident particle&. 

Abaorpticri Cross-Section 

The crosa-aeotiC'Cl for the abaorption of ~ neutron by a given 

nucleus. 

Capture Crogs-Seetion 

The crose-aectioo for the {n • ?' ) reacticm. · in which a neutron 

ia absorbed by a nucleus, with subsequent emisl.iicri of gamm& radiation. 

Figsi on Croaa-Seotion 

The croas-aeotion for the abeorption o~ a neutron. followed by 

tiasion. 

Scattering Croes-Section 

The orosa-secticn for the scattering of a neutron by the nucl~i 

of some target material. Since scattering is a quantitative .ca.tter, 

the defin i tioo ia L"lcanplete. The differential aoatterirJcrou-

sectioo l s the cro6s•seoticn tor scattering at an angle be-t.een 

8 nnd 0 + d 8 • The transport crou-sectioo is an average or integra.l 

aoatterinG oross-aectiai. so defined as t o give the average scattering 

in the forward direction: 
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ay - z 7T J ( 1 - _s i n o) ~ ( 8) s i n e d e 

£Ycl otr on 

0 

where o; (0) ~11 the dit'f.,rential 
eo~ttering ~ro~g-section defined abo~e. 

Magnetic re~onance accelerator, used in in-ve8t.igri.t1.ng atanio structures. 

D{d,n' rea.-:tion 

The nucl"8.r re~ction produced by bombarding deuterong with deuteron•, 

produc !ng high en~ra neutrons. 

D-P Source 

The above reacti.m used as a souroe of high energy neutrms. At Loa 

Al&mos, the Cockcroft-Waltcn accel~rator waa principally usod for thi• 

purpose. 

Deuterium 

Heavy hydrog~n, °'2 or ~. the hydrogen isotope of m~•~ two. 

Deuteron 

A nucleus of deuterit.111 or heuy hydrogen. 

Eleotrcn Volt 

An eleotrcn volt is the energy acquired by an electron falling through 

a pot~ntial of one volt. One electron volt is about l.6xlo-12 ergs. In 

thermodyne.mio unitA, en~ eleotrcn volt corresponds to a temp~rature of 

about 12,000 degrees absolute. Thus a fortieth of a volt per partiole 

oorrespondR t~ •rocri temperature•. Energies of thi• order are called •ther111a1•. 

Ono million electron volts corresponded to a temperature of l.2xlo10 degrees 

absolute. 

Fi8sion Spe~trl..8t 

The spectr1An, or energy-distribution, of neutron• emitted in the 

fission prooese. 
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~lastio Scattering 

The soattering of neutrons in which energy is loat to exoitation 

of target nuolei. 

Li(p,n) reaction 

The nuclear reaotim in which neutrons are produced by bcnbardment 

of lithium by pro-tens. 

Neu tr on Number 

The numher of neutrons emitted per fission. This number i1 fttati1-

tioally variablei the expresaion refer• therefore to the average number 

per tiasion. 

(n, 7) reaotion 

A nuclear re&eticn in which a neutron is captured by a nucleus, with 

aubsequcmt emission of glll'llll~ radiation. 

Pentaerythritol tetranitrate. 

RDX --
Cyolo+.rimethylenetrinitramine. 

Thermo-Nuclear reaction 

A mass nuclear rea.otion induced hy therm,.1 agitation of the reactant 

nuclei. · The reaction 11 1elf-auataining it the energy release ia auf-

fioient to counter balance the energy losses that may be inl'OlTed. 

Tamper 

A neutron reflector placed around a maee of t111ionable 11t&terial to 

1 decrease the neutror. loss rate. 

Taylor Instability 

A hydrodynamical pri~eiple which states that when a light material 

_) pushes against~ heavy one, the interface between them ia \l'lltable, and 

that wher. a heavy material pushes against a light one, the interface ia 

a table. 



