
I 

Professor G.B. Pegram, 
Physics Department, 
Columbia Universi~, 
New York CiSY. 

Dear Profes sor PegraiT, 

c/o Clarendon Laborato~, 
Parks Rend, 
0 x f o r d. 

5th December, 1935. 

Enclosed I am sendi -::.g you a manuscript in the 
hope that it wi l l i nterest you '\!. d. those w o work with you. 
It will ap pear as a lett ~-' r to ., ~~a tu r e " some time in t he 
future. 

The ab sorption experiments i n boron to wcic h 
the last paragraph .refers, have i n t he meant ime beon carried 
out. If we as sU1!J.e t hat t.ho Fermi , bethe, Pe r rin a nd Elsasser 
theo~ holds for boron and lithium, though it does not hold for 
elements ..,..u.ich show a strong radiative capture, we can con~eude 
that indium 'has a selective !3-bsorbing region at a neutron energy 
of a couple of volts. 

~ith kind regards to all, 

Yours sincere~, 

\ 



--

These letters by Szi lard and Zinn did not actu lly rench Professor 

PogrBl!l einca in th m antime Professor Pee;rB..C~ a cidod to release 

the papers for ublic tion. The hand written originals are in 

my files. 
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De r Prof'es~or Pegram: 

L. Szilar 

arch 27~ 1 39 

It se ms e shu.ll nave to o.ecide tod y bo t delo.yine tho 

letter 1 ich Zinn a.lld I s t, :nt to the Physical he view. I f' el 

that if e delay this le ar now, unu if you write to ate 

e.lon~ the lines Which Fer-.1·1i sut,~ented n hia roturn from 

,.. shington, e 1nay h ve c. ~"nance, · lthout:>h not c. very .:: r t 

one, to get others to cooper ~:~.te. Ii' we publ · sh nm .. , • oanuot 

ask othors to withhold futw e, ~, crha,. nora i portant, p pors. 

Zinn, I belioYe, is of so1n. ·vhat c.if'f' rant opinion. It seems 

that in tho circum tances you, as hef.>.c. of "th de Rrt;::et t, ill 

have to take the responsibility for deoi in.., thi diff1cult 

quos ion, one Wf:iy or another. I a .l very sorr;y to have to worry 

you ,ith tnis nvtkward decision, b t it hap ens only once in n 

life ta-100 • 

Your sine rely~ 

Leo Szilard 







<!tohtntbia ~n iutrsttp 
in t~t(1itp oflllrmJ1ork 

DEPARTMENT OF PHYSICS 

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

Dear Dr8 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 a lready 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 t he building by calling at Room 111 Low 
Memorial Library so that you may have access to 
the laboratory at time s when the outer door is 
closed. The key obtained with this card is to be 
returned on leaving the building& 

Sincerely yours, 

GBP:H 
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WARD MAN 

CO NNE CTICU T AVENUE &, WOODLEY ROAD 

1800 RO O ,._.S 

P A R K H 0 T E L 
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Dec-en bar ~, ::--! 193_9 

f . 

Dr . Lyman J . B:rlggs 1 Direc tor 
J~tional Bur nau of Standa r · s, 
' ashin.;;ton, ' ; c.. . 

.... 

. . • 

I wi sh to ~c o !!Sledge ·t th l'lf·nt :q 1our let fn• 
of Dec.enber. ).B. ip_dic" tina t. ·t your -c .... c~~l di vision 
trill make un tn .1 s is cf .SO.lll l. of . ra:ih1· c t fin ·out 
w: th~r tho c . rb.on contf::nt is be o·, -.o l%~ b:,. oight ; . 

t 
11 .-. ·>- . 

. On f Ot r que~t1.on as t o \',net er ·, ~ t woulo be 
prt.ct~ce.bl. t o de ·ign t ... 1e a ')~t r.r1tu·· o u~~e ~.>.ow-d · red or 
R" r anular gre ~hi, te in.:::tead - f .. lab~, I !.1:.-ve --~lk .:: ·,p, i t. h 
Prof~s sor Fermi e JfJ tn·· , ee:rus to be t; e 'JrO ')"!r answer: 

·~ ~ ~ 
'I 

(.i) .If · ~rp .)hi te . coul uo obta:lnfc>d in ow .. ired or 
grar1ul~ r form. , that vmuld _;J:,ck t:.ifntly ertoliJ,€; to . i ve an 
over all dens~ ty . a s ~"lig .. J. n~ t nll'lt o ' ll L 1h.t •· e <L;b s·, 1 t 
woul d be quite feasi ble t.o u :;c _--, o "i .. I''"l\ or -; t~nul · r .g r nhite 
1n:Jtead of sl 1:>.• , an• i n fflct t11e curbon ~lli ght b~- · .r,kn .... l ed 
more tZH1~ily . rp··rom uch int.uiriv:J ~1s ·•e, ~~rticulz.. rly tr . 
Szilr.. :rd. , h V&· Ja&c e , 1 t ·. Qe..-.-rs ':::let &n.V )f!';! il t: bl ;:>Owde rcd 

. ~· . . 
or granulr r ~f :)hits. woul ho.vc ar1 ove!· nl,l z ~n si ty Le~s 
thnn trw. t of sl:1b gr ., phi te lr c r:>n"'it.Br(:.ble fract ion. 
Thi ~ would naer·n t t n l cu"ger ·t~lu:u " (l cr·rbon "'iiU _ be 
re~uired to cerry out wit! ~::wu.J e ·curucy the c~,rbon 
absor tton ,ex~ riment , 

( 
. ' \ 

2) T~e feasibi lity o; atte inin~ P ct~in r3~C ion 
in a ixture f uranium o xic'a '1nd Cbrbon (ieerli'tse s ra idl.J 
. it ~ uec ra.~ sinr .lensity of t ..... Cf~rbon, ano the U":!Oun.t of 

carbon necess~I) to try it &t !ii l~ goes u rapi~l , - t 1: •· 

decraa .. d n Jensi ty • 9ince it rould~ obvl,ous l y be 
desirable to use the 8-tH'lEl kind of c,; rbon in ..,he co.r.boft . 
absor-,Jtio t:.x cri ment ~. s in t e- urard.u,"n t~:x ri ent ~ n;n ·, 
sinco th c.hanc o f t. o urt:n1um ciwl n reacb~on X:Joti ent 
succeeding are bettered a - the d n .ity o1 the c rbon 1 



1 
Dr . Lyman J. Briggs, p«ge 2 December 22, 1S39 

increased, e conclude th t it would be best t o use he 
graphite slaq:s in the carbon absorption experiment unl ess , 
inde ed, it proves feasibl e to obtain powdered or granular 
gra hite of ?Tactically as high a density as the slabs . 

GB?: H 

cc to Profes$or Fermi 
Dr . LeQ Szilard 

Sincerely yours; 

George B. Pegram 



U.S. DEP ART1;1ENT OF COMMERCE 

National Bureau of Standards 
washington 

January 5, 1940 

Dr. George B. ?egram 
Columbia University 
New York, New York 

Subject: Graphite. 

Dear Dean Pegram: 

Upon receipt of your letter of December 9, we requested 
the National Carbon Com~any and the United States Graphite 
Company to submit samples of graphite blocks for determi­
nation of the hydrogen c ~ntent. Neither was able to fur nish 
blocks of the contempl a ted size, but both companies for­
warded samples representing the composition and the sta te 
of aggregation of the graphite which they propose to fur­
nish. The samples arrived on January 2nd and tests were 
started immediately. our results are as follows: 

I· Loss on drying at 105° C 

National Carbon Co. (rods) 

u. s. Graphite Co. (small slab) 

II. Hygroscopicity 

o.ol percent 

.007 

(Increase in weight after expos i ng dried samples to 
an atmosphere of 50 percent relative humidity) 

National Carbon Co. 

u.s. Graphite Co. 

0.006 percent 

.006 percent 

III. Percentage of htdro9en in tranhite nas received". 
(The method of test shou d yleld al of the hydrogen in the 
graphite, regardless of the form in which it occurs.) 

National Carbon Co. 

u.s. Graphite Co. 

0.004 percent 

.002 percent 
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IV. Percentage of ash 

National Carbon Co. 0.075 percent 

u.s. Graphite Co. .053 

It will be noted that the values obtained in the drying 
and in the hygroscopicity tests are approximately equal, 
and indicate that the graphite nas rec~edn has reached 
t he equilibrium which will obtain in graphite handled and 
installed under ordinary conditions. It seems reasonable, 
therefore, to belive that the percentages of hydrogen indi­
cated in the nas received" graphites represent the hydrogen 
contents that may be expe cted. If the blocks could be 
dried and protected from moisture during installation and 
use, the percentages of hydrogen would approximate 0.003 for 
the Nati Jnal Carbon Co. and 0.001 for the u. s. Graphite 
Co. blocks. 

Sincerely yours, 

Lyman J. Briggs, Director. 

