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Third Approach to the Navy, Uay 1940 

The second me oti~ held under the chairmanship of Dr. Briggs 

on April 27, l94e, represented some progregs, insofar as I was now requested 

to delay the public~?-tion of rny papers, whereas, up until then, my request 

t.o the Physic&.l Review to hold up the publication of my pavers was an 

arbitrary action on my part, and was open to criticism on the part of 

&OIIle of m:y colleagues. No general· recommendation · to hold up the publi-

cation of dangerous papers was however made by the Uranium Committee. 

Enclos.ed is o. oopy of m.y letter to Physical Review. 

Soon afterwards, Professor Turner in Princeton wrote a paper, 

which, ' if it were allowed to publish, would have dr~an attention to 

the importance of element 94. For.tu.nately Turner showed. his manuscript 

-
to Wignor, and, on his advice, sent ne a copy, asking me whether I saw 

any objection to its publication. I wrote Turner that I have, in the 

meantime, approached Urey with the request of bringing about ~aa seneral 

policy of withholding publication an~ asked Turner to delay the publi-

cation or hia paper. ' 

I suggested .to Urey that some committee should be formed under 

his chairmanship to deal with the requirOlllent of .aecrecy~ and that this 

committee should include G. Breit, in order to· secure '.the adherence of 

the Physical Review tothe policy of secrecy which may be worked out. 

·' In order to have ~ovarlll!lent sanction for Urey's committee, I 

introduced Urey to Dr• Sachs. and asked Dr. S9ohs to introduce Urey to 
J ~~,..~£c..... / 

Admiral Bowen, who. in the meantime, ~over_ih_e-~val Resear~h Laboratory. 

Urer and Sachs visited Admiral ,Bowen. and Urey'a appointment aft the chair- . 

man of a committee followed. 
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The committee met under Urey's chairmanship in 'Washington on 

June 13, 1940. A general policy of withholding publication we.a formulnted 

at ehis meeting in whioh G. Breit participated. Droit arranged with the 

Physical Review a practicnl method for establishing a sort of censorship 

in execution of tho policy formulated at the meeting. Arter UUne 13, 1940 . 
papers dealing uith uraniur.:1 were subjttot. to "censorship". 

I enclose copies of my letters to Turnor and Breit, and a oopy · 

or Urey'a letter to ~~. in wi1ich he reports og the result of his oontaot 

~th Admiral Bowen: Urey'a letter is a £orm letter aent with identical 
. ;IU(_ 

texta to some seven men, the members or one ot the project committees. 
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Dr. Sachs 

· I I "7 
I .ay 30g 1940 

Please find enclosed memo:c andurr. for .0r. Urey of · ~ay 30, 1940. 

In addition to the items included in the above - mentioned memorandum 

the following points se em to re quire attention. 

a. It is important t.~~ t Dro Urey and the non - g overnmental 

members of the Special Advisory Committee be authorized to invest"i -

gate whether there is G }Css ibility of mining uranium ore in the 

Be ga in Congo and t .:·a:c::por-cing it t. o tl:.is co untry under t .e present 

conditions. If it is co.s:.dered :?Y· .:::r.a-cure : ·o r· t.:1e Government to 

Dr . Sengier -che mana ~~ ing ai rec·c or 'of' -c.c:.u -c·:r-.:...o . 'liniere who is 

at present. in Jev1 York, or throu ,·h the Bel~::.c...:r. ' ' ov &rnm ~; nt in exile 

-chat ur·anium ore be brou~ht tot e United ~tate ~-ch the assistance 

of the United States Governr:ent, the Belgian cor::.pany retaining the 

t.itle of t is ore bu·c con: !itting, itsel · o-c ·co r· e - export it •:1i thout 

spec ia )ermission. t is impossible to kr..o•.1 ._.,~ e .c-.s r such and 

o-cher a~~ern~tive solution s are feasible, unles s ~ prelim nary in-

quiry s made, and i -c is not advisable to r~ ake sue!". an inquiry with-

out proper authoriz tion. 

o It appears neces ~ar·y -c .a t sorr.e e·:pe::·irrie n~a-cion be started 

at o· .c ':Jy industrial firms V!ho are \'rill · .g ... 0 s pply 10 to 20 tons 

of uran · ·..:.::-.1 metal at abo t six .ont s otice. -t is necessary that 

·c e no -governrnen tal me::-:1bers o" t e Speci 1 :.qviso ·y Cor. .: ttee and 
~-~ " ...... ...--::A-. ~e /;,r ....... ~ Dr.. " ey should be in positio;. o_ pproac!:L g ·-_...__._; on :tt.is sub -

~o t c. .• d should feel at:t~or:lzed to do so. 

c. It woul be de s j rabl e tl:.... t D o Ur y ~d ·c_ e non-go e .~:-~en -

t a l e bers of the Sp ec _a l _dvisory Coffin 

nuc eus for a board o'"' tru s cees and v1or~ o .e 
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fo some n on-prof t or; ::t:.J.~...: c. t io:: ·.;h::.c~;. To-..:.:_::.. s.. 

G'overn.ment 
tw.,.~ vr'~·--r 

nd t e a.bl·ra ·or·ies. 

c·· 1e n t.r.e 

formod the p.nysic ists ou-rl:.t to be encour·aga"' to ta.:e o~t ~c..-:e::-.ts 

.t_'or "C eir inventions ·r1icll "Oulc~ be assirrned ei thHr to tr~is r;.c::~.­
_(ci·--,.::.vr 

pr fit org a.niza ti on or_.. to t "e Gover 1::-nent. _n any case t e Go7e:_-

ment would thus be safe~uard~d aP&ins"C havin~ to pay roJa-tie 

f or t he. use of such in\·entions,vJhich ot er·J.rise r,igh be patented 

b y industrial firms whose research e~p_oye es begin to show in-

creasing inter st in "Cl is t·ield of develo;~e~~. 

In this connectio _ ,:J;e r;ue!:"Cion l:.as to Ot :::·..:ised ;het.:er· 

it is possib_e -co keep .sucn pater.-cs secr-E:t •. ::::r;. o:c-de:r -co do so in 
~::_~~~ 

an adequa -ce •:Jay i t ni<."C · e advisab e -co::.. ;::._;:y -;:;!:.c> pres~nt la',, 

Sucn a nocifi c at::ion of ~he :present la"'' ot.:..;-i:t o: co·u.::·se :~ot to be 

made excl sively ·:rjt.i1 a vj e'.'l to inven t.ions concc.!"~::.:c . .::: chain reac-

tions but also Vl .·'Ch a ·ieVJ to all inVertiOT<v -r!;. :-._ch !-.s.Ve ::.::mcrtant 

ap pl icauions in na tjonEl ~~fense. 

ou~h"C not t o be depriv. d o.t -ci·10 stimul us al~.:.sinr; ot.:..c: of t' .. e possi-

bili"Cy o ~ paten-cin-: L~ i.r inve1t/.i_"lns ···l'lcl at th:l s:'i.:r.s ti:ne co:.la.bo-
c_ 

rat;in2; wi t1 the Govo:;-r·nJ.:.n ·c in 'bl-.;-:,.... ef::'."or t to keep ce ·tain of 

these inv entions s e cr e~. 

J 

-
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Additional Material for page 121 (fourth paragraph) (continued) 

"Memorandum Report on Proposed Experiments with Uranium" Aug. 14, 1940 cby Pegram:~ 18 pp. Marked "Copy." 

"Excerpt from bottom of p.6 to bottom of p.8" Marked in Szilard's 
hand: 11 Pegrams Nemo dated Aug : 14. 1940. Exhib. D." 
Includes the sentence: "After full discussion, the recommendation 

of'the group to the Uranium Committee was that funds should 
be sought to support research on the uranium-carbon experiment." 

Only a very few documents have been marked by Szilard as "Exhibit." 
We don't know for what presentation they were prepared, but 
they show fundamental contributions. 

__ I __ 
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Additional Material for page 121 (fourth paragraph) 

re: MEETING OF THE URANIUM GROUP IN WASHINGTON ON JUNE 13th, 1940 
AND ITS RESULTS: 

l)Recommendations for going forward with the uranium-carbon ~stem. 
2) The searc~ for uranium supplies. 
3) General policy of withholding information. 

Letter, ~an J. Briggs to L.S. June 7, 1940 
Invitation to meeting. 

Form letter, Urey to L~S. June 7, 1940 
Invitation, with detailed organization of Advisory Committee 
on Nuclear Research. 

Letter, Pegram to Admiral H.G. Bowen (5 pp.) June 19, 1940 
Recommends: Going forward with isotope separation (Urey 1s group) 

Survey of nuclear constants of uranium & carbonl(Fermi-Szilard 
Intermediate scale experiment, U-C system J group) 

Letter, L.S. to Fermi (Not Sent) June 19, 1940 
Szilard urges the semi-large scale experiment. He then discusses in 
detail his relations with Fermi and Pegram at Columbiao He 
evidently decided against putting this much in writing, and 
in the letter actually sent (July 4, 1940) is more general 
on this matter. 

Letter, Gregory Breit to L.S. June 20, 1940 
Recommends intermediate scale experiment. 

Letter, L.S. to Fermi. July 4, 1940 
See note above on letter to Fermi of June 19th. 
Szilard summarizes events following the•uranium group meeting. 

Letter, L.S. replies to Breit. July 6, 1940 

Letter, L.S. to Wignertf 0 ( • .L 1 J!UY 6, 1940 
t::"'-c..lose~ IC' ~r1 10 lt.n~t r-o ,_ ,s_ ~u."'- -e. IS', f940 

Fermi to L.S. July 9, 1940 Letter, 

Letter, L.S. to Gustav LeChien of Radium Chemical Co. July 10, 1940 
Szilard · wants information on uranium supplies "for submission 
to colieaguesr of the Committee and coordinating authorities. 11 

He final~ succeeas in working through official channels, rather 
than personal~. · 

(see next page) 
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Dr. Leo Szilard 
Pupin Laborat ies 

Dear Dr . Szi a . d: 

D EPARTMEN T OF CHEM ISTRY 
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Dear Fermil 

420 West 116th Street 
New York City 
June 191 1940 

8ft J. (j I 

I saw Pro~essor Pegram yesterday and discussed with him the 

situation. He had a latter ~rom Admiral Bowen which he wanted to an-

swer right away, 

I told Pro~essor Pegram that in my personal opinion the semi 

large scale experiment ~or which you have suggested using 5 tons 

ot uranium metal Gught to have the right of way before· everything 

else and that we should not hesitate to place an order for this 
and 

amount of metal; perhaps as much as 50 t ons of graphite. I have no 

doubt that this material will be needed in any case and will have 

to be ordered sooner or later. Clearly, it will be impossible for 

us to say with certainty even if we succeed in measuring all nuclear 

constants involved rather accurately within a year that a chain reac­

tion with slow neutrons can not be made to work. Consequently, it -
we deter ordering this material we would only lose time but not save 

any money. 

Since it is conceivable that 10 tons of uranium metal and perhaps 

100 tons of graphite might be sufficient to make a chain reaction 

work, the ordering of such amounts should also be taken under considera­

tion. Finally, 200 tons of graphite and perhaps 25 tons of uranium 

metal would give us all the scope for a large scale experiment which 

we might desire to have. 