Tritium 

1 The hydrog~n isotope of mass three. Thia isotope we.e discovered 

in the Cavendish laboratory by Oliphant in 1934. It wa.a there produced 

by deuterium-deuteriUJll banbardment. Tritil.llrl 11 a radioactive gas with 

a half-life of about twenty ye~rs, and therefore does not occur in nature. 

Trit,,r. 

A !lUC l.eus of tri ti urn. 

Therml Neutrons 

N eutroos or th6rrnal energy - see Electron Volt. 

T-D reaction 

The nuclear reaction of tritone with deuterons. 

Torpex 

A castable explosive mixture of RDX, TNT and alumu1um. 

Van de Qraatf Genera tor 
) 

J.n accelerator uai!lg the eleotrostt.tic charge oollected on a mechan-

ioally driven belt to obtain a high potential. 
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spectrocheffiica l methods, 4.26 

Metallurgy, 1.75, 4.lSff., 8.3, 17.Jlff., 
(see also micro-meta llurg.v) 
of plutonium, 4.36, 17.24ff. 
of uranium, 4.J4, 8.19ff. 

Metallurgy groups, 7. 33 
l/.eteorology, Trin_:_ ty, 18.17 
Michigan, (see University of Michi?;an) · 
llicro-cheraical investigation plutoniU!l: , 

4.44 
t:icro-metallurgy of p lutonium, 1. 53 
l.'.icrotorsion bal3.nce, 17.59 
1-'.ieration of poloniwn, 17 .40ff. 

· JJ.ilitary Intelligence, Trinity, 18.15 
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Milit~ry organization 
of Los Alamos Project, 1.10 
of Alberta Project, 19.7 

Milita ry pers onnel, 3.47ff 
s 3ite I 16.34 

Minnesota, (3ee University of 
Jlinnesota) 

Miscellaneous Metallurgy Grrup 1 

Chemistry and Metallurgy Divis ion, 
8.46ff., 17.10, 17.31.ff 

Gra phite Shop, J .102 
Mitchell cameras, Trinity, 18.29.4. 
Mock bor.tbs, 19. lf f 
Mock-fiesion source, 12.lOff ., 17.46 

' design of, 6.28 
multiplication experiment, 12.18 

/3 Mock up, gun assembly, 12.24 

~~; ( M~·J.s~i'T~---) 
-I '-'---

Moffett Wind Tunnel, 7.87 
Mold Design, Erieineering Service 

and Consulting Grour, X Division, 
(see Engineering Service Group) 

Mold Design Section, 7.55 
Mold develoµnent, 16.61 
Molds Canrnittee, 7.55 
Molds, lens, 9.10, 16.25 
Molybdenum, deterrr.ination, 8.76, 8.89 
Monitoring and Decontamination Section, 

Chemistry and Metallurgy Service 
Group, 9.32 

Monitoring equiµnent, 3.98, 9.31 
Monitoring personnel, safety, 17.23 

C Monitoring 8ystem, 10.23 
DO p Jlonoer&ic neutroo.s, 6.JJ ,_ 6.38 

1> J ( ETED ___ -> 
p -~anto Chemical Compa.ny, (also 

G 
·¢~)c. 
b c ' ' 

) 

Monsanto laboratories), 4.47, 7 .41, 
8.4, 8.6, 17.40!! 

Montreal Project, 5.9 
Moore School of Engineering, 

calculations on super initiation, 
J.3. 15 

Morgan, J. E. Company, 3.121 
MP detachment·~---- L TED ·-. _) 
Multi-point primacord shotS, Ra.Ia ; 

15.33 
Muroc Airbase, 7.44, 7.g4rr 

Nagasa l<-..1, 19. 20 
Nagasaki hemispheres, 17.JO 
Naga~aki and Hiroshima da..tlk'1ge, compared 

with super, 13.2Jf! 
Na tiona l Defense Res earch Council 

Office, liaison service, J.16 
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National Roster of Scientific a nd 
Technical Personnel, J.46 