Will you now please advise wheth er gra9hite from either 
source would be acceptable; if so competition bids may be 
secured. 

we are planning to ask for bids on 8,800 pounds graphite 
4,400 n paraffin 

100 " cadmium 



.ttention of: 

Profes s or G. B. Pegram 
Profe~sor E. ~ermi 

April 7 , 1940 

I emo. 

Sinc e the experiments on g r a ph ite are c onducted with govern-

mont support , and since the result may lill ve a diroc t bearing 

on ~uestions of nat iona l defense , I should l ike t o raise the 

following question: Should the va lue fo r the bsorption cross 

secti on of graphite obtained i n these experiments co~o out to 
- 26 ~ be smal l er than 10 em , the upper 1 m:lt i ven by Frisch, 

Hal ban and ~o ch , ought "'vlJe then 

a ) wi thin the labor atory fr eely discuss such a· result 

before its publication , or 

b) during the next three mont h s evade au c: stions conc ern-

1ng this value and r e str i ct a free d iscu ssion of this va lue 

to a l imited number of ·orkers in the l aboratory'? 

L~ ~ (/~~~~ 
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ay 8, 1J40 

'.eno rundun on ule e:~eri.,.len:.~ "i'. 1 ura.niur!l .:·nd. carbon t 1a t are being clone a,_ Colu -,bi ~ Uni . ersi ·.· .. unc' er '~he direction of Profe£sor Fer.i rnd r . C2ilard . 

I . o~:m r·l 

rne :>roject. ;fat·.:. r1:J ine -~-.o :-.ring o )r~c.ica, u.e the reles.~e of cn&rgy fro l ur :nium nb:· o chain reBc'·.ionn invol ing t' a use of cnrbo:1 o .,lo· om h neu'.rons released lr~ tr1e r_oc~.i ·1 so t..huf· 1ey :nny be ,Jickcd uo by tne Ureniu·n- L35 _!'Jo:.. e. tree '3~hcr di~:-inc' s·age!: . 

A. :rhe first. s:age i;. an in1cs .igr;· ion of ;, 1. funda-1ental ;:>hy ... lc ~ in ol ··cd :ln '1•· .JClH.: ae . ;; hicl 1"' 1 s h '1ed to Jrocuce vl l'il.lze ~,he ctwin reflct i on . The ex erl:::1ent .3 in ::h1.s s · r ,e ct.n o< '~O nt3 u:> ~~ffec ­ti 1ely in ~ •miver-:1 Ly labor· ~or· cLJ an ., .1cre . f-ince the w!1ole flclu is r t .h -r u:.·,, 1 \- 1., e~· 'HlciallJ! nec­essary at ... vhi;3 st..age to R e .... 1e ·orl( ir1 ~,;J.'lZ rgo of 
)llY~icist- o im.:c'ginnt.ion ~nd int:enu t t.y . I'. ;ould not see nocessc:lry Jo _urrounc Jhe ex.?erimenys a.J ',I i s s '.,.3g w • .,i th ;Jrecou ':.ion·· \.O ~·ecur grea ·~ ..1ec r "CY . In e.nere.l the results of tho e::r.H.'ri:non s n.rA not imm dia e l:;ut come o rJ only fro·n com, ll":.r !..i on!:l b rn.+- hor lnbori ous .:1e~hods anu t.1. resul':;;-:; f' t .se com:->u~ .. a ion~ need b e b;.o m to - ery fe • f..!Y1 n~.;ed ot be v~l;_ clo e t.o o··her • Some f the exDeriments ha 1• a re nee-dec r•r . uch ns variou1 ::>ny''ici ~f.:s o.~y be un 'rtu1:1ng nd of 'tldch they .rH •. y )lJbllsh tht resultz.. Ho· e er, .31nce tl e re::ults £.re neceS"t·'X: •·.o thi CJ )roject i can tl rr'ly ·a i ., unt i l 
:~ome Jh:fsicit·~ .1 .... ·) )ell::. ·~O do Jhe Jnr'J i c Jl"'r 6'" erimen:·.s n Ges 'ealJr fo:r i.t be~ .::r ~\.no·del gc- of +.h:? f: C J~ concerned . 
1~s these fund anent 1 , es "'.ure ent s a:r·c. · ~.(...' '.ney L'h y ut Cirl.Y stage do vn·:. of -~hree thing~; , na.mely, o1~.her indicate tho. •. t~1e )roj ct i" ho:1elcss, l i P ithin D r&.nge ;hie 1 indi cate.., neith<"r _h(' fo&sibi li ~Y nor he unfeas1bility of t:.h :-H'o jec , , o r l i e wi thi n n r~nge tc •.t, indicates he 1roj c'.: r.o be f nsi hle ··· nd encourages fu r t ter steps . I f ·he ''or:-. i 1.-niA s· age i~ ?U"h d nDrd it ·~11 still take f nu~· cr of mon'hs Lo ge~ "he re3u l t s t !lt should be wel l in ha.n'i before t. e fi nal 

stage is reached . 

L 



II. 

r - ,<tit-

B. Thr~ ..;ecoml !:ttt· g h· · ,. - of ) r nning for -:r e 
third or rin~l ~ta~e . 
'l.CfH.l b no .:.eu.ns n ai 
v~W f tr '; t ;.,t;,~gP bU., :uJ' 

ork ";i 11 s . r t: .,..~1 t1 t. ,._ 
ccr~ti~ li1iL of quan iti1 .· 
tnn c!1u1n re<:.c t.ion wt h t,lo neu ~.rons ern be :"l~· de 
to )roceed .:t. ~.1 I'.J)id bu ro lftb r: -.-.; •· ~ . I f 
thls assu. ~ ion 1~ ~~b 1_e ~Gcond ~ ga i s 
really one of engl!i. ertLt- 'lan.'ling < !lt. designing . 
Th s COD''la.nt &u··ice. •)f lil.' .... iC s 1 ; .i ll b ! 0 t-1'Gd 
but U1.e e..:.i gning of ..,n e "ut::> f em ac' u 1 rx eriment, 
. refer,.. bly . i 1 .. b. t h · . r,r·> ri1:- • •, "eo.n !" f0r ,l' i 11;; ing 
. c r~nerg) libera"t.. t 'n .'ol:e €,;00<~ er.&in c-ritg 
.Judg'len:.. ad Je~ir.;nin ·• ·,. s~ccud ,·": f.·J ln<:_u(es a 
··d;udy • 1~ .-_,..-,..., 1~' ~.n,· ;,o ... P-!1. _ .... ~ c..-.u ri.g u ...,n!,..,, 
~m i u~lu ·.nt' l y l..!ar on, i .. 1 e ;t'O e1· fo .. m. ·u y 
of :..t..., 1Lit • ,o t, 0 ~ ;..>.;>1: of !.lr~.niu~ i::; "'h iou:.l of 
i aUOl'tEmco . l"JlP. : ~::>L~ !; of ·ork in .nis ·:econ.~ ~;:..~ Ge 
·aould .n"e sur1•' bl~ be ke~ co 1fil en ;1 · 1 by Au:. :.e t:.! l' 

org£nL.:a : i on C.oes .. .'10 '10 :h . Tne ··or~~ 1! l,!ii. " 1 t ga 
m g ht be ~.lone ~ ~ L ;.' 1 y bu• : 11e oesirL.bi li t;y 
of doing so 1 "' b' ll.J 'lt .nr as ob .1ous as is hr C<t!.'l·e 

v. i th stage on •• 

c. The third st' gn i:.. :..u ~ )f con .. rue i ng he nec-
essary er;ui ·men · <rth -e·· t.. .1 ng ) .::n PX1crL!lent.al. ')lcm· 
f or trying ou .. ' .. !1~3- .:.'int>l e:: ,>:!l'lm.cn if i t: np >ecr!" 'o be 
ju ... ti fi ... d by the.-: f 1ndi ng s ln t e i' i s... r age . I . he 
~econd stng3 1 tha of ll~nni ns .he ull ac~lc exJeri­
mcnt, go ~s n ::;1 .mlL8nGo !:.!1:> \, i , 1 ·.,: t• firs, :::.·~.:jgc , .. r e 
final ex·)Dr:L ~nt :nigh', be uri("d. I'f ~nor J!'O:U'1' lj' if , nd 
<After 1~he re~ul s r.;:· t le fun'", :IH'lL. 1 ex,;eri r.1on .s in 
, .. H..~ firs' s~;:,ge ;:u" e i.n .... .i.c .e~. tho oo1·'1 1 ' 1onr-. for 
ucces s of t.:u~ Ycoje c t . .,..n€ ;-~ ird ~~~ n o i:J tm um1er­

tar:ing ':.he::;.; sn~n LJ. bt~ c ~ rr.1~ l .>tl', in i'iO"'le 1 :-:ola · od 
loc&~ic.m, cer ... <Ji!llJ' 10 o . , 1nhrer.:i 1 ;, c·onu.;. • 

•... "'e'"i ... 0 t:l ,_ ') f' ~ n· (') li'i :r"' 
A.:.Aft, I _ .J. "-'4.0 l_.t ~ l - · _ ··' '·" .... # 

I n t: t'J firs":, or .:>1 y~~ics stcse i.:. ::tor~: ;·ccurnte }·no .lPd. 
of Ct:lrtairl )ro::.e r "Jl•:S cf :.rht"? mc:r-.:ri t:·ls ;-.('d 1 $ 'he obj-;c•.t:e . 
l'h ch i ef sf 'he:.e oro y.n:.itl"' (;.<:r ..... :le fo .... lo11lng: 

( a ) 'he rnvgni .ude of ~,.he r•c ;1turc c1·o s - soc '. ionu of P 
c ::. rbon v to ·~1 >.: 1 <;1(.> n · 't.ron f· . If ', li !..1 cr ;) t uro cro "'r -
seetion is Loo gro"" , the c~rbon l'lould s.ral.io· u o 
many of ::ho a low Jll '. ron t' in t hn ra i x uro of ur~ nium (;)x d 
c .rbon tht ~ t.lw r · wuld. be no · o >::: of a .ha11, .e2tction . 

