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April 6,1939 

JOLIOT 
COLI;EGE DE FRANCE PARIS 

REPLYING YOUR CABLE \YEISSKOPF STOP LlOBERTS PAP:&'tS CONCERNING DELAYED 
NE UTRON EMISSION Vr.tiiCH IS MUCH WEAKER TIL-'\l! HE THINKS AND HAP.m:.ESS 
STOP HO'.lliVER TUVES GROUJ? WAS RECEJ.fi'LY APPROACHED AliD PROJ.USED 
COOPERATION STOP "Vf.E HAVE SO FAR DELAYED PAPERS IN VIEW OF POSSIBLE 
HISUSE IN EUROPE STOP KDTDLY CABLE AS SOON AS POSSIBLE WHETIIER 
INCLINED SIMILARLY TO DEL\Y YOUR PAPERS OR \TIIETHER YOU THINK THAT 
WE SHOULD NOW PUBLISH EVERYTHING STOP 

KINGS CRO\VN HOTEL SZILARD 

April 8, 1939 

NLT WEISSKOPF 
FINE }~ PRINCETON (NJ) USA 

• YOUR SUGGESTION PASSED TO NATURE AND ROYAL WHO WILL SURELY COOPERATE 
STOP AWAITING LETT~R WITH DETAILS 

BLACKETT 

April 7, 1939 

LC SZILARD 
KilfGSCROV71f HOTEL NY 

~UESTION ETUDIEE SUIS D AVIS l~INTENANT PUBLIER AMITTIES 
JOLIOT 

( 

~_,______--..::, __ ~--=~---"""---=--=--=-=-· =========--='--- -- --- - ·---- - - __ ,___,~~...._.. 
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HANS VON HALB.AN 

COPY. 

:L1 RUE GUYNEJlm:R 
SCEA1J"1: SEINE 

b~rch 31st, 1939 

KINDLY I NFORM JOLIOT THAT PAPERS RELAT I NG TO SUBJECT OF YOUR JOINT 
NOTL TO 11\TullE HAVE BE~T SEl~T BY VJLKIOUS PHYSICISTS TO PHYSICAL 
P~VI~Y BEFOITE PUBLICATION OF YOUR NOTE STOP AUTHORS AGREED HOWEVER 
TO D~Li\.Y PUBLICATION FOR REASONS INDICATED I N SZILARDS LETTER TO 
JOLIOT FEBRUARY SECOND AND THESE PAPERS ARE STILL HELD UP STOP 
NEWS FROU JOLIOT Yn-illTHER HE IS WILLING SDHLARLY TO DELAY PUBLIC
ATION OF RESULTS UNTIL FLBTHER NOTICE WOULD BE WELCOHE STOP IT IS 
SUGGESTED THAT PAPERS BE SENT TO P:GRIODICALS AS USUAL BUT PRINTING 
BE .DEL.\YED IDTTIL IT IS CE.J.~TAHT THAT NO H.ARHFUL CONSEQ.UENCES TO BE 
FE.ARE1) STOP RESULTS WOULD BE COMHUl~ ICATE IN 1,\:A .. LWSCRIPTS TO COOPER
ATI~TG LABO~TORIES IN AMERICA ENGLAND FRANCE AND DENH.ARK STOP 
COMMIDTICATING BLACKETT AND DIRAC IN ATTID11PT TO GET COOPERATION OF 
NATURE Al~ PROCEEDINGS ROYAL SOCIETY STOP PLEASE CABLE WEISSKOPF 
FINE HALL PRINCETON NJ 

March 31st, 1939 

BLACKETT PHYSICS DEPARTMENT VIC':i'ORIA UNIVE11SITY HANCHESTER 

PHYSICISTS lmRE HAVE SENT PAPERS TO PHYSIC.AL REVIE'H QU SUBJECT 
RELATED TO HALBAN JOLIOT LETTE . TO NATURE STOP AUTHORS AGREED TO 
DELAY PUBLICATION I N VIEI.V OF REVCOTE BUT NOT 1\f.EGLIG IBLE CHANCE OF 
GRAVE MISUSE IN EUROPE STOP IT IS SUGGESTED THAT PAPERS BE SENT 
TO PERIODICALS AS USUAL BUT P RI NT ING BE DELAYED IDJTIL IT IS CERTAIN 
THAT NO HARi&UL CONSZ~~TCES TO BE FR\RED STOP RESULTS WOULD BE 
COJi.IIMUNICATED IN MANUSCRIPTS TO COOP~RATilifG LABORATORIES Ilf .AMERICA 
.ENGLAl'ID FRANCE AND DEW~rARK STOP IS TT POSSIBLE FOR YOU TO OBTAI:H 
CpOPERATION OF NATURE AND PROCEEDINGS ? WIGNER WRITING DIRAC STOP 
V7EISSKOPF FINE HALL PRINCETON NJ 

April 5 1939 

~~I~ w I? ( 1 (J.c t77-'l ;::· ;r::l t?/E }!// (__ L P!i?__ f // ( ("::' 7 CJ II ;{/ .;'J ~ 
JY~Iw.S.,-3:·6f¥•,€JG-J:sU?.,ffi..lA'0':1B3tJ:Y~ ,, 

,. 
BIEU RECU LETTRE SZILARD MAIS PAS CABLE ANNOlifCE STOP PROPOSI-TION 
DU 31 MARS TRES RAISONlif.A.BLE :MAIS VIEHT TROP TARD STOP AVOlfS APPRIS 
SEM.AINE DERNIERE Q,UE SCIENCE SERVICE AVAIT I :t-i1fORJ.ilE PRESSE AMERICAINE 1fr FEVRIER SUR TAAVAUX ROBERTS STOP LETTRE SUIT 

JOLIOT H.ALBAN KOWARSKY · 

-~----



April 5., 1939 

WEISSKOPF FINE HALL PRINCETON NJ 

I 
OJ BIEN RECU LETTRE SZILARD MAIS PAS CABLE ANNONCE STOP PROPOSITION 

~- DU 31 ~~S TRES RAISONNABLE MAlS VIENT TROP TARD STOP AVONS APPRIS X /Ov I \ SEMAINE DERNIERE QUE SCIENCE _SERVICE AVAIT INFORME PRESSE AMERICAINE 
\_r \ r \J ' U FEVRIER SUR TRAVAUX ROBERTS Si'OP LETTRE SUIT CPY .. . JOLIOT HALBAN KOWARSKY 

\ 
{ 



NLT SZILARD 
CARE LIT..BO';fiTZ 
h20 RIVERSIDE DRIVE 
NEN YORK CITY 

D1'RYLLIOM SE:lT ~'BRUARY THIRD REGISTimED POST 

NLT SZILARD 
C.'\?.E OF LIEBaNITZ 
420 RIVEESIDE DRIVE 
NE~1 YORK CITY 

LINDEM.A.:>m 

FROM WFiQl,f WAS BERYLI,I\n! BOfu10fffiD? DO TYEY AUTHO!LZE IT LEAVI}..'C IDiGLAN"D? 



April 8. 1939 

NLT WEISSKOPF 
FINE HALL PRINCETON (NJ) USA 

YOUR SUGGESTION PASSED TO NATURE AND ROYAL WHO WTLL SURELY COOPERATE STOP AWAITING LETTER WITH DETAilS 
BLACKETT 

April 7 • 1939 

LC SZILARD 
KINGS CROWN HOTEL NY 

QUESTION ETUDIEE SUIS D AVIS MAINTENAUT PUBLIER AMITIES 
JOLIOT 

( 

\ . 



HANS VON I-IALBAN 

COPY 

11 RUE GUYNEMER 
SCEAUX SEINE 

k, -f. 3 

March 31st, 1939 

KINDLY INFOID~ JOLI OT THAT PAPERS RELATING TO SUBJECT OF YOUR JOINT 
NOTE TO NATURE HAVE BEEN SENT BY VARIOUS PHYSICISTS TO PHYSICAL 
REVIEW BEFORE PUBLICATION OF YOUR NOTE STOP AUTHORS .AGREED HOWEVER 
TO DELAY PUBLICATION FOR REASONS INDICATED IN SZILARDS LETTER TO 

. JOLIOT FEBRUARY SECOND AND THESE PAPERS ARE STILL HELD UP STOP 
NEWS FROM HOLIOT VVHETHER HE IS WILLING SIMILARLY TO DELAY PUBLIC* 
ATION OF RESULTS UNTIL FURTHER NOTICE WOULD BE ~~COME STOP IT IS 
SUGGESTED THAT PAPERS BE SENT TO PERIODICALS AS USUAL BUT PRINTING 
BE DELAYED UNTIL IT IS CERTAIN THAT NO HARMFUL CONSEQUENCES TO BE 
FEA~D STOP RESULTS WOULD BE COMMUNICATE IN MANUSCRIPTS TO COOPER
ATING LABORATORIES IN AMERICA ENGLAND FRANCE AND DENMARK STOP 
COMMUNICATING BLACKETT AND DIRAC IN ATTEMPT TO GET COOPERA'.HON OF 
NATURE AND PROCEED~NGS ROYAL SOCIETY STOPILEASE CABLE WEISSKOPF 
FINE HALL PRINCETON NJ 

March 31st, 1939 

BLACKETT PHYSICS .DEPARTMENT VICTORIA UNIVERSITY MANCHESTER 

PHYSICISTS HERE HAVE SENT PAPERS TO PHYSICAL REVIEW ON SUBJECT 
RELATED TO HALBAN JOLIOT LETTER TO NATURE STOP AUTHORS AGREED TO 
DELAY PUBLICATION IN VIEW OF RE110TE BUT NOT NEGLIGIBLE CHANCE OF 
GRAVE MISUSE IN EUROPE STOP IT IS SUGGESTED THAT PAPERS BE SENT 
TO PERIODICALS AS USUAL BUT PRINTING BE DELAYED UNTIL IT IS CERTAIN 
THAT NO HARJ\WUL CONSEQUENCES TO BE FEARED STOP RESULTS WOULD BE 
COMMUNI CATED IN MANUSCRIPTS TO COOPERATING LABORATORIES IN AMERICA 
ENGLAND FRANCE A1~ DENMARK STOP IS IT POSSIBLE FOR YOU TO OBTAIN 
COOPERATION OF NATURE AND PROCEEDINGS? WIGNER WRITING DIRAC STOP 
WEISSKOPF FINE HALL PRINCETON NJ 



~ohttttbia mlniurrititp 
in t~r \1 itp of lltrttt J2ork 

DEPARTMENT OF" PHYSICS 

I I 
Dr. Leo Szilard, ; 
Pupin PhYsics Laboratories, 
Columbia University. 

Dear Dr. Szilard: 

April 6, 1939 

I told you that I would write you a letter 
to put on record my invitation to you to be a guest 
of the Department of Physics until June 1, 1939 to 
work on certain researches with Dr. Zinn and to have 
the privileges that are appropriate for a guest in 
our laboratory. Laboratory keys have already been 
issued to you, and I enclose with this a card by 
the use of which you can_ obtain a key to the outer 
door of the building by calling at Room 111 Low. 
Memorial Library so that you may have access to 
the laboratory at times when the outer door is 
closed. The key obtained with this card is to be 
returned on leaving the building. 

Sincerely yours, 

GBP:H 

( 

f 
. J 



·· .. : 
Victor ~eisskopf 

1iv~rsity o~f/ Rochester 

· .. -:. 

' I 

'•, 

' ' It 

. ' . ,,, : 
:, . ' :l · ' • • l 

iD~a:r Blackett~ ·· ' j.' 
' •· 

• r , . ' {· ~··· 

, 1 1\ ~ 1 J I 

' 

,, ~' •. I ,, 

. . • \' •• -:' ·~ ·I . . ' • . : .> • \r 

·~ ~: : .... ~' . '' "·., . f,. · I •• ·: c· :· ·~ .~ . ', ~ 

(/' I'? '92 .. 
' : ·,. r hope '' you · \~~J!•e .riot too •!U.ch ·u ·;s'et abou·t my 't 'el-bgram !". 

ono··· reall;,: coul\~ co ·mtruct a bor;1b w1 t.h u1•an1um. The .probt-tb.il1 ty that 

this · iS .. poss1blG ~') .. gl· t b~ ' ' t-: t'l~ll'; but . the ·~ p'r(:><.\UCh · o'f' ,:the.; ~rt)'bablli ty 

hit:l 'to' coop0rate~ ;' . .. ' ~: . } ~· ~. \. 

'• . ,. 

. ' 
I ~ '' " ' Ci.O 

.~ : I ' '' 
' ·' • q 

Lre other v a ';>0!' s . tl~·ot'~ Columbia son t in .!:~ nd .' .k~p ' back,.- ·#hic'!i cou'ld be 

sent toyou ·lf ' t le cooperation begins t.o wor ..... >r am also enclosing a 

.l,.et;r.or from ·Dc ... lard t·o mYse·if .:1iihich gi\rE:·s you ·· ru.rther ···ctet~ils ·'a1!l6ut 
,. '. t •• 
' \ . ,. 

: · .... \ · 'I woul'-:i ··like; ' tel'l'·;:you hovi ·far the ·c ·over·ation ·hare for 

(1elaying n,.:i::mgerous" t;anu:~cx·ipt's :·~ : 6 s developecf so :rar .··wu ··kno·.v . .' thl.!lt the 

group a~dtinJ Tuve is no' willing to cooperate. Lawrence is comin~ here 
I 

on April ~rd . ani we ~hall discuss the matter with hia . then. Tat~ 

~~ I II) ,. ... 
' .. 



.· 

. emi~sions be advised to conta:unic.~te w1 tl:l u~ . 'fie shall !Send you. a l.':lll'~· 

cable when a defini~e proca tlura ha~ been ~ecided upon 1n oonnoc-

tion wlth Phys . Rev . 

tuch love to your family . 

Very truly yours 

. \ 

( 

c 
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Dear Paul: 

COPY OF LETTER FROM WIGNER TO DIRAC 

PAU!ER PHYSICAL LABORATORY 
. Princeton University 
Princeton, Now Jersey 

March 30, 1939 

I 

· I am writing to you in a rather serious matter this time. The 
enclosed letter, sent by Szilard to Joliot on February 2nd is self 
explanato~J. Experiments undertaken gince that time by Fermi and by Szilard 
did not help to dispell the fear which prompted Szilard's letter. In 
realisation of the danger mentioned in this letter, all efforts are made 
here to delay publications relating to this subject as there could possibly 
enhance the danger of a grave misuse by certain powers. The papers of 
Szilar<i and of Fermi , although received by the Physical Review some time 
ago, are withheld from publication and it is intended that they be printed 
only in the form of reprints to be distributed among the most L~terested · 
laboratories in England, the U. S., France and Denmark~ Similar arrange
ments are intended for all papers on this subject by o.ther workers in the 
United States. 

Halban-Joliot-Kovarski's letter to Nature prompted the physicists 
who loyally cooperated here to inquire today by cable concerning Joliot' S ' ' ;,., 
attitude in this 111a.ttero Bohr undertakes ·to communicate with Copenhagen · 
and a cable is sent simultaneously to Blackett. The proposition made in 
there commm1ications is to use for the publication of all papers, relating 
to this subject, the method foreseen for this purpose for worker~ in the 
U. S. and described above. 

