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.. THE POSSIBILITY OF A·LARGE-SC.ALE EXPERIM!N'l' 

Ill Tfm l,M;.lF..DIATE roTUP.E 

At present it appears qu:i.te possible that a nuclear chain reaction 

could bo set up in a system composed of uranium o:dde {or "Uranium· metal) and 

eraphita. The graphite would have to be piled up in ~ space of perhaps 4 ~ 4 x 4 
metres and udght weigh about 100 metric tons. Perhaps 10 to 20 tons of urani'Ui:ll 

oxide would have to be used, embedded 1n some such pUe of graphite. 

T"nEl probable success or failrtre o£ such a large-scale experiment cannot 

be forecast at present with any degr Go of assurance. The properties of a s,ystem 

composed of uranium and graphite hnve been calculated independently, for a 

ho~ogeneous mixture by Fermi, and , for a lattice of spheres of uranium oxide, or 

uranium metal, embedded in graphi to, by royself. The results of these two inde-

pendent calculations are in reasonable agreement ll.lld show that the two arrangements 

have different properties. For instance, in the case of using ' a lattice of 

· $pheres a. ~reat advantage could ba obtained by U:ling uranium metal instead or 
uraniu;n oxide 1 whereas .in the case of tha homogeneous mixture the use ~ uranium 

metal would be of no gre&t adva.."ltage. In spite of these calculations, we cannot 

foretell with certainty \1'he~er or not a nuclear chain rea6tion can be maintained 

1n such a system bocauue the absorption .cross section of carbon for slow neutrons 

is not sufficiently known. 

In order to rOIP,pve this tmcertainty Fermi and I l'!..ave devised t wo different 

experiments by means of which the absorption cross section of barbon• which is 

very SQall, could be measured. It is assumed that one of these experiments, or 

both of theo, will be· started at Columbia University as soon as the !acUities 

r~quired can be obtained* 

If the absorption of carbon should turn out to be cowparatively large 

wo ccr-il.d conclude that tho 'large-scalo experiment io ~d) f.U., and 1n this 

.. . 
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ease it noed not be started. I f the absorption of carbon should prove to 'be 
excE.Htdingly small the large-sca1e- experiment r;ould appear to be very promising• 
and it can be assumed that ovez:rbo~r v;Ul tht:n be in favor of starting it with-
out delay. 

-Ul>.fortunately ,_ we. must ba aJ.so prepared to find an intermediate value 
for tr:.a ci.rbon abpo:rption.. In this case a L"irge-scale experiment will have to 
bo p.ttrformed in order to find ot: -.:. TThethor or not a. nuclear chain reaction can 
be a.::hieved with a combination of uranium and g~1:;iliite. So we may have to make 
the experi.nent o.nd risk .its poosihl e !'Hilure. 

It should be borne in mind tha t e; riogntive result of the large-scale 
experiment could also be of ·valu·; by sh~wing nith certs.~ty that a chain reaction 
cannot be achieved with simple m~ms in the no~:r future. Otherwise there remains 
an ever-present. potential t~cat ari;~ing out of experiments on uranium, 'Which 
are carried out in cert!.>.in other countries. T'norGforc, in rrry parsonal 
opinion, a large-scale expe-riz:!ent ·:lut::~t to be perf oned unless t he possibility 

I I 

of 1 ts succcns can be excluded ·,n -c::. l'casonable ansurance on the basis of ex-
periments which are designed to deto:rmin6 the absorption of carbon, or other 
similar experiments which can be carried out on a moderately small scale. 

RECOMMENDATIONS CONCEFlfWG L.IIJI.GE-SC.A.LE EXPEPJ11EUTS 

No ex~nses need· be incuxred in ~onnection with lurge-scele experiments 
tilltU t he a'bsorption of carbon has bea.."l measured. On tho other mmd.$ steps OU£;ht 
to be taken now in order to p:repa}~e tho ground for a larze-scale experiment, so 
that this· cun be started without delay at the proper 'time. For instance, the 
possibility of converting urr..nium oxide into uraniili:l metal ought to be explored. 
An attempt oueht to bs made to obta.in a promise on the part of certain industrial 
corporations to oupply at the proper time the quanti ties of the materials, which 
are r oquired. If possible, these mat~:-ri~s oug~~e l~ed without any financial 
considerntion. Barring an aocidont in the case of a s~ccessf'ul large-scale 

r ' 
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e.:q>~cinent1 mont of the materia::.s u:>od would rem·iin unaffected. and could be re-o 

t~od after the experiment is co:npJ.oted. 

100 metr ic tons of grapl·i ·~e· represent a valu.e of about ~ 33.000-&t the 

rate of :L5J per pound. If a. pw:o:r hrr.nd of graphi to has to be used, which rates 

~t 21,1 pe;r lb. tbe value involved i'rould be $5.3.000. . 
. 

20 metric tons. of uranium OJ:ide repr13aent a value of '/> 100.000..--at the 

- rate or jJ2.50 per· lb. If it need n<>t. be convartod into uranium metal but can 

be used · 1D the form of oxide in t~1e large-scale experiment., this material could 

be kept pure and could be return ed und~aged. It ~ould be desirable to have up 

to 50 tons ot uranium oxide recdi.Ly cvailable for experiments 1n the United Ste.tes .. 