L. 



Since t.i· c -;_•.tr~ cro · - !!; c .as i':no:n ·dtn lc!'~· 
e cc r~ cy t ~1c.. 1 un~' of th ', o•· h r , u 1: n 1 i r- in ·ol·Ped 1 
· ... ms '-he :; ojec . ...) .. Jh~ fi r : , .i-;2 •ri:1~n~ • Prcll·;linar· 
re ul t.s r e been cc 1r ~d . 1r.r~·~r rr::ulL., ·,;ill be 
r ea•~.y by Lhr> r>n --i of 11: week . :ln.dicf, · ior s are 

:1·)t c;,rbon J.oe<) !10: c::- ·u:r"'! ~-v · 1 u ron~' :. .-o r 111 
£ r<:•:.. ~ ·,h.s t ... he r ~, ~-i bill y of ch•.lin r •<J c 1 .~ i ~-: 
e: clud ac . I ; i not cr:::.·' o.L1 ~-}w h~::- cno h(.r "llore 
r~l? 'uor<.. t C C.\ ,or l!lle!l U' l 4:; .. ..:, )h. :..~ -.; o_ c.:.rton 't1.0Ul'1 b 
c t. ri'~ d •)U'; •,i Al t;~e 1v )(.. ,__'If ··or'IH'1th~ cr ._.n .or CC1 lr ~ cy 
in the '?lC.~~.u:::·e-:lent f t}y~ C ' 'U .. u r~ro s~: - ~~~ c ion of 
c :· rbon ~ 

n:en :..s ·:... 
1 ~- 0 ~C.!i ... 
l 'l(!fi~,s, ;> r~: icuL•.L"'l. · '..'· o e of 
~ho~e i n Fr~oc e of Jolio ., 
1nen t . 

( c ) I :- )rov-ed 1~'-W.:·ti:!:e er 
of Uraniu n-:. :· 5. ·~ ..:•1r 
;Ut-\de but i t '.!oL.l ·~ be < ,1 
·no r-e 

~nc 

gree-

• , fi~si on cro:3 . - ~;ec · ion 
of ... 1:1:; ('Ufi · i - h.~ e be n 

r c .. on,me t- c·~ ;,~uro c.~.o~.,. -f 0 C , i on of Urani l:t- f!"U . 
loci .y c ~emi- 0) 
Clfl' 1. 0 [0 1 l ing 

ron::: ; .. n·l U ·eniu:n-
10 '.Jv • ;lu .ta i"" ProlE'2'~or 

lli.3 l .. bo.r: .ory, ~ nd 
;9td3 ~:!lent., on .rli". re ozunco cross­

o c:1.ee -: the r _ .nl t s wou l<.l be 

( e) o·.1er CCJ)..,Ut'J cro- ..:~-.,·~e 0:1.1 , .?rof .. t,sor F0r :1 1 
inclinr.J ' o ·u, JP tr1: e. 1 .. ~ nee (. r orn or ·1or o r ~r 
k i nds f CHJ ~ . r ~; of 1cu ·ron g b:; ur- t niu," '.hun '·he- .fl ssion 
c . ..:.J ~ur cJ nod ca) ure .. 

( r ) k~ •:ood o ny 
net<JlluJ.~g, of ll r,~n1 u.-. 

0 l.h ~ 

Thi s inv ~ciga Lion Jn~ 
·,ill :.,1 ;:;o b )ro 1 n ~r ~ 
.JL: nnin <, ~or o . ~' j_ ~11 
for u _ i n .he .in~- e 

iO 

.llc n"ce .... ,;: :·y for 

nd 

L 



...,. 

ic"' ':>f · · ... )roj e c t~ 
a· le~- h~ fo lovine r 

~icist ··rho are 
"'hO 170Ulr; .1Ft I e 

cons :ruc"': ion of 
uli., t 0stl• ... ' ·-··~~· m: -o .... be, 
r obJbly of ~h~ o uer f o r ~~ b '~er 

J rt of u ~cor , Very l>e n£:lces">ary 'o 
r ent a gr h1 of radiu~ ·hich ~urro u·~· by b~r:lli m •~uld 
fu ni h e. stel:.dy cor:.ceu.:.rated ~··""' 1~~ee ~r r1~<Utron.: . I bl:!li e 
t. at a lre, f r<:.rliu""'l ce1n i:P rcn l~or- ;~bo · ~ 300 r: 1 n' h . 

§ tar e . 2 . I <.; nor ._1re ur~d. ... o suge;Ol'sl e~ :~n -1m. ~:? r. ... 
to t.ne co . ., t of st,.tge t wv ·:n in ·t!r o , o · o' ' :;, f · ... he •vo rk 
~· 1 th physici ~:::; to •~cLi.:.e o uld be \.J1c cl ief re uir emen .r, . 

Stage~ , No es": i m~: ... c. 1~ sub!'\lt\,(·<! ·r, 'vnis t. i P a .. " ·.o 
tne c o~' of ::>tage l. .. lr .':?e . 

L 



May 10, 1940 

To Professor Pegram : 

An experim ~~nt usin:s a sphere of graphite may be ca1•ried out 

._.,_thin th e frame-YJo:ek of Q gener al s u1•vey ot' al l nuc l Pa!' constants 

involvedG If such a sur"~'rey is st ·1 rted w.a :1 i -ht t !Hm rnH ke use of 

tho steel spheres uning a modification of our old s c hemo in which tlhe 

1.n s ~de of the steel spheres would be CiVGl"'ed ··i t h a splHn•ical wo o dem 

shell about tuo inche3 thick. I therefore sug~e3 t tha t the stee l 

plate3 ''h ch hu.v•::~ ul1•ea y b E-Jen cut and welded l' Gi118.in the FOperty 

of' the Government provided that this solu tion can be fit..ted in 
' 

without inconvenience vd thin the frar.;.o-work of Goverm.wn t. :'•JBl Ja tion s . 

Sgn. Leo Szilard 



Qtnluntbia Wtnturrsitp 
in tl}r Q!itp llf'Jilrw ~Drk 

DEPARTMENT OF PHYSICS 

Dear Professor Pegram: 

May 13, 1940 

Vould you be kind enough to advi se Dr . Br i ggs 
on my behalf that, in view of the results of the 
measurements carried out with a graphite cube which 
have no w reached t heir conclusion, it does not seem 
necessary to start an experiment now with a graphite 
spher~ould we, ho viever, succeed in organizing the 
large-scale exp eriment, then as a first step of such 
an experiment we would wish to carry out a general 
survey of all nuclear constants and attem_ t t o reduce 
the limits of experimental error of all constants 
involvedi) 

<I am very anxious to carry out an experiment 
with a graphite sphere within the framework of such a 
survey, · 
Gove 

Yours sincerely, I ,, ~' J I. I. 
·~· ~· I 

LS:H Leo Szilard 
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Professor G. B. Pebram 
Colur"bir ,,.nivf':-:-sity 
Iew vork -~i ty 

420 Jest 116th Street 
.. -cw York City 

October v • 1':1~0 

Since I misG cd you ... riday Eftenluon anu as not a:ble to 

1 ~tte .... ~ in. o:r.der to :!.cc;en y ou in t'or"lC . You nuy not find it n c-

during our 11rescn t vin it to ~ a ·ni gtun ~ 

ation. m~en I had previ)usly seen hi~, I believe in ~ebruary, 

I h&Q told hi~ of the inte1 ti n to enli-t , if nos .ible, ~ e s. -

:port of the Government for carrying out u ra.jor nr jcct concern-

i g urani m, ' 1ic 1 hc.d been wor ·ed o l t. in ._; r l~ t~ t ' .t· il. _r is 

t irne I told him th<., t p end in .,. a dec is ion 011 this . ,j or p roJ e ct 

I p:t'aposcd to start a ti}Jvei · io •nL or e:..- r crir cnt on uran iu anc 

wondered if it were pos n ible for me t .:) ol.Jtain fro .! t:.e _' e:.; tJ · ~·ch 