Vfuat ~e would like to ask you at this time is to get in touch 
with Blackett and to actively support him in his endeavours if you find 
our position to be the reasonable one. 

It is my impression that there is some urgency in the matter. 
Although there exists apparently a great willingness for cooperation 
here, it is realised that the interests of the scientific workers in the 
U. S. may be prejudiced to some extent if America abeyed alone by the 
proposed procedureo 

Hoping to hear _from you soon and with best regards to all, 

c 
0 

p 
y 

Sincerely, 

(signed) Jeno 

'3, ;:;j) 

( 



~" -~ 

,-

t. 1:.. 

'--
1' .. ... ~ ' 

f t: \I ( ( 

~ --:-r ~ 
e~l~r rosh...wk) 

J l 

---- -
' 

I I I, 
I 
( 

,! ') 

~- P~o~~ction of radioactive ele~e~ts com9ris~~C t~c st ep 

the said layer bein~ slight~y below t~e critical thickne3s . 

2. Production of radicactive ele~tnts com)ri~!~g t~e ste) 

of ex:posin.:; a layeJ..· containin.:; u:ranium the thicknes..:; o:~ i'/~1icil 

is slightly below the c:ci tical thickness to a radi e:~ i on wh i.::h 

w::.:::.1 lioer~te neut:ror.s frow eler.'lents co:::1t<1inecl in t:f~c said layer 

&nd naintaining t~e said r adiation. 

3. Production of ra~ioact ive e:ements like ~ or 2p 

and the step of se:pa:cating a~ iritervals from the lcyer the r adio -

active el emer: ts produced frou urani1;.n .. 

4. Prod~ction of radio&ctive eleme~t s -lKe 1 or 29 an~ the 

the u1·aniun in the ".J..aye-.:..1 under the action of t~-:e said rc:..di r.;.ti onll 

and chemicD-lly separating th0 radioactive element protuce~ by 

the neutro1~s f:..~om the said eleiaent. 

5. :Lilce 1 to 4, • • • • a layer containing uraniu.n1 \7l1ich hu.s 

a lar.;-3r 11 ela ti ve abund.ance of the isotope 235 t:"lan :.::atu :..~ al 

uraniuu ••• 

the 11 eJ..ative abundance 

.... a layer con tainin~ u11 c..nil~m 
. /0~'!:; 

of the isotope 235 is ~~:$ o::...· g:cea.-~e:· .• ~ 

7. Process for t:i.1.e production of uranium in whic::.-1 t :'le ::...~cl-

ative abundance of the isotope 235 is increased, co8prisi~g t~c 

step of p:ce?aring a halo,sen compound of uranium such 2.s fo::..· L'lst-

ance UF6 fran a uranium compound or uraniurJ eler.:l.ent, the step 



- 2-

of suoj ~~ctin:; t11e said hc:::.loge::1 cu;:~~ound. to c::. C.iffusio2: J!l'c cc ::.:::; 

me.ta:L.l-i-0- t:I'8.:.::.-.:. t:r.~-·~·.:-.,:;--; ......... - ;;... ,.~ :;::.- __ ~ .. ;_;_:::.:.L:-:.-:.-=.:::--=---"=--·.- . , ~ -;;-" 
·' 

a chlo:rine compound, for instance U Cl4, f:rom a urc.:.:-: __ ,_·.:r com}_)-

'· 
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IN TESTIMONY WHEREOF I 

STATE fJF NEW YORK 

COUNTY OF NEW YORK 

) 
) ss: 
) 

affix my signature 

Rr~~ 

I, LEO SZILARD, the above-named petitioner, being 

duly sworn, depose and say that I am a subject of Hungary 

and reside at 420 West ll6th Street, New York, New York 

and that I verily believe myself to be the original, first 

and sole inventor of the improvements in APPARATUS FOR 

NUCLEAR TRANSMUTATION as described and cl~imed lin the 

·annexed specification; that I do not know and do not 

belieTe that the same was ever known or used before my 

inTention or discoTery thereof, or patented or described 

in any printed publication in any country before my inven

tion or discovery thereof; 

That as to those features of the said invention 
. n 

which are not disclosed in my prior application Serial .No. 
, 

10,500, filed March 11, 1935, of which, the present appli-

cation is a continuation in part, I do not know and do not 

believe that they were patented or described in any printed 

publication in any country more than two years prior to 

this application or patented in any foreign country on an 

application filed by me or my legal representatives or 

assigns more than twelTe months prior to this application 

or in public use or on sale in the United States for more 
I 

than two years prior to this application; and that no appli-

cation tor patent on said features of this invention has 

been tiled by me or my legal representatives or assigns in 

any foreign country; 
I 

That as to those features of the said invention dis-

closed in this and in said prior application Serial No. 10,500, 

[filed 11aroh 11, l935j I do not know and do not believe that 

they ware patented or 4eaoribe4 in any printed publication I 
in any country more than two years before the filing ot 

-. [ 
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said prior application or p_eter;ted in any foreign country 

on an e~plioation tiled by me or my legal representatives 

or aasir~s more than twelve months before the filing ot 
said prior application, or in public use or on sale in 

the United States for more thnn two years before this 

present applioatlon; and that no application for patent 

on said teatt~es ot the invention was filed by me or my 

legal representatives or assigns in any foreign _country 

before the filing ot said prior United States application 

except as follows: England, March 12. May 9, June 14, 

June 28, lUly 4, September 20 and September 25• 1934 • 

.. 
~rciJ~~~ 

I' 
j Subscribed and sworn to before me 
I :::;J. i this I day or March. 1~39 • . 

II 
II 

~~ 
I 

Noter:r P\1 

-2-

______ !~~----------
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(( \ •• 1 ~ t l ~ o:..1 U 235 h;.~.s O(. ·~n arti:'ic::..:c::;_ly ii.:c:rcased., i:Jc..y o..:: ;,_<.::;::.::... ;·n i:-: eC::. 

I/, I • 
I 
I 

Ylith a hyC:.ro~"';cn cc i.-: t :::.i r!::. ;,:_; s;l'oste.i.1Ce to fo11'~ ·c::c c~: -~ ~::1 :::· e ~~ c t io~1 
I! ( I • 

(' laye1·, o::: alten1atively -c11.e cr-~~;. in reactio:-:. l .;.y e;:.:: ::~<.:.J ~) C bui l·:~ 
I 

up fro~ alternatin3 layers of ~~anium and t~e hyC::.r osen contain-
a 

raffin wax or calciuiJ hyd.:rir:e o.ppear to -~;e GD.;i.tzv"::Jl e . If t he 

hydrogen contai~in3 substa~ce is not mixed uith urani~~~ ~ut 

al te:rnat ing layers are used~ the J..B.ye11 s sho~l r: 0 e o.s t:.-1L1 <;.3 

ing layer should be as small as possible, and if )araffi:_, ~ate::, 

or a hyd.:roc;en containing sucstarwe of about the G<::.::,·, e; ::yd.1.1 oc.:.::n 

conccn-t:.: e:.tion is used, the J.:.h ickne::>s of the layc:..1 :::.> oulc~ :1o t 

cxc e e C._ a "o oE t 7 r.1r.1 • 

:n such a chain rea ction l~yer the ne~tron G~it~ed ~~o~ 

the u:rzmi1J .. i11 is slovred. d.mvn after tl'aveli:r.g in "C:C.i.e cl'";.ain :.- c<::.ct5_on 

laye= &n ~verage distance b from its origin. 

b from its origin the neutron uill therefore be so s~ou t~at 

its 1;1e2.n free path-a ·· for scatte:rinc; is much sr;;c:.ller t[-.c;,n tl-Le 

value b. In IJaraffin wax this mean f::.1 ee IJath a Y<oulci be ::::.·oov.-c 

2 1/2 mm, c::.nd in the chc.~ in rer-:. ction letye:r it Y·iill ·oe somcn."lL'.."C 

lo.rger, i.e. by a fe1.ctor 1-c which gives the :·c:~tio of the co:r1-

centration of hydrogen in paraffin to the concentration of hy-

drogen in the chain reaction layer. ThiD :reduction of the mean 

free path for scatte:cing is due to the large scattering cross-
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b fro~ their orizin have now, bein3 s~ow, a ler~ e c~c ss - scct i o~ 

section of 'the slow neutro~s in the chain reaction : ~yc r ~n~ 

the l2,ree transr:1Utz.tion cross-section of the s::.on :.'"lCL:.trons for 

.._;> 

becomas slow at the average distance b fro~ ~ts p oi~~ of orisin 

will transr:; ..... te a v.:ranium ::1ucleus at a poir:t '.'i:licr is e:;. t an <:'.vc r-

age distance q fran the point at ~Aich the neutron ~ccame slo~, 

c:.nd the distc,-,nce q is sr11all cow:9ared to ·c~ so the.t ·ct..c ncutl~o:tl 

. ·•· -_./ 

·will transmute a uranium nucleus at ~ distance () : . .- :c:o·~ ve~_'y dif-

ferent frow b f:ror:1 the point of its orisin~ 

In these c ircums tanccs the previously g iv-e~-.:. G\~t;_c:.t ion cioe s 

no longer hold, and the critical thickness is ~~:9roxi~at~ly 

given in the following way. Fo1~ the sta·ciona::L7 state ·che neu·ci·c::;. 

density within the sphe:rical chain reaction l ayer obeys ~ow the 

equation: 
2 

(
-, : '2-/.!±!) -f- G (/JJ~ - ~~J_ I "'- /' 1 

(/) tf·-. ";._ I • • ~..-..-~-----· - • ~ .:.J _/ 

• 1 l!// .r 2 l:J\ __ 

In this equation \'!0 is the probabili·~y fo:r a slowcci C.o':in 

neutron to cause a tra:.::smutation o: uraniu:r.J in \rhich the sloY: 

neutron disappears and no fast neutron is emitted; u- ~s t~e 
.... 

probability for a slowed down neutron to cause a :-_·,,al" Q ~,;-'- .., "·-; 011 
...,... J......, .L.J """ ...,.......,. IJ~ 

of uranium in which the slow neutron disappears end one fast 
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n8"lltron 

ron to causa a t~ansn~tatio~ of uruniu~ in ~6ic~ t~~ slc ~ ncutro~ 

\ V:_ u C 'i 

at ion 

\.. -
'u - G • 

( 'i'" -:; 
__:_; ' ./ 

c~itical thickness is given by , I/-

in the gene1·al 
/./ , ? 

'--'0 

in the special 

( / /./ '.!.. - ~:/ 0 ) '. (.... 

~ .2 \ "';;-;.-'l t;/ '-'-J ) 

case 2.nd by 
<::;;,-

.. ...... l l I I 
- ~{. ./ ,_..., li ·-:-

~ ._.; ~ ~ 

case. 

Obviously~ the above Ci.iffusion equation p~esu:p p ose3 :~or 1·cs 

valid.ity a small value of ' ''2' cut even fo~ large v-a:u.es of Yr2 

giv-es at least the order of magnitute fo1· tb.e c~iti~s.l tf-... ic~.r.e::;::;. 

The crit5.cz.l thickness Ytill in :p~actice 2.ll'rr;.ys oc 0.etc:::~:~ in.:;~ 

. ". kl" ~,:~ .';..,...r.;::,«J 

ernpiricallyf''in the follov,;ing vray: a neut:con source is sL::::.'::.'OV.~~e:C. 

by the chain :::eaction layer of an approxioately co~:::ect thick~css 

wh:.ch is safely belov:r the critical thickness. The rc:~d.ia.tio:::s 

while 
emitted. from the chain re a ction layer~-~-""7~ C):poseC:,1 -vo thi::; 

nev.tl~on sou::ce a:::-e cbservecl by neans of an ionization cl-.2.-Y~'.Je:::-. 

m"' . "" .;.., .. 1 
~nen ~ne ~n1c~ness of the chain reaction layer is brought close:-

to the critical thickness by gradually increasing either t~e 

c:;_uanti ty o: u::::-anium or the quarti ty of hyd.:;..~ogen containL"lg sL:<.1) -

stances mixed with the uranium. The amount of ionizi~g ::.'adiatio~ 

which is emitted is again observed and. the thickness c-: ~~18 

chain reaction layer is 8.gain brought closer to the crt icul 

thicl<:ness in tl1e same. way a.s before . In this 'Hay, by o'i')serv-ing 
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incrGas e o~ the e~ i tted ~adiatio~ as a fu~ct~an of the ~~cr~~s ~~~ 

isters the neutron intensity oy ~:1 ;:;ans of recoil ions ::. n ·c .. :. ..; sa3 o? ·c-r ... .:; 

chamber, L1cl1..<.c ed 2.c t i vi ty cau sed. 1;y the neutrons c<:~n be t;.s -:::C::. as a ·;n ea-3-

ure of the r~diation intensity. 
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em~ to the ~v~r~ao cro~
a- ~cctio~ 

fa= ~ .:e c~is ~ io~ of t~o no~tro
~s -

of the ura11ium which is ·tlsed . Th:i.~-:; cross - sectiol·l 

Therefore, if native u::.~a:'lium is t:seci, the nur;;oer of go ~To ls of 

If a v.::ranium is usecl ir. wh ich the rare iso-;:.o )G i:a.s been c oY: -

c entrated, the ~~ount of uran i um used can be sm~:l e r ~n ratio of 

the inc::.:ease d averag~:; cro ss -sect ioD fo r t}le cmissi o~1 o-:.~ t v7o :.cuJc-

rons in the transmutation of uran i um . 
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of the spherical shell of ~he chain reactio n 1 :=we::.· ::.s :m.wh lal~~e:-

thE~~1 the critical thickness ( ~o be e.ccurat E: Yi e should. have said 

the minimum critical thickness given by the a:o ove for:·.mlas), and 

if all slo-~"7 neutrons are absorb eel, fo-:: ir:star ... ce by a caG.r:~ iw~ layer 

coveri~G the inner surface o: t~e sp~~rical chain reaction layer, 

the critical thick~ess of t~e arra~gement is ~ncreasc~ . By sud den
f".;.---om 

ly removing such a·;Jsorbing mc;:cter :J,T7 the -·--... :::. v ..:. .... c chain rE:-

act ion l a yer, the critical thickness may be ret.L<.c~ ":.-e:oYr t:1e actual 

thickness, a:-.d. t~1us a:;:1 ex:plosi:m :may be brouzhJc c:.:~o ·::.. ·c. Tile ez)losio::l 

Vlill be all the mo re violent the t'lo1·e quic:t::ly the a i)s o::oir • .:; sub -

stance is removed . A si~ilar increase in the critida~ t hickness of 

a s:f)herically symmetrical chain :teaction layer can oe -:n·ot.:. .::;:rt a~ ou ·c 

by ren.o~ri~c; a sectio::. of the: :..ayer and the:ce~y p:.~oducing ar. 0:9 8tl -

ing th:.~oL,;._zh which the neutro;::s can escc:pe. For instex~,;e: a ccmic2.l 

section corr·esl)Onc1ine to a few ;; of Jche spherice.l chai r. re:::ct : o::1 

layer can oe so ~rraneed as to be easily moved out of its )~~ce 

&nd replace~, ancl thereby the critical thickness may be re~uce~ 

or inc1·eased.. 
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neutron in?~~ is in p~actic e linit ed ~Y the acc~r~cy of the arra~s e -

menJcy since the t:1ickness of t:1e chain ::.·eaction l e.ye1· must ·oe e::-

it in order to avoid an ex9losion. ~ortunately, it is possible to 

overcome this difficulty by reas on of the followinc f a ct: 

In reality we have to deRl not with one critical ~hickne s s 

different 
only, but witi1 tvw/critical tnicknesses wl1ic?1 we s:1all call t :1e 

instantaneo~s critical thickness and the delayed critica l th ickness . 