ST.AT1i'M'Elrr OOBC:E;: JlDTr. THE POTZHTif:.L ASSISTANCE OF THE 

ONION :,maERE DU HJ'.lJT KATJ'illGA 

It would bo of particuls.T value tp. enlist the assistance of this :Belgian 

corporation which is to some ext.!mt control1ed by the Belgian ·Government. It 

appears to ba the only corporation t~hich could supply at. short notice 20 metric 

tons of uranittn oxide, and proba;ily wen 50 tons. I understand t hat the Udllag- · 

ing Director, Mr. E. Sengier, is en a short visit in America. 

From conversations ~ Prof~~ssor G. B. Pegram of Columbia University 

uad with a r epresentative of the Eldorado Gold llines~ Ltd. it appears that this 

, C<111adin.n corporation might ba able to supply uranium oxide for our purposes at 

the rate of l ton per ~eek. If the uranium oxide were to be bought r ather than 

- obtained as n g~ft or a loan, it might be sooured from Cmls.da probably just a s 

easily as from Belgium. On the other hand, the Canadian corporation is rather 

small and can hardly be asked to give away large quantities of material without 

f inancial compensation~ 

So fe.r, radium up to about 2.5 gms. was used in our experiments, and wa 

had to pay a. high ·rent to a subsidiary of the the ~ corporation 



• -.. .. -
from r!hich large qlw.ntitios of r Hdiun can be readily rented in ti:Us country • 

.An attempt ought to ba made to ol1ta:i.n radium for the purposes of such experiments 

r~nt-free from the Union rlin.iere in the future. 

Carnotites containing ur£.n1.UDl are mined in the u. S. A. by the U. s. 
Ve!.Iladium Corporati~ Nhich is o·m~ e(l lly the Union Carbon. and . Carbide Corporation. 

A conversation which I recently l .ad ~rith William 1i'. Barrett, Vice-President · 

of this corporation, did riot . enocu:l."a€:& ·t.he hope of obtaining large quant~ties of 

uranilJJn oxide from this firm~ but · ~hE· issue could porhaps be reopened. 
t 

S'L ;\ .. C'aZNT ABOUT URANilJM OP.E 

As far a:s . I was able to find out, pitchblend, whic~ is an ore rich in 

. urr.n.ill!J1 is mined in Czechosl~vakial Canada and B~·l~ian Congo. The total content 

of u:ranlum in the deposit in Czec i oslova.ld.a is ost.:i.rr.e~~d to be between 1000 and 

1500 tons. The Canadian deposit ·tts1bly contains a total of :3000 tons. T'ne amount 

of pitchblend in the Belgian Cong) is not known, but it is believed tv be very , 

much larger. In the United State > urmium occurs chiefly in the form. of carnotites~ 

wtli.ch is &i1 ore poor in uranium, .u~.d i.s mine1 for t..11e sake of its ve.ne.dium 

co~tont. The total deposit is es·cim&ted to contain 3000 tons of uranium oxido .. 

(P~rimps thore axe in the United :3tat•3S larger quantities of ore containing a very 

~mall Em.omrt of uranium which are :not included in the above estimate~) 

. Steps to secure a stock of urnnium ores for the government can hardly 

ba 1•ecom:aem:ed at the present time) if such steps would involve .financial com­

mitlilents on th& p.;~.rt of the goverrsment. It might1 bor.ever1 be advisable to 

b-.:Jgin to st'l..dy the question in wh.t>.t m!Llliler the government could secure such a 

stock at a later date if required. 

For inst2.nce 1 the questio11 haf", been raised whether 1 t might not be 
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possible t.~ obtain for the government a. large quantity of pitchblend from 

Be:l&iu·n as a :token ropa.ration payment. Such a transaction would not cause 

alarm abroad if it were arranged bef~re the world learns or the results of soma 

~uccessful large-scala experiment. The transaction could be justified withOut 

reference to the uranium content of the ore. Pitchblend is also the ore of 

radi~, and action could be taken on the ground cr securing the ore for the 

sake of its radium content, with a view of extracting the radilJIIl at so:ne future 

date for medical purposes. Action taken on this ground alone might i:il fact .be 

entirely justified. · 

' ' 
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COPY 

KitlC' :) CRO\oll~ HOTEL 

42C '.'.Je st ll6th St. 

Ne ·;, Ycrk, N.Y. 

~r . William F. Barrett, Vice Pre sident , 

Union Carbide and Carbon Corporat i on, 

30 East L,2nd Street 

New York City 

Dear }lr. Barrett: 
eft-.!!_ 

October 18, 1939 . 

Enclosed · r am sending you cvshort memorandum referring to the 

c onversatio::1 which we had on Monda.;,r/ this week . ·::e h CJve calculated how much 

s raphite we would need for the pnli minary experi ment, which we propose to 

s tart iJ;-mediately, and find that ·se c ould probably manage with 4 metric tons. 

As you vrill see from the enclosed cop~r of a letter of the National Carbon 

Company the price quoted for this c~ount of graphite is about $3500.00. As 

soon as you let us know whether 'i e can have t his amount of graphite we would 

take all the necessary steps for _: reparing t hi s experiment. 

I have telephoned to yo n~ office today and left a message with Mr. 