Cor~ orat1on a ~rant of about% 

an ez:pcriment C[n tllc h ·r .cdiatc 

5000~fo.t· the purpose;:.) 

utur~ which wul. ~nr..ble 

start the c eriP'Cn t without furt' lCr de_· y. 

s ch 

lC t 

r. ?ollion advised ne tha t if I .made an · ... rJ l i c a t1 on ri_, t 

away they vt i ht pake it 1ossible for e to start in about t1rec 

weeks. A descri· ,tion of the experiment would have to a.cco pa.ny 

y t10)lication, but ~r. :Pollion C~ould restrict t c nu ber of 

persons to ho . this descri · t i on ~oul ~ be iD l o.e to three 
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~te cxocu iy0 com ittee 

wo·tlcl ·'-.n~·.1 :~eo ide -ru.Jth'-.r to r"ake 't 1c 0rn.nt on the 'bc.sis or t!le 

Al\ tJBSC n ~C::f.tti.tions are hard.ly ne~Je::-sc...ry sir;ce it is tuc 

1rc .crhc.v~ .j · st D.G "!!C. 1 to keo-p t:tc nur;,b0r of pc.r8ot1S info r med 

f·•'!' this lJU:t).l0GC 

t.: ~I .e h:~·)3 ~·t'-:J'. ·,Y-::i\.11.\.: v:..:·1t to .:mb3 ·:1sc/ r· 1,;·1 • o· I) • .Jrtutd ty Wtl ich 

.'i th 1)'.:::;t HiS~1e5: 

yoars sincerely, 

(Leo J ilard) 



.-

Natio· ~1 Ce bon Co·J?any, In"' . , 
ffice £ulervisor 

Carbon ~'[ ... lc -ivi .sian 
l l::l? Ct.:rbide an Carbon Building 
;~.o 1 .:.. st 4Snd e>t r et 
11 e ; York, • Y. 

Our reference: G. H. P . - tzi/H. 

D ar 8ir: 

/ 

Decc· ber 2, 194 

;e are interest d in c~ rr;in: out cert(..in ex~erinents 
for .1ic h rbout forty tons o f g ... ,.. hi e b1oc1<;:~ will be 
reouired . }.. r. g:::aohite 'Yill nee( j,) ~· 1 te ~mre, ith 
a.."l C~ sh cant ent not grant cr t'-1.?_. ~ 1~ .. , 'ln: t ere c::: re vl '"'O 
ertaln restrictions .:'s to thG form of t 1 :r<.uhite blocks 

w. icl: •·re could conveniently use . Blocl:s of ~ size 1"" 1 :x 
12" x 1 · or 1:-" x 12" x £« ·~-oulct :.;c ~ uite sui tr b1e . ', ·& s~ould 
need four tons of this gr·· hit'a for 1"1 e(de.te tests J;re-
lir:dnary to a dec sion a s to usin. t ··e l a rge ::!10unt of 
fort/ tons . 

In July l ::J'30, in r: t ter to Jr . Leo :JzilPrd, au 
quoted c 1rice on ' "U lit,; of ·r,_ -;ll.i e ··'.d 1 t ull1 )0:;-:--ibl 
meet our require-n.entc . .. co:)y f y r l tter anted July ~1 , 
19:39 is nclo sed for your infO I' nc;. tion . .Ag ... ..ln in ~r · 11uary 
194 y u s;__tbmittec. • bid o · '15 0 for four tont of -r .. >hite 
o · t is qu.1lity t..> t.1e ~ tional ·ureau o" f't.en.j.e:. r·s . 

·ra s all be gl.:~d t ¥_1Q•A· the best .1rice t ·· hich you 
cc-n su Jly four tons of fT<' hite blocks ~s s:1ecifi~d, .:-n 
also t ~e ti1.e racuircd for c..el1-r1ory . e .... : oul~- like "' 1<.-o to 
hr v e your JI'ic c.rJ.fl ·ielivery ti·1e on forty tons of ~ 1il"r 
gr. · hitc blocks. 

If you arc able to .nr-hJ o. 111 -J. n a nurer r . ite, 
hcving an :::sh content not oore·· ter th .... n . 07, ' or .o;J, -:n(l 
free ;>articulerly of vanihd.ium o :-::i e , "'Uch ::11 al ternu.ti v . 
bld ~i;;ht be o~ interest to us since urity of t e gr .·Jhite 
is of hi rh importance for our •ork . 



L~cember ~, 1- 4~ 

\ e s ould te gla.d t hs. e you ...,: ec~f'; F l~o t~1e li"ii t 
o f variation in t.he dimension ~ of t e .r· )hi' r~ 1 ock ... . 

Very truly your" ,. 

E::1.cl ~ 
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Professor G. B. Pegr am 
Physi cs Depa rtmen t 
Columb ia Un ive rs ity 
New Yo r k City 

Dear Professor Pegram : 

420 West ll 6th Street 
-~ ew Yo r k City 

December 5, 1 940 

Enclosed you Tii ll fin d a rou ;h ske t ch of the next experimen t 

which, according t o our pres ent p l ans, I a~ preparing to pe r-

form. This experiment will have to oe carried out with and with-

out be ryllium, and it is erpected that i t will :;ive in:~orr'la tion 

on the chances of perforn ing a cha in reac t ion in a system com­
and 

posed of uranium,/gr a"9h ite , or uranium, beryllium and graph i te . 

We mi ght perhaps be able t o adj ust condi t ions so that the 

thermal neu t ron f lov: -ro I r, ne ~;:rc 1 LC in t o the paraffine should 

be zero or neglig ible . I f this condition is f ul f illed an i ncrea se 

in the integral of the thermal neutron dens ity 

in the paraffine brought ab out by the introduction of uranium 
dir~ 

into the system ~ i ght be of a rather(si gn i fic ance concerning the 

chances of a chain reac ti on. Howev e r , we shall measure apart from 

this integral other quantities, some of Jh ich were set orth in 

detail in my memorandum d2ted October 5, 1940 . which you have in 

your files . A second memorandum dated November 3, 1 940, which 

is also in your files, contains the data on pre limina ry experiments 

for the purpose of f ind i ng out if we can obtain beryllium oxide 

or beryllium me tal in a form suitab le f or the purposes of this 

experiment by applying h i 0 h pressure to powders of such material . 
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As a r esult of these tests e have put in a re quest or 150 lbs. 

of bery llium metal to b e used in thi s ex oe_iment and to be tested 

also by ~ermi in an arran~e , ent ~hich he had been using for other 

purpo ses and whi ch is now ready and available to be use d for test-

ing berylliun. 

We shall naturally test the material, the beryllium metal 

or the oxide, also for its the r mal neutron absorption , but this 

wi ll necessarily be a rou~h test only since we know of no way to 

carry out an accurate test on such a compar ative l y small amount 

of material . 

Yours sincerely, 

~~ 
(Leo Szilard) 



c 
0 

p 
y THE UNIVERSITY OF CHICAGO 

Ryerson Physical Laboratory 

c 
0 

J anuary 26, 1941 

Professor G. B. Pegram 
Department of Physics 
Columbia University 
New York City 

Dear Dr. Pegram 

p 
y 

As you know, I have requested the National 
Research Council to keep me informed on beryllium 
brough their Committee on the availability of materials. 
I have just received the following informa tion from 
them: 

Recently the Foote Mineral Company, 1609 
Summer St, Philadelphia , has sold beryllium in lots 
of 25 lbs. at $47 per pound. The analysis is 97.25% 
Be, 1.09% Mg , 1.05% F. I write you this just in case 
you have not already explored this source. They might 
have considerable amounts stored away somewhere. 

I am assuming that your group and Dr. Briggs 
are keeping after the beryllium, and tha t eventually we 
can get quantities of the order of 25 lbs out here for 
our experiments. If I am wrong on this plea se lame 
know and I will push on Be from this end. We pl an to 
work with BeO at first. 

We are proceeding as fast as possible. 

CC: 1 - Szilard 
2 - Mitchell 

Yours sincerely, 

Signed: Samuel K. Allison 



Proft.ssor SPmuel r~ . Allison 
R~rerson ~) y ical L<.o.boratory 
University of Chica o 
Chicago , I linois 

Doar rofess~r Allison : 

.J anu, ry ~9 1 194.1 

T.ba 1-'.c~:. .for you :l' letter of ;'"[nur r- t6 . 

It v'il.:i. be of j_n Grest t 
t ne Foote "'i:t no '1 Co-:n:t ny obt inea 
t .1nt i t h.:J . .. L ... 8 .nr.ly ;dg !J.(ir.! &.'t c;­
be ~o':le of tl c ber.·llitL'"J ·,reviou•l.i 

r·:-ylliu:.l Co.;u·:t.y o f ... il .l·ic;~. 

· · are kee. i ll,_, c·f o-r tt...~ ~ :rJll.'u.n 
Con:>.uny of lrnericr. 'li.. ho·1~ t ·1e t the:, c:··'l )J'-:>ni e 
u::. ..... OllO rather pure ber.1 lliw:1 E•t &..'1 e' rly . t;e . 

