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8 . America December 3l ~ l94l ~ to December 2 ~ l942 

?/l2/6? 

A chain - react i ng uranium - graphite system was put into 

operation in Chicago on December 2 ~ l942 . 
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Colt :.:l.lia Un.Lv<~.csi ·~ ~ - -~ 

I f ~ov~ rnme nt fo r ~- ~o , oro for the purpose of developing the Fermi-Szilard 

syst em of e .stahl:i :·.hi, ... ;1 ch<dn reacti on in 1:rvniu r. . ~. ~y :rai n c onc er n v.ras to r;ct 

uranit ~ : , if possibl e in the form of me tal, of suffici e nt purity and t o r et r raphit e 

of st:ffici ent p11rity to ';' a ke c; v <J li d experime nt. ~·ibat we \vanted r:2.inly t o do is 

to test di r ectl y b y measu rements on 2. pil e c omposed of ; r aphi t;~ anC: a latLc c o:.. 

t·;·~r.in c cntc.:.nin::; i)oc\i e s wh e ther or not said sustaining chain r eaction can be 

e:vpect ed to occnr if the pile \ve re maid sufficiently large . We did not have 

funds to purchas e mater- :. al s in any appr eciable quantity but ______ pron:is ec: 

that s ur: r funcis would be made availabl e through the :1\ational Bureau of StandarC:s 

whi c h was suppos ed -:: c ry-- r chas e tbes e materials for us. ':.'h C" toouble was that 

the s e mat e rials coul d no t be obtained i n sufficient purity c or~e rcially. f y t 

najor Lot'Llcnr::c '< r/ '" ~R~RRSS progress. Varied contacts with manufacturers of 

mat erial is v e ry important if no finished product is cor:m1ercially availabl e 

because only through private co~fersations can you discover how the quality of 

th e ma terial mi ght be i mproved, One important f<J_ct carle out of a casual conve r-

sation with r epr e scnta t i v e s of the National Carbon Corrtpany. Fermi and I had 

lunch with tvw me n fran the National Carbon Company f_ror:1 whom we expected to buy 



9 

sor•c :; raphit c . The :-'"raphit c se enccl t o be fairly pure and the total impurity 

would have been danr~e r ous only if it has c ontaine d sone element that was very 

stron;. ly absorbinG neutrons . \~hen we hac! our luncheon I said , half - jold.ng ly 

to one of tb cs c men, " You wouldn't put boron into your ~XUJ'Il c; r aphit e , or would 

you?" The two rr.c n looked at each o the r and ther e was an e!iJbarrasscd silence. 

"1\s a. r:attc r of fact," said one of then , "sar.1ples of g raphite which cor:1e from one 

of our fac tori es c ontain boron t-ecause it so happens that we n:.anufactt:r e in tllat 

arcs 
fact ory r raphi t e e l ectrodes fo r e l ectric R:~cexpxx±:s into 1•1hicb boron is custon,aril y 

put . Had we nt r,o tiat eci as we were supposed to do with these me n throug h the 

Ma tional Bur eau of Stanclar c1 s we \vould have n ever discovered this i mportant fact . 

~ e had wor s e luc k with uranium . We were given the sp ecifications of the uranium 

oxi de \\'lu ch \·:as supposed t o be deli vc r ed to us ancl the urani JJ f,J seemed to be pt!r e 

enou~h on the basi s of those specifications • But then on a visit to the factory 

which rmcle uranium me tal out of the uranium oxide for our experiments we di sc overed 

anothe r list of impurities which differs from ours which was muc h worse. This was 

re- examine 
a pur e ly accidental discovery. It led us to/~xa~:iJa~ the uraniuv1 which was delivered 

to us and it t ur ned out that our urani 11m was equally i mpure. t'<Rlnrxi \'ihen I looked 

into the process how the urani um was purified I was struc k by the fact that an 
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in~ortant r roup of clements which ~ere strone neutron absorbers if -------

the y ,.,e re nev e r removed fror.1 the fj_nished product . nut ,.,hen I !KxsmrssRi&x dis -

cuss ed with the National Bureau of Standards \vhether we shouldn ' t chan5 e the 

procedure of pm.:ification I was told that the process which would improve the 

quality would talie a l ong time t o prepare and sinc e we were in a hur ry to get the 

chain reaction g oin;:· the Bu r eau of Standards was not willinr t o advocat e a change 

in the chenical purificUion . Dccause all the se troubles were besetting us I r;o t 

mo re and mo r e i1~ ·patient dUJ.: in; the first half of 1941. Somehow we did not se em to 

be abl e to r;e t the things done which we lmew needed to b E done. During this early 

peri od I was also haunted by the fear that it might b e possible to detonate the 

I 

uranju~ ~etal by fast neutrons if a sufficiently large quantity of this me tal is 

ass cr.Jl) led. ',:hetller or not this is possible depended on the following thint; : the 

bulk of natural uraniuo is Uranium 2 38 and it fissions only if it is hit by fast 

neutrons. In this fission it emits fast n eu trons and whethe r or not a chain reaction 

can be naintained depe nds on how fast the neutrons emitted for fission ar e slowed 

do\·m so t hat they mi t;ht lose their effectiveness if further uranium. 