1:ills in order to ask you vrhether ::,·ou would care to meet Professor Pegram, 

who is in charge of the Physics C;par tment at Columbia University, and Professor 

Enrico Fermi one of these days fo -r l unch at the Faculty Club. If you let me 

know what days would be conveniens to you I would find out when the others are 

free and communicate with you. 

On Friday I have to leave for Washington where a meetine has now been 

fixed for Saturday, but I hope to be back by Tuesday at the latest. 

Yours very sincerely, · 

( sir~·ned) • (Leo Szilard) 

(typewritten) 

.. 
l 



Bk . 
COPY October 18, 1939 

Recent results concerning t he possibility of setting up a nuclear 

chain reaction in uranium make it appear des~rable that we should 

establish some sort of cooperatio~1 with the Union J,~iniere. Just what 

form of cooperation would be most appropriate has not been decided 

as yet. I have seen Mr. Jean E. V. Cattier, whose father is President 

of the Union Miniere, and arranged with him to meet in the near future 

the Managing Director, M.r. Sent:ier-, who is now here on a visit. 

It appeared desirable t hat t he firms who use P~erican uranium 

ores should be contacted befor-e any definite arran~ements are made 

with the Union Miniere, espec ially since, in an emergency, the United 

States might be cut off from ~anadian and 3elr ian supplies. I was advised 

that most of the carnotites containine uranium are mined by the Vanadium 

Corporation of America, whic h is a subsidiary of the Union Carbide and 

Carbon Corporation. This wa~ primarily the reason for my contacting the 

Carbide and Carbon Corporatiun. 

A second reason for my contacting this corporation was the fact 

t hat an experiment is being considered for which about 50 tons of 

g-raphite might be required. T!li::. experiment also requires a large 

qllantity of uranium oxide. It i ~ : assumed t hat it will be possible to 

obtain the uranium oxide required for this experiment as a loan from 

the Union Uiniere. vmile it is impossible to say with certainty that 

this experiment will lead to a l ur ge scale liberation of nuclear energy, 

there is a good chance that his will be the case. Obviously, the 

success of the ~xperirnent would l ead to a great increase in the value 

of uranium and would thereby directly benefit those who control 

the supply of uranium ores. The cooperation of the Union Miniere and 

of the Union Carbide and Carbon Corporation would appear to be justified 

on this ground alone, even w :~thout empha:'sizing the possible importance 

of these experiments from the point of view of national defense. 

50 Uetric tons of graphi te, •vhich might possibly be required 

for the experiment ·which is mvisaged, represent a value of about 

$16,000.00 if ordinary graph i.t e is used, vrhich rates at a price of 15 

cents per pound. Howeve~, i t seems that a s pecial brand of graphite has 

f 

1 
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Memorandum - 2 - Oct. 18, 1939 

t o be used, for which the National Carbon Company quotes a price of 35 
cents per pound; the value involved v10uld the n be about $40,000.00. A 
lett er of the National Carbon Company containing a price quotation is 
enclosed. 

It seems impossible to f oresee vdth certai nty the outcome of 
the proposed large scale exper ime:1t, and it appears that we simply 
will have to have the courage t o embark on it on a fifty-fifty chance 
for success and failure. 

The estimate of t he chances of t his expe r iment might be slightly 
improved by investigatine t he _proper ties of gr aphite in a separate 
experiment which we propose t o start as soon as possible. This 
r equires 4 metric tons of gr aphite of t he er ade specified in t he 
enclosed letter of the National Car bon Company, and on the basis of the 
quotation contained in this l et ter t his a~ount would represent a 
value of about ;~3500.00. The Physics Department at Columbia Uni versity 
has at present no funds available f or t he purpose of this experiment, 
but it is believed. t hat, if t he Nat ional Carbon Company would consent 
to suppl y t he graphite material , the other facilities required could 
be obtained from the Rockefeller Foundation or some other Foundation. 
An early decision on this point would be appreciated. 

( s i gned) LEO SZILARD 

" 

I l 
j 
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Dr. Alc:xanclcr Sachs 
One '.fill ian Street 
Uew Yor:, City 

Deur Dr. 8ac!1s : 

~·-UJ,'USt 15th, 19Z,9 

~lclosed I a 1;1 send i n:.; you a letqn,• from ~'rof • .il.lbert Einstein, whi cr 
is addressed to President -:oos cvclt and \v:'l ich he sent to me ·with the re­
quest o-? for·wa:r·{iin.; it tlu· :::.u .::::?.1 such channelo as ra i ,jl ~. uppcar ap~)ro :;:;riate. 
If you 3ee yo:ur way to br ~.n~~~ this let t er t o the at tent ion of the Pre­
sident, 1 :.;:.':t a·ertaiu ? rof ~ Einstein \TOUld r:l.Pi):!'ecio.te your doing so; other .. 
wise wo·'11d you. be 'JOOd en nu..::;b. to return the letter to r.1e..., 

I-~ a "r.l:.1n~havinc; coura.~];e· €:-l"'ld i me.t; ination, could be found and if 
such a :uo..n "~~vere put - in ccccr·dance- vrith llr. Einstein's sugges tion -
in the --~osition to act wi·:;h t:u ~'le >ncasure of authority in this matter , 
this \'!OU.li.l cel~ta.inly be nn i mporta.u t a -t e p f ol~wt.:.rd. :rn oi·uer tha. t you 
may be :J.b_c~ to see of r1h<1. t a£.f.dsta ·:.ce Bach a r.uan could be in our wol .. k, 
c,~llow m~ :please to give you a short account of the past history of the 
case. 