L s.tri ll let you !:no- ho ~ t~1e !:'letter develo.t. , 
been ':::e ·e realize your ne d ot (.... con·.i· ers1Jl 
q :nt ty of tre met al in ord.~r t::) obt,_n n~ best 
r sult· from )OUr expsr Qent • 

GoP t .t 

CC : 1 - Pegram 
1 - Szilard 
2 - Mitchell 

~in ~erely yours , 

a >Or:.>e B. L eg raro 

• Q 



Dr. -. r-:l t e r H. Zinn , 
454 River_i e Drive, 
Ne Yvrx , H. Y. 

Dcrr Dr . Zi nn : 

J anua ry 27, 1941 

.,_.:e r ')1:.-· th t I t fro · :: ...; . :i:1 ·tvn 
abou g ett:.r ; cleara ,ce fur you for h-? ork nere 
c;, fter t 1·~ fir t ·Jf ft·.bru- .. y , , 1s t ~~t it snould 
re lly not r e necesc:ar·• ·~0 h ve cl ~ (;.Ice for yo , 
t .la'C I could tck t .e rc-~(>ns:i.bi lit of \.;;rLgagi ,_s } OU 
to ·o-1- 0n t ne .io~ , . .,.1~ t'•r·t it ")rO-JuLl y '\)Ul ll be 
bot ter to ~o ::i.e. ~ t 1.m to :::~. rt .... w lrocess of 
get .in("!' cl e rc.nc e. 

':~l s oei "l'? -:;:;,_ ch:-e , t_ re ~e s to 1e 
no re£.c-,,r "'Vily yo,1 houl t: not o ri.; 11t a 1 .d.. itr1 
ff'cn~~ir-.c; yot:r l eave ~f &bscnce fror. Ci ti ollf'r:e 
to h. gin ori\. here by F ebr-uar; 1, 1 9 1. 

Sincerely yours , 

cc: Dr . Leo 0 Zilard 



I r . Irvin Ste . -: rt , Secretary 
, -tion~ 1 I· fe ··e Research Co. ·1i 1:tee 

1 6.-yO P St reet , Ii ~ i . 
uashinf( ton , D. C. 

Dear Dr . ~t e' . • rt: 

Thi:J 1 s to · c1;...":lo·,-,l f.ldge your letter of 
Febrw~ry 1 askinc: for naturali ?Pt i n inform, t1 on 
about Dr . 1mlter :.eury Linn .. I hed th u ·ht thl' t, in 
accordance itt "UJi l~.:;;tter or J.:;nur.·~· .:: ·ns ~ring 
yours of J o.nuary 2 , t he matter of c~ ara .... ce for 
•.1 r . Zinn had been u opped . In any case , hov ever, I 
a :n very gl~d to furnish the requested inform.r>tion 
~· i c t 1. a follo,.·s : 

... lc ee of' E~ntry 

Court and date of 
natu ... t lizntion pro­
ceedings 

Detro i t , ~ichigsn 

District Court of 
U • L . , ~ ew Y o::•k 1 I • Y • 1 
.l.ubust 11, 1938 

:\l turalizGtion certifi-
cate number .Jo • 4217762 

:~ ... r . Zinn ha s been busily a t ··or~ it · us 
since Febr uary 1 . 

GB4 : H 

cc: Pro f es sor Fer mi 
Dr. Szila rd ..,/ 

Very truly yours , 

Geo ~g ~ B. Pegram 



Dr. Lyman J. ~riggs , Chairman 
Urani· Co ittee 
N&tional Lefense ~ search Co~ ittee 

eshington, D. c. 
Dear Dr . riggs; 

February 15, 194~ 

There are nt you wit1 thi two couies of 
additional nages, na~ely cge 7 to 14,to complete the 
memorandum on an "Inte edi--t Scale Uranium Carbon , 
Ex eriment ,- -i"th Cost .... s ,it"l te of February 141 1941 1 w ich way ~ailed to you on the evening of ~ebruary 1- • 
These ·dditional pages consi to~ no~es on items of the 
cost estimate ane on a co _arison of the resent es i~ate 
for the intermediate ex)eriments , first with urani 
oxide ancl then with metc-ll ic ur .. niUl!11 es compared with 
t he tentative esti t~s torte intermediate experi ent 
with t he ~etal sub~itted t you r Octooer 16 , 1940 . 

ay I add the remark tnat Pr ressor Fermi 
thinks t : at the i ·n ortance of the exp riroent 1 th 
ur niurn oxide and gra 1hite on t -.e intermedi te seal 
is sue t h..,t it ight ell receive even ore emphasis 
than it is given in our uemorandum . 

At the same time I am sending you w1t1 this 
the follo ing reports : 

1 . A brief rogress report on the ~rk e have 
been doing unJer t he contrr ct between N. D •• c. and 
Columbi ~ University . 

2 . report prepared by Professor fe rmi in December, 
1940, entitled n emorandum on an intermediate ex_eriment 
for determlnin tne ossibility of a chain reaction with 
uranium and carbon" , The memorandum discusses both 
t he ex~eriment ri th o and the ex eriment with metal. 



Dr . Lyman J . Briggs , page 2 February 15, 1941 

3 . Co y of an extensive report by Mr . Anderson 
and Professor Fermi dated Januar 17 , 1941 , on "Production 
of neutrons by uranium" . This report of nineteen page s, 
vdt h an ar)pendix of ten ages , also sev en )age s of tables 
and t hree . :o tostats of diagralis , covers in ·etail much 
of t he work , experimental and theoretical, on v1hich 
Professor Fermi , __ r . Ander on and r . V~e il have been 
engaged since November . Perhaps the : ost i~oortant single 
outcome of this l ork has b€en a ore r·-liable value for 
t he average number f neutrons ~reduced by uranium upon 
capture of a single thermal neutron, hich nu ber is given 
on the first page of there ort · s 1. 731 ' figure that is 
not discouraging as to the ) Ossibility o f & chain reaction . 

h 

I trust that t hese me oranda and re orts will 
~ut at your di sposal al l th~ i nforma tion t hat you m y need 
in presenting t t.lis ;:Jroposal f or ushins ahead r pi dly th 
t he intermediate experiment t o the N •• R.c., and that the 
N. D. R. C. will be convinced of t he import nee of going ahead 
with this . 

Sincerely yours , 

GBP cH Geo rg e B. Pegram 
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Jne o t'1- Jt.jor tas!t:s o t 1c ex H:riment EtL o r:> f t~:e 

larg_.st co ·t~ will be th t ol· · • inin · t~:e ur nium in 

.. etn.llic as.1 .. dense ~or."l . ': e os"'ibili 1 ~s are being 

lnvesti at-d, but i:.: . ill ..._ert" · .ly be ." tt r of .. 1 ths 

befor ~ s~ti..f ... ctorJ solu .1o_ .. c.t~n b ex H.l'C od . 

~ 1le in stiJ?' tions ere in )ro.·r ~ C! on tne 

reduction of t~l-· svll' et:-11· c ur~; iu:!l it i c ro o d to 

go ahead actively it. ' 'l.9 o k b r'.J..c~'"':tn.· ) 

e:r. er lmcn t ''1 t,1 :r~ . iu;n oxi , z a' co. r sse i 1 ':'l.Olt.s 

en~it~ bi' out ~iting until 

tn H~tal 1t "'elf in su:t tnbl ~or~ ·ill be r: v 1 ble . -:'uch 

"n ..... -x;;>orirnent, usint.. c· rbo 1 n.... tnani 11 o-xi 1 , ill not 

Le a"' · dv •1ta.g -o 3 -s on · ~ ng he ::1: tol · it·, tt a e.;,r )On, 

but it il be b. zreat cdv~u ce bbove- Pnythin., -hnt cc:n be 

dont~ on 

definite c;,, .. ~ r t the .'rablea ~ 

COndi tiODS Wi t 1l Uraniu r n C rbon. ! . Eny C SC 1 I'un 1n 

exp dit t. e rogrcss of' t .o · il r xner1m~nt ' th 

uraniu metal w 10 • that boco es ,o:: vc.il~j ,lc. The uraniu 

OXide e:>,')Oriroont 1.. therefore ~)!'000<.:~€d r •:; t 1 e .0 .. t .ff Ctive 

Patl5 of ax:.:Hldl tine; f:H'O '"!'C · to rd · n an S' r to ,he 

question oft. Jracticability of urenium- cc..rbon c h in 

reaction . 
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1. F'o:r ..... nvest e t on:: n th~ .·r (~ .. s 

• 

• 

• 

of ecuril g ~A ! 111c ur"'rdu ~ in suit ble 
fort 

For f ur tons 
C( .nvertr..d tnto 

.r ur n!'i 
etal 

O='<i ,, .,o b 

Co.z;t 
.... o 

of reduction of th..~. e ton~ of' t et· 1 
t c oxite 

lor inv~s~.~i~,c.tion::. to _m rov, t· e 

. a, ooo . 

"i! 7,ooo . 

60 , 000 . 

mrity of th (• .._ QJhite tC:OO . 