Natural source3 , s tanda r dized by 
D-D subgroup, 6.78 

Nava l Air De_pot, McAlest er,· 19. 7 
Naval Gun design section, 7. 21 
Nava l Gun ·Factory, 4.15, 7.5, 7.10 , 

7.22, 7.27, 14.15 
Nava1. Mine Depot, Yorktown,. 19. 7 
Naval Ordmnce Plant, 11, .15 
Na va l Ordnance Testing St a tion, 

Inyokern, 19.7 
Navy Bureau of Ordnance, 7.21 
Navy I.J.aison, 7.5, 7.10 
Navy Proving Grot;.nd, 7 .10, 7. 24 
Neptuniuro-237 fission cross section, 

12.14 
Neutron absorbers, use in autocatalytic 

assembly, 13.30 
absorbing layer, 15.14 
and gamna r a ys fran super, effec t s of, 

lJ.26 
assay, 12.27 

method of isotO}' ic analysis, 6. 79ff 
background 

cause of detonation, 1.39 
of initiators, 12.28 
tolerance, polcnium, 17 .39 

bursts, 15.7ff 
cosr.tlc ray , eff E:ct on U-235, 6.22 
count, plutonium, 17. 16 
crunters, 8.61 
delayed cn::is sion, 1.64 
delayed, mea sureme nt of, 4.3 
diffusion, 4.11, 5.Hf 
emission time after fiss i on 

measurement, 6.9ff · 
energy spectn.un of fission, 6.25ff 
flux, absolute me.:. surement of, 6.33ff 
initia tors 1 (see initia t L•r s ) 
irr-ddiations frrx. Water Boiler, 13.50 
measurements, 15. 9 , 18.2 (Trinity) 
monoergiC 1 production of 1 6.3Jff 
multiplication exr eriments, 12.lSff 
multiplica t i on r ate as funct i on of 

mass, 12.25 
miiltiplica.tion sk.dies, 17.27 
nru.ltiplication Tririity measurement , " 

l.S.29 
neutron-numher rr.easure~e nts of, · 1. 60 f f ., 

4.2, 6.12ff., lC.20, 12.3ff 
r 2-dioactivi ty induced by, measured , 

6.43 
sources, 17.46 , 17.57 
spectroscopy, c oCT1:ar at ive study of 

methods, 6. 27 
Neutron reactor, enriched uran lurn-w<!ter 

modulated, (see ·:tater Boiler) 
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New Mexico, (see University of 
Mexico) 

:3 t!c rt ···· t ""' 
New ~tics shop, 3.105 

New Mexico state Director of 
Selective Service , J.44 

New Mexico Statutory Workmer1• s 
Canpeneation, J.6S 

New Yor\c, (see Columbia) 
New York Purchasing Office, 3.73, 

· ooe- _~?~-
b @) ( __ ILBTED 

Nitrogerr-nitrogen reaction in 
atino~phere, 1.49 

) 

Non-lene implosion studies, 9 .16, 
16.9ff. 

NOTS !Jli6kern, 19.7 
Nucleitr e!ficiE!l'lCY, 'l'ririity, 18.2 
Nuclear experimer.ts , ear~, 4 .12f f. 
Nuclear explosion, 13.33 · 

damage of, 5.67f!. 
experimental, lB.lff. 
formation of chemical compound.8 

in air, 13.35 
predictio~, contributions of 

Taylor, 2.9 
radiation effects on, 5.43!!. 

Nuclear measurement, energy release, 
lB.29.2. . 

Nuclear reactions 
cause detonation, 1.39 
controlled, 15.8 

Nuclear specifications for bomb, 4.4ff. 