! >1 Je..nua.ry this yc r:.r .'.hen I reali~ed that there was a rerJote pos­
sibi1ity o:' settin1 up ~ chain re t!ctlon in e. lal~gc muss of uruniUl!l, I 
co::::'llUniGatcd with Prof. :s .:1

• J i gncr of Princoton Univer.sity and Prof . 
::.;~ l'ellGr of Gooree ·:iashin:~tc-n Uni vcroi ty, ·::ashiuJ;ton, D.C .•, a.;1d the 
three o:~ us re!!la.ineu in cm:.s tant concul tat ion ever since. First of all 
it a:ppoared necessary to 11 cr:L·orm oel~tain fmHlamenta.l ez:;erime!lts for 
which tjte nso of about ono :~;rt·vl of r .... dium Tia.s re c1uired. Since at that 
ti ~lc we hn.d no certainty nnd had to. act on a I'ev-tote possibility, vre 
could ho..rdly ho:9e to succeed in persuadin,; a u~1iversity laboratory to 
take c}'l<.:. r ...,e of these expc::cincn t s, O"l' oven to acquire tho r adiut1 needed. 
Attempts to obtain the neccsoary funds from other sonrcos appeared to 
be equal l y hopeless. In thc::;e cil~cumstauces u. few of u~ physicicts f ormed 
an association, called nAss ociatiou for Scient ific Collaborationa, col­
lected some funds among o ;;.::.~sG-lvea, renteJ. a11out one BI'a.J:l of x·adium, 
and I ~rranged with the ~1ys ics Departncnt of Columbia Univeroity for 
their pGl"mission to carry cut the proposed e:x:pcrioents at Cvlunbia. 
These ex:p0rimen ts led early in lJaroh to rathur atrikin~ results. 

At about the same t i -.;1e Prof. 3. Fer:':ili, also· at Columbia, made 
experi~~nts of his own, ind~pendently of ours, and came to identical 



·',· -
, 5 

conclusions. 

A close collaboration arose out of thin ooinoidenoc, ancl recently 
Dr. Fermi an<l I jointly per:66n.Iod experiments which rnake it appear prob­
able that a chain rea..otion in urlt.nium cru1 be achieved in the immediate 
future. 

'.rhe path along which we huvo to move is now clearly defined, but 
it taken some courage to emba:rk on t!.1c journey. The ezperiments will 
be costly since we will now h.::.ve to Tlo:ck with tons of material rather 
thc.n - ns hitherto - with kil) ;ra.ns .. TYo or possibly three different 
e.l ternativcs will have to be t:;::-ied; failure~, set-backs and some un­
avoid~.~."ble dan~er to human lif .. w:tll ho.ve to be faced . We have so far 
:.1ade use of the Association f):' ~:;<! ientific Collo.bo:tation to overcor.lC 

..... --

the difficulty of l)ersuading )'~hor orc;o.nlst..tions to talco financial risks, 
an~ also to ovcr~ome the gene al relucta .1ce to take action on tho basis 
of proln1b il it ies in t h e absen ::e of certr~ inty. N'ow, in the face of greater 
certainty, but also 3rcatcr ri ok:3, it 7ill become necessary either to 
strc.:n.:::;then this association b:>-~h :1ore.lly a.ncr. financially, or to find 
new ways which woulo. serve th.J sl~? :le purpose. '.1e have to a p:Droach as 
quicl<ly as possible public-spi:ritcd :private persons and try to enlist 
their financial co-operation, or) fo.ilin,J in this, we would have to 
try to enlist the collabor~ti:m of.' the lec.;.ding firms of the electrical 
or cheuical industry. 

Other aspects of the sictul·~ion have to be kept in mincl . Dr. Vig .. 
ncr is takin'-~ the stand that i·c :lu our duty to enlist the co-operation 
of the .Administration. 1~ fcv; -.·n~C.r :3 o.e;o he c nme to ltew York in order . to . 
liiscuss this point wifu Dr. To1lt;)r and r1e, ::~nd on his initiative oon­
vera·at ions took place between '.Jr.·. :C~inote in ~.nd the three of us. This 
led to :i)r . Einstein 's decision t .) write to the President. 

I am enclosing memorand t:un w}'lioh '\'I ill gi YO you some of the views 
and opinions vmich were t;xpres :~e d. ill these oonversations. 

I wish to make it clear ·~il3. ·t,in D.pproaching you,I am acting in 
the cupa city of a trustee of t he Association for Scientific Collabor­
t:.tion, and that I ·have no aut~1o:rl ty to speuk in the name of the Physics 
Depel"trJ'lent of Colu;nbia Universit:r. of which I am a guest. 

Yours si11cerely• 

(Lao ~>zila.rd) 

I· 



DEPARTMENT OF PHYSICS 

Dear -.. zilard, 

UNIVERSITY OF MICHIGAN 
ANN ARBOR 

July 9 1 9~9 

'l'bl:lnK you for your l e tter . l was also considerin ~ the 

possib~lity of usiu ~ c arb on fo slo~in~ do~n the neu~rons; in the obvio­

usly opti~istuc hypothesis that carbon should nave no absorption at all 

for neutrons, and assumi~~ for the resonance absorption band of uraniu~ 

the usual data (which also I rather suspect to (le optirr.istic) one 
finds from an elementary calculation that the ratio of the concentrations 

(ratio of the numbers of atoms) of urani~m and carbon should be a~out 

ij one tbausandth in order to avoid ·too much resonance absorption. 