:.5 tons o .. : ~r ?hi te (fl v ~ ton:" ~o e . 1 1 
be o. and nlre~Jy) 15 ooo. 

5 . 

6 . C::.·lr ri ·s of Jl: sicist~ !1n,~ 8S ~ t·.nts 181 000 . 

7 . ~1e c1 ~1 . ?~ra·u 
const.ructi 
u -." lOV1.n 
etc . 

• r<unnin~ ex €?nses k:.n.l overhe d , 

9 . F1 ve ton of uranium o. :J o _fo.... the 
Gil criment it ~ oxi ~ e . tne 
deliver' of t .e ur& iu• wetal 

Total .f'vr non elnf.mn;. b 
rot 1 for S .l'""'li·C S oDd 

ateris.ls 

Gr .... 1 d ·.rot 

ont;hs 

!_ I 500 I 

I :JO • • 

7 , oo . 
1 -, voo. 

1!'103, oo . 
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It is rol')osed t o "'rforu t.he inter· 1edi.: t e !'c· le 

e-. e·iment in· l qrge r~oL in Jn versity Hall, Coluubia 

Univers1ty, a central un fin· sh d building of t :e Oniver-

sity v~hich :l..s close to t h :r.u jn hys ci:) La t· )ratories. 

The room in Universi t y is ar- e and has a bi g' · e iling 

nd is li~uch bet ter f·:H' t he ur}"'os t han any room :i.n the 

Pu in Labora t ories. 

TilliS o! t l..g Ex . erLt.ent 

It is hopfJd that t he asser.:.b".y of t h e ur iim ium oxide 

experiment could be begun in A r11 , 1941, before which 

t ~ rr.e !" .. uch would be done on .neco ss11ry a~·w~:tn.l.tus. A 

'"'eriod of )ne ye ' is indicated f ._.r t l o ur ~n1um oxi de 

exneriraent followed by t he r~.etalli c r aniun ex.per il..ent. 

Cues tion of St>n'e "Poss.i ble Hnzard 

Tho question of nny nossible hazara. h"S been C;trre-

no chance t hat a ch in re c lion coul~ stnrt in ~o tons 

of carb::m ln 7o tons of uranium. but even if t ha t were 

ossible, t he r~ssibility w uld be detected long before 

that mu ch ~~terinl was iled up. The rrocedure of t he 

ex •erimemt calls f · r ·1.R-king me ··uz· ents of neuton density 

t I'oughout t be mass of c rbon and ur niur.a as it is 

gr adua ly brought together. Tl.e n~ee ure 1ents n.G. ture. .ly 
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w uld not ryroceed fur t her if the ·ens1ty shou:d begin 

to show a rap1 increase with the adding of tore 

•aterials. 
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Notes on Ite,.Js of t he (,ost Bst imet ge 4 

ltem 1. If three tons of met 2llic uranium in 

solid, s. herical or bulk form re urch sable in the 

rn:::rket , it would be very ee.sy to set U ) t r e exn riment 

on t he intermediate ,;:,C"le . no :ever, met~llic u rl:lnium h s 

never been 'JrO luced in large ~uantities . In AT'lerie<> it 

h s becn pro d ced only in ar.1ounts o a fe· 1Joun s ::n' tru;t 

in the foi of fine 10\', er, .: ich "h n fi:r s t ')reduced ha s 

uch hydro~en with it . :he ~ ro g~n ay be riven off by 

beatin.:Z in a vacuu • The r.oe i'=' lning O"C~.,.der i~ then very likely 

to b~come Jyroforic and b uifficult to handle . The fir~ 

t hat does >r1alH~ metallic uraniuru in po .. ·~ered for i s t 1 e 

· et c.d Hydrides Inc r ~c!' ted, ·~everly, 'Taso:>c:l chusetts , of 

' 111cn fir:i.l ir . P . ? • .. l ~xan er 1 t ._ sctive hoa • :r . 

~ lexander is cooperating •ith us very ~ctivel u1 ~tudying 

t.. ·u ~ t>tion of ho ;, to ~ · et u r'"'ni u:n in E · for· suit, bl for 

the 'S ox>Jerim nts an· £' r a..,on nl . co r t . Tne Bure,-u 

of Dta1dard s is ;vorki g on nother 1ethod of .,..,roduction of 

u i·&niu h c . · ay give soli 'l casting s of the etal . 'l'he 

research labo ratories of both t .1e Gener 1 Electric ~nd th 

1'e stinghouse com:Jani s are "'r si stin , us in studying t 1e 

?~: ssibility of sinterino o·Fdered ur Ul!l. into ,. solid anc 

rf~ a . onably dense form . I n the contr ct with Colu bia 



Univ rsity at }re ent there ic;; ~r~ itc"'l of !) , 000 or 

investi~ations aft c ~otct"lurg) of lro~uct1on of 

eta,llic u r nium tn a fol~ :s.esi r e· • It i ~oubt _ 1 1 that 

t his wi l Je .;nou:?h. Henc_, t~e · 'ltion <:i it f 7 1 000 

is nterad in t~e cost of t'a. :nt~r-ed_ave AXlPr i nt. 

Ite""l ... . It )0' r ~ tr t t or-: i 1 b no d .fficulty 

in o btt ining fro tb.e 71-'~orado 'ol ~ .. incs , Ltd . uranium 

oxi ue in 10unts of evervl ton , co~in~ f ro, he Csnndian 

~itchblende de osits .hi ch ~ee· to be uite free of c y r a re 

earths ~hich ·ni ght have l igh absor'Jt ton of neutrons . From 

our l &at discussions w1Lh reyre~ent·tives of ~lcoraao Gol 

Mines, Ltd . it aJ ears t hat '"? "'houl · br.> abl e to secure the 

uranium oxide , U30B, a t sli.;htly more than ··2 . 00 ound, 

a lthough the mc.rlret :)ric e for lots of ~ few 1unt red ·)ounds 

is about ·k- . 50 . 

·~ c ha ve ;>ut aown four tons of l.l!'<tnium o i de bee use 

we do not kn.o 'O'J¥ c-m'Jlete ;: reduction of thi oxicie to 

t .~.e ·netal may ,)rove :n:·act ccble, but t is a:'l'lount of the 

oxide 1rould Jro b~bly be 4uite enough to ~-rive us at le st 

t l r ee tons of the cla=n met.<: 1 beyonU. eirl~ t:,. t ag • 

Item~ . It is i oo~sible to . redict just wh t 

t he 1·educt1on of three tons o.~ f3tal fro m t 'a'' ox:i {~ e v1ill 

cost . ~r . .. lexan: er of !ethl lyo.r id_s Incoroorated t hink.., 

t hat t he 'Jrocessing in quantiti e o" several ton. could be 
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brouoht down to ri lQ a ~ound above the cost of t he o xi de . 

Hence f or the three tons we h ve out do th cost of 

r~duction as 60 , 000 . 

It~. 4 . By r~ducln to ..., kh an< ~suring t e 

neut r on ab or)tion of t. ~"' sh of sorn of' he gre.. lite 

t hat :> rofessor Fermi h<-S ben usin? r,in _e 1· st rJring , 

it is found tha.t , alt .~.1ough the esh content i small it 

is sufficient to :ccount for ~ c n sir!arabl f r .ction of 

tr1.e total slo"J neu l'On e bsorption . If the a h cont ~~nt c n 

be rc"'uced &.nd ther by th absor;Jtion of the s lo neutrons 

in t he grayhite decre~sed, it ~~11 bP. veii vantag. us . 

e h,. ve already been very '!UCh c 1. ed b-y ti~c !¥&t_onal 

Carbon C :"l~Jany and D' the ' i vi;:. i n of Chcnistr-y oft e 

:a tional bUret.t 0' 0 t&ndc.rds in .n·· ly .,. inP" the £tSh Of 

gravhite , and we 10 e th··t 11rt her 1nvest:3_:-ot on.:. ill 

1 ad to ... t least sone red,~ction in . 1e <:1 oun o f nsh of 

the g r a) te :1anuf ctured e :Jeci a.lly for t hese expt;;:riment"' . 

'e believe t. e 1 tem of 3, 000 is not more tnan ill be 

needed, and tnat i t voill be very e· 1 invested in atte,l t s 

to i·stprove the ) Urity of o bt~in ble gr<:1.>hi t.e . 

Ito. 5 . The ~1ount of ; 5 tons of rr ra. )hi te is 

S?eoified, r~ther t l n tb. 40 ols t hdt · ill be re uired , 

beca so .::.. shall eve on hun more the.n 5 tan"' o f ra h1te 

from the ex)eriments t hat flre no , being c ~ rried on . Th 
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stinH. t e o!' co of "he -5 ton is at e figure so:ne'"hat 

1 ss than tne marke >rice in ~ ton lots, b'l..lt · e lv~ve 

reason to tl1ink that on 7.5 O!lB ~ bet ter fir,ur 

uoted M'' t hat ~ 15 1 000 should cover t e cost . 

m be 

Iter H. This 1 [ n ~sti:'lr.te of t ue , "' ries 

of phy .... ic· s s avl assi t~nt for t··el ve months a t t .e 

rate of 1, 00 ~ont . • T.is ·ill cover t ~e sa l ari es of 

two m.-n t :·ate of ':t '2 ~ ,,. 
u·- .... • vt. ... : .Q th; two at •. .-.. 50 a onth; 

on r: u.t ·· 150 [• 1onth; n1 t ~ t 'P. roxioo.te1"' ., 100 ~ ,nth . 