Assuming that an order will be placed for perhaps 5 tons of uran1un 

metal and 50 tons of graphite we would consider the performance of 

..- -- --­.... .. 
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a aem1 large scale expertment(which can not be expected to give a 

divergent chain reaction)as our most important task; but while waiting 

~or the arrivAl ot this material and in OUl' spare · time we would 

gradually organize the measurement of all nuclear constants -. involved. 

' While it is impossible to say bow long such a survey or the nuclear 

constants would taka it is possible to estimate the cost as amounting 

to about $5o.ooo. The men who would carry out this survey would be 

also available ror the performance or the semi large scale experiment 

and the preparation of a large scale experiment so that these experi­

ments would not require additional salaries and the expenditure 1n• 

volved would be mainly the cost of material and perhaps some expenditure 

tor manual labor and apparatus. As to the survey of the nuclear 

'constants for which an expenditure of $50,000. aas been envisaged, it 

seems to me that such a survey bas to be carried out whether the semi 

large scale exp riment shows a favorable result or not. Clearly, 

if the semi large scale experiment bas a negative result we must know 

the value ot the nuclear constants in order to be able to determine 

- t~e optimum conditions for a ~chain reaction and the knowledg4 ot these 

optimum conditions is even more important and an urgent necessity 

it the semi large scale experiment has .a positive result • 

·Enclosed you will find an estimate Cor the survey of the nuclear . 
constantsJ the experiments which will actually be carried out may be 

different from· those which we are at present envisaging since in the 

meantime we might be able, perhaps, to think or 1mporved methods, but 

I do not believe that such changes will greatly affect the total 

expenditure. 

While discussing with Professor Pegram, it became evident that 

it will be necessary to define ~ own status with respect to the work. 
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on the uranium chain reaction in such a way that all those who are 

immediately concerned with this work should have the same conception 

~ it. Otherw!so, difficulties might arise later. I told Professor 

Pegram that I explained "l'1f3 conception o£ this status to you early 

1n March of this year and again a few days ago just before you left 
' for Chicago and that I had the impression that you accepted this 

I 

conception. However, our conversation referred to the work on making 

a chain reaction work in. general and not any details ot the work to be 

carried out within the Physics Department 1n particular,concernlng 

whiab_ you would, o£ course, not want to make any commitments. 

Moreover, I ·realize that I may have misinterpreted your attitude and 

that it is preferable thatthis point should be rediscussed both witb 

Pegr.am and Urey. 

In the conversation which I had with Professor Pegram I defined 

my conception in general terms saying that you and I would, accord­

ing to this conception, jointly be responsible for the task of taking 

all necessary steps to make a chain reaction with slow neutrons 

work if it can be made to work at all. This means that all experi­

ments would be carried out under joint direction with such division or 

' labor as appears expedient to us. In practice, this may lead to some 

overlapping of work, insofar as you may prefer one method for measu• 
.. • 

ring some important nuclear value and I might prefer another method •. ·. 

I would not consider such overlapping a disadvantage, 1n particular 

since, if we are unable to agree on a single method to use, then, in 

all probability, none of the proposed methods are entire satisi'actory 

and accordingly, a cross checking is desirable. 
, 1 l 

In practice, this would mean that, while we may carry out jointly 

certain experiments there will be other experiments for which you, 

and again other experiments for which I will have to bear the respo.nsi 

b111t7• . ---
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Correspondingly, probably some of those who collaborate with us will · 

primarily work wi·th ·you and others primarily with me, but I do not 

see any reason £or any rigid coordination of collaborators t~ either 

of us. The question arose 1n the conversation with Professor Pegram 

what to do if we two should be unable to agree on some such thing 

as the method of carrying out a large scale experiment; i.e. an ex­

periment which is so expensive that we can not afford to have an 

overlapping. In my opinion, in such a case, we would have to appeal 

to a amall group of scientists composed of men who, in the opinion 

ot both of us, are capable of balanced judgment and we would have to 

abide by the verdict to which they arrived, after having carefully 

studied the issue. I hardly think tha t such a disagreement between 

us is likely to arise but the question raised by Pegram may serve as 

an example to illustrate a certain spirit which I would be glad to 

see uniformly recognised by all those concerned. It seems to me 

that one may say the following 1n order to enter into the merits 

of the case. It is pDobably a fair statement to make ~at if we 

had separated in April last year and worked independently of ea~ 

other on tbia problem both of us would have been quite capable, if 

given the necessary facilities, of making a chain reaction work by now, 

provided it can be made to work using an element like carbon. For 

us to work jointly 1n this matter has both its advantages and disad­

vantages and we may at this juncture leave the question open whether 

the advantages outweigh the disadvantages from the point of view of 

obtaining speedy roaults. We may leave this question open because 

I teel that we are not as tree to decide this issue as we have been, 

in April of last year or even in March of this year• I should cer­

tainly teal lt a loss to know what to do if it proved impossible now 
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to find a satisfactory arrangement. However, I feel that if I 

allowed myself to be influenced by this fact into accepting an 

arrangement which I would inwardly, rightly or WDongly, not consider 

as fair and just 1n the circumstances, this would put a strain on 

our collaboration. I think it would be useful if you defined your 

attitude in this matter in a letter addressed to Professor Pegram; 

and if you lfo.uld be kind enough to send me a copy I would show it 

to Urey apd perhaps to others who have a legitimate interest. 

A program or work of' the scope which is at present envisaged 
I. 

would, ( it all the work is carried out in the Physics ~apartment 

at Oolumbia) no doubt, strain the ·department to some extent and repre• 

sent a not negligible encroachment upon the available space· and other 

tac111ties of the department. The strain is perhaps .somewhat lessened 

by the tact that the number or our oollaboratora . would increase only 

very gradually since both you and I realize that it will be a slow 

procesa to find the right collaborators and neither of us has the 

desire to rush into a large nwnber of ··new exper1mtlnts simultaneously. 

Nevertheless, it it becomes certain that in addi~ion to these limita­

tions there are other limitations within the Physics Department which 

make it impossible to carry out the proposed survey within a year, 

then it seems to me it is our 'duty to see if some of the experiments 

can not be started in some other laboratory either under the supervi­

sion ot one of ~us or under the supervision of somebody else whose 

'·'judgment cah be trusted. This is a point which I think ought to be 

carefUlly considered upon your return 1n connection with a list or 

exper1msnta which ~Y be set forth 1n detail. 

Yours sincerely-

(Leo Szilard) 

' 
I 
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THE UNIVERSITY OF WISCONSIN 

DEPARTMENT OF PHYSICS 

Dr. Leo Szilard 
Department of Physics 
Columbia University 
Ne\v Yorl{ City 

Dea r Szilard: 

MADISON 

June 20, 1940. 

I should lilce to t hank you for the many discussions we have had 
in New York and for your hospitality . It seems to e tr..at matters 
would be helped along very much if the interme diate experi~ent could 
be performed and if the set up could be kept flexible. l·iy impression 
is t hat in \•iorl{ of t his type practical success in a limited ti l:l~e may 
depend considerably on detailed planning regardin£, t he ease of as sem­
bley and flexibility. I still think that more r a.pid progress will be 
achieved by arrang ing an intermediate or full scale experiment rather 
than by careful measurement. 

Sincerely yours, 

~~ 
G. Breit 

. ,. 
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420 West ll6th Street 
New York City 
July 4, 1940 

I think I ought to write you about the following events which 
took place after you leftl 

1. Lawson, after carefully consideration, decided that he 
, would prefer to go to the University of Pennsylvania next fnll as 

previously arranged. Since I told him . that I would try to get a 
salary of $3000. per year for him, his decision was not due to a 
lack of financial inducement. 

2. Wigner told me during t.ho last meeting wt:1ch we jointly 
attended 1n V. ash1ngton that he intends to withdraw from further 
cooperation w1 th the Gove1•nmen t rep:L'esenta.t1ves on the subject or 
uranium. At my request he refrained from saying anything about 
this during the meeting but :r um1crsta.nd t 1lnt he wrote a letter to 
this effect a .few dG.ys l ater to Urey and BrigJS• I do not think 
that we ought to worry t:.nduly about this ilince I am sure tb.at if a 
proper .f'rame-work is even tua.lly created for car·rying out wo~k on 
uranium it will be possible to get 'li1gner'a coopo r &tion. F'or the 
present thou~~ his resignation is one of several disturbing elements. · 

3. Bowen has shifted his grounds ins ofe.r as he now prefers to 
give .the university a lump stun ra.th..:: r thEm pay salaries and everything 
else .~a much as possible directly to the recipient. hlo:ueover1 

· .. e.ccoi'd1ng to tho present plana, B0\7en will support isotopic sepe.ra• 
t1on rathol" than the work we contemplated and ou~ project is supposed 
to rece1 va support through another Gove:crunent connni ttee which is 
headed by Bush. I assume that Proi'essor Pegram wi.ll wri te you about 
this 1n g:r·aat.0r de tall so I naod not go into this f-:.>:t• th e present • 

4. I comviled an estlmat~ of cost for a complete survey of 
the nuclear constants involved which you will f1.nd enclosed, 
Thou5l1 th~ experiments eventually carried out may be v0ry different 
from those which I have listed . the cbo.nge3 wi.ll hardly affect the 

· conclusion that abou·ii ~501 000, will have to ba s pent by the time 
the survey 1s carried out. I believe that you sha~e my opinion that 
such a survoy has to ba carried out whether oP not ~1e 1ntar-med1ate 
experiment shows a positive result. According to present plans, 
·:wgo,ooo. would be requested fo1, buying materials for· t.~1e intermediate 
experiment and I believe our policy should be to g ive the intermediate 
&Apel'imant the right or way before tho gen ~3ral survey of nuclear 
eonstanta. I feel that this will be a soma~1e.t academic statement 
since we roay have to wai ·t for quite a long time bafoi•a we get 
.materials for the intermediate experiment. 
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5. EnClosed you will find a copy of a letter which I sent to Gunn 
which speaks for itselt. 

6. Sachs and Urey saw the Bel g!sns . From whHt Sachs tells rne we 
have probably um1ssed the bus '' e.s far as Belgian. ore 1s concerned. As 
far -o.s urHnium o.x1 de 1 s concerned he has the im1'rGs s~. on the.t the B(llg1ans 
will trea. t 1 t merely as a business rna tter andi.t' they ar•e not handled 
ak:lll.fully they w' .11 ch,1r•ge an exs.~gera. ted price for the ar.1ot:.nts which 
we need f or the large scale ex periment. In these c1rcumstaces, it appears 
essent ial to f i nd ou.t from the Ca nadians ,1ust hew mul'.'h they are able to 
do for us and l>rofesso r Peeram is look ng after th 1s end of' the matter. 

7. Durine; tho la·st .fortnight I ~>Vas c onsiderable worried by doubts 
oro ern:1ng t l:o poss:tbil'1ty of re al1~1ng my col1c e _r tion r£ 0ur collabora­
tion w1th:tn the .frr1me-work o:f the Physics Department. Ha.v1ng disaussed 
with you my c oncel•ttcm o f :'l.tr pro posnd coll!tbC~q tJ on qu,_ te cxtenn1 vely 
i n March and also shCl' tly before you Je ft for Chicago l c onsi de red this 
point setU. e d :>.nd lt WHH l'l.Ot Irr,'J ·1nt(mt i on ".::o r a1se :i..n this connoction 
any questions o£ principle. HoweV·.3r, 1 t so happened that the c: uest:lon 
came up more or l 8:Jfl accidentally in e. CCi1V9'!'S8.t.l on with Profes s()r Pegram 
and was rd. sad by .him ra thor then by. me. 