:Accordin~ to ~v estimates a poasible recipe m~~ht be about 29000 ~~-

of carbon mixed with POO K~ of uranium.If it were really so the amounts 

of materials ~ould certainly not ~e too lar~e. 
Since however thd ~mount of uraniu~ that can be usea,especially 

in a homo~eneous ~ixture is exc ee a1n~~Y sma~~.even a ve ry S4all absorpt ion 

by carbon either at thermal e ner~y or even ~e1ore ni ~ ht be sufficient • 

f o r p r e v en t i n ;;( t h e c h a i n r e a c t il o n ; p e r h cl p s t b e us e o f t h i c k l a .1 e r s_ o_ f __ 
4 

carbon separated _b_y layers of uta r..iu lli_ rr. i~n't .. a.llo w .:tQ _u.s e a soa.ewhc.t - -- ·--·· ··-··- -- - ..... -. .. --. - -·--·-- .. - --- - ··--

lar~er pez:ce . .nta..;4e _oJ .ur.a.oiulr: . _ 
I have beee thinkin~ about th e e~ p erimen t tnat you propose for 

measurin~ the small a~sorptio~ cross section in ca rbon.lt seems to ~e 

that vou have probably ov er estim Lted the difference between rana and 

center activity in the carbon sphere;rroreover I aont see how vou c&n 
~~-_... ... ... _ "C'.-- ........ -· .... ~ \• •• 

take into ._. account the contribution of those neutrons that bccorr,e T.herntal 

d·~~: .. to i.mpacts. a~~inst carbon. 'l't1e ir number should prot'e.bly not be very 

lar~e,but rni~ht disturb very considerably the measurement oi a s mall dif­

ference. 
I had discarded beavv water as too expensive;but if you can 

easily ~et several tons of it it mi~ht work very nicely. 
'!'he cyclotron here will atart workin~ a4ain next week and 

I hope to be able to ~et reliable in1'-o-f' mati on on tne so called resonance 

absorption of uranium.! shall inform you of the results. 
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July 3rd, 1939 

Mr. Lewia L. Strauss 
· 52 William Street 

new York City 

Dear lXr. Strauss& 

These are just a few lines to refresh your memor.y in case 

you find time to contact the Societe Gonera.le ·or the union 

Minihre. 

As you know Fermi and I made a number of experiments 

on uranium, some of these independently of each other, others 

jointly. All these experiments were carried out at the Physics 

Department of Columbia University with -~radium rented from the 

American aeents of the Union l!iniere. In order to meet theoe 

and other expenses which would have strained the budget of the 

Department, other physicists and I formed an association called 

"Association for Scientific Collaboration~ and col lected some 

:funds among ourselves. I am writing to you in my ca:)acity as 

one of the trustees of the AsGociation rather than on behalf 

of the Physics Department, as I have not yet discussed t he mat­

ter with the liead of the Department and have no authority to 

speak in the name or the Department. 

A joint pa~or by Anderson, Fermi and myself, which has 

' 
f) 
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been recently completed and is not yet published, st~tes that 

a nuclear chain reaction could be maintained under certain con-

ditions in uranium, but expresses serious doubt whether such 

a chain ·reaction can be mmntained in uranium oxide, or in uran-
, ~ • l 

ium oxide ~ixed with water. It is my ~ersona~ opinion that a 
.; 

chain reaction leading to the formation of practically unlimited 

amounts of radioactive material is an immediate possibility, 

though it requires careful control of the conditions under whioh 

the experiment is performed. 

There is also a 50 to 50 chance that the matter may be of 

great importance from the point of view of national defense. 

In the circumstances it seems to me that this work should 

be supported financially in a more efficient way than hitherto, 

and I wondered whether the Union lliniere, as the company who 

would have the chief financial benefit of any use to which uran­

ium is put, would be willing to support this work. 

Thix support could take various forma: Firat of all, we 

would appreciate assurance that we can obtain at short notice 

30 tons of uranium oxide on loan, of which we would probably 

need 5 tons in the next six weeks. Secondly it would be of 

great help if we need not pay rent for radium up to 2.5 gm, 

as long as we use it in the form in which the company has it 

in stook rather than in some other form. Thirdly, we would ap­

preciate it if we could obtain refund of the rent which we paid 

between February and to date for radium loaned out of the stocks 

of the Radium Chemical Co., the American agent of the Radium 



Belge. 

I am mentionin3 these details though I feel that a gen-

eral agreement for co-operation alonB some broad lines would 

do much towards obtaining results quickly. Lh ', 
I personally have no doubt that~U~i~n Minibre would 

prefer to loan the uranium to Columbia University rather than 

to a comparatively young uaaaociation"Q such formal difficulties 
l!, 

that might exist could be overcome by d general good .will. 

I would much appreciate if you could let me know by cable 

from England whether you were able to see any of the directors 

of the Union Mini ere by the end of July, because. if you see for 

instance that you will not find time to deal with this matter 

I would like to attempt to contact the Union Miniere at once 

through Professor Biot who is at present in Belgium. 