0 Division, (eee Ordnance Division) 
Oak Ridge, 3.14!!., S.12, (see alao 

Y-12 plant) 
personnel, 9.a:> 

Observation points, Trinity, lB.25 
. Occupation Grau~·, App. Graph 4 
Office of Director, coll!ltruction, 

3.12, 9.17 
Office of Scientific Research and 

Development 
D.9.! transfer from, 1.7 
letter of intent, 1.11 
patent headquarters 1 .3.128 
patent procedure, 3 .123 
salary scale, J.37 

Officer, Alberta Project, 19.5 
Ohio State University, 5.60 

storing liquid deuter iw~ , B.9?ff. 
Omega , :vater Be1iler Site, l . 64 , 15.t.. 
Opera ting proc €·dures , DP , 17. ?Sff. 
Op~ i c a. l method , b L.1sL mc:u s ure:uer.t, 

Trini ty, 18 • .29.J. 1 0(3 ) 
OrU.c.s Grour , G ;J~vis1or. 1 ( see 

Fho t c2:ra.ph,r :'rd C);tir.:s ~rovr) 

Ordnance, recommendations of 
Reviewing Coranittee, l.S8 

Ordnance Division, 5.3, 5.17ff ., 5473, 
7.lff ., 9.2ff., 1C.2ff., lk.lff. 
Procure~ant section, 9.25 
X-raying charges, 15.15 

Ordnance Instt"Wnentation Grour, ?.70, 
7.74 

Ordnance liaisons, 7.1orr. 
Ordnance program, 1. 77, 1.82 
Ordn2.nce Shop, (see C Shop) 
Organization of laboratory, J.lff ., (see 

also group organization) 
Organiz~tion of Site Y, l.lOff. 
Oscillograph, high speed, Trinity, 

18.29.1.c. 
Oscillographic tests, detonators, 15.54 
Outer case design frozen, 14.3 
C:Utput of plutonium, 17.19 
Overcasting 

HE, 16.JO!f. 
lenses, 16.45 

Overseas operating base, 19.4 
Overseas operations, 19.9 
Oxalate precipitation, 17.19 
Oxide method 

fluoride production, 17.21 
plutonium reduction, a.42 

Oxygen micro-determination by gasometric 
analysis, s.76, 8.92ff. 

P Site, 15.17 
Pajarito Canyon Site, 6.19, 12.7, 15.21 
Paraffin sphere 1 use in autocatalytic 

assembly, 13.JO 
Patent agreements, 3.126 

cases, 3.127ff. 
notebook.S. 3.85, '3.126 ·' 1 

office, 3.12Jff. 
Officer, J.12J 

Payroll records, J.61If. 
Peace negotiations, 19.22 
Peak pressure measurements, Trinity, 

18.29.J.a.(4) 
Pentolite, 16.27, 16.36 
Penr.anent earth displacement measurement, 

Trinity, 18.29.J.b.(3) 
Personnel Administration, J.22ft., 9.2Dff. 

clearance 1 3.33 · 
Dil'ector, J.23, J.57!f. 
distribution in divisions, App. 

Gr &ph 5, 6 
cn;r lo;;re d , App. Gr;:i. pb 2 , 3 
e:r. pl oy ec: ; , c onstruction, ;. .118ff. 
first rri"-i ,~C· r expans i on, l. ~rJ 

over.s ~as, l~ . lO 
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procurement, 9.20ff ., J.46 
reorganization, 3. 57 
salary policy, J.37ff., 9.22 
scientific, l.1.4ff. 

comparison of neutroo number with 
U-235, 6.J2, 6.15 

comparison with radium, 3.94 
delayed neutron and ganma ray 

shop .. t-_~J8ff ,_ 
PETN, ELETE 

detonators, 15. 2!f. 

emission, 13.49 
[)~ff ,de ·ve schedule·s '-4J'2 
L ~) L- -

Phases of plutonium, 17.2.4.!f. 
Phosphate method, 17.53 
Phosphorous .determination, B.76, B.85 
Photoelectric method as proving 