Havine expla iued to Prof'E-)ssor Pegram vlhA. t I h.., d p l:•nvi ously expla.ln ed 
to you 1 b~lieV'3 he hae novr a clear ;:.d c17;,:;·D of ths st:md wb1ch I p ropose 
to take with re ~a7.'d to the ques t1.on of principle wh 1.ch is 1.nvolved. - At 
first I thought tha t we might lo.:;s_v e the mo..ttEl~ o9en u · ~ t11 your return 
though th1o did no-t appear nec e ssary slnce the :re s.re no ' .uestions of detail 
wh .1 ah will req \..1 ire b EJ L1g cl1scusRed. On further consideration I fe~that 
it may be better to ask Profe ssor Pegram to take any decj sion which ma.y be 
required in this rn~tter as soon as poss1bla, and no doubt he w·ill want to 
C(msult you be.fore doing ao. You nu1~1 therefore ~Xp() Ct to hear from him 
in the course of tl'~e next t'ow days in th!.s connection. 

- Vi1th kird regards. 

Yours, 

/d, 
(Leo 'Szilard) 

.-



Deur D:-rG it, 

420 We st 116th Street 
Hevr Yo::.>k City 
July 6, 19 40 

Many thanks for your lottor.Follov.: ing the comrGrso.tion 
we .b.ad on our way from \1\Jash:l ngt~Jn to Ne :~ York. I have given some 
thought to the issue mentj.oned in your letter nnd I am now entirely 
e.Jnvdnced to your point of view. Consequently, I am t:1~ine a strong 
stand in favor of an e-xperiment on as largo a scale a.s p ozoible. 
This l argo scHl e e.xper1men t, or some 1nt8rrr:e d.i n to expc r1rncnt, opera t­
ing witl1. at least five t on3 of uranium ou:~ht to have the right-of­
way b efr~rn the co nera.l nurvey of the ne1.1clei values 1.nvolvGd. Never­
theles s, th:!s general survoy will also have to to carr ied out. 

1'lwre is another point abo1.1 t \vbJ ch I becnme converted 
to :'lCJ\U' opinion. I n ov! t.IJ.ln l; ths. t ~-}teps sh ·')t, ld be t~l,.:en to pPevent 
C ~?rtn1n publ~. ca t:1ons 1.n Nature rmd tht1 Pro cE!Iltng e of t he Royal 
Soo:i.ety of London. Wi tll the collapse of F'ral".ce there i.s an :!.rru-rtedl ate 
da ng e1• that Joliet and his co-workel"S wlll otnr t publishing so rr.ething 
of their previ ous work in thes e po r1 Ddicals. 

On the c,t!J.er hand I f ee l ev en more Rtron gly th:m b e fore 
that :nn:r· a tten:pt; to pr e vent publ :t C!:! ticn will b r el:l k down unless we 
cren. te a. se. t~.sfac tory su.bo t1.'cuta j :1 the f orrn of s :)me pr 1 va to pub­
lication. If thEt is not d .no th e r e will be a grJ :d.ng t endency 
t r.1wn rds indul~o nee and finally ;· .. :::-o.c t i. c a J.ly ev o:ryt h1 n,g will be pub­
lis.h0d as it has been in the po.st, I r.vonder ·,.,,rhether you have given 
th~1 matter further thought since y '.iu r return to Madtson. 

With kindest regards, 

Yours, 

(Leo Szilar·d) 
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Professor E. W1{91er 
c/o Physics Department 
Un:i. ve 1~s1 ty of :t.iichlgan 
Ann Arb 01~, IUchig nn 

Deal.. Wign er: 

BI<L S 

4 20 Wes t ll6th Street 
New York City 
July 6 1 1940 

I am end osing a letter whioh I just had fror.1 
Polany1 and which does not sound very cheerful . I am embnr­
assed about answering his question since I belie v e that no 
1n.fC>rma tion should be sent abr•oad. However , I shall perhaps 
try to wri te u p ro mething and give it to Urey w~th tho reQuest 
of passing it on 1f Urey is v;::.lll n(:; to tske the respons:i.bi li ty. 

I now believe that yonr r0slgno.tion v:A.S exactly the 
right thing to do and ths."i:i it nill have so~1:o b cncfi cio.l effect. 
Urey did not understand your l ett~n· but Briggs C.id. 1 hope 
tha t eventually some frarnew.:.n"k will be set up fc;r t.he wo rl{ on 
ura nium and that I shall then be in ·~.J.1e posit ion o f pePsuo.ding 
you to collaborate, but for ~he ~bno be~ne there is an increas­
ing amoun t of confu sion and a c onstant che.~gc of the p8rsonnel 
of committees con ce:rr.Jn,.:; ura11iurrt and a g rowing di ssn tis:.factioi'l 
on my part as r!ell as on the p art of Sa chs. I c.lrno st rGah.bdd 
the p olnG of follo·td.n?, y)ur exa!n fJ le. I had a gro 1 5.ng suspicion 
dur:l n fr the last fortni r.;ht t.hn t b~grrun ' s c uncept:lon c oncel~ning 
t _"le role vthi ch I nm zoinJ t ~) play in the v;o r:'.: is very fa1• from 
rn:r o ·.m conc 9J.'t ion. Finally I decided to explnin to h1.m the stand 
W.tli ch I propose to t9.ke in co~mecti on with tho pri nc ip l e whi ch 
is involved and ask him to t o. lee any d e c ~ a ion vihich rrl!3.y be reCJui red 
in th1s conn oct i0n as soon ~s possib le. Naturally he ~ill consult 
.F'er'llli before doing so. I run va~it:!ng you on t.his :i.n order to keep 
you 1.nformed but I do not th:lnk t ha t you ought to intervene in any 
\"lay . Sachs is very much arous ed by the way :.l.n wi.J.ich matters are 
treated in ~ashingt on on the part of Bri gg s and for t he present I 
ht?t v e to r es train him from taking the m.a.'cter- up w1th the Whi te House. 
As fa r as Wheeler is conc erned I do net think that Broit or you 
neod to worry abnu• this aop&ct for tho presente 1 am keeping him 
cons ton tly in nind and I bel :!.eve I cnn conv lnce Pog rru:n ver•y soon 
t ha t only part of the necessary experiments can be d .:-m a s.t Columbia 
and tho.t a collaboration with other univers i ti<..1S is essential. I 
nm enlihefungg a copy of a lettel" I wrote to 'NheelGr some time ago 
t o show you the line which I am taking in the meantime. 

I shall ba very glad to see Dr. Torda if I hear from 
ha:r. 

Yours, 

(Leo Szllard) 
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THE UNIVERSITY OF MANCHESTER. 

DEPARTMENT OF CHEMISTRY 

PROFESSOR M , POL.ANYI Jt.me 18-th 191:0 . 
TELEPHONE , ARDWICK Z68 1. 

Dear Silard, 

I run in-;;erestcd at -;;he r.1orncnt in C.evisin:::; a nethoG. for the i')ll_r.:_:':t.eD.tion 
o::' t:1e li~,·!1t isotol_)e of ur.:t..r1iw-,1 . I l~ll.i)\i tl:.0.t t!1is i s o. !~ l''i ' j Pct on 'r[1ici1. 0. 
lm .... ~e nUJ .llJel"'" of ,.ro~~:crs are c .. ,.:.·P . .:::nc1 e11c1. :l..:n Qj ... clei .. !1nt t c -.-... ~"~.::>te l .~:r -:i: ~e I -:o;Jld 
lil:e to as!: ~rou to help ne . I -,·.'ot'~ 'l l i' ·e to ~::no>.·1 !wu far ti1e n or}: hns IJeen 
carried out already in the United 3tD.tes and ':rhicll is considerecJ. tl ere to be 
the n'os t :pror::isin[:: line of f'.ttack . I 1)elieve that the centrifusal me thod 
in ti1e :'.'o:r.:. of a fractionation colunm, as suc_;es te cl. lJy 'U:L'e~r, is the uos t 
hop eful, but I hc,ve no e:x.;?erimenta~ experience of 8n2rt~1:i.l1.G of t:1e l:ind o.nd :i.l1 
conse ,~uence do not tll.lSt my estim2.te ver:,• much. s:'he J :~ethod. of Clusius seec:::; 
also CD~o:ole of c-:.evelopnent to a lJractical:lle o.ec:;ree iJut asain I feel uncertai.YJ. 
about thi:::; possibility. 

This letter n ritten by Dnyone -but r:1~•sel:-:" to an::,rone but yourself voulcl. 
seem very silly lJut j_n vien of' ou.r ole!. fr:i.endship you u ill unrlerst':illd the sort 
of advice I need in this !'latter. · l.Ty onl~r trouble is your un ·.rillin[Jless to 

, 
' 

\T.Cite letters but may I please ass1.~re you that t h is nay be r eally i r,1j_Jo r tant , both 
to me and to r.J.Y c ollaboro.tors :i.l1 the Ph~rsics De:;)artcent here . 

'.le are not ill hir;h spirits here at the moment but are sufficiently 
•~ OEl)Osed to carr:;r on vrith \fork even t b..ou._sh it may not be of i u. edia te utility for 
the nar but , of course , all other :i.l1.terests are allaost coupletcly effaced.. I 
hope that I may yet see you and ·, :i~ner again and Yrould be c ratef ul to receive a 
lette r from e ither of you. .. 

Dr.Leo Szilard, 
Ptll)in Phys ics Laborator i es , 
Colw'lbia University, 
1-TK T YORK . 

' .>• 

Yours ever, 

I 
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14 August, 1940 

MEMORANDUM REPORT 

ON PROPOSED EXPERIMENTS WITH URA?ITID1t 

pbjective or the Experiment 

To get, if possible, energy from uranium through nuclear 

fission by means or. a salt-sustaining nuclear reaction without the 

necessity or separating the uranium isotopes. Such reaction would 

supply& 

(l) Power - through heat daveloped in the reaction 
and utilized by means or a heat engine, e.g., a 
steam turbine; 

(2) Neutrons 1n large amount usable for 

(a) Production or artificial radioactive 
aubs tances; 

(b) Biological and therapeutic uses. 

Primarily the reaction would involve only the uranium 235 isotope 

whiCh constitutes about l/140th part of ordinary uranium, most ot 

the rest being uranium 238. By a secondary reaction uranium 238 

will also become involved and there is a good possibility that part, 

at least, or the uranium 238 oan be made to con~ribute to the fis­

sion with very obvious advantages. 

Stages of the Research 

Immediately upon the discovery, early in 1939, in Europe 

and in this country or the large amount of energy liberated in the 

fission ot uranium nuclei after capturing neutrons, it became 

conceivable that 1f, as seamed plausible, a sufficient number or 

tree neutrcna are released in the splitting ot a uranium nucleus, 



, 

.. ~ . 

the new supply o.f neutrons from tissiona might be picked up by other 

uranium nuclei causing new fissions, and so on c~latively, or in a 

so-called "chain reaction". The release of energy in such nucla~ re­

actions could be onormou~ since the energy released per atom of uranium 

ia about ~00 million electron volts# while the energy of the strongest 

oh~cal union is only about five electron volts per atom of one or the 

substances combining. 