Forgive me please for troubling you with all thi_s on the 

last day, ·but I assume that you might find time to read this 

letter on the boat. 

Wishing you and Mrs. Strauss a pleasant stay in Europe, 

I am, yours sincerely, 

(Leo Szilard) 

() 
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Hotel Kine'o Crown 
420 Wcot llGth Otreet 
Hew York City 

July 3rd, 1939 

Thia 1u to kcop you informed of tho tre~d of my id.oae oon-

ccrn1ntz chain reactiouo. It ooomo t.o me now that there io a 

good ohtmoe that carb.:m mi~ht be an excellent ele!'lent to uae in 

Dlnce of hydro~en, nn' the r e-.1-tJ a stron.; temptation to ganble 

on thin chanoe. The capture orosa-seotion of carbon 1o not knowna · 
'·· 

the only CA.'"Perirnentt:J.l evidence nvailv.ble assert~ :.m Up})Cr limit 

or o.ol timtla ~ 1o·24om2 • If tho orosa-seotion were o.ol 

carbon "l'TO'.lld be no bet to= t~tau hyd.l"Oclen, 'but the oroos-eeot ion 

is ·perhaps much htaallor, and it tai~t 'b& tor inotance 0.001. It 

1 t were 30 curb on not only could be us~d in plo.oe o-r hydrogeL, 

but would have gruat ac!.v~:: . .ntages • even if a chain reaction wex·o 

poaaible with hydroeon also. '?he concentration or uraniu:n oxide 

in ou . .t'bou could be kt-pt vory low, so t~h::.l.t one could have aboat 

2 wn of cu.1~bon pur eo. 'l'llio oompareu favorably w1 th l/~ et'1 of 

w~tcr l>Or oo a:t the moe.t u~"ld t'ICa.nB thnt the mean equarc of tho 

d 111pln.ecm·;Jnt of' a nc. utron for alvwing doY.'n to therrial velooi ties 

W'JUld be only 1.5 ti::Jca o.a lar~o 111 the oa.rbon-urnnium-oxide 

.. 
r" ' 

I 

\ I h . . 

) . 
onrbon oo.u be uec;leoted, tbe concentration of uranium oxide ia t 

dctel~~inc~ by the oonoiuerat1on th~t tbG average displacement 
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ot a thermal neutron for capture by unmium in the rt1xture muat 

not become too largo. With this as a ltmit1ng faotor ·about 1/10 

of the weight or the mixture would have to be uranium, and that 

meano that ono would need only a tew tona of uranium oxide 1t 

our present data nbout urnn1um are correct. 

I personally would be 1n favor or trying a larse ecnle 

experiment with a carbon-uranium-oxide mixture 1f we oan get 

hold or the material. 

I intend to plunae in the meantime into an experiment de­

signed tor ~asur1ng omall oapture oross-eeotions tor thermal 

neutrons. This 1s the proposed expertmenta A sphere ot carbon 

ot 20 om radius or larger 1o surrounded by water and a neutron 

source 1o placed 1n the center or the sphere. The slow neutron 

density 1e meaGured inside the carbon sphere by an indium or . 

rhodium indicator at two points, one aloao to the surface, an4 

one oloee to the center. The slow neutron density at these two 

points io measured onoe wit~ and once without • an absorbing 

layer ot boron (or cadmium). covering the surtBoe of the sphere. 

It 1a easy to calculate tram the observed ratio of the 4ittor­

enoea (or the oboerv~d neutron density with and without absorber 

at the surface or tho· sphere) obtained for the two pointe and 

the ecattertng crosa-aeot1on tne ratio or ~e capture oroso­

aection to the scattering oroao•eoot1on tor thermal neutrons. 

I calculate that a ratio ot the neutron 4eno1t1es of the order 

of maanitude ot 75 to 100 would for instanoo be obtained tor 

two points 1n a sphere ot carbon or about 20 om radiua it the 

cap~r• erose-section or carbon were o.oo5. I* eeema that ver,r 

I 
I 
I 
I 
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thia method. 

If cOJ.r~on ohoi..~ltl f'o.!l, our nc:':t bcut :zucuo night be heavy 

,,utor • nnd I ha.,o thcro:t"o:.~e tt~kcn atvDO to f' ind out if it ia 

hydro~cn 1c r;uppoood to hr.o~e o. cap"ture crca£;-vcction below 0.003, 

ancl the ncattar1n:.; orooe-seotion ou.;;llt to be ~ or 4 times lc·24 .., 

f' or ucut'l~ono t>bc7•c the 1 ·v-olt r egiou, Cit ie ~ tc; 7 timG5 1C•24 
'"" 

f'or the them~l region). G!ncc ho~vy hydro~en a lows down about 

hydrogen has a cu~ture ·::.. .. o~::J .. !lect ion ,..)f o. 27 and a. neat turing 

croGa•seot1on of 20, he&vy hydrogen ia more favorable. 

(Leo Uz ilard) 

---~---------------- ----

, 
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A'Pril 23, 1939 

Uemorandum 

By comparing the Talueo tor the fission cross section, tho 

abaorbing croaa section and the balance of neutron production and 
absorption, as manifested in experiments in which neutrons emitted 
from uranium are slowed down and the total number of the slow neutrons 
present is meaaurad, it appears at present aL~oot certain that the 

number ot neutrons emittod per fission from uraniurB is about two. 
I believe that experiments which are now being carried out will confirm 
thio in the near future. It seema to me that it should then be possible 

to decide the question whether or not a chain reaction with fast neutrons 
is possible. The tollowin~ atmple expertmm1ta will decide this question, 
perhaps not with certainty, but with a high degree of probability. 