P fast modulation exper:iJnent, 12.25 

technique, 7.25 
Photographic arrl Optics Group, G 

Division, 15.56!f. 
Photographic emulsion technique, 

fission :spectrum measurements, 12.9 
Photographic method as i:roving 

technique, 7.25 
Photographic neutron energy 

measurements, Liverpool, 6.25ff. 
Photographic non-lens implosion 

studies, 16.12 
Photographic observation, detonators, 

15. 54 . 
Photographic pl.ate exposure, X-ray 

experiments, 15.18 
Photographic Shop, J.84, J.101 
Photographic studies, Trinity, 18.2, 

18.29.4. 
Photography, l5.56ff. 

of implosion, 4.28ff ., 7.70ff. 
Photometric Assay, 8.76, 8.90, 

17.70 
Photometric measurements, Trinity, 

18.29.4. 
Physica 1 properties of plutonium, 

8.J7ff ., 17.2.J+ff. 
Pilot plant, Boron 10 separation, 4.39 
Pinhole cameras, Trinity, lS.29.4. 
Pin-loop magnetic method, 15.25 
PL5ton gauges, Trinity, 18.29.3.a.(4) 
Pit assembly, 15.4, 15.lJf! • . 
Pit Assembly Group, Trinity, J.E.22 
Plane, choice of, 7.81 
Pl3.ns for .full scale test, 18.2 
Plutonium, (see also Plutonium 240) 

accident, 3.97 
alph3 phase, 8.38, 8.45, 11.19, 

17.2.4ff. 
analysis, 8.76ff., 17.60ff. 
assay, 17.70 
beta prrtse, 3.JB, 8.45, 17.26ff., 

17.63 
banb, 10. 5ff. 
branching ratio, 6.46ff. 
chemlliti·y, of, 1. 87, 8. 7 
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first cr.i.tica l assembly, 15 .12 
fission cross sections, 4.12, 6.Jl, 

12.12 
gallhm alloys, 17.69 
gun, 4.14, 4.5J, 6.24 
hazard, J.94ff ., 9.30 
isotoric analysis, 6.81 
metallurgy, 4.J6ff ., 8.J6ff., 17.24ff. 
micro-metallurgy, 1. 53 
multiplication experiments, 12.18ff. 
physical properties, 8.37ff. 
poisoning, 4.4.4ff. 
proces..sing, 17. 74 
produced by chain reaction, 1.30 
production, 1. 61 , 4.2, 17.72ff. 
projectile specifications, 7.1.B 
purification, 4.44ff., s.11, 8.26ff., 

lD.22, App. 5, l?.16f!. 
purity require~ents for gun assemb ly, 

1.43 
r eceipts Clinton and Hanford, App. 

Graph 13 
recovery, 8.34!!. 
reduction, 8.39 
reduction, bomb methcxi, 8.8 
spontaneous fission rates, 6.23 ,, 9.1, 

12.8 
sulfide, 17.68 
thermal scattering cross section, 13.48 
toxicity, 10.23 
uranium as stand in for, 8 .16 
use of, ?. 77 

Plutonium Chemistry Group, Rala 1 17.55 
Plutonium Purification Group, Cll, 17.16ff. 
Plutonium Recovery Group, 9 • .32 
Plutonium 21.+0, -(see also Plutoniuru) 10.6 .i 

content measured, 12.27 
discovery or, 4.48ff., 7.29, ~.11 
first observation, 6.23 
ne1~ tron number measuremer.t, 12. 5 

Rm unit , :U.. 19 
Pois oning, HE, J.99 
Poloni~~, 10.18, 17.38ff. 

development, ? .41 
extraction of, ~ . 6 
hazard, 9.J2 
in 1 t i a tor s , 4. 4 7 , 3. 6(; , 10. ;..:2 , ll. 11) , 

1 5 ~4.3 
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Joliot effect, 6.20 
processing , 17.73ff. 
purification, 4.47 
toxicity, 10.23 
used in mock fission sources, 12.11 