The arise "by virtue of the fe.ct that, Yrhile -~h0 bul~<: o -;~ :.-.~.8a t:ron s 

there is also a delayed emi ss ion of neutrons, t he de l ay b 8 i ~ s o~ 

the o~der of magnitude of a few seconds. If t~e t~ickness of t he 

chain reaction layer is l~rg~ r than t~e delayed critica i th ick~e 3 s , 

but smaller than the instantaneous critical t h ickness, t he neu~:ron 

output increases to infinity 1 but does not increase too ra~i~ ~y . 

T'nis raakes it possible that by rJoving an Ot)ject v/hich fo:.·:i13 :.Ja::.· t 

of the arrancement and vrhich has an influence on the crit ic a :::.. t :cl ic:-:-

nesses (for instance, by having a sloi': neu-cron r.osol·"ber il'1 t.::e i ;::-

terior of the hollow sphere of the spherical chain reaction layar, 

and by partially withdrawing it from there, we can reduce the crit-

ica.l thic~-<::ness, and in a similar vray \7e can also increase it by t:1e 

opposite movement)9 we can vary the critical thickness in time. 



· - -· - - -~·- ---------=~~=======-"'"=:----~ 
, I 

- 2-

~~.1e 

time t~c c~i t ic~l thicknes s the crit i cal thi c~ness for (eluyed 

t~e real thickness of the sphe=ical l~yer. It is o~ly necessary 

for safe functioning to have an instru~ent w~~ch is se~sitive to 

the emitted radiation or the teMperature of sone par~ of t~e chain 

:ceaction layer, ~11d this: :.nst:;.~u..-"Ue~1t c.s.~1 co::.1trol the p osition of 

the regulator obj ec"'v. Obvious ly, in orde:;.~ to have stable :ClE1Ct :::...__.:.-

ing, the re.:::,-ulator object \Yill have to be r::1 oved in d:ircc·cio.L of an 

incl~eas e of the cr it ica.l th j_ckness \7i th inc1·eas i ng neu-t1·on rad ia t :i.G::1, 

and it has to be ~oved in t~e opposite way with decreasi~~ neut r on 

radiation. ':'~nile the thickness of the chain reacti on ... aye r 1rill 

still have t9 be accurately chosen, since it has to ~ e ~!t~in nar-

row limits, i.e. betwe en t~e critical t h icknesG for i~stantanaous 

neutron e~ission and the critical thic~fiess for delaye~ neutron 

enission, t~e 18.-'vte:;_~ being Ol1ly slightly lar[:; e:::- t:lan t~'lC. forT::e:c . 

Yet tlle o.bove ciescl~i'ued regula:cion makes it :possible -~o :;eta Vel'Y 

-wuch higi'le:r ~eutron output without 1~eachi:.1g an ex::p los::.on. 

The critical thick::.1ess for delayed emission co~ld also ~e 

conveniently called the total critical thick~ess because i~ co~-

responds to the total neutron emission, both instantaneous an~ de -

l ayed . It can be easily d.eteri:1ined em1Je::t ically by varyin~ the c:hicl\:-

ness of the chain reaction layer and obse=vin,g for each t'i1icl:ness 

the emitt ed neutron radiation as a function of time. Below the 
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critic&l t~lickncss f or delayed emission the ~ e~tron ra~ i~tion 
i~ a 

function of ti:ue which resembles a r;; :~ov.rth cu~:--,re in t:'lc ~ielC:. a:·: 

rad io~ctivity~ i .e. it ap~roaches an upper limi t ~ractica: ly ~ ea c~ -

ing e~turation after some time. thiclc11css 

ous emission, t~e observed neutron e~ission iLc r eases ~ore and ~o~ e 

rapidly wit~ time, and the arrangement has qu ick l y to be change~ 

in orcle:r- to avoid o"rerheati::-1.:;:;. TJ1e value of t he cri.-~ical thic"-me::; ::; 

for delayed emission is :ceCLche cl when one ty-pe of cc::r.ve s ees ove :...~ 

into the other , and at the critical thickness itsel! the neutron 

intensity as a function of time is a straight line. 



PENNIE. DAVIS. MARVIN AND EDMONDS 
\\"ll . t. l AH l1 DAV I S 
/\UnA l\ MARV I N • RETIRE.O 

DP.AN 5 . EDMONDS 
FHANK E . 13h RROWS 
W. UnowN MoHTON 
i'1F.RTON w. S A OE 
\VtLLl S H TAYLO R . J R . 
E R NEST H . MERCHANT 
GEO ROE E . MtDDJ...ETON 
~IONRJ!'I D. J A C KSON 
H. MORTON ADAMS 
.RAYMOND F . ADAMS 
LEsl.lE B . Yo UNo 
DANIEL V . MAHONEY 

E-1512 

Dr. Leo Szilard, 
Kings Crovm no tel, 

CouNSELLons AT LAw 

165 BROADWAY 

NEW YORK 

WASHINGTON OI"J" t CE:S 

NATIONAL P R ESS BUILDING 

February 27, 1939. 

420 West ll6th Street , 
New York City, N. Y. 

Dear Dr. Szilard: 

As sor. tA Tes 

IlAYMOND U f'ANI'IELD 

BALDWIN G u JLD 
AMDRO SE A _t\n N OLD 
s . n o wr.:LL DR OWN, J n . 
Lo u r s D. F o nwAHD 
H . STANLJ>: Y MA:-.S I' J f!.t.D 
GI!:OR O C: E. FA t T IIl'U LL 
DoNAT, F . M c:' C'AWl' IT Y 
HALE S~An UAV~H 

J OHN II o x 11': 

JO HN T. FARLEY 

CURT VoN BOETTJ C HER.JR. 

JAMI':S D . CHIUSTJE 
JA M £5 w. LAIST 

CYRIJ S s lfA POOOD 
ROOI!R T . M \ LeAN 
H AnOLD A . TnAV~R 
K t': NN'I!.T II JJ . M U H HAY 
llAwnv E DowN~R 
CAru. E. RtNO 

In accordance with your request I am returning 

herewith the three photostats of Figs. 7, 8 , and 9 of your 

U. S. App lication Ser. No . 10,500. I have had these photo-

stats cop ied and have g iven the co pies to t he draf tsman to 

use in making new drawings for your divisional apo lica tion. 

As you requested, the cost of these drawings 

will be c.ha r ged to your personal account. 

Very truly yours, 
) 

~~ 
Enos. 

SPECIAL DELIVERY 



WJJ.LJAM IJ DAV I S 
ARBA B M ARVlN - Re:TtREO 
DEAN S EDMONDS 
Fn.ANR E 'BAR R O WS 
w. BnowN Mou:TON 
MERTON w SAOE 
\VILLIS B TAYLOR . J R . 
ERNEST H MERC HANT 
GEOROE E MrDDLETON 
MORRIS D JACRSON 
R MOJ<TON ADAH8 
RAYMOND F ADAMS 
LESLIE B . YO UNO 
D~IEL v. MAHONEY 

PENNIE, DAVIS, MARVIN AND EDMONDS 

COUNSELLORS AT LAW 

165 BROADWAY 

N E W YORK 

wAS J I 1 'lQTON O l 'l'"TCES 

N ATIONAL PRESS EU ILDrNO 

W::. shington, D.C . 
JRnuary ?5 , 1g0a 

Mr . Leo Sz il!"'rd 
Kings Crown Hotel 
420 Weet 11 6th Street 
New York City, N.Y. 

Denr Mr. Szil a rd: 

AssoarATEB 

RAYMOND u CAN J"I ELD 

BALDWT N GIJ TLD 

A MD ROSE A . A RNOT .. D 
S.Dow~ t .L HuowN.Ju . 
Lours D. Fo uwARD 
H. STANL~Y MANSIIJP.LD 

GEOROB E . FATTlJ I~ULL 
DONAL F . M t> CAH"f' IIY 
HAL E . St':AUHAV ~H 
JOHN II oX II!: 

JO U N T. FARLEY 

CuRT VoN BoJ~TTIC H En.Jn . 
JAMES D. C HRI STIE 

JAMES w. LAIST 

C YRUS S. HAPOOOD 
RooER T. M c;" LE.A"N 
11A tt () 1, n 1\ Tn Avt>; n 
Kl':NNJ':TJl Jl . MtHCHAY 
IIAnnv E . DowNx:H 
C A RL E . HINO 

At the reouest of Mr. R. M. Ada~s I Am onclosing 

a nhotosta tic cony of Fig-ures 7, 8 a nd 9 of the 

drawings RB originally filed in your RD0l icnt ion, Se ri Rl 

No. 10,500. 

CM:F':dr 

at t. 

' I \ 
' _.1 

I , .. 
/ r...;1 

t / 

.· 

' .il( ~ . ... 1 ..... 



.. '"" ' r 

·· ~ ... •• •• .. 
'"==' 

II 

'I 
1 

I 



•. 

I • 

'·. 
\~£#/ 

I 
I 

I ~ !{P 
I 

;r--r-

l ,~·~) If 

___j 

ll 

" I 

I 
r .. .. 

·, I .. 

J' 



I 

r 

I 

I· .. 
I 

... 

I 
J 

I 
,..J 

nr--

(I 

- 1!/!lJ 
~ 

. ' . ' .. 

~ .. l 



...... ? t:-1 
·-- CN UT U. is unr~ d 

uraniun or ·bout 20 cc ot urn.ni-u::. "[)ONder . 

o: ur;;nium \7il1 be lnr ~;-~r cc:cre tmon.~l- s t8 TllC s·~;.'. 2.l0r rlcns -

ity of the oxideo If the hyd··oce1 co~t~ini2G ~~~sta~ce :s not 

mixe · ":Ti th the ura.n iur.1v but if c;t. tcrnut i ve l~yers o:: the ht•) 

arc u sed, t he layers shou_d be ~5 . ~ i ~s )ouniblo. if p~r~:-

fi · or a hydr ogen containL<.g subs tancc of G h ;Jil<J,r c.c--.s i ty- i:::; 

u~:;cd t he thickness of th~~ }1< :raf ·. in layc ·s sllou.l .:l "be as G. •w,ll 

as pOGf.:l :l."ble and sho,~ld not exceed say '7 :mr:1 . 

If ure.nium whi ch cont - ins a h·' g perceat<::~f3- of .i~a::ium 

235 is use· it is of advRntar;e to slow J. wx1 the neut· o: G by 

us ine; !1ydrogen contc:.inin,'::: substances, G ince these l:yC.rcJ;en 

conta:I.ni.. s substances rod ce the mean fr e path :fo:r.· ac<~tt r -

i·r; in t he chain reactio:1 _ay er a.1d thereby :r-w.ke it possib~o 

e;rea.tly to reduce the crit.:.cal thicknesu of' t:e cha'n rcact:o 

layer. ~~is reduction of tho mean free path is 'ue to the 
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hic)l ~ca.ttcri~.z c ·oss-soction of hyd:coc;en., In r.;.(L:lt · o~"! to ·c:w 

c~ec:r.·casc · . r.:ean ±'reo p..-.!.th t!'.!.crc :::.;:; also e. c.i.ecl'Co.,:;e in the nu:J-

.,., 
O .l collia~ons ~hich · 

of the .uranium nucleus which lc::ui.s to t?'r · l ~. )e;rc:.ti.o . o-::· 1 et't-

~ous . ?t"s is nimn y due to the f a ct th~t the tran~mt~cion of 

the cri tica tl1icl::!Wss is no _onse:r.· .3i von "by tho ±'orr:ml a ,.,hie:-... 
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usc coopounds of heavy ~y~ro~e~, 

of simi l a r c ompounds Jf ~1~ t hydro6Cno The rntio of tl 

of hcnvy hyC.rogen to the u-c:10u:1t of u :..··.m ·u~ 235 may be 

to .... 
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Native uranium,or uranium in which the relative abundance 

of U 235 has been artificially increasedy may oe used. mixed. 

with a b.ydro!Jen containine substance to form the chain reaction 

layer, or alternatively the chain reaotion layer may be bui t 

up from a ternating layers of u.:anium and the hydrogen contain
a 

ing substance. As .:.thrf hydrogen containing substance water, pa-

raffin wax or calciun hydri~e appear to be suitable. If the 

hydrogen containing substance is not mixed with uranium, but 

alternating layers are used, the layers should be as thin as 

possible. In particular ~ne thickness of the hydrogen contain-

, . .......... 

1 

ing layer should be as small as possible, and if pa.raffin, ·water, 

or a hydroc;en containing substance · of about the same hydrogen 

concentration is used, the thickness of the layer shoul~ not 

exceed about 7 L~. 

In such a chain reaction lEl.yer the neutron emitted from 

the Ur8.nium is slowed down after traveling in the chain rec:.ct ion 

layer &n average distance b from its origin. At the distance 

b from its origin the neutron will therefore be so slow that 

its mean free path~ a--for scatter in&; is much smaller than the 

value b. In J,>araffin wax this mean free path a vwuld. be abou.t 

2 1/2 nun, and in the chain reaction layer it will be some·what 

larger, i.e. by a factor k which gives the ratio of the con-

centration of hydrogen in paraffin to the concentration of hy-

drogen in the chain reaction layer. This reduction of the mean 

free path for scattering is due to the large scstterir.g cross-
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section a hydrogen for roo~ temperature neutrons . In ad~ition , 

the neutrons v1hich he~ve been slowed doTm at e.n average distance 

-b from their origin have now, being slow, a larce cros s - sectio . 

for those translliutations of uranium which lead. to the liberat ion 

of neutrons. The combined effect of the l2.rge scatte ·1ng cross-

section of the slow neutrons in the chain reaction leyer and 

the large transnutation cross-section of the slow neutrons for 

uranium is that a neutron whi ch is emitted by uranium and wnich 

becomes slow at the average distance b from its point of origin 

will transr..1u te a 'lJ..ranium nucleus at a point vrhich is at an s.ver-

age distance q fron the point at vrhich the neutron became slo'\7, 

and the di~tance q is small compared to b, so that the neutron 
~- -'(' 

will transmute a uranium nucleus at a distance b ~ not very dif -

= 
ferent from b fron the point of its origin~ 

In these circumstances t he previously given equation does 

no longer hold, and the critical thickness is a pproximately 

given in the following way. For the stationary state the neutron 

density within the spherical chain reaction layer obeys now the 

2 

{I)?-~+ G(!t!~-wD) (T-.1) =-o 
~r ~,;. 2 tt/~ 

equation: 

In this equation w0 is the probability for a slowed do~n 

neutron to cause a transmutation of uraniur.1 in which the s ow 

neutron disappears and no fast neutron is emitted; ~l · s the 

probability for a slowed down neutron to cause a t fians:mutat ion 

of uranium in which the slow neutron disappears and one fast 
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neutron is emitted; w2 is the probability for a slowed down ~1eut 

ron to cause a transmutation of uranium in which the slov: neutron 

disappears and two fast neutrons are emitted. 

at ion 

For the special caGe :vr2.::1; v1 = o; v;0 = o, the above equ-
. L . ~ 

g1ves~~ ""!.. "'~ ,, h ~ .::..-<?-~-;-- (7:) V< t?:.:!L -;- 3 (r ~ ) 
/ £"(/?'"~- d if' -c... 