An u~1um compound 1a to be expoaed to thermal neutrono, tho 

radioactive uranium having a 25 minute period which is produced by 

radiative capture, and is separated from tho other activities which 

are produced by tiosion. Doth activities are measured by a beta ray 
. ca t4.c1fllit .c.,. t• ' 'Q, '"'"' counter or by a ionisat.ion chamber, and the ratio:: 11 • '"'t;",·t., -t"• ro fi'$ 10 ,.. 

of the t•o - in arbitrary unite - ie determined. Tho aame uranium oompo 
' 

is then expooed to photo neutrons f'rom a radon-beeyllitu:l source, and r 

the ratio {8. __ .,.._ _____ ·) 'itt 16he twO! activities, obeervo.d in .. 

the same wa.Y as bet ore and expreaeed. in the aame arbi tr~ .uni to, is 

~ .. 
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again determined. 

The quotient ~ • C is a measure of tho shift in balance between 

neutron absorption and n~utron production by changing over from thermal 

neutrons to photo neutrons. If 0 ie small, for instance if it is smaller 

than · one oould be almost certain that a chain reaction oa.n be main­

tained in uranium in the absenne of hydrogen containing substances • .. 
It seems therefore reasonable to perform the above mentioned 

experiments,and, if the outcome ia positive, to take at once steps in 

the direction of a ~arge scale experimen't in the absence of hydrogen 

containing substances. It is to be expected that neutrons emitted from 

uranium will be elrnwed down by inelastic collisions in uranium to 

velocities between 10.000 to 100.000 volt, and therefore behave in a 

way very similar to photo neutrons from a radon- beryllium source. It 

may be added that the number of neutrons emitted by fission with energies 

above 200.000 volt seems to be only about one per fission, and that we 

therefore suspect a large number of neutrons to be emitted with energies· 

below 200.000 volt. We suspect therefore that the slow neutron density 

at the surface of a sample of' uranium ·will be appreciably increased by 

these comparatively slow fission neutrons, and this point is now being I 

checked by ·comparing the appa.J'ent absorption of a sample ot uranium t 
. ~ 

metal w1 th a eample ot boron, both in a narrow and in a w14e paraffin / I 
oaTity~ ,.. . I ! ; 
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Dear Goldhaber:-

Congratulat 1.ons t 

Hotel King's Crown 
420 West lloth Street 
liew York C 1 ty 

April 18th, 1959 

I asoume that you are going to the Washington meeting. 

If so, wouldn't you like to spend a few days in New York? I 

am sure you could help us with our experiments if you were 

here. So try to arrange matters so tr.at you pass through New 

York either on your way to Washington or on your way back to 
• 

Urbana.. 

Though I have written to Joli.ot early in February, as 

you will see from the·enelosed letter, it was not possible to 

arran~o a co-operation with Paris. Essentially for this reason 

Pegram has finally decided ~o let the papers appear, and you 

will see them in the next issue of Physical Review. 

Let me know your plans and also if you succeeded in get~ 

ting the visitors . visa forT. s. 
Yourst 

{Leo Szilard) 

( 
P.s. Please could you send me as soon as possible 50 to 100 

reprints of our joint indium vaper? 
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April 17, 1939 

Dear Szilard ! 

Thank you for letting me have 
the news concernine the abandonment of any 
policy in the publication matter . I cannot 
~e lp f eeling , on the one hand , that this was, 
under the conditions, a wise decision as 
nothint.; ·really could be achieved in this 
:r1atter . On the other hand T do fe el, and 
~ do f 8el it very stron3 ly, that the U. S. 
Government should be advi s ed of the situ­
ation. This is ind icated , arr:ong many other .. 
re'}ons, by the necess ity of prepari:~g i t 
to a possible sudden threat. Let me know, 
p lease , wet her you have already taken steps 
in this d irection and 1!rether ~~ou intend to 
take some in the ne a r future. 

I r eceived a communication from 
Polan~1 i' s secretar~' in r eply to the cable 
which I sent to him concerning the Be block . 
She says t hat Polanyi had a motor accident 
about a month ago and is ~ing now a 
month's rest in southern Eng land. The Secre­
tar~r vrrites that· she communicate d with 
Tuck and Gri~fiths and that the block 0 ill f 
b e .vith her, no doubt, in a few days from 
the date (April 6) of her letter. She is 
g oins to forward it then to my address by 
a fa C:" t boat. 

l 

J 
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LEWIS L.STUAUSS 
32"W"ILL~ STREET 

NEW YORK. 

\ 
Dear Dr. Szilard, 

April 
Seventeenth 
1 9 3 9 

\ 

It was good of you to send me 
. the very interesting manuscript of your paper 
which I have read with the greatest interest. 
I share your regret that it was not possible 
to defer publication of these developments at 
this more or less critical juncture. 

Hoping to see you within the 
ve r y near future, I am, as ever, 

Dr. Leo Szilard, 
King's Cro~n Hotel, 
420 West ll6th Street 
New lor k , .N • Y . 