Poloniun:, Group, CM Division, 17.74 
Portable ionization chambers, Trinity, 

18.29.~.b. 
Postdetonation, 1.43 
Post Operations Division, cC¥iStruction, 

J.121 
Poet Supply Section, J. 74 
Post-shot radiation ~~asurements, 

Trinity, 18.29.5. 
Powder >00tallurgy, 4.JS 
P011der l~etallurgy ;roup, water boiler 

specifications, 6.65 
P(Jlr{er con:iumption, 9.19 
Preassembly, HE, 15.13 
Predetonation, 1.40, 5.4Sff ., ll..25, 

12.24, 15.14 
PreliJninary experiments to prove 

feasibility of bomb, 6.Str. 
Preparations, Trinity, 18.lJff. 
Prescott micre>-gas analyzer, S.94 
President 's Interim C01'.!17'J. t tee, 20 .1 
Pressing, (see al.so bot pressing) 

HE, J.b.27 
uranium, 17.12 

Pres sure switcl: , gun, lk.lS 
Primacord 

detonation, 10.10, 10.15, 16.15rr. 
systems, Ra!a, 10.lJ, 15.33 

Primary explosives , 15.50ff. 
Prime Contractor, Unive~ ity of 

California, 1.11 
Priorities 

construction, 3~122 
procurement, J.75 
shore, 3.1J2 

Priority, im~losion, change in, 4.21 
Procurement 

early difficulties, 1.16 
of euns, 7.20ff. 
of lens molds, 16.25, 16.61 
of personnel, 3.46 
of reagents, University of 

Chicago, 8.9 
'of refractories, 8. 9ff. 
reco~ .1enda tions of Reviewing 

Cour.·.i t tee, 1.91 
special, J.81 

Procurement Jroi.~p , Ordn<.!.nc e Div is ion, 
9. 25 

i·rocnre.:wmt Off i c,; , 1.12. J . :'.,.qff., 
3. 30 , 9. 2J ! f. , An -. Gr a:r 7 
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Procure:nent Officer, (see director of 
procurement office) 

Production, 
electronic slritch, 16. 59 
eiplosives , 16.2'/ft., 16.J4ff. 
len$es, S Site, 16.42.f!. 
of isotopes , see isotopes 
rlutonium, 17.72ff. 
radiobarium, radiola.nthanun:;, 8.12 
schedules , Pu-2J9 and U-235, l.5J, J.15 

Production casting, 16.50 
Project A, (see Alberta Project) 
Project Editor, J.~6 
Project Engineers, (see G Engineers) 
Project Office, 1.19, 1.25 
Project Technical Coounittee, Tini.an, 19.13 
Project Trinity, (see Trinity) 
Project Y, selection of site, 1.6!!. 
Projectile Target and Source Group, 

Ordnance Engineering Division, 7.33, 7.36 
Pranotion policy, enlisted personnel, 

3.52ff. 
Prompt Ueasurement Group, Trinity 1 IS.22 
Prompt neutrons, 15.7 
Pranpt period, determination of, 6.70ff. 
Property Inventory Group, Procurement, 

3.80, 9.24 
Provine ground, 7.24, 15.42 
Proving ground Group, 7.24, 7.38 
Proximity fuses, 7.g2, 7.85 
"pumpkin" program, 14.20 
Purchase Requests, Procurement, App. 

Graph 7 
Purchasing Office 

Chica.go, J.73 
Local, 3.47 
W3 Angeles, 1.12, J.59, 3.7.3, 3.78, 

9.27 
New Yark, .3. 73 
Radiation laboratory, Berkeley, 3.72 
University of California, 1.91 

Purdue University sub-project, l.~, 1.151 

J.125 
Purification Group, Chenistry and 

Metallurgy Division, 8.18 
Purification Program 

plutonium, 4.44tf ., 17.16 
recomnendations of Revievdng Ccmnittee, 

1.S'? 
research at Los Alamos, Chicago, 

Berkeley, !ONa, 8.4 
U-235' $.12!f. 