It is to be ex;ec ed t'1 t it"l t.hi~ t <'ff it ·oul :.' be 

!)Ossibl e to c.rrry ont both th'! ran1U."1 o. id V::) (? i m en t 

vn< the :n~t .lli : 1. r:..niu a e: 'J"'riments ~·'ithin the coursP. of 

Ito; '/ . It is ce!'tain hat a goo~ o.e tl o 

S ~)e.c c.l eouip ent ":in ~ p r· tus i ll :) e ecded in ct..J. rying 

in h ndltng 40 tonr- of zra )hi tt: con.sic er bl, construction 

of one k ind and anoth"'r will be necess ' !'Ji for s 1 YIOl'ting 

t he g r '"'; hite ~·nd for movin.c it about readily . Jior e "ll le , 

1 t ·vaul t. :rob bly be de sir<- ble fo b t ee t hr-lf of t Le 

11 of ·~ra )bite an~ ur"niuo or uranium oxi ~e to be 

. ounted on rollers i n such ~ , ay that 1 t coul-~ be 

sey: r a ted from t ne other ht lf of t l:e )ile i orcer t~1 t 

ea s 're. ~mt s can ~ t ak en as t he v· rt s ere se) r ted or 
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brought together. An allo ··c:nce of :7 , 000 for this is 

included ,. 

· e:.:1 8 . For ca.rr;in1:. out u.n e;.c- eri ent of t us 
kind there will be ~any incident 1 ex~e1 s~s and there ill 

be tne university overhead. ·or ~his n ,llo .ance of 

1,000 a onth is incluC.ed in the eati ate . 

Iteg ij. ceve1 t n of ur niu~ oxile ill , 

'c co rding to nresent "'1lr- r!s , be u . ed n tne ex eri . a ith 

g:ru.Jhite and uraniu oxio.1 z::. .:h:' c t i01 believed to 1 e so 

im. ort 1t for i ediv.te attention . 0 1 5 to of the 

oxi de ~ t 121, 500 re ut n the ~sti r:! te ~ c< use e s'1 11 

either h ve anot :1~r ~ tons o.f reniu"!l oxtde ~ cured un( er 

th nr .... ~ent contract fo_~ ex1eri ents, or se !-.: ton" of tho 

4 tor.s called for under I .,em 2 abovo before th e-e 2 ton<ll 

re converted into etC:~.l . In any c:.se thH uraniuM oxide is 

1!1 t rial that hu"-' ... :2efinite ..,; ... rket value, o thr.t if ~t the 

end it 1 s not needeC. the lo s on 1 ~ ill be coop ~r ti vely 

SJlall , In f ct we 1k ve been oi L eroc con r" ct unuer 

.ich thi oxide 1illt at t 1 ex?ir,tion of· state. _eriod , 

be taken back and sold for u by the Eldorado Gol d 'Tines, 

Ltd. 
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Comparison of t he Cost Esti~ate, Page 4, 
with a previous Tentative bs timat~ 

In an est i mate of cost for t he intermediate scale 

experi ent sub. itted to r . Briggs a s Chairman of the 

Oranitlt!l Co::n,ni ttee o o October 16 , 1940 , as a basi s for 

a possible secon~ contract between the N. D. R. c . and Columbia 

University , the figure fort · e total wa s L100 , 200., a s 

fo llows: 

4 tons of D 303 

Met allurgical expens e to get metal 
from oxide 

36 tons of graohite 

10 tons of araffin 
400 lbs. sheet c ~ dmiu 

Rental of radium for neutron source 
Constructions for handling gra hite and 

uranium 

Salaries, six months 

Running expenses, six months 

Total 

d! 20 ,000. 

40,000 . 

18 , 000 . 

1,600. 

1,000. 

3, 300 . 

£ , 000 . 

8 , 300 . 

6 .000 . 

~.1oo , e;oo. 

The Jresent estimates on page 4 total 11 56, 500 . 

The increases over t he October figures are as fol1ows r 

For investigation to secure metallic 
uranium 

Increa se i n item for reduction of 
uranium oxide t o t he metal 
(This i ncrease now seems in accord 
with t he present prospects , t hough 
t his is still quite the lOSt 
uncertain item) 

Investigation to i~prove t he purity 
of carbon 

3, 000 . 

~o, ooo . 

3,000. 
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A~dition~l · tons or UsOa for t he 
ex JcrL -· t ~ i th J ..:Os in ·:>lece of 
t e :J.et..-~ 1 

,ooo . 

" 6 • ! 

'n the co~t of ·1 to ;::) of v-:c 8 
In tho a~.t.!. ... "'te of co t vf :"a hi 

}""i ssion of rent~1l 
Omission Of cos of )• r- ffin 
0 J 1 ~~ ion of sh et c d.iu 

( .;o;n. .... th1. ·~ :iill ~ e necos ~ ... r.~ .for t 1e 
t .roe i to:ns jur-t precoc in 1 bUt 1 t 1 ~ 
ax{. octe t ' ·,t uch ex;> n "'itun::. t:... :ill 
~ed to be, de o: t .~.e C' t· m~\e 
1trer unci r t.L lr• ... sen+: con .r.:.. ct or 

. ,ooo. 
, ..... o. 
I •. : Q , 

l , t • 
,o • 

. ithin tne osti .t te f..;r ::-u~11 ing 
x. a:nses of tho in· ""r. eui te ox -1' ment ) 

Tot& l 1ncre.' e 
o t ·. 1 c ec r · ~ · n 

!let 1ncr r se 

t18 , ~.0 • 
11 . 900 , 

.: 56 , ... 0 , 
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cc; 1 - Pegram 
1 - Fermi 
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~ - .Utchell 
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Charge to the account of $ 

WE STE RN 
CHECK ' J CLASS OF SERVICE DESIRED ~ 

1217-B DOMESTIC CABL.E 

TELEGRAM OR~INARY 

DAY URGENT 
ACCOUNTING INFORMATION LffiER RATE 

SERtAL OEFE.RREO 

UN I 0 N NIGHT • NIGHT 
L£nER LmER 

SPECIAL SHIP 

TIME FILED 
SERVICE RADIOGRAM 

f>3.U'Of!;S should check cl:... or .ervin 
Msartd , oc.huwi.e lhe m-re 'lrill be 

tnntmttted u a telernm Of R. B. WHITE NEWCOMB CARL TON J . C . WILLEVER 
ordinary eablecram. PRESIDENT CHAIRMAN OF THE BOARD FIRST VICE·PRESIOENT 

Send the followrng me .. age, •ub]ect to the term• on back h f , ereo which are hereby a reed to g 

July , 1 4-~ 

p r 
0 y 

Confi uthorizati n f r y u to ..,roce d n 1 fblrth r 
n tice on eri ntal oro uet1on r et l t r t of ... to 5_0 

pounds per eek on Bu e u of t DC: rd contr ct. 

Gcor e B. r 
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J C....SS OF SERVICE .0£SIRED \. 
DOMESTIC CABL.£ 

TELEGRAM OAOINARY 

DAY URGOrT 
LmER RATE COIP.Y Of 

SERlAL DEFERRED 
' NIGHT NIGHT 

LETTER LEITER 
SPECIAL SHIP 

SERVICE RADIOGRAM 
Pauona lhould ebeclr. clul of ..-riel 

WIES1fiEJR{JM UJIMllON 1fiEJLIEGJRAIMI 
~. odlti'Wi.t the~ .. will M 

"'\ 
tn.twalutd M • Lftecnm or 

ordinu'}' cablep'am. 

BC 1106 28 NT XC- Beverly Mass ~a 

Doctor G P Pegram 
Columbia University NYK 

1941 Ju1 29 AM 12 40 

Kindly confirm that we can go ahead with experimental 

production of uranium at average rate of 35 to 50 nounds per 

week vdthout wait~ng for boron free calcium. 

COPIES 
1 Fermi 

v l Szilard 
2 111 tchell 

TAL HYBRI DES CO 

P. P. Alexander 



F bru~ry lo, 1941 

ontr ct ent it e.f ton Iovemb r 1, 40. 

i :c t'1 f! t t.- m'l t r his b. n c rried on by Prot ssor 

r. _:,.11" r d , r erbert L Anuor on, 4 I • 0 0!' · -:: eil , 

ince l· ru r 1, r. l :r • ZLn , 

nd technic 1 ld f 0 of ~~sor I> n • . .1.1 tch ll ·n t e 

de signed. Tllt~ ~ s .n t ·o uit'3 diff ·rent ~in s: 

(1) he CXtJerimenta ll\. th-oret.ic ul ·ork ill con 1, t1 1 i. 

ts m·de on neutron i n hi o, ur niu ·r 

sub t~nces. (~) 'ark irect . . o t~ :lnil of 

u ... · niun t 1 1 )Ur. ·:ro hitf:), it t ·' tio1 tls to 

tLc que.,tio of obtaining berylliu 1 • etal . , follo 1.ng ls 

rk un -r th e t ·o 1e- ··s . 