The critical thickness is given by I/ 
77 - ( ( ././ '1- - i-./ 0 ) ) 2.. 

{ -- g ~ ---=--
ti -z. ~ .3 (2:-f1 r2.tv:!-.) -

in the general case and by 
0::::. _,. 

£0 - 7[ .& y-!; 
in the special case. 

Obviously, the above diffusion equation presupposes for its 

validity a small value of w2, but even for ~arge values of '2 it 

gives at least the order of magnitu e for the critical thickness. 

The critical thickness will in practice always oe determined 
\kl" t'~ ?-..h:A4 

empiricallY(in the follovdng vray: a neutron source is surrounded 

by the chain reaction layer of an approximately correct thickness 

which is safely below the critical thickness. T1.e radiations 
vrhile 

emitted from the chain reaction layer~ exposedp to this 

neutron source are bserved by means of an ionization chamoer. 

Then the thickness of the chain reaction layer is brought closer 

to the critical thickness by gradually increasing either the 

quantity of uranium or the quadity of hydrogen containing sub-

stances mixed with the uraniun1. The amount of ionizing radiation 

which is emitted is again ooserved and the thickness of the 

chain reaction layer is again brought closer to the crtical 

thickness in the same.vrp.y as before. In this way, by observing 
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the increase of the emitted radia~ ion as a function of the increasing 

effective thickness of the chain reaction layer the critical thickness 

can be extrapu~ated from the observed curve by plotting the intensity 

o:f the emitted 11.eutro1 rc~ io.tion o.g:::dn t the cf:f.eoti~r~ ti:l.ic:,nose of 

the chain react i on layer. Instead of an ionization cha.."'!lber whic~1. reg-

isters the neutron intensity by means of recoil ions in the ~as of the 

chamber, induced activity caused by the neutrons can be used as a meas -

ure of the radiation intensity. 
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The r:mxi::num ratio o: concen t:r.a t ioi of the hydrogen c ontainin0 

substance to the concent ration of ranium is deter:wL-1ed by the 

capture cross-sect .:.on of the hyd.rosen atom vrhich is about /3 lo- 24 

cm2 to the avera3e cross- section for t he emission of t wo neutrons 

of the uranium which is used. This cross -section 
- ?4 2 

is about 10 ~ em • 

Therefore 9 if native uranium is sed, the number of gm 1-lol s of 

ura.niun in the mixture must be at least 1/3 of the nurnber of g£1 . !.~olf.{s 

of hydrogen. 

If a uranium is sed in which the rare isotope has been con -

centrated, the a~ount of uranium used can be smaller in rat·o of 

the increased ave rage cross-section for t~e em ission of two neut-

rons in the transmutation of uranium. 
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Variation of Critical Thickness. 

If slow neutrons are used the critical thickness can be in-

creased by having a slow neutron absorber within the holluw sphere 

in the center of the spherical arrangement. I f the inner radius 

of the spherical shell of the chain reaction layer is much larger 

than the critical thickness (to be accurate we should have said 

the minimum cri t ica.l thicl<:ness given by the above formulas), and 

if all slow neutrons are absorbed, for instance by a cadmiun layer 

covering the inner surface of the spherical chain reaction layel~, 

the critical thickness of the arrangement is increased. By sudden
from 

ly removing such absorbing matter fl'JIX the inside o~ the chain re-

action layer, the critical thickness may be reduce below the actual 

thickness, and thus an explosion may be brought about. The explosion 

will be all the more violent ~he more quickly the absoroing sub-

stance is removed . A similar increase in the critical thicknes s of 

a spherically syrmnetrical chain reaction layer can be brought ab out 

by removing a se c tion of the layer and thereby producing an open-

ing through which the neutrons can escape. For instance a conical 

section correspondi g to a few % of the spherical chain reaction 

layer can be so arranged as to be easily moved out of its place 

and replaced, and thereby the critical thickness may be reduced 

or increased . 
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R:SGULAT I OfT . 

As we have · seen, the ratio a· neutron input to neu tron outJ ut 

becomes infinite for the critica t~ ickness o~ the arranee~ ent. The 

neutron i nput is in practice linited by the accuracy of the arranGe-

ment, since the t~1ickness of the chain react ion layer must be ex-

tremely close to the critical thickness, and yet ;~u s t remain below 

it in order to avoid an explosion. J'orturw.tely, it is pos sible to 

overcome this difficulty by reason of the following fact: 

In rea lity we have to deal not with one critica l thickness 

different 
only, but with two/critical thicknesses which we shall call tile 

instantaneous critical thickness and the delayed critical thickness . 

The arise by virtue of the fact that, wh ile the lmlk o;f neutrons 

is emitted instantaneously when uranium i s transj:mt ed -by neutrons, 

there is also a delayed emission of neutrons, the delay bei~g of 

the order of magnitude of a few seconds. If the thickness of t he 

chain reaction layer is larger t~an the delayed critical thick~1ess, 

but smaller ' than the instantaneous critical thickness, the neutron 

output increases to infinity, but does not increase too r ap i dly. 

T'.nis makes it pass ible that by moving an object wh ich forms :par · 

of the arraneement and which has an influence on the critical thick-

nesses (for instance, by having a slovr neutron absorber in the in-

terior of the hollow sphere of the spherical chain reaction layer, 

and by partially withdrawing it from there, we can reduce the crit-· 

ical thickness, and in a similar way we can also increase it by tl1e 

opposite movement), we can vary the critical thickness in time. 
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We s~1all call objects which are used in this way regGlator objects, 

and a.ccordino; to our i n-rent ion the neutron output can be }:e~Jt very 

hizh by mov i1:g t ile regula tor object in such a way that part of t":l.e 

time t he critical thickness the cri ti cal thickness for delayed 

emission should be be lo-~v , and l')art of tl e time it si10uld be al}ovc, 

the rea l thickness of the s pher ical layer. It is only necessary 

for safe functioning to have an instrunent w~1ich is sensitive to 

the emi tt ed radiation or the temperature of sone part of the chain 

reaction layer, and this ins t rume1 t can control the posi t i on of 

the regulator object. Obviously, in order to have stable function 

ing, the regulator object -.;vill have to be moved in direct · on of an 

increase of the critical thickness \7ith increasing neutron ra iation, 

and it has to be moved in the opposite way with decreasin~ neutron 

radiation. ':"Vh ile the thickness of the chain reaction layer uill 

still have to be accurately chosen, since it has to be wit~in nar

row limits, i.e. between the critical thickness for i ns t antaneous 

neutron emission and the critical thickness for delayed neu.tron 

emission, the latter being only slightly larger t~an the former. 

Yet the above described r egulation makes it possible to get a very 

much higher neutron output without reaching an explosion. 

The critical thickness for delayed emission could also be 

conveniently called the total critical thickness because it cor

responds to the total neutron emission, b oth instantaneous and de 

layed. It can be easily determined emperically by varying the thick

ness of the chain reaction layer and observing for each t!1ickness 

the emitted neutron radiation as a function of time. Below the 
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critical thickness for delayed emission t~e neutron radiat ion ~3 a 

function of time vrhich resembles a growth cu:.:-ve in the -"ield. of 

radioactivity? i.e. it approaches an upper limi t ~rac t ically rea ch

ing saturation after some tiTe. Above the critical thickness for 

delayed emission, but below the critical thickness for instantane

ous emission, the observed neutron emission increases more and rnore 

rap idly with time, and the arrangement has quickly to be chan3ed 

in order to avoid overheating. T'De value of the crit"cal thickness 

for delayed emission is :ceached. when one type of curve goes over 

into the other, and at t he critical thickness itself the neutron 

intensity a s a function of time is a straight line. 
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1. Production of radioactive elements comprising the step 

of mai~taining a neutron radiation and exposing to the said 

neutron radiation a layer containing uranium, the thi.:::kness of 

/) r (}.)/~ _;J"" othe said layer being slightly below the critical thickness. 

~ 2. Production of radiaactive elem~nts comprising the step 

t . /._. 

o.:: exposine a layer containin~ uranium the thickness of which 

is slightly below the critical thickness to a radiation which 

will liberate neutrons from elements contained in the said layer 

and maintainirg t~e said radiation. 

3. Production of radioactive elements like :::>r 2, ... ~ • 

and the step of separating at intervals from the layer the radio-

active elements produced from uranium. 

4. Production of radioactive element~ like 1 or 2~ and the 

step of exposing another element to the neutrons emitted fron 

the uranium in the layer under the action of the said radiation, 

and cl1emically separating the radioactive element produced by 

the neutrons from the sa · d eJ.ement .. 

5. Like 1 to 4, • • • • a layer containing uranium which has 

a larger relative abundance of the isotope 235 than natural 

uranium • • • 

6. Like 1_2 to 4, • • • a layer con tainin~ uranitULI in whiclr 
" /()% 

the relative abundance of the isotoue 235 is {~ or greater ••• . ' 

7. Process for the production of uranium in which the rel-

ative abundance of the isotope 235 's increas , comprising the 

step of preparing a halogen compound of uran·um such as for inst-

ance UF6 from a uranium compound or uranium element, the step 
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of subjectinG the said halogen compound to a diffusion process 