Furity an;:...]..}rsis, 8 .7lff. 
Pur it~· of polonium , 17.39 
Pu r i t y requ irements , 

pldoniurr:, 4,.36 
r u- 23? ·~ nd L'- ..:35, l . '/,) 
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IJ Ra.di~hemi.stry program, 1. 74 
L ~ J Pyroelectric-galliu.'7l-axide 
p 8. 7 6f f. , 17. 62 

methc<l, Radio Corporation of America, 7.46 

Quadruple proportional counter, 17. 57 
Quality control, explosives, 7.71, 

16.27ff., 16.JJ 
Quartz piezo gauees, Trinity, 18.29.J. 

a. (1) 

R Division, (see Research Division) 
Rad:1r devices, gun, l.4.18ff. 
Radar study, Trinity, 18.29.4. 
Radiant energy, Trinity, 18.?.9.J.c. 
Radiative capture, lJ-235 and Pu-239, 

4.12 
Radiation hazards, external, 9.34ff. 
Radiation effects in nucle~r 

explosions, 5.4Jff. 
Radiation loss, 13. 9 
Radiation laboratory Purchasing 

Office, 3.72 
Radioactive poisoning, lJ.29 
Radioactivity Group, 8.(J}ff ., 9.1 

capture cross section measurements, 
6.40, 12.26 

develoµnent of thin foils with 
Radiochemistry Group, 6.89 

fis:;ion cros s section mea surement, 
6.39 

fbsion process investigation, 6. 77 
isotopic analysis, -6.79ff. 
measurement of neutron induced 

radioactivity, 6.43 
measurement of branching ratio, 6.45 
miscellaneous experiments, 12.27ff. 
neutron number measurement Plutonium 

240, 12. 5 
spont.a.neous fission :neasurement, 

6.1.Sff., 9.1, 12.7ff. 
U-2J8 hi gh energies, 6.48 

Radioactivity, Rala, 17.51 
R.:idio a lti:neters, ?.46 
Radio assay, a.76, 8.90, 17.71 
Radiobariwn, a.12, 15.31, 17.52 
Radiochemistry Group, 4.47, 8.55ff ., 

17.J7ff. 
construction of mock fission 

sources 1 12.11 
construction of radon plant, 6.21 
counters, 17. 57 
ini tiators, 7.41, 14.12, 15.46ff. 
Raw, 17 .55 
uranium purifica lion, 8.18 
W3ter boil.er, 6.65, 17.47ff. 
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Radiographic examination of tamrer, 15.15 
Radiographic studies, RaI.a, 15.31.ff. 
Radio informer tests, U..19 
Radiolanthanum, 8.J2, s.70, 15.31, 17.52, 

(see also Ra.I.a.) 
investigation of gamma radiation, 12.28 

Radio proxL'Tlity fuses, 7.13, 7.45 
Radium, compared with plutonium as poiso:~, 

3.94 
Radon in initiators, 4.47, 8.60 
Ra.don-beryllium ~ource, used in neutron 

humber measuremenU!, 6.16 
Ra.don plant, 4.~, 6.21 
Ra.I.a, 5.73, 10.22, · 17.5lff. 

Chemistry Building, 17 .J 
health hazards, 9.34 
program, 15.Jlff. 
use of, 7.74, 15.24 

Ra.IE. Group, CM Division, 17. 5ff., 17. 55 
Ra.Ia Group, G Division, lD.13, 15.}lff. 

me:isurernent of multiplication r 0.tc , 
12.25 

Ratio of neutron numbers of ll-2J5 and 
Pu-239 
by Cyclotron GrCJ.lp, 6.l.4ff. -
by Electrostatic Generator Group, 

6.12ff. 
Ratio of radiative capture of fis s:ion, 

(see branching ratio) 
Ha.ytheon Canpany, 16. 59 
Reactor, controlled, (see .Water Boiler) 
Reagents, high purity, procurement of, 8.S 
Receipt for active material, Trinity, 