It was soon realized that in ordinary uranium there are two 

di.fferent types of fission, (a) .fission upon capture o.f a neutron 

with negligible kinetic energy (slow neutron captur~) and (b) fission 

on entrance o.f a high energy neutron into the uranium nucleus (fast neu­

tron capture). It is with fission of the first type or "slow neutron 

capture" that these proposed experiments have to do. It was surmised 

by Bohr and Wheeler and others, and proven early this year by Nier. 

Booth, Dunning and Grosso that it is the uranium isotope of atomic 

weight 235 present to the extent of only about one part in one hundred 

forty in ordinary uraniUQ which gives fissions upon capture of slow 

neutrons. Nearly all or ordinary uranium is uranium 238, which gives 

fission only when hit by fast neutrons having energy or the order ot 

one million electron volts. 

The general arrangement to obtain slow neutron chain reaction 

would be to have uranium 235 distributed through a mass of some substance 

that would slow down the neutrons shaken o.f.f in a fission, which neutrons 

are or pretty high speed when first emitted so that they would stand a 

good ~ce o.f being captured by uraaium 235 before traveling too far 

.: . 
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away or entirely out of reach of the uranium 235. Ordinarily hydrogen 

is the best substru1ce with which to slow down neutrons, but it ordinary 

uranium even in pure metallic fo~ ·were mixed with a hydrogen compound 

such as water as a slowing-down agent a chain reaction could not result, 

for hydrogen has a rather large capture cross-section for slow neutrons 

and the uranium 238 pres~nt has a high cross-section for neutrons of 

about ten electron volt~ energy, and would capture a large number of 

neutrons before they got slowed down to normal slow-neutron velocity, 

corresponding to about l/40th of an electron volt. On the other hand 

the uranium 235 isotope, if it could be separated in sufficient quantity, 

should, when mixed with water, sustain a chain reaction if the mass 

used is made large enough. 

The factors that are favorable tor a chain reaction are {1) 

an average nur.aber of neutrons emit·ted in one fission considerably 

greater than one, so that after allowilig for the capture of neutrons 

by the slowing dovm material and other substances present there would 

be more than oue neutron free to bring about, in turn, the fission of 

another nucleus; (2) a sufficiently low probability of capture of neu­

trons by any uranium isotope present in a way that does not produce 

· fission; (3) the slowing down material to bri~g the neutrons ~itted 

in fission dovm to nor.mal molecular speed in a short distance - the 

shorter this distance the smaller the volume of the mixture that would 

b~ required for a chain reaction if otherwise possible; (4) a low prob­

ability of capture {amall capture cross-section) of neut~_ns, slow or 

fast, in thB slowing-down material; {5) a sufficient mass of uranium 

" i •, 
''··· 
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and slowing-down material to make the peripheral escape of neutrons 

relatively small, and an approprlate geometrical distribution of the 

uranium in tne slovdng-down material; (6) a high probability of cap­

ture of slow neutrons (large :t'ission cross-section) of the uranium 235; .. 

(7) the absence of materials other than the necessary uranium and the 

slowing-down material, since other materials would capture some neu-

trona. 

Professor E. Fermil and Dr. Leo Szilard2 at Columbia University 

l. Enrico Fer.mi• ~ormerly professor in the University of Rome, 

since 1938 professor of physics in Columbia University. 

2. Leo Szilard• a native of Hungary by birth, who had resided in 

Vienna, in Berlin, and latterly. until the rall of 1938, at Oxford Uni­

versity in England, since early in 1939 a research guest in the Depart­

ment of Physics, Columbia University. 

1n the summer of 1939 came to the conclusion that it might be possible 

to obtain the desired .chain reaction by the use of metallic uranium (or­

dinary uranium containing both u235 and u238) with carbon in dense graphite 

form as the slowing-down material. At that time knowledge of the nuclear 

properties of uranium and carbon was quite inadequate to support any 

sound prediction as to the possibility of obtaining a chain reaction by 

the use or uranium and carbon. Measurements of the number of neutrons 

released per r1as1on had been made at Columbia University and in Paris 
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· '· without close agreement and without much precision 1n either case. No 

reliable measurements had been made of the capture c ·ross-seotion ot 

carbon for slow neutrons. Additional measurements were required. It 

was realized that better measurements of the raotors involved might giv• 

a definitely negative answer as to the possibility or a chain reaction, 

· they might give a dei"initely pos1t1vo answer, or the results might still 

· have so large a margin. of error that they would give no definite answer, 

in which case they would probably give valuable int'ormation on which ·to ... 

design further experiments to test the possibility of the chain reaction. 

It was believed that tne possibility of achieving the release of nu­

clear energy trom uranium was large ~nough to justify the expenditure 

ot a considerable sum of money on further research. and that because 

or the possible :m111tary significance of uranium energy. the Federal 

Government would be quite justified in supporting such research. 

The first approach to government officials on this subject 

was made in March, 19:39• whon, through arrangements made by Prof. 

George B. Pegram of Col~bia University, with the office of Mr. Charlea 

Edison, Assistant Secretary of the Navy, Prot. Fermi conferred with 

certain officers of the Navy, indicating the possibility of the anergy 

to be derived from uranium becoming a matter ot military i mportance. 

The naval officers were interested and requested that the Navy be kept 

informed of any developments. In the fall of 1939, through a letter 

from Prof. Albert Einstein and through personal representations of Dr. 

Alexander Socksl, the desirability of supporting research on the prob-

1. Dr. Alexander Socks 1s an economist with the firm or Lehman 

Bros., New York. ' 
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lem of power rrom uranium was presented to President Roosevelt. The 

President appointed a committee, composed or Dr. Lyman J. Briggs, 
'1,'\ 

director of the National Bure~u o~ Standards, chairman, Col. Adamson, 

Ordnance Dep~tment, U.S.A.~ and Commander Hoover, U.S.N., to do 
. 

something about supporting research on this problem. Funds to the 

extent or $6,000 were p~vided by the Army and the Navy. Partl7 by 

allotments rrom these runds the Uranium Committee supplied four tons 

graphite, costing about $2,000, and amounts of sheet cadmium and or 

paraffin costing a few hundred dollars, and also about $1,200 worth 

ot measuring apparatus to enable experiments to be done at Columbia 

University in the apring of 1940 by Prof. Fermi, Dr. Szilard, Mr~ Ander­

son and certain other assistants. No government money was expended 

tor salaries or any general laboratory equipment. 

From, these experiments ~otter measurements than had been 
• .~ J 

previously available were obtained for the capture cross-section of 

carbon tor neutrons, of the resonance absorption of neutrons by 

uranium 238 and or the slowing down or neutrons in carbon. 

It ia not easy to measure these quantities with accuracy 

without the use of very large am0unts of material. The net results 

of these experiments in the spring of 1940 were that the .Possibility . 

ot the chain reaction was not definitely proven, while it was still 

turther from being definitely disproven. On the whole, the in­

dications were more favorable than any conclusions that could have 

been ta1rly claimed tram previous experiments. 

The whole question of an uranium-carbon chain reaction in 

~ ... 
·!. 

.. 
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the light of the .1940 experiments of Fermi and Szilard was the sub­

ject for dlscus·sion by a special advisory group assembled by Dr • . 

Briggs to advise the Uranium Corru:.d. ttoe. This group, composed o£ 

Messrs. Briggs, Urey, Tuvo, Wigner, Breit, Fer.mi, Szilard and Pegram, 

I met at the Bureau of Standards on June l3, 1940. After full discus- . 
I I ~· ·• ~ 

sion, the recamnendation of the group to the Uranium Cmmn1ttee was that 

!'unda should be sought to support research on the uranium-carbon ex- .. . · 

per1ment along two lines: {A) further measurements of the nuclear 

constants involved in the proposed type of reaction; (B) experiments 

with amounts of uranium and carbon equal to about one-fifth to one­

quarter of the amount that could be estimated as the minumum in which 

a chain reaction could sustain itselr. It was estimated t hat about 

$40,000 would be necessary for the further measurements of the .funda­

mental constants and that app.roximately $100 1 000' s Vlorth of metallic 

uranium and pure graphite would be needed for the "intermediate scale" 

experiment. 

The desirability of the measurements of the nuclear con­

stants is obvious. It should be remarked that the immediate value will 

be to enable the "intermediate experiment" recommended as "B" above, 

and, subsequently, a full-scale experiment, to be designed with more 

knowledge tha,n would be possible without the measurements under reo-

ommendation "A" above. 

As to recommendation "B"• the "intermediate experiment"• 

the argument 1n its favor is the following. As nearly as c~~ be esti­

mated at present the smallest amount or materials necessary to seoure 
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a chain reaction with uranium and carbon would be 25 tons of uran-

ium metal or1d 60 tons of graphite. This would represent an ex- · 

pend1ture of perhaps ~500,000. However. even if this rather large 

amount of material were in hand it would be advisable to proceed only by 

stages to set up the mass of material presumed necessary for the chain 

reaction. Measurements taken on the behavior of neutrons in 1ntermed-

late amounts ot the uranium-carbon mixture will not only be of the 

greatest value in predicting the total amount of material necessary. 

but will be absolutely essential• from the standpoint of safety, to 

the persons who are working on the experiment. ·. Since the amount of 

material required tor the chain reaot1o~ 1s certainly not in hand. and · 

since it would cost a large sum of money, it is obvious that progress 

should be attempted by stages, and it 1~ believed that the first stage 

should make use of not more than one-quarter of the amount which• so 

tar as present knowledge goes, would be tho minumum required for 

sustaining a chain reaction. It is not believed that there would be 

any danger 1n working with this intermediate amot.mt of material, 'part­

icularly since even this amount of material would not be put together 

all at once but would be assembled in stages and measurements taken at 

the several stages. Some question has been raised as to whether ·this 

intermediate experiment should be carried out in a university laboratory 

or in some more isolated spot. Prot. Fermi thinks there would not be 

the ali&Qteat hazard in carrying out the experiment in any laboratory. 

After the formation of the National Defense Research Committee, 
I 

the Uranium Committee appointed by the President was informed that it 
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would become a sub-conm1ittee o£ the National Defense Research Com­

mittee. The chairman o£ the Uranium Co~ni ttee transmitted to the 

National Defense Research Commi ttee on July , 1940. a recon:men~a- · 

tion that the proposed experiments on the uranium-carbon reaction 

should be supported by an allo~nentof $140,000. 

Proposed Experiments at Columbia University 

Obviously the question or how much expenditure on the pro­

posed experiments is justifiable will depend,· in part, on the scien­

tific knowledge gained in the researches, but much more upon the value, 

from the standpoint of power production, to be attached to the accom­

plishment of release of nuclear anergy from uranium. As indicated 

above, it is likely that an uranium-carbon set-up that will actually 

produce power through a chain reaction, will cost something of tha 

order of halt a million dollars. It would be a very concentrated 

source of a very large amount of energy, that is, very concentrated 

as compared with existing power plants and fuel piles. The most ob­

vious application would be for the powering or a ship. It would 

probably be well worth the investment. 