wh ich ".Vill lead to a concentration of tile isotope 235 9 ~-=---e 

~~~r-vd~-e-::;--o=f-:t-1 .--:!:s-d--'-~:"'-tffi l on process I-nt-o

.~.~ 

mo.t.aJ.~-i .. o-tN." '1i-u~- ~</ --=;:==-: .,.,__c--: .. =.:::=-~, --- -=..~ 

8. Like ?9••• a haloge, compound of uranium, in particular 

a chlor :. e compound, for instance U Cl , from a uranium comp-

ound and a samule of chlorine which con0ists mainly of one of 
..... 'l/' ? /"" ..,.,. -

~ ./ ~r,/J...-.--...l : ( j,j 

the two chlorine isotopes? and which samp~e _can for instance be 

• \ -7--~~ .£.; fl' c£.. / 
obtained by a diffusion proces~roTtgn wnich .. _one of the two (~ /· / 

isotopes has been enriched. 
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!!r. Lewis ., :,t.· . ... strauss 
Brandy Rock 7arm 
Brandy, Va. 

Dear llr. Strauss: 

•'' ... t-, • ~ 

·,, 

·. 

'! 

Hotel King's Crown 
420 West 116th Street 
New York City 

Februar.y 13th, 1939 

I ho:pe you and Mrs. Strauss enjoyed staying at Palm l3each ., 

and that you are now having a nioo time at your ~arm. 

After I left your train in Washington I opent a d~ with 

Dr. Teller there and another day ~ith Dr. Wigner at Princeton 

and told both of them of our tentative plan to mnkc ~sa of the 

form or an nassociation" and let such an ansocintion take act-

ion if it seems desirable that somethin~ should be done along' 

the lines which we discussed. J;:ktr,. Teller, who is Professor 

for T'.aeoretica.l Chemistry at Geor:;e '\7anhincton lJn ivcrs i ty, 

will be at our disposal if it becomes necessary to keep somo 

person close to the ' Ad.ministration informed of the develop

ments, and he also can get the cooperation of his colleagues 

in ~ashington if this will be required. Dr. Wisner thought 

_that 8ome of the experiments which we discussed could be done 

··~ at Princeton. _As he is an old friend of mine and has much in-

fluence in the department there is very muoh in ~avor of fol-( 

lowing his suggestion, but I feel that it will be necessary 

to see vmat the position is from the point of view of equip

ment • and whether some younger members of the department could 

.---

\2:3) 
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cooperate without abandoning work in which they are at present 

·engaged. 

On my return to New York I went to sea Fermi to tell htm 

of nll these conversations and also to discuss some of tho 

small scale eJQerim·onts which might be mado in the near future. 

Since DW ·return almost ever,y day some new information 

about uranium became available. and whenever I decided to do 

som~thing one day it appeared foolish in the light of the new 

information on tho next day. I found that the Radium Chemical 

Co. had in stock 200 Tilgm of r .adium mixed with beryllium, which 

is a nice constant source of fast neutrons. The rent for six 

months amount; to t 500,00. As 1'ermi thought that he would 

like to use ~uch a neutron source for his experihlmlt I felt 

that I oueht to get it for him. It did not seem fair to ask 

'you to take any decioions from a distance, an~ so I thought 

it might be beat that I should advance t 500,00 for expenses 

of this typo ~~d to see later whether you aould sunction the 

expen~itures afte~7ards. A feTI d~yo later it turned out that 

this neutron source ~as too bulky to be suitable for Fermi's 

experiment, a11d Fermi aaid that for the present he is quite 

satisfied with the radon sources which he is getting anyway 

once a week at Columbia. In these circumstanoea · I arranged 

with the Radium Chemical Co. that they will let me hav~ .one ( 

gram of radium on loan instead. Thia radium used in co~~ot-

ion with the beryllium block sent from O~ord represents an 

intense source of photo-neutrons which can be used for a 
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number of experiments. The rent is $ 125,00 per month, and we 

have to rent it for a min~ period of three months. 

The outlook has ohanzed in some important respects since 

I laot sa~ you. It is now known that fast heutrons oplit both 

urani~~ und thorium, but slaw ne~trons do not split thorium, 

and they probably do not split the bulk of uranium either. If 

enough ucutrons are emitted ~hen fast neutrona split thorium 

or uranium it will still be necessary to see whether or not 

the emitted neutrons aro slowed down to a velocity at which 

they a:ra ineffective bef'ore they had a. chance to split enough 

nuclei to make the maintenance of a chain reaction possible. 

On the other lland, alow neutrono seem to split a uran-

ium isoto9e which is present in an .abundanoe of about 1% in 

~ran ium. I f this iootope could be uaed for maintaining chain 

reactions~ it would have to be separated from the bulk of uran

ium. ':.'11is, no doubt, woul_d be done if necessary, but it might 

take f ive or ten years ~before it cun be done on a teohuioal 

scale. Should small scale experiments show th~t the thorium 

and the bulk or uranium would not work, but the rare isotope 

of uranium would, we woul4 have the task tmmediately to at

tack the question of concentrating the rare isotope of' ~ranium. 

As you see. the number of possibilities hus increased 

since you left tovm. Some of the experiments which were de- ( 

vised, ia~articular the experiment which Fermi first planned, 

appear now to ba muoh more difficult than before. Other ex

periments, auoh as those with photo-neutrons, are not 'lffeoted, 



... .., 
-4-

but o~ course. they have aome~mat the character of preliminary 

e4'1>erimenta. 

I nm enclosing a clipping which might interest . you, as 

it show·s the otate of znind. o~ some physicists on February 4th. · 

The man who inspired this article di~ his ,best to hide what he 

thought, but his dementi is somewhat clumsy, and he almost · 

giv~s himself away in the last paragraph • . 

Anyway, things have calmed dom1 to some extent in the last 

few days, and tho newapapers at leas t :mi c;ht soon foreet about 

urauium. 

With beat wishes, 

Yours ve~ oinoerely 

(Leo Szilard) 

( 
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Kings Crown Hotel 
·420 West 116th Street 
New Yorlc City. 

Mr. J,ewis L. Strauss, 
Brandy Rock Farm, 
Brandy ~me, Va. 

Dear lt!r. Strauss : 

~ 

February l~. 19~9 

:I 
II 
ii 
'I 
t! 

- ---.;,._- i · 

with the effects of the grippe fading out and the redults of 

some further experiments about the splitting of uranium becoming 

available, things have calmed down a little bit since I left aou in 

Washington. The chances for a too violent development have somewhat 

diminished. 

After I left your train in Washington I spent a day with 

Dr. Teller there; a~d another day with Dr. Wigner at Princeton. I tol 

both of them of our tentative plans and that we thought the form of 

an association might be used if any action has to be taken. On my 

return to New York I had another talk with -Fermi. about the experiment 

he had in mind, and the experiments which I proposed to make. Since 

J then almost ever,y day new facts have become available about the ex

plosion of uranium, and whatever I decided to do one d~ was likely 

to look foolish in the light of the information available the next da 

When I talked to Fermi on my return, it seemed desirable that 

he should have a steady source of.neutrons , and when I found that .th 
! 

Radium Che~ical Co. had 200 mg of radit~ mixed with beryllium ( a 
i j i 

mixture prepared by Professor o. Stern in Pittsburgh ) in stoc(•. 

I decided to lend our hypothetical assoc1ation S 500 right a\•my , ! in 

order to enable it to borrow this radit~ source for six months. • 

Later it turned out that the source was too bulky to be useful to 

Fermi who, for the present, seems to be satisfied with the radon 

'- . 
r 

-· 0 · \ ___ _ 

~ . 
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source he can eet a t Columbia. And so I used the money to 

I 
i 
l 

borrow 
I 
i 

one gram of radium for three months with the pousibility of extehding 
I 

the arraneement on monthly terms ( the charees S 125 permmonth. ri'his 
i 

for three months together with some equipment for storing and carry-

ine the radium will not exceed s 500.) 
!' 

The situation at present seems to be as follows : sloW\~eutron 

seem to split not the main constituent of uranium ( Ur 2~8 ) itself 
i 

but a constituent which is contained in ttranium in the abundance' of 

only 1% ( Ur 2~5 ) • If there .is a sufficient neutron emission in the 

process of s.r>li tting slow neutrons will probably not be able to main

tain reaction chains in uranium, unless Ur 235 is separated from the 

bulk of uranium. To do this in the laboratory may prove difficult, 

and on a technical scale it may take five to·ten years, if it is 

possible at all. No doubt, if we could establish that a sufficient 

ntunber of neutrons is emitted in the splitting, we would have to. 

att<.,,Ck ·this question .Of separating:. the two isotopes, and WOuld then 

probably have a good chance to be the first to achieve it , even if 

it takes us ten years to do so. Any ·way we could feel safe for some 

time to come. 

Fast neutrons split both , thorium and the bulk of uranium, 

and it is quite possible that fast neutrons can form a chain reaction 
! 

in uranium. Rut there is a chance, that if such chain reactions wmrka 

the amount of uranium necessary for an explosion will be so large, th 

(! 
the •bombs• will be too heavy to carry. 

As it is, the experiments which would show the possibili~es 

of chain reactions will be more difficult _and lengthy in these 

circumstances than it seemed a week ago, 

. .....,...-·--- . 0 
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In these circtunstances a total abscence of neutron emission 

which would settle the question once for all, mey fairly soon be 

demons t rated , but if a neutron emission is present it will not be 

easy to show in a small scale experiment that it is sufficient to 

make chain reaction possible. 

Using one gram of radium and the beryllium block which has bee 
..___ -

sent from Oxford it should be possible to make a few useful experimen 

and I shall l~ok round in the course of this week to find out which 

laboratory wouldbe suitable from the point of view of equipment and 

readiness to co-operate. 
f 

I hope yoy and Mrs. Strauss had a nive time at Palm Eeach·, 

and wil l have some more sunshine at your farm. 

With best wishes, 

Yours very sincerelY. 

( 

0 
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I'rofooGo:t· !1. .Tol iot 
Ix:~1Jol~ut~' i: o dG Che!.tie ;ruoloo.il-a 
Collc$0 de ~runoo 
T-'zu•iu . 

Donr Profesuor Joliot; 

c/o J,ic )ox;:tz 
~20 ~ ivcr3iuo ~rive 
:icw York City 

to undorstnncl ·whc:~t th? cable · it• a 'b-out .. ':!.'hi::; let tcr :lz thcrof'ore 
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In t .. w l~ot 'few uo.yo tzlol·c ,·~:.:.:z none u.iocusoion hero c •1on.:; 

phyo ici:Jt~Z: wllethol. .. ol. .. not -.:10 ohoulu tako act ion to !)rcvont 

uny·4;hin.:; ulona thiG lino fl:or:l bo1n.:; pui>l1uhec'i. in aoicnti1:io 

periodtcala in t1in t~o-..J.ntry, and u.lstl l-""1~ collcnga(Hi in :::::;n~-

land and 7ro.uoo to nonsiclor to.kin3 3ir~il<1I· c.~otion . :ro uefinite 

cm'lcli.:~oions iulY<; oo fur bc:cn roached in t;hese llii:ictwaiono , but 

if m1c~ whGu ~efini te stope O.l'"C bci~.'..:. t"~kcn I chal.l sond you 

a cable to tell you ~hc.t is be:n3 aone. 

be the f ir:.rc t(,) give rel ia'blf.: l .. euul to. 

quictin5 uncertainty. i:1ln.tever in:orm:.:rtion o•1. the cui.>j oct you 

~i~ht ea.~c to tt~~nz.mittby letter or cuble o.t some la·tcr dD.to 

will, I ~~ suro, be ~rcatly appreciated . /~so . shoulu you 

cor:~e to the conclu~ion that :Pt:t'blicct1on or col.·t;.:.in uattcrs 

vcrJ sorio1J.s conoid(n"a"'cicn in thio country. 

Yo:tl's s inoerely,.,.. 
\.UCO Szilal'"<l) 
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~r . Lewis L. Strauss 
c/o Kuhn, Loeb & Co . 
52 ' . illiam Street 
t'~ e 1.-J Yo r 1{ C i t y 

Dear Mr. Strau~s; 

I('-
~00 K 

I ./ 

hotel ,: ing 's Crm.rn 
4 20 West 116th Stre~t 
~': evJ York City 

Januury 25th, 1939 

, f~el tha t I ougnt to let you know of a very sensational 
nc\·1 de·.,rclopr.1ent in nuclear physics. In a paper in the 
·.:a tun-; issenschaften 11 Hahn reports that he finds v1hen bombaroin$) 
ur afdum \·.rith neutrons the uranium breakin0 up into t-..ro halves 
l:; iVin g elen1en ts of about half the aton~ic v..reigh t of uranium. 
Th is is e~tirely unexp~cted and exciting news for the average 
phys icist. The Department of Physics at Princeton, where 1 spent 
t. h.e last fev1 days, \vas like ;;:. st 1 rred-up ant heap. 

i ·pa rt from t i• e purely scientific interest U1ere may be anot her 
a s pect of this discovery, which so far does not seem to have caught 
t he: atten tion of th.ose to whom I spoke . First of all it is obvious 
tl &t t ne energy released ln this new re action mus t be very much 

i ghc r t. han in all previously kno~m c ases . lt rnay be 200 . illion 
v ·lt i:1st.cad of t h e usual J-10 million volt . This in itself mi gh t 
0~ ~~ it possible to produce power by means of nuclear energy, but 
l Go not t h ink that thi s possibility i s v e ry exciting, for if the 
ene r ~y output is only two or three times the energy input, the cost 
of i nvest~ent would probably be too h i gh to make the process worth 
-.JI'ti 1 ~· . Unfortunately, most of t he ener gy is releasee! in the form 
of heat and not in the forli1 of raoi oactivity. 

I see, however, in connection wi th this new discovery 
potential possibilities in another direction. Thase might lead 
to a l a r ge -scale production of energy and radioactive elements, 
unfortuna tely also pe rhaps to atomic bombs. This ne\v discovery 
revives all the hopes and fears in this res pect 1...rhicl'l I h':.d in 
1934 and 1935, and which 1 have as good as abandoned in the course 

· of tl1e last tvv·o years. At present I a.11. rw.-ming a hi gh temperature 
and am t he refore confined to my four walls, but perhaps l can 
tell you mere about these new developments some other time . 
Meanwhile you may look out for a paper in " Nature" by Frisch 
and Mcitner which will soon appear and which might give you some ( 
information about this new discovery. 

Yours sincerely, 

/s/ Leo Szilard 
COPY I 

J 



Ur . L·euis L. Strauss 
c/o KuhnF Loeb & Co . 
52 dilliam Street 
lfew York City 

Dear MX . Strauss: 