J.E.21 
Recorder, mechanica l, 6.BJff. 
Recording of betatron, cloud ct:ar:iber, 

15.26 
Records Group, Procurement, 3.go 
Recovery Group, Chemistry and i:et.allurgy 

Division. 
continuous extraction app.J.ratus, 17.7 
ether extrc...ction rr.ethod, 17 .4·'3 
RaI.a, 17.55 
test shot recovery, {of active m.'.'.l.er .\. ." ~') 

17.8 
Recovery, 7.63, 7.69 

experiments, 15.19 
methods, 7.75, 17.22 
progrrur., 16.53ff. 
sc her.ies 1 18. 9 
yields, 17.7 

Recruiting, shop personnel, 9.J1ff. 
Redesigning Fat Man, 19.7 
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Reduction of plutonium, 8.J9f!., 
17.25 

neduction to practice, patent 
c:i.s es , J .128 

Refractorie:J, he;'.ivy element, 4.J6 
procurEment , production and 

research, 8 .f3ff. 
research, 13 .53 

Rehearsal test, Trini ty, 18.lOff. 
µehearsals, Trinity, 18.20 
Remelting 

plutonium, 8.44, 17.25 
uranium, 17.ll 

Rer.iote control apparatus, 17.48, 
: 17.5lff 

Remote pressure ba rograph recorders, 
Trinity, lB.29.J.~.(5) 

Remote seismographic observation, 
Trinity, 18.29.J.b.(4) 

Reports, !As AlOl.mos, editing, J.86 
reproduction and distribution, J.S4 

Rese c.1rch Division, 9.2ff., 10.3, 10.20, 
ll. 5, 12.lff. 

Rese~rch arxi Development Section, 
S Site, 16.38 . 

Resea rch, health, · J.90ff. 
R~search, meaning of, 1. 53f!. 
Resistance wire method, 15.39 
Results 

of rehearsa l te.'3t, 18.12 
of Trinity test, 1S.29ff. 

Reviewing Committee, 8.4 
menbers, 1.26 
rep mt of, 1. 132! f. 

Rice Institute 
cloud chamber d'lta on energy of 

neut r ons, 6.25ff. 
sub-project, 1.4 , 
work on fis s ion spectrum, 1.62 

Risers, HE casting, 16.30 
Risk of explosion, Tinian, 19.16, 

19.20 
RollinG Uranium, 17 .J2 
Roosevelt letter, J .19 
Rossi experiment, 6.?0ff., 12.25 
Rotating mirror 
camer~ , detonator tests, 15.54 
photography, 16.12 

Rotating prism carner-ds, 7.70 
Rota ting pyramid technique, 16.12 

.Safety 
aspects, Trinity, 18.15 
calculations for K-25 diffUsion 

plants, lJ • .34 

in delivery, 19.J 
detonators, 15.52 
Dr site, 17.75ff. 
explosives, 16. 31 
features, 'l'r!!ler boiler, 6.65 
plutonium, 3.9 ) , 17. 23 
polonium, 17.3? 
precautions, sctive nn t erirtl.5, 15.4 
tests, 15.lOff. 

SafetyCarmittee, J.AA, 9 • .37 
Safety Engineer, 9. J ? 
Safety Group, 9.37 
Safing, weapon 

Fat Man, 19.20 
Little Boy, 19.16 

Salary policy, J.56ff., J.37ff., 9.22 
Salton Sea Nav~l Air 3tation, (see 

Sandy Beach) 
SAM I.aboratories, personnel, 9.20 
Sandia, 9.1.3 
Sandia C:l.rzy-on, 15.42 
Sandy Beach, 14.20 
Santa Fe office, 1.19 
Sawmill Site, (see S Site) 
Scaler, 6.8Jff. 

electronics, 15.5S 
Scaling circuit, 6.B6ff. 
Scattering cross-3ections , 1.65, 10. 20 
Scattering experiments, 5.4, 6.49ff., 

12.15ff. 
Scattering, inelastic, 4.13 
Schedule 

combat delivery, 19.151 -19.19 
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