It is proposed that the National Defense Research Committee 

contract with Columbia University through George B. Pegram, professor 

of physics and dean of the Graduate Faculties, for researches on the 

uranium-carbon chain reaotion .problem to be made in the Department of 

Physics at Columbia University. and tor reports on results, with suit­

able arrang~ents tor the payment to Columbia University ot appropriate 

amounts tor the expenses or the experiments. The following is a briet 
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outline or the proposed 1nvest1gnt1ons, together with an estimate 

of cost. 

At the present state of development of the technique we 

cannot hope to obta~ a sufficiently accurate knowledge of the inter­

actions of neutrons with urnnium and carbon as to permit a mathe­

matical prediction of the success of a chain reaction experiment. 

However, it seems worth while to continue and improve our study of 

these properties. not so much in order to make such a prediction pos­

sible,, but rathor to permit a rational planning or the best arrange-, 

ment to be used. In order finally to decide whether a mixture or oar­

bon and uranium of a certain size can give a chain reaction it will 

be necessary to perfor.m an intermediate experiment on a sa~ple of the 

mixture or about one-quarter or one-fifth of the estimated tdnl . 

amount necessary to sustain a chain reaction. Accordingly, it ia 

proposed to divide our program into two parts • 
.. . 

I 

A. Study of the interaction of neutrons with uranium 

and carbon; determination of the important nuclear 

constants. 

B. "Intermediate experiment" with the appropriate 

mixture of uranium and carbon. 

PART A 

It is proposed to carry out the following measurements: 

(l) To determine more accurately the number of new neu­

trons emitted per thermal neutron captured by uranium, and resulting 

1n a fission. An approximate value was obtained by Anderson, Fermi 

and Szilard (Phya. Rev., Vol. 66• P• 284• 1939). A method tor thia 
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measurement consiststn comparing the activity produced by neutrons 

slowed down in water or carbon with or without masse~f uranium 
I 

of suitable geometrical disposition spread through the slowihg-dosn 

material . The accuracy of these measurements can be increased by 

using larger amount~f uranium oxide than were available in the 

above quoted research, and by using strong sources or neutrons. 

(2) To measure the fraction of neutrons absorbed by uran-

ium in the resonance band during the slovdng-down process. This 

rraction is largely dependent upon the geometry used. We plan to 

vary the geometry eo as to got an estimate of this magnitude for 

different configurations. One possible method requires the knowl­

edge of the self-absorption curve of the uranium resonance neutrons. 

Such a curve has been determined by Anderson (Phys. Rev. in print) . 

It is not possible, however, to measure this curve for very thick 

absorbers on account or the scatter1n0 • We shall attempt, therefore, 

to get an estimate or this fraction by measurements of the intensity 

of neutrons having energies above and below that of tho resonance 

band. 

(3) Study of the slowing-down of neutrons in carbon. 

This research, which is already in progress, has as its purpose to 

determine the length of diffusion of the neutrons during the slowing­

down process. The method consists essentially in the determination o~ 

the activity of a detector sensitive to neutrons _just above the ther.mal 

energies 1n masses of carbon of a shape suitable tor calculation. 

.... ,.. 
,, 

'' 
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(4) Absorption or the~al neutro~s in carbon. A measure­

ment or the absorption cross-section of carbon ror thermal neutrons 

was made last spring. using about rour tons of graphite. With larger 

amounts of graphite available the exper~ent could now be repeated 

under more favorable conditions. Since a very precise knowledge of 

this cross-section is very essential in planning the final experiment 

it might also be desirable to repeat this experiment, using an essen­

tially different geometrical arrange~ent. 

(5) Teats or what would essentially be a single unit ot 

the large-scale experiment, namely a single sphere or uranium metal• 

approximately 10 om. in diameter, surrounded by a graphite mass of 

approximately 60 em. in diameter. Measurements of the density of neu­

trons at various distances from the uranium sphere would have to be 

performed, placing sources of neutrons outsid~ of the graphite mass. 

(6) Measurements of scattering absorption and fission 

cross-sections or uranium with improved accuracy. Me~surements .ot 

the absorption and fission process already in progress will be per­

termed by comparing these cross-sections with those or manganese and 

gold. A new measurement of the total cross-section ot uranium tor 

thermal neutrons is desirable since the samples used by various in­

vestigators 1n previous measurements have proved to be contaminated 

by considerable amounts ot hydrogen. 

(7) Measurements of neutron absorption ~Y other elements 

whica might be present as impurities or which might be introduced tor 

mechanical purposes. as, tor example, 1n order to torm a really 

tualble alloy of uranium. 

. ' 
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An estimate of what would be needed for carrying out Part A 

above is the following: Besides the general laboratory equipment wbioh 

would be made available by Columbia University, this Part A or the 

program would require: 

(a) Special measuring instruments which have 

already been constructed under contract 

with the National Bureau of Standards 

(Uranium Committea). 

(b) All ot the experiments raquire strong 

sources or neutrons and the stronger the 

sources the more accurate and more read­

ily attained will be the results ot the 

experiments. A source consisting of one 

gram or radium m~ed w1 th beryllium pow­

der will be sufficient for same ot the 

experiments. It is hoped that a gram or 

radium already ordered by the Navy De­

part:nent will be available tor this neu­

tron source. For the cost of making up 

the source and mixing the radium w1 th 

becyllium and for separating the radium 

again attar the termination of the re• 

search an allowance should be made of 

about 

(o) For some of the experiments still stronger 

neutron source will be needed and can 

$250. 
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probably be rented. Photo-neutron sources, 

consisting or one to three gram~r radium 

inserted in a beryllium cylinder can be 

used and can probably be rented for 

(d) Two tons or uranium oxide tor experiments 

l and 2 - estimated cost 

(e) A sphere of uranium metal, about 10 am. in 

diameter for experiment 5 - estimated cost 

(f) Four tons of pure graphite, in addition to 

four tons already 1n hand - estimated cost 

(g) Experimental constructions, such as contain­

ers for the various materials - allowance 

(h) ~Uaoellaneous expenses for supplies, small 

apparatus, shop work, etc. - $11 000 a 

$2,000. 

1o,ooo. 

2,000. 

2,ooo. 

month for twelve months . 12,000. 

(1) Salaries of research assistants tor ona 

year 

Total tor Part A 

PART B 

- 10,750. 

$40,000. 

The research assistants allowed for under Part A can also 

work on Part B with no additional item for salary proposed within the 

year. 

This intermediate experiment will need l2 tons or pure 

graphite, more than half or which will be already on hand. The coat 
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or the remainder should not be more than $3.000. The chief expense will 

be for five tons o~ uranium metal in spheres or blocks, whose size will 

be better determined after results have been obtained from Part A of the 

program. It is impossible to predict accurately what uranium metal in 

the proper form will cost. It is proposed that an allotment of $1001 000 

tor this intermediate experiment be made and that as much uranium metal 

and other materials will be purol1ased as this amount will provide. · An 

amount up to $5.000 should be at once available for preliminary metal­

lurgical experiments to deter.mine how uranium metal best suited to · the 

purpose can be obtained. It may be pointed out that the materials used 

in tb1a experiment will form part of those required tor the final exper­

iment on a scale sufficiently large to obtain a chain reaction if this 

full-scale experLmant should ultimately be performed. Otherwise these 

materials - uranium and graphite - will have some salvage value either 

on the market or for use in other lines of experimentation. 

Proposed Personnel 

It is proposed that Prof • .Pegram represent the Un1 versi ty ot­

~icially in connection with this research and that Pro~. Fermi should ' 
\ • 

be directly engaged in tha research itselr. Profs • .Pegram and Fermi will, 

ot course, receive no salary. Dr. Szilard. as one or the originators ot 

the project, should be engaged with Prof. Fermi in the immediate direc­

tion ot the research. It is proposed that a salary be paid to ·Dr. Szi­

lard at the rate ot $4 1 000 a year • . It is proposed that Mr. Harb~rt L. 

Anderson, a recent Ph.D. graduate or Columbia University. who is well 

known 1n this ,field through his work tor the past year with Prot. Fermi, 

. '"" 
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be one of the research assistants at a salary of $2,400 a year. 

I·t is not possible definitely to propose the names of 

additional assistants at tho.;present time. If' the University is 

assured ot this contract it is likely that efforts will be made 

to induce Dr. Walter z~, of the Department of Physics of the Col­

lege of the City of New York, Wlo has been engaged in research 1n 

this field for the past few years at Columbia, to try . to secure 

leave of absence from his City Co~ege post in order to work on 

this problem. In any case, in addition to Dr. Z1nn and Dr. Ander­

son, two moro men will be needed. It is, of course, desirable that 

the personnel for this research should consist of physicists who have 

already worked in this field. 

I ' 

' 'r:'i 

' . 
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Suggestions as to Contract with Columbia Un1vors1ty 

The following suggestions are made as to items of the 

contract between the National Defense Research Committee and Colum­

bia University: 

(1) The contract should bo for researches to be made 

under the direction of appropriate members of the University staff, 

1n general accordance with the experiments proposed in the preced­

ing section, and for the reporting of results to t~e National Defense 

Research Committee. 

(2) The contract should specify that the University will 

provide the direction of tho experiments, the necessary laboratory 

space and the general equip~ent ot a physics laboratory such as the 

University already has available. 

(3) The contract should specify that the University should 

be reimbursed tor all the direct expanses ot the research, lnoluding: 

(a) The cost of materials. 

(b) The cost of supplies and apparatus necessary 

tor the prosecution o.f the research. 

(c) Salaries paid to research assistants. 

(d) Such minor and incidental outlays on the 

part of the University as the prosecution of 

the research may necessitate. 

(4) The contract should speci.fy that the results of the 

research should be kept confidential and reported only to the Na­

tional Defense Research -Committee. 

.. .. 
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(5) The contract should specify that all personnel em­

ployed in connection with the research should be subject to the ap­

proval of the National Defense Research Comoittee. 

(6) The contract should provide for interim reports on the 

research at intervals of two or three months and a complete report at 

the end or one year. 

(7) Tho term of the contract should probably be for one 

year. 

(8) Tho contract should specify that all important quanti­

ties or materials purchased for those researches should become the 

property of the National Defense Research Committee. 

(9) The contract ~ould specify that all apparatus and sup­

plies purchased or constructed for this research should become the prop-

erty of Columbia University after the tor.mination ot the contract. Th.i,s .. . .. 
would · constitute a small return to tho University for what it suppliea 

in the contract. I.f it should• for. ~ .~any reason, not be desirable to have 
I 

the apparatus become the property of the University. provision should be 

. made for payment ot a small sum to the University - say. $300 to $l.OOO -

tor the inevitable cost to it of services, such as clerical work• which 

it would be difficult to itemize • . 

(10) The contract may provide .that in the case of materials 
I ' ;1.. , 

or apparatus or which the cost is large, purchase may be made through 

the University, with subsequent reimbursement, or the materials may be 

·purchased through an appropriate government agency and suppl1edJ to the 

· University-. 

_1 . 



,. 