Hotel King's Croun 
420 Uect 116th Street 
llcw Yorlc City 

Janua~y 25th~ 1939. 

I feel that I ought to let you know of a very sensational 

new. development in nuclear physics. In a paper in the nNatu~-

wissenschaften" Hahn reports that he finds when b mburding 

uranium with neutrons the uranium breaking up into . tuo halves 
• giving elements of abou·t hal:f the atomic v1eight of uraniULl. 

This is entirely unexpected and exciting neus for the uveraee · 

physicist. The Department of Physics at Princeton, where I 

spent the last few daysg was like a stirred- up ant heap. 

Apart from the purely scientific interest there may be 

another aspect of this discover.r~ which so far does not seem 

to have caught the attention of these to whom I spoke. First 

of all it is obvious that the energy released in this neu re-

action must be very much higher than in all previously knoun 

cases . It may be 200 million volt instead of the usual 3-10 

million volt . This in itself might make it possible to produce 

power by means of nuclear energy, but I do not think that th~s 
\ 

possibUity is very exciting, for if the energy output is only 

two or three times the energy input, the cost of investment 
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would probably be too high to make the process worth while . 

U~ortunately, moat o~ the energy is released in the form of 

heat and not in the form o~ radioactivity. 

l see, however, in connection with this new discover.y 

potential possibilities in another direction. These might le ad 

~o a large-scale production of energy and radioactive elements , 

. unfortunately also perhaps to atomio bombs. This neu discoverf 

revives all the hopes and ~ears in this respect which I had in 

1934 and 1935, and which I have as good as abandoned in t he 

course of the last two years. At present I am running ~ high 

temperature apd am there~ore confined to my four walls, but 

perhaps I can tell you more about these new developments some 

other time. Meanwhile you may look out for a paper in "Naturen 

by Frisch and Meitner which will soon appear and which might 

give you some information about this new discover,y. 

Uith best wishes, 

yours sincerely 

(Leo Szilard) 

( 
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Doar Tuck: 

sb s S 
c/o Liebowitz 

420 Riverside Drive 
lfcw York City 

Januar,y 18th, 1939 

Please write me as soon as you get thia letter 1) whether 

~ou got the long letter which I wrote you between October 20th 

and 30th, and in which runong other thinee I eJ~lained to you why 

your areument about the instability of the electron path in the 

electron transformer was no good. 2) whether you answered my iet-

tcr or VThether you ho.ve v.rrittcn to me e.t all between October and 

today,. as I have hud no news from you (,luring this period~ 3) ~7ha.t 

did you decide ~bout your cystein paper? 4) ¥~ether you have a 

:f'ellowshi:p or what other arrangements you he.ve eot at Oxford. 

Dr. Frans! Weiso,~ho is at present in Enzland but who will 

sail for Hew York eo!!le t ir-~e in February, will cv.ll on yoti, and 

you c&n give her all the uhings for me which she wents to take 

along with her. 

Our image amplifier may get some i~portance in connection 

with the electron microocopo which is no~ being worked out by ·the 

R.C.A. I may therefore send you some documents _relating to an Amer

ican patent application which you would have to sign at the Amer

ican Consulate, Cavendish Square, London. 

Hoping to hear :f'rom you soo.n, 

yours, 



... _ 

Professor ll. Joliet 
Laboratoiro de Chemie Nucle~ire 
College de France 
Paris. 

Dear Professor Joliot: 

. .. ··-

c/o Liebowitz 
420 Riverside Drive 
Ne r York City 

.The only reason for my ~~iting to you this letter to-day 
is the remote possibility that I sha~l have to send you a cable 
in some weeks• and if that happens this letter will helD you 
to understand what the cable is about. This letter is ther~fore 

,., merely a :prec.q.ution, and we ·hope an unnecessary precaution. 
\'lhen Hruu1's paper reached this country about a fortnight 

ago, a few of us got at onc'c interested in the question whet!ler 
neutrons are liberated in the d~sintegration of uranium. Obviously, 
if oore than one neutron wer e liberated , a sort of cha in reaction 
would be po s s ibla. In certain · circumstances this :ni g.1t then lead 
to tha construction of bombs· which would be extremely dancerous. 
~~· in general an'\_ in the hands 'Of certain eovernmcnts . i ·n .._-,c.~r tic-

.ula.r. 

It is of course not possible to prevent physicists from 
discuosing theoe thines amont; themselves, and, as a matter of 
f'act, . the suoj ect is fairly .!-&iu:ely discussed here. However, so . 
f'ar, every individual ¢xerc h; ed sufficien.t ·discretion to preC 
vent a leakage of these idea~ into the newspapers. 
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In the last ~ew days there was some discussion here among 

phy3icists whether or not we ohould take action to prevent 

anythine along this line :from being published in scientific . 

periodicals in thin country, and also ask colleagues in Eng-

land and ·France to consider taking similar action~ No definite 

conclusions have so far been reached in these discussions~ but 

if and when definite steps are being taken I shall send you 

a cable to tell you what is being done. 

~e all hope that there will be no, or at least not su~~ 

ficient, neutron emission and therefore nothinG to worry about. 

Still, in order to be on the safe side, efforts are made to 

.. 
clear up this point as quickly as po::;sible. :experiments ail 

Colur:Jb ia Univcrsi ty are in~charge of Fermi and will perhaps 

be the first to give reliable results. 

Perhaps you have also thou&{lt of' the same thincs and have 

contemplated or started such experiments. ~hybe you are able 

to get dei'inite results ~t an earlier date, which,of course, 

would be very valuable help to~ards ending the present dis-

quieting uncertainty. Tihatever in~ormation on the subject you 

might ca:ue to transmittby letter or ca-ole at some later date 

will, I am sura~ be greatly upprcciated~ Also, should you 

col!le to the conclusion that :publication o:f certain matters 

should be prov~ntod, your opinion _ ~ill certainly be given ( 

very serious considcratio~l in this co1u1tl1 y. 

Yours sincerely: 
lLeo Szilard) 



REPLY IN DUPLICATE 

AND REFERENCE TO 

WILL BE APPRECIATED 

NAVAL RESEARCH LABORATORY 

ANACOSTIA STATION 

WASHINGTON, D. C. 

10 July 1939 

Dr. Leo Szilard, 
Department of Physics, 
Columb ia University, · 
New York, N.Y. 

Dear Dr. Szilard: 

RG/ ejh 

The matter Vihich v1e disC1Jssed at the 
Princeton meeting of the Physical Society has been 
carefully considered . As I indicated to you at 
that time, it seems almost impossible , in light of 
t he r estrictions VJhich are imposed on Government 
contracts f or services, to carry through any sort 
of an a gre ement that would be really helpful to you. 
I re gret this situation but see no escape. We are 
anxious, however, to coope:'nte vlit!J. you in every 
res pect and appreciate your assistance on this 
important problem. 

Very truly yours, 

Ross Gunn, 
Tee mical Adviser . 



M 
I 

Firct Approc.cl"" to 

- Cc i.~ be ;;:-

ha~ to b, co~si ·ere 

Dr . Alo~:;.ader 8achs , at tl1u·c ti:'io 

a:· ·cno Lehman Corpo c..tion. 

Tho Emclo:::ed cop 

relatee this pb::.3s of' the · o'Tolo::-::::at. 

sccrocy . 

chai~..:;.:-~ship of Dr . Br i 6[;S, Octo be:: c.s 
r;7por·G ·;;o the P.resiC.ent contained no l"CCOX!:'~n :!::ion co:ncor:uing t..l'lis po~nt . 
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D.AI- Ur. Presidonta 

With ~pproaeh1n;z f'ulf1.la~nt, or your p~n:J in 

connection rlt!l rovicsion ()t the Nautr-4l.ity Act, I trll3t tbnt 

you r:.a:r now. ~ t.bl.o to_aceo:rd ~~ the opportunity to pretH.mt a ' · 

oo~cation f'roa. Dr. Albor' .Eitl:Jt.e1n ·to you ~.nd otht)r );ill~ . . . . 

v~t R~t•r!al. b~aring on · o:Aperba('ltltil work by Ph.Y:!i<li~t:a 'JC'i t.h' · · .. · · 

r~a.ob.1og sign1.fic:anoo for National Defense. . ,. I • 

. .. ~ 

, .. . Brier~, the e:x.perimGntation t'tl~t iiaa b~S&ri soing on roi-

. bslt a dozan yeas on (ttOt!liC disint~ercti<ln ~-' c'Ulmir~.\tod this · 

ytMJZ (o) 1D . t.btit d.i~cwery by Dr. Leo S:z.Ue:rd l.:nd Profeasor iarn 

that t.h~ elell!O'nt, uranium, could btl spUt 'P;- n&utl:'On9 ond (b) 

in tho opanir4l up or ttl$ prolxabillty or chain re.t"~ctions, - that 

-. · .. 1a, that. in th11 nuolur proceafl u.re.niu~ itflel£ wrt crdt n~ut:rons. · 

. · -: i'hia_ 11ew dcawlQpMn\ in phye1ca bclds out tha foll~ing prospoot:u 

1 • . 1'b• ·croetJ.on or . ~ ne";V socre.a of on~rgy which might 

. ·,· 
be ut1l..U6d tor purpooa:J or . power production; . '. 

·-: .... . ... ~ 

.. 

.~ ~ - , ' 2. !bo ll~rat1on. froa such cha.in l"6<• ct1on or now radio- . 
.'I , 

.. _ e.Ot.ivtt olemcmt.s, DO ~t tons r~t.h~r th:~n ~:rams. ot 
,<·· · rad1llll eould bill I!UldG nvsU1.1ble 1n tll0 taedical . !ieldJ . 

•. '.·... 
·.: . · ~· s. 

··· ~ •. i • 

fhm con~~~ction, ~o 80 oventunl probability, of bo~b' 
or hithortv un@nvis.o.god pot.:r>n<!!f t.nd 6COpoa AD nr • 
.Ein.,t.oin oba$rTI)s, 1n t,bs lat.ter \'!hic:h I ttiU l<*V8 

with you, "a single bomb of this t7p0 C:t\:::riod by bo$t 

$nd ~lodecl in i\. port :oUght ~al'. doetro;y the ~hole 

. pol""\ tog$th~ •ith ao::c& or the surrounding t&rr1tor;yl• 

In con.neet.1on1 tb.w, srith the pr-ctical imperlnnc• or 
this work - for po"Hrr be&lln~ erA Jl&tionl!'.l do!on$e purp<HH~!t ... it 

naedz to b~ borne irt'~1nd thr.\ our euppUes o.f urzoniUI:Il fl.X'o l1mitml 

l1tld poor 1n (!ualiti as comp~,red 'f'litll th~ ~.rge rources of e,;callent 

ur&nilm in tbe £'Glaicn ~ngO and, ll&::tt in lin$1 C~nadA 0).00 foX'm&r 

, .. Czeohoo:i.onlda~ It bo.5 .oor:%& to ' tbe e.ttent1on or Dr. Einst~1n . etn<f 
·.k·. :- ·-'- · ... - - ~'l.a · r ost. of tn6 ' g:roap c'onoenied' ·with U11z p:-o~leOt tbat. Cart:.."ln:f · '• 

,,..- -, 

· b&a e.ctua.ll.J' . etopp9d . th~ · ~ale or urnn1u.:.t fro-~ : thg Caechoe;lov-citi.en 

· • ~:linea it eeited. ~ action w .st. ba r~ntad to th$ !uct that ~ 

eon ot the C~n. Und/1:--Sac:rotary ol State• KArl. von Weiz.saGok~r, 

· ha4 be•r. an Aaeizt.ant. a\ tb.• Jtaioor :¥1lm.l.ta Institute in D~:r~ · 
··. 

· . ). . I 
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to sOI.'tO or tha aro3t. peyu1c1tJt~ now :rllsidGnt 1..-•1 this co\llltry ~bO 

o.ro e~:rryine fonS~.rd thQse o:tpor~nts on ur~niuel. 

V.icdf'ul ot th$ !mpllO!>\tiOn~ or aU t.'-:rio for de!I)Ocracy end 

o1vll1zaticn 1n tha h1st.¢r1c ~t..""UgUlQ &; ~airu;t t.h.;, to~lltsr!aniu:. 

th:·t hne ox:ploitod tho invnntionc or tht~ f:r~s h~n r:pi:ritt Dr • . 

Szll·:.:x·d, in oonaultl:lt.i.on ~itn Prof'I):J:lor E. P. i(ianer, h.oud or tho 

pby~ics d9portmont ot Princaton, ~rA Prof0s3o~ E. tollor ot G&orso 

Wellnin&tOn Uni-vor.,1ty 1 t>Olleht to e.id thi~ 'J;:O:rk in th& Uu1t~d S~t.-3S 

throut;h the .fo~t.ion of ~~ll OOS(?cit.tion for ae1ont!.fio collabo:ra.- · 

tion1 to inton:t1f'y th$ coop'Ul'tl.t1on ot pcyaiciat~ in the l.!9moc~tic 

countriot) - such as Pr<>f'G.:HorOr Jollot in P{~rlr~, ~Tofo3oor Lind'!):Mon 

of Oxf"ol'd and Dr. Dirac of Cambrid.gG - e.nd to w1 thl>...old publlostion 

ot th" protrrnsa 1n tho work on oh .. ~in J"&((Ct.1ons. A5 the 1nt~rn.lltion:U. · 

Crl$1:) devi}lopoo this ~u:::mt.t»', tht.a!-li refugoe echol.lira tUld Ule x-ost 

or us in ccnLJultation ~itb the:t unen1%!lousl.y a.gr~~ thnt it 1;a.tt 

their <luty, ~te ~$ll as d&:dre, to appris~ you at tha e{l:rlie:r\ 

opyortunity o! thGir work e.nd to enllr.;t. your coopantion. .. 

In 'view or th& dtmggr of CcrtM\0 in~asion of Belgit~, it . 

bec:oce~ urgG."lt to m.uk& orrance:n.enta - prcaff~l'Q•bl7 th:rough diplo

m.•. tio cMnnelo - with th~ Union Ii~1n1~rc du l!sut-Kc.tu!l..ga• l!ho3o 

ho6c1 offico 1e · ~t Brussels, to llll8ke availi.bU ebu."ldant e"Jpplioc 

or urnniur:a to tb'l t.~ited Stat011. In ~ddit1on, it it11 noceeea:ry 

to Glll..;·trg3 nnd s.ocelorate ths e:tpa:timl!n~\.1. -:4crk1 ~hioh can no 

longar ~ ¢.&.:rri&d out ~1thi::l tha l1mitad ooet;•lt~ of tho d$;>q.rtll".&ntl't 

·of th~oratical physic~ 1n our un1vors1ties. It iR bel1o~~d thGt 

puhlio-apirit;'!td e:xoe--lti~.,s in our loading chs~iO?..l i!.nd Qlectr1cal 

co~punies could ~a p~-rc,u~d~ to Q<:~'!.cta {;V~ilt,blo oeztain ~ounts ot 

\U'ard~ OY.id~ 11nd ~1uaot1t1as or graphit~, c.;nd to be~r tho ccna1der

ablo G"tf.Gll~O ot the:. newar ph~~HHJ of tho &:cpe:ri.tl~ot~t.ion. An el wr
n.~t1w pia~ ~uld be thl9 enli~tment. of ono o! tha toundD.t.ions to 

euyply t.b.n n~ce3~l"1 t~a't-0r1f\.ls and t'un.-:1:.. For- oithel" plAn ~nd for 

all th$ purpo~ct, it ~ould saeo sdvi~~blo to ~dopt thG eugee~t1on 

. of L'r. tin:rt.o1n thAt you do~ignate an individual end a oot:md.tte• · 

to rJetl"Ye a:t • Uaiaon beheeQ. ·t.h~ B-Q1"nt1aes ll.nd thQ E.::waut.i~ 

D~pest.ul(m t;) • 
. , 

. In the lleht., ot the. fongoin$, I dQeire- t<> ~ able to .. ' · 

convey in psrson, ~~bf!rht\l.t ot the~o rdugee f!OhoL•rs~ -e aetUi0 . 

ot th&ir ~ef.lrna6s .to ~ G~9 the n.~t1on that. h-"l:J afforded tb.®l . 

hozspi~ty, r:nd to prdsont Dr. tinatoin's latter toeether ~ith 

a ~tt1;0r:Uld\JD1 ~hich Dr. S21la.rd propr.roo af't~ s~e d1~eutt:s1on 

witb ce And copio3 ot soao ot tho ~iclos. that W.-ve appe&l"ed in 

ucionWio Jo~~.. IJa addition, I o;~oulcl ret~UilJt in Uleir b&.hAlt 
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a COn.f8ronO~t t~ith you. 1n ordor to ley down tho line:s ot policy 

\11th roe;:>act to th• l3algien SOUl'Q$ Ot ~Uplll.y :::.nd L0 Gr%"~9 !or 

a cootinuoua liniaon ~lth tho ;\dministration ~ tho ~1 L~ 

.MaV7 Do~rtwlants, (I.S will sa t.o solve the i:m'lu6014ita pl'oblGaa ot 

neceaaal7 ma~ri&l3 ~ r~. 
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Dt!~r Mr • .Prcsiaent a 

il.u h !.·Gqut'l to ':lw co~unica tion i.hich I h~G 
ttl"' honor to uuomi t to ;, Ol.! on Oc t.ouu.r- 1:::, r roi: e:::.cor 
Albert .Einstein !:.but a:e u.notht!r rcgt.;.·c:.lng tha lnt\:::;;t 
dev~lop:oent~ touchin.~ on the t.it;ni.ficuncc of re::>eo.rch 
on urt.nium for problc::.:: of nt- tionul dtf (.JU~e. 1!4 thu t 
i(:tt.er he .;ut,gt!st:;: th.:. t 1 conve;t to ;, ·ou tho infor~t.:. tion 
tl~·.t hue rehCbed him U,.,t, .:.si.oce th•.1 OUI:.bL'Oh~ of t.hG Tour 1 rc:sat..rch with uraniU;l ic. being car:d.!!C. out in ;:rt~u. t 