Dr. and I pur st:ed the r ef or e a side 1i ne :X:rnm:s:kxa:~:kmll:x.i.xxzq: inves ti ga ti on 

t o det e r mine how fast uraniun: metal slows down fast neutrons and we did not stop 

this line of investi gation until we we re satisfied that uranium metal cannot be 

tis ed to maka a bomb . 
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Things would have dragged on in a most xx unsatisfactory way had not 

the British recognized that xtwmi~~~ax~mx«xxfxam it is possible to 

separate sufficient quantity of Unranium 235 to make atomic bombs. Anybody could 

recognize this fact: ~ax we knew two things - how much uranium ? 

could be separated with a reasonable industrial effort and how much (U 2357) 

it took to make a bomb. At Columbia University RKx Urey and the office of 

worked on 
Naval RxxxxXE Research/±xikx«xKX the separation of uranium isotope 235, Wxi~ While 

Fermi and I worked on the nuclear properties of uranium. It so happens that I 

actually measured the cross section of Uranium 235 for medium velocity neutrons 

jn the first half of 1939 . From this I could have computed how much Uranium 235 

it takes to make a bomb. The amount seemed faily large and I did not know that 

it was possible to separate such quantities of HXNXXX uranium 235. Urey's contract 

I 
specified that he was not supposed to discuss his results with Fer!Tll ana me w .. u 

were not fitted and therefore we were not able to put two and two together and 

come out with a simple statement that bombs could be made out of reasonable 

quanti ties of HX:xx:ikli1Xuranium 235. In Britain there we1·e a number of German 

refugees such as Simon 
Fr~~ 

and F±sfi (?) who at the beginning of the war were 

not permitted to work on anything of military significance and therefore took to 

working on uranium. Simon was interested inthe separation of uranium 235, Fish 

was 



12 

and and Paris (?) were interested in nuclear properties. Nothing prevented 

them from talking to each other. They put two and two together and they 

inform€d the aritish government of the possibility of making Uranium 235 

The British Government informed the American Gov. 
bombs with quantities of material that were industrially available./ So for 

attention 
the first time our axx~tim» was directed to the problem of making atomic 

bombs rather than merely to the problem of making a chain reaction of 

producing parts for driving submarines. chain reaction now -----------------
(plutoniuU!) 

I began to appear in terms of making chain reaction to make ---------

bombs and for the first time the government realized that our project was 

important. Oliphant came over here from England and attended a meeting of 

the Uranium Committee which neither Fermi nor I were permitted to attend. He 

realized that something was very wrong and that the work on uranium was not 

pushed in an effective way. He discussed his concern with Hugh Lawrence who 

in turn approached Compton and as a result of this agitation it was decided 

to reorganize the project. A, H. Compton was supposed to be in charge of 

setting up a chain xa« reaction with a view of producing plutonium, Mr. 

Urey was supposed to be put in charge of separating Uranium 235 by the 

fusion method and Lawrence was supposed to be in charge of separating Uranium 235J 
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by method. Actually reorganization took place around the first ------------

of Jan. 1942 . At that time the project from Columbia University was moved 

to Chicago and all of the grant funds were put at the disposal of the project. 

However, even now the authority to purchase materials was not given to the 

project. (End of RecordS 12) 

While negotiations for materials formerlyhad to go through the 

the purchase of 
Bureau of Standards now HNN negotiations for/materials had to go through 

Murphy of Standard Oil of New Jersey. This division of authority hampered us 

throughout the first half of 1942. In spite of this somehow A. H. Compton 

managed to make arrangements for obtaining uranium purified in the right way 

so as to -------- unanium from neutron absorbing substances which the older 

way of preparing it did not remove. As purer grade uranium was obtained 

and uranium metal began to come in it became clear that a self-

sustaining chain reaction would be achieved. This much was clear to most of 

us including A. H. Compton, Director of the Project, in the spring of 1942. 