I 

/v 
~D . 
I C/' 1 .;---•""-./) 

I 
Excerpt from bottom of p.6 to bottom of p.8 

The whole question of an uranium-carbon chain reaction in 
' --,--

the light of the 1940 experiments of Fermi and Szilard was the sub-

ject for discussion by a special advisory group assembled by Dr . 
I 

. B~ig~s to a vlse the Uraniw~ Oo~nittee . This group , composed of 

Me ssrs . Brie;gs, Urey, Tuve, \Vigner, Breit , Fermi , Szilard and Pegram , 

me t at the Bureau of Standards on June 13, 1940. After full discus-

sion, the recommendation of the group to t he Ur anium Committee was that 

fm1ds should be sought to support research on t he uranium-c a rbon ex-

periment along _two lines: ( A) further measurements of t h e nuclea r 

constants invo~d in the proposed type of r eaction; ( B) experiments 

with am ounts of uranium and carbon equal to about on e - fif th to one -

quarter of t he amount that could be estima ted as the ninimum in whi ch 
r;----.. 

a chain reaction could sustain itself. \It was estimated that about 
--r--., 

~HO,OOO would be necessary for t he furthe r measurement s of the funda-

mental constants and that approximately ~~ l00 ,000 1 s worth of metalli c 

uranium and pure graphite would be needed for the 11 inter me di ate sc a le 11 

experiment . 

The desirability o f the measurements of t he nuclea r con -

stants is obvious . It should be r emarked t ha t the i~~ediate value 

will be to enable t he "int ermediate experiment" r e con'nended as 11 B11 

above, and, subsequently, a ful l - scale experiment, to be desi gne d 

with more knowledge t han would be poss ible vvi thou t the measurements 

under reconm1enda t ion 11 A11 above. 

As to recommendation 11 B11
, -che 11 intermediate experiment", 

-cbe a r gument in i ts favor is the follo w·ing . As nearly as c an be 

estimated at present the smallest amount of mate~ials ne c essary to 

secure a ch ain reaction with uraniwil and carbon would be 25 tons of 



uranium meta l and 60 tons of 13raphite . This would represent an 

expenditure of perhaps ~500 , 000 . Howe ve r, even if this r ather 

large a:.rnount of mater i a l were in hand it woul d be ad vi sable to 

proceed only by stages to set up the mass of material reswned 

necessary for the chain re action . r.Ie asurements t aken on the be-

havior of neutrons in intermediate runounts of t he uranium-c arbon 

mixture will not only be of the gr eate st v a l ue in predi cting t h e 

total amount of material necessary, but will be absolutely essential , 

from t h e standpoint of safety, to t he persons who are working on 

t he experiment. Since t h e amount of material required for the chain 

reaction is certainly n ot in hand, and since it would. cost a larg e 

sum of money , it is obvious t ha t progress sh ould be attemp ted by 

stag e s, and it is believed t hat; the firs t stag e s h ould make use 

of not more than one-quarter of t he a;·nount which, so far as p r e sent 

knowledge g oes, would be t he minimum re quir ed fo r sus t aining a chain 

reaction. It is not b eliev ed t hat t f:e re vJOuld be any cianger in 

workimg with t h is intermediate amount of material , particu larly 

since even this amount of material would not be -put together a ll 

at once but would be assembled in stag es and measurements taken at 

the several stag es. Some question has been raised as to wheth er 

this intermediate experiment shoul d be carried out in a university 

laboratory or in some more isolated spot . Prof . Fermi t hinks there 

would not be the sli ghtest hazard in carrying out t he experiment in 

any labor a tory. 



Additional Material for pages 117 to 121. 

Miscellaneous 1940-41 documents. 

re: SZILARD'S CONTINUING SEARCH FOR OUTSIDE HELP. 

Letter, L.S. to Strauss. 
"f-'Temorandum" attached. 

Both marked "Not sent". 

Jan. 30, 1940 

Letter, L.S. to Howard A. Poillon, President, Research Corp. 
Feb. 26, 1940 

"Memorandum" by L.S. June 24 1 1940 
(It is not clear for whom this was written) 
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4ZO WEST 116'!~STREET 

NEW YORK 

TELEPHONE 

UNIVI!:RSITY 4-2700 

O f'P O S ITE COL U MBIA UNIV E RSITY 

Lewis L. Strauss 
52 William Street 
New York City 

Dear 1Ir. Strauss: 

January 30, 1940 

This is to remind you that about a week ago 
we thought it mi ght be a good pl~~ for me to talk 
to Godowski and others. If you wish to arrange 
something for me I could keep a ppointments this 
week at twenty-four hours notice. If your secretary 
telephones the King 's Crown Hotel the clerk will 
tell him if I am in tovm or at Princeton, and in 
the latter case, I can be reached there at the 
Nassau Tavern. 

I have looked more closely into the Question 
of driving naval vessels with an atomic engine and 

I am enclosing a memorandum on t he subject which we · 
might use as a starting point for further delibera­
tions. 

Is it· possible for you to see me some time 
during the second half of this week or early next 

week? 

Yours very sincerely, 

114-0~ 
Leo Szilard 

PLAN TO VISIT N£W YORK WORLD'S f'.O.IR 1939 

., . 

- ' . 
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pt~QTI ):,~~l~EMENT 

42.0 WEST 116'!':' STREET 

NEW YORK 

OPP OS n ~ CO I. IJ MHI A UN I VG ~<;ITY 

:MEMORANDUM 

TELEPHONE 

UNIVERSITY 4-2700 

I have found a way to maintain a chain reaction and 
ways to use it :producing a :power, for instance, for 
the purpose of driving naval vessels. The crew of 
of the vessel can be protected against irradiations 
emanating from the atomic engine by means of vvater 
tanks of rather moderate size.About ten tons of 
uranium might be used for auch an engine. 

Whether it is a rather rare isotope or the abundant 
isotope of uranium which is :possible for the reaction , 
is not known. If it is the rare isotope then ten ton 
of uranium would supply as much power as about 
fifty thousand tons of coal before the atomic engine 
gets • If it is the abundant isotope 
which splits then ten tons of uranium will supply as 
much :power as five million tons of coal and even thsn 
would use up only about one fifth of the uranium so 
that the rest could be reconditioned. 

The Question could be decided after investigating 
a small sample of isotopes • 

I,' 
' I 

PLAN TO VISIT N£W YORK WORLD'S .fA.IR I 
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February 26 • 1940 

Hr • .i.l.ow...u·<l A. Poi 1.lo:n 
Presi~ent, Research Corporation 
~105 Lexint;to.n Ave-:..TJ.e 
Nev.: York City 

Dear M.r . :Poillon~ 

I wonder wh et1 er you wlll re~euber t~at I 
visited y;.;u in tho s p.L·i::.l.t; oi lS 3G . I "t1elieve I 
vms introciuced to yuu U: en ·oy G. D . :Pe gram. \:.rhile 
0 ., r. ':7'-i C< ~ + ·!· .• • : "'"I··· "\r,-, r k nt'•· rj "Y· -'·. ' ' ? , .. , • ' ··· ._, L' l'- \r .1'' etllrn -"- """"' ._ -.6-J.J<. u i.J-.J ..t 1\i...i , ... -.~. _ ..., """ #"". J.. L; .J ... v u,, _ . . .~.L \.· .J.., . , 
t(J Ox:fol'd . Eneland. At th r:.t t ·.:.i L:. e I talk ed t o you 
2.r)OUt 't bc _l)O"vc.;::.. t i:::..}. lJJBfd tili· ... ic~ of pr~ducing 
povrer by libcr<.l.tint~ nuclc .:..:.r enc.:CGi on a. lo.rce 
Ecu.lc ! .. :.:a. Y')U. t old me tht1.t you (\. i(i not }lro:posc 
at that timc- t .. o su.p :pcu:t t-•.u;v e::qJeriDcnts except 
those in :;.;cL'1-:..cl ey ~d. kinO.l.Y ::;u ·;gest.cci. t h :.tt I 
get in toucb r1i "tb O t;~iEl.t'l in :i..tltS.:;_wi<l. By r:\.0'\11 you 
.h;:>.ve :i er1H1~Z cor:.j")le ·Lcly I'o:cc.;ottcn i:~! is ·incident. 

].s you ca.;1 sec :r.:::•om t.he enclose& reprints, 
I ha:ve been rcc ent.ly jioiug some work 2..long the 
li::.e '.'!L i c:!:l l !)rop~ sod. t ::> .f'r)llovv in 19 35. !,!ore 
c ~n be sz.id on this subjec-t tban would. be r:; ise 
tc :Jf.1.~1 L·.:. :;:;·J.iJlicatiouz "N.hich n.re rrinted i~1 peri­
odicals o.ud I should. very mucb appreci::.te having 
your cor.o.:.c:.lts on a. number o:f q,uestio:ns ·which aJ."ise 
out o:f the p1·es~nt situ.;;..tio.n. Lf you fl.I'e f'ree 
t.his vee}: pel' hap a y::~u ;·. :.n::.ld be .kL-:d c!lou~:;..~ to .!:lave 
your secretary teleDhone me at UI~.i versi ty 4- 2'1'00. 
Extension 302. 

Yours very truly, 

(Leo Szilard.) 



June 24, 1940 

In the memorandtim which wa s submitted in t he course of·a meetine 

held under the chairmansh ip of Dr. Brigg s on April 27 , 1940, I dis -

cussed the possibility of using U1'anium as a. source of pov1er for the 

purpose of driving naval vessels. In the case oi ' a chain reac tion 

maintained in a system composed of c a rbon and uranium a conservative 

estimate leads to the prediction tha t one ton of uranium v1ill be equiva.-

lent to about 3,000 tons of oil. Certain recent ~evelopments make 

it appear conceivable that the conditions can be so chosen as to obtain 

from l ton of ura.n i um a.s much power as from about a..;!.,- ~· 4~ tons 

of oil. Professor Louis A. Turner of' Princeton sent me a manuscript 

in which this possibility is discussed. In discussions whi ch Dr . 'lurner 

had with Dr. \/igner a.nd myself he expressed his willingness to have 

the publication of his p a p e r d e layed if required. Certain obs ervations 

made by Viacmillan and i belson w.h ich were published in -c.h e June 15th 

issue of the Physical evi ew ope ned u p the way for inve st :ig ating the 

potential possibility d i scussed by D:!" . ':f'urner . By following up the 

work of \1tacmillan and Abelson a n d by carrying out the con templated 

general survey of the nuclear constants it will be possibl e to decide 

whether 1 ton of uranium 11 burned 11 in a system composed of uranium and 

carbon is c apable of supplying as mu ch power as ct !Lr n-v-.' .a._;..__ tons 

of oil or whether it j_ 8 only capabl e of supplying as much power as 

3,000 tons of oil, tne previously given,e~~·~~imate. 

Leo Szilard) 

- ~ ,__ -----
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Additional Material for pages 117 to 121. (2) 

Miscellaneous 1940-41 documents. 

re: SZILARD 1 S PATENTS, APPLICATIONS, AND DISCLOSURES,, IN NUCL ><:AR PHYSICS 

Letter, L.S. to Wigner. April 30, 1941 

(re page 1) For further information on Szilard's English patents, 
see Note 8 on page 102. 

(re page 2, first paragraph) For Szilard's letter to Fermi, 
see: Additional Material for page 102. 

{re page 2, second paragraph) The American patent is entitled: 
"Process of Producing Radio-active Elements." It was filed 
on March 11, 1935 (Serial Noo 10,500) and issued on June 13, 1939 
as U.S. Patent No. 2,161,985. 