secrecy ut. the iHn·lin Iu.:::~itute of ?h,yt;icc;, v.h.lch hu'
bLtn ta~en ovesr by the Govern:zcnt uno. f~lt>.ced . ur~~er tho 
le~deruhi~ of C. F. von 'r.eizooocltt=r, son of the Gorwc.u 
s~crota!Y of ~tote. 

In the realizB. tion ttw. t thE;!G~ .f urt!1ur v ielitl of 
Dr. Eln~ tttin ~ve ~ definite be&ring on the fuvoruble 
rt>port t>Ubmi tt~ to you by Dr. Jirlg,c;;:J u:.> Chuir~n of 
the CoW!Utto~ •hich cvnfelTcd. \'lith CXtJorira~mw ~cioutist:; 
concernod and my[;elf 1 I t:..GI enclo&in;:; hie com.:nunicu tion 1'or 
,your kind peru~:4l. &y l lllso ru.k whuth· .. r L..OU when it 
•oulQ t,o convenient for you to conft~r on certt.in prb.ctic&l 
ltioUoil. broue,ht to a. ._focus by thu very ~rogra;.:" ol' the ex
~riQ~ntal •orjc, a.s iod.icu.tt~d in th.:; concluding ;x:..ru.gr<.;ph 
of Dr. ~inGtcin•b lottur. 

In vi ow of your original aet,;ignta tior. of GcmerAJ. 
fia t6on in thib mat t~r, I &Uil trouwW. t tint: 1 t throUi;h his 
good otficos. · 

The Pre.sident 
The t'hi te Hou.:i·4t 
fif4shi~ton, D. c. 

Your~ foioct3rely, 

/II 

lr fo 1 

, - : 
........... 



April 15, 1940 

Dear Dr. E.in~t~Jio: 

In connection wi t!l ~·our i:tportant co:nounicz.t.ion of 
i>h,rch 7th in l'cgur-d to the re!'learch in· unmiu:a c.ud .its befil'int;; 
on nutione.l def.en~e, I wrote to the i?ras1dent on 1.1srch 15t.h, 
t.s per anclo5od copy, c:nd have l.lct i'iret received an llcknow
letl~ment. from his secrate.I'Y1 tleno:rnl Yi'e.tson. J.t l'IOuld. appe6r 
t~l: · t upon his retu:rn to Washington uft-;:r his trip t.o the 
Cnnal 2.one, ho dooide<l to adopt t:Oe procedure, CJUgeontcd in ;;;y 
oricinal ccmznunication. Accor<.l1n~ly, I rec.:~iv-Gd or~ Suturdey, 
.Ap1·il 15th, e letter of hi~:; d<:.t6d April 5th \1'hich wen ;.:;ost
m.;;.;·k;~:d fx·om i'>bshington on .A.;u·il ltt..."'l, 5:~0 P.M., - n dolay 
'fo'hich is under::;tnndablo in vi~w of the traffiC intornat.iorud 
occurroncs of the intervening 'J<eek. . ln the wake of that 
lc~tcr I als~ r~c~iv~d on the 15th a note fro~ Genoral 
ilatson dated tho 5th, s.nd., in furthar~nce of a telephone 
cer.ll on Saturd~y, Dr. Briggs's lutt~r of the 15th. 

t~utur&lly, ht.ving b een brought into the orbit of 
thin problem by Dr. SzURrd, r hr.ve baen in contim.l.OU:;! touch 
v.ith hiv.~ st every stage of t.hs cl~vdopmenta .t.nd over thitl 
weekend 1;1nd perticularly tod;;.l Vie h/Q.va disc·u~s<.?d aspects of 
·the .li.pproprinte procedure for the forthcoming conference 
which th5 Preaic.hmt h&s in.;1t:ructed Gonerbl W~ts-on .nnd Dr. 
Driggs to &l're.nge in conform.i ty with the idee-s iL'1plici t :i.ri 
your origine.l letter. May I e.dd th1~t. in tile intero.st of assii.r
ing an e.dequ8te scale for the e::q>orilnontat1on o.nd l:l right teru:,:>o 
for the VJOrk 1 t will be most helptul if you could seG :cour way 

. to &ttenging, C\lont; with Drs. ViiGner and b~ilarfj, £!8 1 e,:n sul·G: 
th.1A.t t.he .?rc:sidant \irOuld feel all tho morn confident e.nd would 
bo d.elithtcd to know that (.!OJ' progre-~rll that ie U"Orkod out will 
~;~e h~ your ~agacious coopsr&tion and your ~pprov~l. 

I tun lookin~; forw~rd t.o ~eeing you snd conferring 
wit.h you boforo t!lG m~eting which, O<.iog to t.ha exi~(mcies of .. 
conference and tha dev~lopment of & coo~dinate policy, might 
require pontpons:nsnt. 

D:r. Albert !:::im;t(ijin, 
11~ ..i.~rcer hosd, 
Prir.oeton, N. J. 

Yours tinceraly, 
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October 11, 1939 

Dear Mr. President 

With approaching fulfillment of your plans in connection 

with revision of the Neutrality Act, I trust that you may now 

be able to accord me the opportunity to present a communication 

from Dr. Albert Einstein to you and other relevant material 

bearing on experimental work by physicists with far-reaching 

significance for National Defense. 

Briefly, the experimentation that has been going on for 

half a dozen years on atomic disintegration has culminated 

this year (a) in the discovery by Dr. Leo Szilard and Profes

sor Fermi that the element, uranium, could be split by neutrons1 

and (b) in the opening up of the probability· of chain reactions, 

-- that is, that in this nuclear process uranium itself may 

emit neutrons. This new development in physics holds out the 

following prospects: 

1. The creation of a new source of energy which 

might be utilized for purposes of power production; 

2. The liberation from such chain reaction of new 

radio-active elements, so that tons rather than 

grams of radium could be made available in the 

medical field; 

3. The construction, as an eventual probability, of 

bombs of hitherto unenvisaged potency and scope: 

as Dr. Einstein observes, in the letter which I 

1 
This discovery was in fact by Hahn and Strassmann. 
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In view of the danger of German invasion of Belgium, it 

becomes urgent to make arrangements - preferably through 

diplomatic channels - with the Union Mini~e du Haut-Katanga, 

whose head office is at Brussels, to make available abundant 

supplies of uranium to the United States. In addition, it is 

necessary to enlarge and accelerate the experimental work, 

which can no lon~er be carried out within the limited budgets 

of the departments of theoretical physics in our universities. 

It is believed that public-spirited executives in our leading 

chemical and electrical companies could be persuaded to make 

available certain amounts of uranium oxide and quantities of 

graphite, and to bear the considerable expense of the newer 

phases of the experimentation. An alternative plan would be 

the enlistment of one of the foundations to supply the 

necessary materials and funds. For either plan and for all 

the purposes, it would seen advisable to adopt the suggestion 

of Dr. Einstein that you designate an individual and a com-

mittee to serve as a liaison between the scientists and the 

Executive Departments. 

2 
We omit two paragraphs. 
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In the light of the foregoing, I desire to be able to 

convey in person, in behalf of these refugee scholars, a 

sense of their eagerness to serve the nation that has afforded 

them hospitality, and to present Dr. Ein~tein's letter 

together with a memorandum which Dr. Szilard prepared after 

some discussion with me and copies of some of the articles 

that have appeared in scientific journals. In addition, I 

would request in their behalf a conference with you in order 

to lay down the lines of policy with respect to the Belgian 

source of supply and to arrange for a continuous liaison with 

the Administration and the Army and Navy Department~ as well 

as to solve the immediate problems of necessary materials and 

funds. 

With high regard, 

Yours sincerely, 

Alexander Sachs 

The President, 

The White House, 

Washington, D. C. 
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March 15, 1940 

Dear Mr. President: 

As a sequel to the communication which I had the honor 

to submit to you on October 12, Professor Albert Einstein 

sent me another regarding the latest developments touching 

on the significance of research on uranium for problems of 

national defense. In that letter he suggests that I convey 

to you the information that has reached him that since the 

outbreak of the war, research with uranium is being carried 

out in great secrecy at the Berlin Institute of Physics, 

which has been taken over by the Government and placed under 

the leadership of C. F. von Weizsaecker, son of the German 

Secretary of State. 

In the realization that these further views of 

Dr. Einstein have a definite bearing on the favorable 

report submitted to you by Dr. Briggs as Chairman of the 

Committee which conferred with experimental scientists con-

cerned and myself, I am enclosing his communication for your 

kind perusal. May I also ask whether and when it would be 

convenient for you to confer on certain practical issues 

brought to a focus by the very progress of the experimental 

work, as indicated in the concluding paragraph of Dr. 

Einstein's letter. 



1 

In view of your original designation of General 

Watson1 in this matter, I am transmitting it through 

his good offices. 

The President 

The White House 

Washington, D. C. 

Yours sincerely, 

[A. Sachs] 

Edwin M. Watson, secretary to President Roosevelt. 

000162 
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Ootobor 17, 1939 

In koop1nc \'tith our oonvoroo.tion on your rocant vialt to r:ry off'ioo o.nd :i.n f'urthoranoo or lo.tor dovoloproonts roportod to you by Dr. Scilard, I hnd a con£oronoo in r.ashincton on October 11th with a o or.r:rl.ttoo a~)poil'J.tod by tho Prooidont, hou.dod by Gonm .. al 1.o.tnon, his oxocutivo oooratary rmd tlilitru-1 a.ido . After that oonforonoo I hud the honor to present tho rt..c.ttor to tho Prooidont and to leavo wlth him a doooior oonoiotinc of Dr. Einotoin 'a lottor, Dr. Szilo.rd 'o oamoranclum, and rey o\>n original lottor-raomorn.l'ldum on tho subjoot e.ddrosnod to him. 

On tl~ followiDG day the l>r0sident appointed a sr::n.ll comr:Jittoo rcproacntinc -tho J..:s:cy, tho 1;e.vy anl tho Buroau ci: S4.;c.ndo.rda , in t;he '":Jroona of Colonel l..UD.m'ilon, Ccor.nndor Hoover nnd Dr . Lyr..:m Dricco . Dr. Drir,ca th.en, in consultation \'i1th no, arrl'.ncod and forme.l.ly 1oouod on invitation on tho follm·.-1110 day fo&• a conf'~onoo to bo hold tnio ·wool~ o.t 'io.shlnt;ton vd t.~ your seed sol£ and I:1·. Szilard, o.s tho ocientific oomplornnt, ond oyoalf' aa the interrodiory, and tho inf'c.rmal oocr.rl.ttoo abovo mont:l.onod. To suit your ·joint praforonooo, ns convoyed to na by Dr. ~zilard, tho dato v:ns shifted from 'l:odr.oodny to Saturday T.lorn:l.nc1 October 21st, at 9a30 at t."lo office of tho Duroo.u of StruldnrdG in tho u.r,, Dopc.r:lmJnt of Comm.oroo. l'h1a o.ftornoon Dr. Dri[:;tjo \~1l.rtnly lll:)pl'ovod tho ouccosti.on of Dr. ~zilard rocurdine tho inoluoion or I'l•ofoaoor E. Toller of Goorce \.ashinctan Uni vcrsi t".f a..i.d indioo/cod that ho would add tVIo soiont:i.sts oonvoroant v;ith this subjoot. Such, 'thon, is tho diary of the ovants ainoe our lo.st tall:. 

Will you bo c ooci enough to confirn-l 'to mo your ncooptanoo and will you also ir..dioate \'ihcth.or you \~uld v;ish to ho.vo a conf'eronco prior to our donnrturo, or, altornativoly, that wo moot Fr-lday n~ht on tho 12a50 .. aain f'rcm Ponnoylva:nia Station to \'{a.shineton. In oithor ovont, I oh.ould lil:o to have you and Dr. Szilo.rd as r:ry c;uoota at broo.ld'a~t at tho Co.rl ton liotel So:blrdo.y mornine, ruxl wo ·would thoroafter proceed to the Department of Col:lm3rco buildine; for our appointm;mt. 

Profoco or E. l,. \'lienor 
l''i:no lloll 
Prinooton Univvrsity 
l'rinaeton, r1ovl Jars~J 

Yours sincoroly, 

Alexe.ndor Sacha 
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Firat Approach to Franca / f.~. / 7 3 ') 

About ona month boforo Formi and I notually observed tho neutron emission 
of uranium I wrote to Joliot adviainb him . of the projooted experiments and sug-
gesting that he collaborate with ua in kooping any po~itivo roGults secret. 

The text of the letter which opoaks for itself is inclosed. 

·I 
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COPY 

Professor M. Joliot 
Laboratoire de ehemie Nucleaire 
College de France 
Paris 

Dear Professor Joliot: 

c/o Liebowitz 
420 Riverside Drive 
New York City 

February 2nd, 1939 

The only reason for my writing to you this letter to-day is 

the remote possibility that I shall have to send you a cable in 

some weeks, and if that happens this letter will help you to un-

derstand what the oable is about. This letter is therefore merely a 

precaution,· and we hope an unnecessary precaution. 

When Hahn's paper reached this country about a fortnight ago, 

a few of us got at once interested in the question whether neutrons 

are liberated in the disintegration of uranium. Obviously, of more 

than one neutron were liber~ted, a sort of chain reaction would be 

possible. In certain circumstances this might then lead to the 

construction of bombs which would be extremely dangerous in gen-

eral and particularly in the hands of certain governmentR. 

It is of course not possible to prevent physicists from dis-

cussing these t~inga among themselves, and, as a matter of fact, 

the subject is fairly widely discussed here. However, so far, every 

individual exercised sufficient discretion to prevent a leakage 

of these ideas into the newspapers. 

In the last few days there was some disoussi·on here among 
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physicists whether or not we should take action to prevent anything 

along this line from being published in scientific periodicals in 

this country, and also ask colleagues in England and France to ¢on

aider taking similar action. No definite conclusions have so far 

been reached in these discussions, but if and when definite steps 

are being taken I shall send you a cable to tell you what is being 

done. 

We all hope that there will be no, or at least not sufficient, 

neutron emission and therefore nothing to worry about. Still, in 

order to be on the safe side, effortsare made to clear up this 

point as quickly as possible. Experiments at Columbia University 

are in charge of Fermi and he will perhaps be the first to give re-

liable results. 

Perhap·s you have also thought of the se.me things and have 

contemplated or started such experiments. May be you are able to 

get definite results at an earlier date, which, of course, would 

be very valuable towards ending the present disquieting uncertainty. 

Whatever information on the subject you might care to nansmit by 

letter or cable at some later date will, I am sure, be greatly 

appreciated. Also, should you come to the conclusion that public- . 

ation of certain mattersshould be prevented, your opinion will 

certainly be given very serious consideration in tius country. 

Yours sincerely, 

signed, (Leo Szilard) 
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COPY 01• LETTER FRO:.r Y\EISSKOPF TO BLACKETT, ENGLAND, MARCH 1939 

Cn (). v cl '3 1 t C) fo-(v-- 2.. 'J 
' ' .J I 

Victor r;eisskopf 
~i versity of Rochester 

Dear Blac,-:ett, 

I hop0 you wore not too :r.uch upset about my telegra'1l but I 
beliov0 that you realize the great dar1g~r which would arise, if one 
really could construct a bomb with uranium. The probability that 