Stagg? 
And on December 2, 1942 the chain reaction was actually started at Field 

on the campus of the university. As soon as it became clear that the chain reaction 

will succeed my attention and also the attention of turned toward the 

problem of having an effective cooling system and ef solving the technological 
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and engineering problems belonging to these cooling systems, So that a reactor 

high-powered output can be constructed and sufficient quantities of plutonium can 

ERR be manufactured. There was a feeling in the Project that the cooling of a 

reac tor is not a problem for physicists to worry about, that this is an engineering 

problem and should be entrust ed t o engineers. There was an engineering group set 

up in the project which set up an advisory committee having 8 members and I was 

one of the members but E. P. Wigner was not put on the committee since it was 

clear that Wigner thought more about engineering problems taking due regard to the 

~hysics involved than anyone has. I tried to correct this omission but I did not 

engineering group 
succeed and took a position that they did want to enlarge the committee 

for it would be HXWHii~xxnwxii unwieldy. This engineering group then decided 

to adopt ihe cooling system such as a car cooling system, Number 1, and develop 

the process design along this line. NHx±xxxxx Neither I nor Dr. Wigner thought 

that this design was good or that approach of the cooling systen # 1 

was acceptable.Wigner therefore tried to get an engineer attached to his group of 

physicists in order t o work out an alternative system which I shall call system 

#2. It fuok a long time before the engineering group agreed that he should have 

and engineer, but finally he was given an engineer and they walked away quietly 

trying to develop with one engineer and a number of physicists what we 
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might call a cooling syst en #2 . When, at the end of 1942, the ~ ----
manufactur e 

Comp any took ove r the constructi on of the plant for the pxN~H~XiKR of plutonimm 

the official reconmend ation of the Pr o j ect adopted the cooling system #1 advocated 

by the engine ering group. After the Companymd a f ew we eks opportunity to ---

study the system Dr. Wigne r presented to them a process d esigned for system #2 

which he had worked out with one engineer. The company decided to use ---

system #2 tather than system #1 which was unworkable. Physicists in the project 

wer e unhappy about the way cooperation with the ___ Co. was set Mx up. The 

DuPont ( ? ) Co . had very good engineers but they did not have the required 

knowledge of nucl ear physics. They were supposed to draw up the plans and 

the Pro ject was given the right to object t o any give n solution wi±k which the 

DuPont Company may put·forward. Clearly this is a very peculiar way of arriving 

at a design and for a logg time most physicists on the Project did not believe 

that the DuPong Company will be able to produce a work ab le desi gn on the 

basi s of this tri a l and error proc eedur e . The d ecided that it 

was not a good desi gn but a d esi gn that wo rked . At l east it worked f or a 
, 

while . And aft e r ......... went into operat i on they we r e ab l e t o d e lClve r 

mat erial durin;:; t he x \var without any s e rious hitch. The clisar r ecment 

about t he c oo ling s yst em t o be used put the form of a fi ght bet ween the 

physic i sts and the eneineers. The i s sue was, should the physicists be 

a :i:kmrelli pe r mitt ed t o make their own designs or should all designing be 
~ 
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conc cntt·atj n~ in the c n r.rine e rin~ c r oup and the physicists r.:crely act in 

an ::~ cl visory cc..p?.city . This fi ~·ht reached its e nd , of c ourse , automatically 

at thi s t ime , v;hen the lJupont Co1:1pany t ook over the c onstructi on of the 

pa r ts , for the r c sponsibili ty was then cl ear ly assi gne d t o the Dupont 

Company . But r-r adually , .•• . •... .. . the fight ended to the temporary 

vict ory of the cn~inee rs . Dr. Compton instructed ~E the physicists to 

cease wor kin; on the process d esigns and to act as consultants to t he 

e nc ineerinc gro:.~p. \'!hen the enr;inaers came over to a s k Dr . \\'i gner for 

his cooperation, Dr. th g·ner asl;:ed , " \'Jhat do you want to do? " " I r.:can , what 

do you wany me t o d o ? " "~·Je ll ," the y said, " rlilx a ll we ·want you to do is 

xnsweJ>:x>§uxx~esir:ms answer our questions." "Oh ," said Wi gner, "if you know 

the answer to \vhi c h 
what questions to ask, you will find /:tkx:t any question/you might ask and 

which I can ans\·Ie r in r1y files . All I have to do then, i s g ive you the 

ke y to r1y file, \·Jhi ch I shall be v e ry g lad to do . Obviously , in order to 

know whx~ the ri ght answers othe rwis e you dont ;mow what the ri ght questions 

are." And thi s kind of c ooperation would have lead MF:J us YL'< nowhere had u e , 

in fact, adopted it. After it b ecame clear that half our plans were succ e ss-

f ully operatin~ , the Chic a E,o 1 rojec t r e laxed. It the n became possible for 

more 
the physicists to take a/detached vi e w and some of us beg a n to think of the 

wi s dom of maki ng bombs , t estinG' bombs, and usi ng bombs. In March 194 5, 

whi ch was clear that Germany was defeated and aft e r the defeat of Ge r many 
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