(re page 2, third paragraph) See Communication from U.S. Patent 
Office, below. 

(re page 2, fourth paragraph) Szilard's German cyclotron patent 
is described in both the text and note, Section b, Ber,lin 1920-
1933 cpage 7 of typed version~. 

Communication, u.s. Patent Office to L.S. April 29, 1941 
Abandonment of patent application for "Apparatus for Nuclear 

Transmutation," filed in 1939. 

Dis.closure. "MEMORANDUM" mailed to himself by Szilard. 
Dated 
Postmarked 

July 4, 1940 
Nov. 14, 1940 

The memo suggests using beryllium in the uranium system. 

Typed memo ( 2 pp.) entitled "PATENT" 
Paragraphs headed: "Method of Cooling~' 

"Heating up." 

Dec. 9, 1940 
Uses liquid bismuth. 
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48J ~a~t 110 Stroet 
:Im:r ~:oA.•lr. 0 ::r . Y. 
April 30 • 10'11 

You have ae'kecl r1~ to 0om1 you a. eorJJ~'Il\ltG list of 

those pn.tonta t~lkcn out 'by mo vih1ch have aoae oonnootioll 

VIi th . nuole~~r r~hy!~ io n . 

I h.~we t c.kon c:n..tv th r<:~ e auc:-1 :Vl!!t tcmta J two in :Gn3lr.md , 

a;1d . one 111 l1.moxo1ca. . ..1 .1~ o-'f' 1 hoao p~~tonts tll.ro 'baned 

on .;;n;slioh :.l}.)plte:.t iono v.-~· l ich vtoro ·t tloc iu l\JZ.S~ .. 

(~~ H' oi' t ho two '.n.,;lioh lf1i:. tcnto ht:~tt u.u ita oubjoct t.h0 

oeorot nnc1 rerJ.3Qino tmpubliuhed. 

"l'h'e Qthor t!n31 i uh p tl tc11t oontt\in0 caecnti~lly two 

i nvant1(>nth t he &;:sn l':t\t i.on of :o~dionctive c.lem-ont~ 'by 

1:72onns or n~utron.tJ t\~: ~ the o1~(nnio ~.J.l eepcn'"Btion of I"n.di o4'ii.otivo 

waa firs t d.ooo~atrat(l)d in t ho caoe of :todiuo, 'b;y sopa.r!!i.ting 

Iodine i"rom ~tlcy<l1od1no. 
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'rhe relevl:wt Jr)rovitJionc .. l Zn.zlinh pntont a.p};>J.ication W!a.s 

filed before Fe1·m1 'a dis <u:>vcl·y of t he p1·oa.uoti on of r ail ioact ivo 

olomento by meano of neu trono. ,'l..fter :.:'crmi 'a discovery beoo.me 

k nown rmd ::.fter the iastH) of n1y patent I wrote Jle r l111 <. nd othoriJ 

c.nd au ggo~l tod thn t s.ll pntcntm in tlli o field ahould be pooled 

· ~ .. nd d ivon to eomo aciont i , io foundation or ~onH:J othcl .. non-profit 

orca.•''lization. ·no oolu tion of this type materialized , however. 

Later l r;y;P ve v-.. n ex:olutlive l:i.c(mse azreement for t1:.to ch etdoal. 

oorn1.ra.t ion :part of the })rJ,ton t ¥Yh ich I oona idcred as my ovr.a con ... · 

tribution to• tha art, bu t roaervod t i·1o right of letting the rest 

of the pntent be u~uld by third parties t•ree of royalty should 

thio ~ppear to bo justif ied . 

The Al!lerioan patent file i in the Unitod Stat~s in \:.lurch, 

1935, ia e0sentia lly along the lineD aG the c.bl'.IV'e•mentioned 

:Brit iah pn.tout and fn.lls undor tho sumo licel'lse agreement. 

None oi" the other J.)o.tent n·.~plicotion!'.l ·which I h(?>Vtn filed 

at one time or Wlother h~vo bcon kop t ~l ivo ~~d they havo all 

become nba..··Hloncd. Con3equ€ntly , t11e:re ia ~t ;n~eaont no pntcnt 

a:pplicutioo 011 file vthioh r,my lead o.t a. lut~r do.te to tho iooue 

of n patent. 

One of t h cso abandoned a1r,Dlicn.t i ono was filed in 1928 in 

Germany und deaoribed the invention of the ~yclotrone. 

I hope th.iG statement oovero ovcrythi:ag that might be of 

intorout to you. 

Yourae 
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DEPART M ENT OF COMMERCE 

UNITEO STATE S PATENT O ljY" ICE 

"Mll.l:£ ~\"'J Ail communications rCRpcctlng this 
i(g;)ri<Mtiun ohonhl give the scrlal nwn!Mw, 

date of filing, and name of 

Copy sent attorney. 
WASHINGTON ' 

I be applicant 
.. kDd not nny official by ruuuo 

Please find below a communication from t h e EX AMINER in 
APR 2 9 1q41 

charge of this application. W. ~ 
11- 8013 ~Comm/33/oner of Paiurh, Applicant: Leo Szilard. 

Lo o Szilard, 
420 VI . 116th St. , 
New York, N. Y. 

Ser. No. 263,017. 
Filed Nar. 20, 1939. 
For Apparatus For Nuclear Trans­

mutation. 

A letter of abandonment signed by applicant has been re­

ceived in this application on April 26, 1941 and is hereby 

acknowledged. Tho application is accordingly herewith tor­

warded to the abandoned tiles. 

EXAMINER. 
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If this small scale experiment gives an encouraging re­

sult then we ought to attempt to obtain plates of beryllium 

metal, for instance plates of sizes 5 x 15 x 15 em and other 

plates 5 x 5 x 10 em. Such plates used 1n co~ction with a 

cube of uranium metal can be so arranged as to have a cubic 

layer of beryllium 5 em thick surrounding the uranium cube. 

Each uranium cube would require four of the smaller and two o~ 

the larger type beryllium plates. The use of beryllium might 

be of marked advantage ~en if the cross-section for the knock 

out process ·were as low as lo- 25om2 tor uranium fission neutrons. 

{Leo Szilard) 

July 4, 1940 

MEMORANDID4 

If we used in the chain reaction experiment uranium spheres of 

5 em. diameter surrounded by 2i em. layer of beryllium metal we would 

have about six times as much volume of beryllium as uranium and taking 

into consideration the ratios of the densities about i as much beryllium 

as uranium. Assuming that beryllium metal may be bought at a price 

of ilo.oo per lb. and uranium metal at a price of $5.00 per lb., 10 ton• 

oi uranium~etal ~ill be about $100,000. and 5 tons ot beryllium would 

be tloo,ooo. making a total or ~200,000. 
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PATENT December 9, 1940 

.. Method of Cooling • 

1. No cooling liquid inside the graphite-uranium system. 

2 • . Cooling by liquid bismuth, the bismuth surrounding the uranium 

spheres• the bismuth flowing in graphite channels and not in iron pipes. 

3. Cooling by some cooling liquid, for instance a bismuth-lead 

· compound containing 60% of bismuth, melting at 126o, flowing inside a 

~1um tube inside a uranium cylinder. This method can be used only 

\ ) if cylindrical bodies of uranium are embedded in graphite. In this 

~ arrangement liquid mercury could be used insteau of liquid bismuth or 

bismuth alloys• also perhaps water. Note: melting point of bismuth 

-3220; me_l.ting point of lead 326°. A Pb-Sn alloy containing 70% Sn 
I I . 

melts at 185°. There may be suitable sn-Pb-Bi alloys. Boiling point 

of bismuth is at 14700. Boiling point of lead is at 1613°. 

Reatinp; up. 

If the cooling medium is used which becomes solid at ro~m temper-.. 

.. ature 1 t may be necessary to heat up the carbon-uranium system in order 

to start the machine. ~Another reason for heating up may· lie 

in .the faot that the graphite used contains impurities which ha.ve an 

appreciable thermal absorption. In the caae · or an appreciable thermal 

absorption in the graphite. whether due to impurities of a certain 

kind or to the carbon itself, the efficiency of the arrangement for 

the chain reaction increases with ~ increasing temperatures within the 

range between room temperature and the highest temperature which is 

practicable in auoh machines. This in itself may be a reason for 

heating "up the carbon-uranium system in order to start the chain re­

action, and the tem~erature will then be maintained at a high level. 

perhaps at aooo during the operation of the machine by the heat which 

" ~ • .t ·, • 

·. 
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is liberated in the chain reaction. 

In order to heat up the graphite-uranium ayste~ heating elements ' 

may be pushed into cavities in the graphite and these elements must then 

be withdrawn in order to start the chain reaction, otherwise their ther• 

mal neutron absorption may interfere with the chain reaction • 

.. ~... . ·· -.. .,, ~ ~·"" .. t ... , • .,. .. 

~ : ~.·: . ; . 



Additional Material for pages 121-122 

Miscellaneous documents from Szilard 1 s folder marked "1940') but 

not directly mentioned in the REMINISCENCES. 

Letter, Placzek to L.S. May 9, 1940 

Memorandum, Placzek to L.S. "On the Diffusion of Neutrons in Air" 
The title page of this Memorandum reads "Confidential. Memorandum 
sent by Go Placzek to Dr. L. Szilard. April 1940. 11 This title page 
was probab~ added later by Szilard. (It is on plain Macadam Bond, 
whereas the Memorandum ~tself is on paper with the Cornell Univer­
sity watermark.) The Memorandum may well have been sent in May, 
after the May 9th letter. 

Letter, Placzek to L.S. 

Letters, L.S. to Wigner 

Ju~ 25, 1940 

Sept. 29, 1940 
and Nov. 3, 1940 
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On the Diffusion of Neutrons in Air 

The diffusion of neutrons in air has been recently 

discussed by Bethe, Korff and Placzek1, the average energy 
2 SY\a..t~o..J 

distribution has been derived by Placzek , and the ~~e«~ 

distribution of neutrons irr air over a water surface has been 

derived by Bethe3 for the case of production of neutrons in 

air homogeneous in a horizontal plane. 

~ l. Diffusion of neutrons in free air. We first discuss 

the diffusion in free air. The results will hold if the 

distance of the neutron source from the ground is larger 

than the diffusion path (see below) of the neutrons produced 

by the source. 

The average 

by1'l rv (v-) J 1)-

energy distribution is approximately given 

- M 5 v, es (_ v-') J. 1}- I 

= M Q €/'\}-' ~':_ e v- e. (t>'J v-' 

(l) 

Here N(v)dt/ is the number of neutrons of velocities between 

v and v + dv for initial velocity v1 , M = 14.4 the mean 

atomic weight of air, Q the number of neutrons produced per 

second (with velocity v1 ) and ls(v) and . f, (v) t re mean 

free path of neutrons in air for scattering and capture re­

spectively, ~s functions of the velocity. 

1 . 
Be the, Korff and 

2 
See " 

3 
· See " 

Placzek, Phys. Rev. 

" , ref. 30 

" , ref. 31 

57, 573, 1940 
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From a discussion of (1), together with the available 

experimental material about scattering and capture cross 

sections in nitrogen and oxygen it can be concluded (cf. ref. 

1), that capture effects will probably not change the neutron 

density by orders of magnitude for all energies down to 1 ev. 