t: is .is possible night be small# but the product of the probability 
with the graveness of the consequences is high . 

I enclose here first a letter which Szil er-: has 
vn-i tten to Joliot Febr . 2 . Joliot has · not o.nsv:-erecl this letter and 
we do not Jr...now Joliot' s attitude to the Vilwle ci tuntion after his 
recent publication . I have sent to llalban c. similar tela5ram as to 
you urging him. to. cooperate . 

Furt.'11er I enclose a nota which Szilard has sent to 
?hysical Revi ew but the publication of which is bei:1g delayed. "here 
are other oa pers frcm Columbia sent in and kept back, which could be 
sent to yo~ if the coopE)ration 'begins to r. ork. I a::1 also enclosing a 
letter from Szilard to myself which gives you further details about 
his experiments . 

I nould like tell you ' how fur tho cooperation here for 
t.,;.elnying "dangerous" manuscripts has developed so fur . Vie lr..no\r that 
t!:lG group e.round. Tuve is now willing to cooperate . Lawrence is coming 
h0re on Apri l 3rd . and we shall discuss he matter v.ith him then . 
T~ta (editor of Phys . Rev . ) is being approached and it is sug.;usted that 
a t thors ·who may send in r:J.anuscripts concerning ''dangerous 11 neutron 
c..::issions be advised. to co:m;.:.unicate with us. l.'e shall send you a 
cable vv!1en a definite procedure has been uecided upon in connection 
with Phys . Rev. 

rKuch love to your .fmr.ily . 

Very truly yours 

( 
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Dear Pa.ul1 

COPY OF LETTER FROl,f ViiGNER TO DIRAC 

PAL1.1ER PHYSICAL LABORATORY 
Princeton University 
Princeton. Now Jersey 

I!arch 30 1 1939 

·~ I ,.. 

I a.m writing to you in a. rather serious ma~tor this time. Tho enclosed letter. sent by Szilard to Joliot on February 2nd is self explanatory. Experiments undort~~en ~inca that time by Fermi und by Szilard did not holp to dispell the fear ;vhich proopted Szilurd' s letter. In realisation of the danger mentioned in this letter1 all efforts are mado here to delay publications relating to this subject as there could possibly enhance the danger of a. grave misuse by certain poi7ars. Tho papers of Szilard and of Fermi 1 a.l though received by the Physical Reviev; some time a.go 1 are withheld from publication and it is intended that they be printed only in the form of reprints to be distributed among the most interested laboratories in England, the U. s .• France and Denmark. Similar arrangements are intended for all papers on this subject by o.ther workers in the United. States. 

Halban-Joliot-Kovarski's letter to Nature prompted the physicists who loyally cooperated here to inquire today by cable ocnce:rnin.; Joliet' a·-:.,. attitude in this mattero Bohr undertakes to communicate with Copenhagen and a cable is sent simultaneously to Blackett. The proposition made in there communications is to use for the publication of all papers, relating to this subject, the method foreseen for this purpose for workers in the U. S. and described above. 

ffhut ~e would like to ask you at this timo is to got in touch with Blackett and to actively support him in his endsavours if you find our position to be the reasonable ono. 

It is my impression that there is some urgency in the matter. AlthouGh there exists apparently a great willinbness for cooperation here, it is realised that the interests of the scientific workers in the U. s. may be prejudiced to some extent if America abeyed alone by the proposed procedure. 

Hoping to hear .from you_ soon and with best regards to all, 

c 
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Sincerely, 

(signed) Jeno 



HANS VON HALBAN 

COPY 

11 RUE GUYNE.IER 
SCEAU'..C SEINE 

March 31st, 1939 

KINDLY INFOm~ JOLIOT TiiAT PAPERS RELATIKG TO SUBJECT OF YOUR JOINT 
NOTE TO NATURE HAVE BEEN SENT BY VARIOUS PIITSICISTS TO PHYSICAL 
P..EVIEW DEFORE PUBLICATION OF YOUR NOTE STOP AUTHORS AGREED HOY/EVER 
TO DELAY PUBLICATION FOR REASONS INDICATED IN SZILARDS LETTER TO 
JOLIOT FEBRUARY SECOND AND THESE PAPERS ARE STILL HELD UP STOP 
NEViS FROM HOLIOT V'i1IETHER HE IS ViiLLING SDJILARLY TO DELAY PUBLIC* 
ATION OF RESULTS UNTIL FURTHER NOTICE WOULD BE ~~COME STOP IT IS 
SUGGESTED THAT PAPERS BE SENT TO PERIODICALS AS USUAL BUT PRINTING 
BE DELAYED UNTIL IT. IS CERTAIN THAT NO HARMFUL CONSEQUENCES TO BE 
FEARED STOP RESULTS WOULD BE COMMUNICATE IN N..ANUSCRIPTS TO COOPER
ATING LABORATORIES IN AMERICA ENGLAND FRANCE AND DENMARK STOP 
COMMUNICATING BLACKETT AND DIRAC IN ATTEMPT TO GET COOPERATION OF 
NATURE AND PROCEEDINGS ROYAL SOCIETY STOPILEASE CABLE WEISSKOPF 
FINE HALL PRINCETON NJ 

March 31st, 1939 

BLACKETT PHYSICS DEPARTMENT VICTORIA UNIVERSITY MANCHESTER 

PHYSICISTS HERE HAVE SENT PAPERS TO Ph'YSICAL REVIEW ON SUBJECT 
RELATED TO lULBAN"JOLIOT LETTER TO NATURE STOP AUTrlORS AGREED TO 
DELAY PUBLICATION IN VIEV'i OF REMOTE BUT NOT NEGLIGIBLE CHANCE OF 
GRAVE MISUSE IN EUROPE STOP IT IS SUGGESTED THAT PAPERS BE SENT 
TO PERIODICALS AS USUAL BUT PRINTING BE DELAYED UNTIL IT IS CERTAIN 
THAT NO HARi'JFUL CONSEQUENCES TO BE FEARED STOP RESULTS WOULD BE 
COMMUNICATED IN MANUSCRIPTS TO COOPERATING LABORATORIES IN AMERICA 
ENGL~~D FRANCE A1~ DENMARK STOP IS IT POSSIBLE FOR YOU TO OBTAIN 
COOPERATION OF NATURE AND PROCEEDINGS? WIGNER WRITING DIRAC STOP 
WEISSKOPF FINE HALL PRINCETON NJ 

April 5, 1939 

WEISSKOPF FINE HALL PRINCETON NJ 

BIIDI RECU LETTRE SZILARD 1~IS PAS CABLE ANNONCE STOP PROPOSITION 
DU 31 MARS TRES RAISONN.ABLE MAIS VIENT TROP TARD STOP AVONS APPRIS 
SEMAINE DERNIERE Q.UE SCIENCE.SERVICE AVAIT INFORME PRESSE AMERICAINE 
U FEVRIER SUR TRAVAUX ROBERTS &'OP LETTRE SUIT 

JOLIOT HALBAN KOWARSKY 
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April 6, 1939 

JOLIOT 
COLLEGE DE FRANCE PARIS 

REPLYING YOUR CABLE WEISSKOPF STOP ROBERTS PAPERS CONCERi'H NG DELAYED 
NEUTROJ.'IJ EMISSION IilliCH IS tffiCH WEAlCER TriAN HE YrliNKS AND HARMLESS 
STOP HOWEVER TUVES GROUP 'v'fAS RECElnLY APPROACHED AND PROMISED 
COOPERATION STOP VIE RAVE SO FAR DELAYED PAPERS IN VIEW OF POSSIBLE 
MISUSE IN EUROPE STOP KINDLY CABLE AS SOON AS POSSIBLE WHETHER 
INCLINED SIMILARLY TO DELAY YOUR PAPERS OR WHETHER YOU THINK THAT 
WE SHOULD NOW PUBLISH EVERYTHING STOP 

KINGS CROWN HGrEL SZILARD 

April 8, _ 1~39 

NL T WEI SSKOPF 
'FINE HALL PRINCETON (NJ) USA 

YOUR SUGGESTION PASSED TO NATURE AND ROYAL WHO WlLL SURELY COOPERATE 
STOP AWAITING LETTER WITH DETAilS 

BLACKETT 

April 7, 1939 

LC SZILARD 
KINGS CROWN HGrEL NY 

QUESTION ETUDIEE SUIS D AVIS MAINTENANT PUBLIER AMITIES 
. JOLIOT 

• •. I I' 
J • ... t' 
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Mon char Szilard, 
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COLLEGE DE FRANCE 
Paris 19 avril 1939 

Monsieur L. SZILARD 
Kings Crown Hotel 
420 West 116th Street 
New York 

J'ai bien recu votre lettre du 7 avril et votre interes-

sante note sur la liberation des neut~ns. Nous avons continue les 

recherches sur cette question et vous trouverez ci-joint le texte 

manuscrit d'une note que nous avons envoye a Nature. Il est malheu-

reusement trop tard pour que nous puissions ajouter en reference 

votre communication, cependant nous ne manquerons pas de le faire 

dans un article general qui sera publie prochainement • 
• 

J'etais tres embarrasse en ce qui concerne l'ajournement 
\ 

des publications sur ce sujet, etant certainement l'un des permiers 

a comprendre vos raisons. Cependant vous pouvez compandre que nous 

ne eommes pas, ainsi que ceux que vous avez pu prevenir, les seuls 

a nous occuper de cette question, et rapidement nous avons pu lire 

dans des publications scientifiques et dans la presse d'information, 

en France eta l'etranger, des articles ou etaient clairement expli-

quees les consequences energetiques du phenomena en question. Ce 

sont les seules raisons qui ont motive las termes de mon -dernier. 

cable. Je suis certainement d 1 accord avec le principe d'une entente, 

mais pour qu'elle soit efficace il faut qu'elle soit etendue a 

tous les laboratoires susceptibles de s'occuper de la question. 

Je ~ous serais reconnaissant de bien vouloir faire part 

de considerations aux collegues americains que vous avez pu touches. 

( 

Avec mes sinceres salutations, 

G. Joliot 
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April 6. 1939 

JOLIOT 
COLLEGE DE FRANCE PARIS 

REPLYING YOUR CABLE WEISSKOPF STOP ROBERTS PAPERS CONCEfu~ING DELAYED NEUTRON EMISSION \iliiCH IS MUCH WEAlCER THAN HE THINKS AND HARMLESS STOP HOVvEVER TUVES GROUP WAS RECENTLY APPROACHED AND PROMISED COOPERATION STOP TIE HAVE SO FAR DELAYED PAPERS IN VIEW OF POSSIBLE MISUSE IN EUROPE STOP KINDLY CABLE AS SOON AS POSSIBLE WHETHER INCLINED SIMILARLY TO DELAY YOUR PAPERS OR WHETHER YOU THINK THAT WE SHOULD NOW PUBLISH EVERYTHING STOP 
KINGS CROWN HarEL SZILARD 

April 8. _1939 

NLT WEISSKOPF 
'FINE HALL PRINCETON (NJ) USA 

YOUR SUGGESTION PASSED TO NATURE AND ROYAL WHO WILL SURELY COOPERATE STOP AWAITING LETTER WITH DETAilS 
BLACKETT 

April 7, 1939 

LC SZILARD 
KINGS CROWN HGrEL NY 

QUESTION ETUDIEE SUIS D AVIS MAINTENANT PUBLIER AMITIES 
. . JOLIOT 
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By co~.ipD.ring tho vo..luoo :tor the fissio:.2 c~o~n section, the 

aboor1~in.~ croos section o.nd the 1x.:.lanco of r:e:utro~.l. prc1..tucti n and 

absorption, as mmi:fcsted in exporir:Jents in \·lhich n<:;utl .. orw e~itted 

from uraniun are slowed dovrn and. the total 1 u.mbc1• of tho olo\7 ncutrona 

present is measured, ·· t a::Jp ars at present al::10:Jt cert2..la tho. t the 

number of neutrons eni ttc:l :per fissio~ fro' ura1 iwa is al)out two~ 

I believe that C),.":Perir1e:nto which a:re now beinc; c rric<l o'lit ~1ill con:firt-n 

this in the near futurco It seems to no thr.:..t it shou.lu tt-.~.en bo posoiblc 

to decide the quest ion \'/hcthcr o~· not a c1.ain roa.ct ion with :f"8.st neutrons 

is pcosi"ole. T'ne f'ollowinc si!Ilple experimrulte will deciU.e t}lis question~ 

perho.ps not with ccr :::d:1ty, but with a hic;h uecree of p:L~obabi:l.i ty. 

:ra<lioa.ctivc uranium havine; a 25 ninute period W:flic1l iu ;.n·ou:uced by 

radiative capture, a11.d is separc.ted fro!:l the other activl-tic~ rthich 

aro produced by fioe>ion. :Both activities ure raeasurccl ·b:; n. be-~<:~ 7:'-\Y 

t "h • • ti 1 :1-- . •.4~ t• (CJCl,c'tillityCI(CI•f.,,o.prvloc.~ COU :"! ·er Ol" uy 3. l0l1.J.S~~ Ol1 C.L1.erJuCJ:"(I e£.0. v.::lE: J.•& 10: . fl•ec.,ti\; 1'ty ~., ... ro fis;,ro;:t 
\ 

of the tvro - in arbi t ... ary units - ie dcter:<llined . T'w sD.i'..1e uro~ im."'1 COi.'lPOUI.· 

il3 then exposed to photo neutrons f'ron a rc.uon- 1::;cTyllitu..1 scu.rce, an 

the ratio (~:a----------) Of the t !0 activities:i Obs l'VCd il 

the some '\my as before ,?..nd exprossGd in the same arbitrary .units, is 
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again dctei ~:ned . 

.B 
The quotient ff = C is a i"Jeasure of the shift i n bela..'l1.ce between 

neutron absorption :.::md. neutron rJroduction by ch:.!llginc over from thermc.l 

neutrons to ~hot o neutrons. If C is small1 fo= instance if it io smaller 

than one could be a l most certain that ~ chain re~.cti on co,n be main-

tained in uranium in th~ ~:u2ence of hydrot;en contnininc su.b Gto..nces. 

It seems t herefore reo.oonab le to :pe-r'Ion"l the above mentidned 

experi~ents,and , if the outcome is positive, to take at once steps in 

the direct ion of a ~arge sca.l e erperime:.1t in the absence of hydrogen 

containing subst~nces. It is to be expected t hat neutrons emitted from 

uranium will be sl Jwed down by inelasti c collisions in urcnium to 

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

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

may be added that the nux~ber of neutrons emitted by fission with energies 

above 200 . 000 volt seems to b e only about one per fission, ru1d that we 

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

below 200 . 000 volt. We sUSl)ect; therefore that the slow !leut::.·o~'l dcnsi ty 

at the surface of a sarnple of u:ranium will be appreciably increased by 

these comparatively slow fis s ion neutrons, and this point is now being 

checked by comparing the apparent absor-ption of a sample of ura.:o1ium 

metal with a sample of boron, both in a narrow and in a wide paraffin 

cavity" 
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A sync nronous and Synchronous 'I'ransformt:H•s for Par ticlos. 

The invention concor.ns methods and apparatus 

for the production of fast charg ed particles, e. g . electrons 

or protons. All these methods, described below, are based 

on multiple acceleration, i.e. the velocity of the particle 

is exceeding the ma.".{imum voltag e which arises betwe en any 

two parts of the apparatus. We shall have to deal with 

two dlfferent methods - the method of tho .as·ynchronous 

transformer., and the method of the synchronous transforrner . 

In the first case we shall deal wj_ th single act5.on and 

multiple act i on transformel"S, and we shall start by dealing 

with the asynchronous· transformer method which is based 

on the acceleration of a charg ed particle in the electrid 
4.. 

field indue ed aro:J.nd ~ changing magnetic flux. 
C:· t' ('; . v ,.J, . 

Fig. 1 shows t he prin~iple of a method in whi3h 

a magnetic flux is produced in an iron core 1, and the 

The value of this increase in energy is determ}ned by the _ 

.. ~ 1([1 -
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John T. Tato, Editor 
Fhysioal Review 
University of Hinneootn 
Winneapolis. Uinn. 

Dear Dr. Tete: 

Vebruary 6. 1940 

Enclosed ;rou will fin~ . a mnnusoript l'filich I am 
sending ;rou . i th thu r·oCj\. est that you hnve it printed 
in the Physical Revi~w nE a "lettar". 

Since this ~ru1u scri~t deals with a mutter in 
which the governmon t i l'l.G shown a cer'Cuiu amount. of 
in"OO,;:est from tho point ,,f view of na.'..;icJnul uofonso 
it i t> felt that inquirief should be mado in r:aohin~
tou uo a matter of c ourtE•SY bef ore tho :totter is 
actually printed. Would you, thorefoi·e. J?orht!pa be 
kino. enough to a.sk tLo L~.ncastar Pre 1:11:1 t~-~-:~o print 
~l_i.s r.llanusoript until tlwy have a telegram from me 
releaoi~ the la&tter for publication. I trust this 
wny of prooeeding will nc1t oa\tao any undue inoonven
ienoe. 

Yours vary truly. 

(Leo S&ilard) 
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