MG 

Faithfully yours, 

~~ 

( 
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LEWIS L . STRAUSS 
32 "W"ILLIA1'-!l STREET 

NEW YORK. 

Dear Dr. Szilard, 

April 
Fourteenth 
1 9 3 9 

I was very much obliged indeed 
to receive your letter of April eleventh as I 
had begun to feel rather out of touch with what 
was going on. 

I presume you know that Dr. Brasch 
has returned here for a visit and that you have 
been in touch with one another. If you have some 
time next week I hope I shall see you. 

Nils Bohr came in to see me a few 
days ago. It was the first time I had ever met 
him and I was tremendously impressed with his 
simplicity and obvious greatness. Have you con­
sidered discussing your ideas with him? 

Dr. Leo Szilard, 
Hotel King's Crown, 
420 West 115th Street, 

-New York, N. Y. 

MG 

Faithfully yours, 

~~ 

rt I + . . 
-----, 

( 
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¥~. Lewis L. Strauss 
25 East 76th Street 
New York City 

Dear Yr. ·strauss:. 

Hotel KinB's Crown 
420 West ll6th Street 
New York City 

April llth, 1939 

These are juat a few lines to keep you informed of how · 

thin$S have · developed oinoe! last saw you •. Fermi and I ~ere 

sorry that we oould not see you in Virginia when we were in 

rua.ahinzt on. 

The following i~ for yo~r private information only·. Co­

operation was established in Waship.gton ·with ' the ·carnegie .. 1n:.st., 

itute for Terrestrial Magnetism. and also oontaota were made 

through the. official channels via the Physics Department ot 

Oolumbia· Univeraity with the Navy • . Theae oontaots are perhaps 

too loose, but for the :present thia is of no importance. · · 

Since my return from Washington · I cut down all extra~ 

laborator.y activities and tried to eet more information about 

the number of neutrons emitted. Which is the most important 

point . at present. Though this number seems to be above one, 

I am still not certain about it •. Fermi bases his plans on the 

1 blief that the number ia larger than one. 

Accordingly we are pr~paring an experim~nt on a semf. 

large scale, using 500 pounds ot uranium oxide. I am glad to 

' . . 



, 
, 

~ . 
•2-

eay that we could borrow this &aount, othe~iso I might have 
, .. 

approached you for finru1oi~l assistance. 

So far publication ·of the papers,whioh were sent to the 

Physical Review on ll6rch 16th, is being delayed at our request, 

and efforts are made to ~et similar ·action in England and 

F•·a.noe. In the mean time a paper by Joliot ·appeared in Nature, 

which ·relates to our subject,' but so far it did . not attract 
. . 

much attention~ Now we are t~Jing to get Joliot to co-operate, 

but I do not know whether we will succeed. 

Some · ti~e · ago Loomis asked Fermi out to . Tuxedo Park, and 

I understand from Richards that Loomis talked to you over the • 

telephone after Fermi•a .viait. Sinoe then Loomis one inquired 

over the telephone, asking ~e~1 about the »resent state of 

the experiments. 

I hope to see 1ou some time when you are not ver,y busy, 

and in any CQse · I shall let you know of the further developments. 

With beat wishes, 

yours sincerely, 

(Leo Szilard) 

( 



Mr. Lewis L. Strauss 
25 East ?6th Street 
New York City 

Dear Yr. ·strauasa. 

Hotel Kin~'s Crown 
420 West ll6th Street 
New York City · 

April llth, 1939 

These are just a few lines to keep you informed of how 

things have developed since I last saw you •. Fermi and I were 

sorry that we could not see you in Virginia when we were in 

Washington. 

' The following is for your private info~ation only. Co­

operation was established in Washington wit~ the Carnegie .. !nat .. 

itute for Terrestrial Magnetism, and also contacts were made 

through the official channels via the Phyaios Departroent of 

Columbia University with the Nav.y. These contacts are perhaps 

too loose, but for the present this is of no importance, · 

Since my return from Washington I out down all extra• 

laborator.y activities and tried to get more information about 

the number or neutrons emitted, Which is the most important 

point at present. Though this number seems to be above one. 

I am still not certain about it• Fermi bases his plans on the 

blief that the number ia larger than one. 

Accordingly we are preparing an experim~nt on a se~1-

large scale, using 500 pounds of uranium oxide. I am glad to 
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say that we oould borrow this amount, otherwise I might have 

approached you tor financial assistance. 

So far publication of the papers,whioh were sent to the 
· (_lq 3 4) kw 

Physical Review on M&rch 16th, is being delayed at our 

and efforts are made to get similar ·action in England and 

Ji'xianoe. In the mean time a paper by J'oliot appeared in Nature, 

Which relates to our subject,' but so far it did not attract 

much attention. Now we are trying to get Joliot to co-operate, 

but I do not know whether we will succeed. 

Some · tiDe ago Loomis asked ?ermi out to . Tuxedo Park, and 

I understand from Richards that Loamis talked ·to you over the 

te~ephone after Fermi's visit. Since then Loomis one inquired 

over the telephone, asking ~e~i about the present state or 

the experimento. 

I hope to see you some time when you are not ver,y busy, 

and in any case · I shall let you la1ow of the fUrther developments. 

With best wiahea, 

you.rs e ino~rely, 

(Leo Szilard) 
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