In the following, we shall neglect these effects, they can 

be roughly accounted for by multiplying all neutron densi­

ties wi tb. the reduction factor .e.t-r { - M j "i t~cv-J d ~~; 
11 cv'J vi 

'lr (c.. 

as soon as the respective cross sections have been measured. 

At energies considerably below 1 ev the capture due to 

the n-p reaction in nitrogen will come into play and remove 

most of the neutrons before thermal energies are reached. 

~the following ta.ble, we give a_t}lJroximate numerical values 

for some of the characteristic lengths, important for the 

study of the diffusion process in air. 

These are: The mean free path for scattering fs for 

fast and slow neutrons, the mean free path e~t for capture 

of thermal neutrons, the diffusion path for thermal neutrons 

A defined by: 

A:: (~/u) 0_ 
(2) 

and the root mean square distance of diffusion 

for neutrons produce~ at energi~ ~and captured 

· at energy Ec. 

I · / 
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E, 
( Ec.) 

Me# 
s ~ 2 {£) de 

{ Y' '~-) ::: -E Av 

3 

E<-

I '5, 6 
(3) 

MeH -
Ec lies slightly above thermal energies. 

em water equivalent 

t~ 
{for fast neutrons 18 

" slow " 2.6 
----

.e !.f;- 24 

-l A 4.6 
---

(l'f~J A v for 2Mev neutrons 150 

meters air at 
normal ressure 

140 

20 

190 

35 --·---- -
1200 

The most inaccurate of these figures is (y. J Av , because of 

insufficient data about the energy variation of the mean 

free path. (see ref.~e spatial distribution of the 

neutrons can be found approximately by as ~uming that the 

time spent in the slowing down process from the original energy 

E1 to any energy E2 is the same for all neutrons, so that 

the energy is a function of the "age" of the neutron. Then 

the problem can be treat.ed by the standard methods of 

diffusion theory. Actually, the assumption is not quite 

correct, since to every energy belongs an age distribution 

of neutrons, but it. can be shown that the use of this ideali-

zation is a good approximation as long as capture is unimpor-

tant. 

If we define a symbolic time tS- by 
v, s t l( \r') ~~ (4) 

. '\r \r) 
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the diffusion equation reads 

(5) 

where F is the neutron density. If Q neutrons of velocity 

v1 are produced per second at r = o, the solution of (5) is 

e 
. ( 6) 

. J; 
( t; li ~c ~ ) 2. 

~~ 01f~ 'lA ~d 
Or, if we introduce the diff usion path L(v) by 

( 7): 

F ( ~ . ..-) = 1'1 Q is ( "') :J»-
v-::t. 

e -~v-) 'L 

7i 3;, L ~{ ""J 
(6a) 

. 
If we have a source of thermal neutrons, the~density Ft 

is determined by the equation . 

(8) 

where "'[is the lifetime of thermal neutrons in air (about 

1/100 sec), }. a:nd 'A. is given by (2). (7) is solved by 

(9) 

\ I I 
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the number of thermal neutrons produ~ed per sec. 

~ 2. Diffusion of neutrons above ground. We now consider 

the following problem: The space of air is limited by a plan~ 

infinite boundary z = 0 (ground). At an altitude z0 we have 

a point source of neutrons of velocity v 1 • We ask for the 

neutron density in air as a function of velocity and 

coordinates. Obviously, the neutron density will depend on 
~ 

the capture and scattering properties, and henc~e chemical 

composition of the material forming the ground. However, we 

will get lower limit for the neutron density by assuming that 

every neutron reaching the ground is ca~tured. This leads to 
f. (v-J 

the boundary condition F = 0 for z - - 5 

- ~· 

The solution of the diffusion equation with this boundary 

condition is; 

z is the altitude and f the distance of the projections 

of source point and field point on the plane z = 0. If the 

source is at z0 = 0 and we are interested in the spatial 

dependence of the neutron density on th~lO) becomes 
J 

approximately ~or L ( v) .:::.> fr'): 
I If, )7.. 

no, r , 1J-; ; 1'1 Q e d ~ e -~ i 
tJ- 7i 3/1. l 3 

(lOa) 

Comparing (lOa) with (6a), we see that the neutron density 

at the ground is reduced by the factor J!/ i~ 2. with respect 

I I 
·.r Jl 
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to the case of free air. .This reduction factor does not depend on 

the distance / • 

If the e; round is formed by a substance the neutron constants of 

which are sufficiently well known, as for instance water, the above 

~reatment can be refined by calculating the probability /' (v, v
0

) 

that a neutron hitting the surface with velocity v 0 , re-emerges from 

it with velocity v, and then using the product of the current of the 

·density (6a) as function of v 0 times the function }' (v,v0 ) as a new 

source in the diffusion e quation ( 5 ). This procedure can be applied 

again to the new result, and in this wa y a well converging series of 

pos~tive terms is obtained. The physical meaning of this procedure is 
1: .'. 

that one : c;~~ ·s.idere successively the neutrons wh ich have entered and 

emerged from the boundary once, twice, three times, and so on. The 

most important difference of this solution compar ed to the first approx­

imation (6a) in the case of water is the presence in air of a certain 

amount of thermal neutrons, which have been slowed down in the water and 

emerged from it. The further d iffusion of these thermal neutrons can 

then be treated in a single step by solving a dlffer ential equation of 

the type (8), with a simple boundary condition which is obtained from 

albedo considerations. 
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~3. Total effect on small black detector. 

We now calculat·e the tot~l number of neutrons above 

velocity v absorbed by a black detector of dimensions small 

compared to the mean free path. 
v-: 

The number of neutrons above velocity~bsorbed per 

second and unit surface of the detector can ~e shown to be 

(for a convex detector) 

~ J1r~ 
(11) 

----
rev-) rlv-L I l1r) ~ 

< 

v-

FDr constant mean free path, the integration gives ·in the 
I 

case of the free atmosphere (6a): 

It..-) : 1 ~. }t { 1-! C£)] (12) 

and in the case of source near capturing ground (lOa): 

I -
~n 

where ~ is the error function and ~ 

complete r -function of order 3/2 by 

(I ( )( 1.) 
·~ ' t. 

(13) 

is related to the in-

If the distance from the source is small compared to L , 

/ 

~ and 'f can be neglected. Fig. 1 gives the dependen.ce 

of 1 
_, 

and 1 - t on '(' -
Actually, 1n air, the · mean 

and y • 

free path is not constant, 

I 
I I I 
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but varies from about 140m for fast neutrons to about 20m 

for slow neutrons. The transition probably takes place 

in the region between 150.000 and 10.000 ev. ( cf. ref. 1). 

We may roughly describe this behavior· by putting 

e -:: ~ ": /lO'm for c.) E I 

2 es lO ~ ~ ll.<E, (14) , ': 

where E1 lies between 150.000 and 10.000 ev. With (14) we 

get instead of (12) and (13) 

I lv-) :; 
.}_ Q { 1- p ( [i) + :: (J[~) -///la) 
I 6 7i -rl~ 

.( 13a) 

where L~ is the diffusion pa,th from the initial energy to 
~or an initial energ~ of 2 Mev 

energy E1 • With the values (14) for ! , ~~ ha~ ' 

- ~ value between about 0.75 km and lkm depending on the value of 

Because of the small mean free 

the total diffusion path L is not 

neighborhood of 

path for slow neutrons, 

very different from ~+ 
E ('at . which capture c For energies in the 

becomes important), L -L~ is of the order of 5 per cent. 
L..,_ 

In s pite of this, the slow neutron contribution to I is 

still important in the case of the free atmosphere and can be 

derived from fig. 1 (for r = Lf it is of the same order of 

magnitude as the fast neutron contribution). For capturing 

ground, however, it is in general negligible because of the 
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Profoosor E. P. Vigner 
.Fine Hnll 
Princeton Uni~eraity 
Princeton 1 N.J. 

I 
·r . 

. ' , . ' .. 

-Dear 'WiGtlera 

You have asked 

is in Germany. 

me if 

Prior to March 1933 

~ -
,• 

.. -

" 

.I had any 

420 West lloth Street .· 
New _York Citr 

September :2Q, lQ40 

, ... , 

·,' .. 
. ·. · :,, . 

'(· 

innome, the source of which 

/ 

I had an income from the German Gen-

eral Electric Co.' (A. E. G.), Berlin. consisting in royalties 

and oonaultant's tee amounting to about$ 3000, .. per nnnum. 
;-

!the agreement from whioh th~s inoome was derived was terminated ·, 
; 

betore Uarch 1933, and I received no payments from the A. E. G. , . 
. / after that · date. : 

'· I 

. : ,:;:. 
''t'~'·: 

. ' 
' 

After March 1933 the only source of income which . could - ··:-:::::_,·~--

perhaps be considered as fro~Gerruan origin wao an agreement 

. oonclu·ded with the Berlin office of Phillips, a well-known Dutch 

industrial corporation, before ?.farch 1933. This agreement pro­

vided for tho payment of royal~ies to me in the amount of about 

1 250 ... per annum. The agreement was terminated in or before 

1g39, ~d no income from this source was fo~thooming after l93a.- · · 

Yours einoerely, 
' . ' . 

. . 
; 

.'· ... 
• I 

"' - .!.. • "'"'1-

. ~;~ . 
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T~LEPHON£ 

UNIVERSITY 4 · 2700 

UNOER KNOTT MANAGEMENT 

420 WEST I 16TH STREET, NEW YORK N.Y . 

November 3, 1940 

Professor E.P. Wigner 
Fine Hall 
Princeton, N.J. 

Dear Wigner: 

OPPOSITE 
COLUMBIA UNIVERSfTY 

You have as~d me whether I have any 
income from German · sources. 

Previous to 1933 I had an annual income 
from the Allgemeine Elektricitaets Gesellschaft-AEG 
(German General Electric Company) amounting to about 
three thousand dollars. The agreement out of which . 
this income was derived gave the company the rights 
to use certain joint inventions of Professor Einstein 
and myself, but this agreement was terminated by the 
AEG before I left Germany in },farch 1933. I have at 
present no income whatsoever from Europe. 

Yours sincerely, 

~ 
Leo Sz iJa. rd 

-
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Additional Material for page 122 (section 6) 

re: "AFTER REORGANIZATION IN WASHINGTON ..• 11 

With this brief phrase Szilard lightly covers the efforts of 
himself and of Sachs. 

In his letter to Wigner of July 6, 1940 (included with the 
page 121 material) Szilard writes, " ••• there is an increasing 
amount of confusion and a constant change of the personnel of 
committees concerning uranium and a growing dissatisfaction on 
my part as well as on the part of Sachs o 11 

Later came: 

Letter, L.S. to Sachs Aug. 28, 1940 
enclosing 

Draft, by Szilard for Sachs's use. Untitled. Aug. 27, 1940 
9-page memo, somewhat inclined towards the Navy; it summarizes 

f , 

the history of uranium chain reaction research, and gives in detail 
Szilard's recommendation: formation of a non-profit organization 
with scientists included in the executive, in direct touch with 
government representatives. 

Another version of above draft, probab~ by Sachs, undated. 
Marked in L.S. hand: 11 sent Octr". (It is unclear to whom it was sent - KW) 
This version covers substantial~ the same material, but in altered 

form. The recommendations are similar but vary slightly. 
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