(1) • 

T i roc ss w inve t g t d b stuuyin. · t:. • 

· ntenslty of rctlv~ti n of v ri U· ctor1i (.: ..... .. In, I) 0 ... 1 .d 

ut v· rious lace insid ~ r· it column of X X 8 

feet , wit t ~ource o neutro 11 c .. on th C: 1 • it l 

uit b s f c ~iu. .:.croens e ffect ~· r ~on~ nc ld ... 

therca .ll n tr.:>n h· s been 1nv _stigc• te f3 

J. · t! e:n tical n:"ly ~· 1 ~ o t _e X erlrn nt~l re..-ult 

h be n carr! a out ·a:1n ;;1-.:nor' l b sis ti: • u ti.on 

th .. t t ·. >roc a .: of slo ·inV- do ·n f t l... neutron b ~ 

· crlbed d1f.fu s1 n )roc s .nu et rm.ini fr the 



ex:~erimsnts the co""'rect1ons to be & Y1lied in t e v~rious 
oa es . (This "l thod is ( cvoloJt"d in r ports fl~. f.:: . a.'1d 

f·oct. l) . 

Al o the diffu sian o :!: t ncr Ell neutrons has been 
investi ted .~themstically . The rckults cescri • ed 11 
t ' d s s ction ennble s at re.,eat t c lcul .. t · ..1. t h a .:'i: irly 
gooa ~ccur~oy at ar~ oint in a c rbon 

the nu .ber of t r: &l o ... rc ont nee neutron t. A~: founu c.t 
any ;iOSi tion . 

b. ~ete 

§nt1tted 

This ~er.sur~ant · ... erfol'ne ... b~ lo· ln do n the 
r eutrons in a gra Jhi te colu • t tlist·nce rom 
the Jource it is )OSsible t o h~ve c.n · l r e c_t'bl 1ntens1t: of 
tncrrnal neutron_ origirlated in th sot .. :ce 'G o ... ly r. v .ry 
s•'!lall number of neutrons of highf'l' en r i es. Scme uraniu 
1 ced at t.is 'osition ybsorbs t ere r o ~ y t erm .. l 

neutrons nd re- em1ts fast neutrons th .. t c n be ea ily 
distingu1 hed from the orimi;.ry th rrn neutron and cAn be 

measured thereby on very lo~ back round . Th r:.ne ly"i or 
this ex eriment is described in s .. c ions ,:;, en~ . of this 
re ort , 

c . •xtensi.ve C.:&lculation h ve been :':) "rfor!'!\ d on 
the !!intermediate ex_J .riment" • The 1in purpose was to 
det rntn t 1e l a of' va i"' t ion of t he number of neutrons 
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esca >in from .... reticu Fir m- ss of uranium ·tl<.- carbon 

hen th·~ d1·ens1oi ar vdr.,ed . Ptrt of tH:•se ·esults is 

sum"lla rized i n the curves Er t e e \ed to our r · ort a -t-,.'> t 
' ~I • ~A~-~ ') t{ tJ ( t •t '::;) ( I 'l , I, 

d . Con iuer t on !la s .o..SO ?Jeen given to other ty,es 

0.1. ex erincnt to ussi st 1 arri vi ~ (:jt o e of tll ne dod 

nuclear con tant.... . D::- • .t.inn 1 : e tine un' er ry ·:ttl~ an 

0 ' e:iment t l' t rdll m ... · U ~·· Of r S h.~ric l · · .SS of 

5 urce ··i 1 u ~ e the eu+ riu '!l- d uterium rs.':!ct on th 

,· . velo e .... in t ' . ~ st f ' '1 c rs . 

(2) 

!'uck. ti .• e ana t 10U ~' ht have been ri von to the 

questi n of .... ecurin m.t..:t ri l of su .... fic1 nt uri ty nd in 

sui tab e form . 

Gr~p1)1te 

The ra hite obt ined 1 st .... :.prin f r om t t. u. o • 

, .. iohignn, i of hi h . urity 

fo · a commercial product . Th~ nettron b~o~ t ion o1 the 

nsh fro co lbustion o so.:te of tb1 ra hi .e 3 been 

tested in tn laboratory ! d found to b r t r '1iP"h1 i . • 

the . vter1el in the ash ill account for . con.1 erable 

fr(;4ct1on of thE' total absorption in the gr · h1t e , The 

pre euce of boron in the as1 ~ s been nroven . An ~ lytical 

ork in t stinr the to ron cont ent bas be~ A done f or us 

by t he at 1onal Ce.rbon Comp·· 111 , by t he N< t ionr:l Bu reau 

l·tr 



of Stann.ar~s .and by a co:nmercl ~1 f1r·~n of' anal ysts . :rhe 

bor<')n content "m ... to be 8bout one part in 5001 oo, 

'\~rl.cn may "' tolerabl but i" unde t reble ., So far it 

hs.s not be··n )OSsib c to ma1 .. e s.rrangemen~ for t 112 · u !'lY 

or gra hi te free or boron, but fur t her effor ts are being 

ade in thi.s direc tion . 

The production ur. ium in den e rom 

neem"' to b~ the .;,.jo:r problc~l in our lin of e~,.>ericu:mt , 

but uranium in oliu '"'or!ll · not y~t f.Vai lcbl a f r om y 

~oll'C • ... are receivi , #o /~)f!J."'c ion il'l 513Veral directions 

i)&rt icularly the ··1et 1 ly ~rides r J.COl'')Or' ted vf B · verly 1 

· ~ssachus · tt~ , the NEtional , ure-4u of Jtan .. · 'ds , tl 

r search labora to ries of t le \Astinghou 

Uectric com;:amies . 

For t e ex, eriment "i'·ith uranium o.iu.e ld 

carbon 1t · ould really be o ite ~dvantageous if ~e could 

u so the uranium dioxide rD.thar thc:m the ordin .:cy oxi ae, 

o3o8 , because the di oxide s · uch higher < ensi ty mel 

of cour .. A3 1 t contains las s oxygen . r,~a nre ~orking ·1 t h 

the Linde Products Company m1d with other firm · on experiments 

with t he roduc t ion of the ur(nium dio~ide . 

;e h v· giv~n some attention to the ~uestion of 

obteinin.., e. su 19ly of :nn'e m·et allic bery l l i u , ~;inca l a t 



.. 
-5-

SU ' ·1- r we h.sve dt 3CU!:sed the ' oasi bili ty of using cor.t:i)t'lrati vely 

S\ t 11 c-r!lounts of u ... rylliUJl , to ~th~:r 1 th uraniuc e;nl1• r h1 te, 

1f it shoul d onpec:.r th~ th~ 1· 111um and g:r >hit lone rould 

Just f -11 to ~ ~ ch chain re ction con '1 ·ion•. It i. o . slble 

t .. a t an e_ ount of beryllium r-bout equal in volu:ne to th~~t of 

tn. uraniuo, · t; .• a 1mmedi:: .. tely around the uranium n;:. ses, 

might serve -2 enou 0 h of _ booster to brin' ~bout conditions 

for the cn..a1n re ~ction . 'inis, of t.:ourse, 1~ a very iffel~ent 

t ning from. us'!.nr. uranium mixed i th l>cryllium a tho L.lowin 

dom1 teri .al, ·bich '!Oul;;; requil~o v cy 1· rge , 10unts of 

berJllium. 
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COPY FOR DR. SZILARD 

inril 5 1 1941 

Dr . John ~· . T .rden 
Assistant Director of o~e~rcl 

stinghou se .Electric & -fanuf u.cturio"' Co. oany 
Bloomficl· , I;e''~ .Jerr.ey 

Profes~or Fcr~i, Dr . czil rd and I . ve iscuss 
toc.eth r your lettor of •t;.rch 28 . It sec~ns to us th£t tho 
su · <. e tion t 1r~ t you o:ct in : n ;. lvi sory cc aci ty on the 
question of ob · aining solid "!let0llic ur.!:; 1ium. is &. more 
i nediately hel .ful suggestion t.r1 o seconc' o e of an 
a.rran:1e7 ent under •r ich you coul l tr; out ex eriments on 
t his subject on a co!t )lus besis . 

If, t herefore , you a re ''illint to act in an 
advis r c.~acJty, we thinK it "'Ouh: be ~·ell to Drrange for r conference with you <:.Jld ,r . ;~1 xanC..er of the ·~ t~ l 
· ~·· ri es Incor~>orated for t di q cu~ sion of .J.ethods thot 
nay be fe~ sible for . reducing netnll1c ur mium in fed rly 
lc.rge ~.unr1 ti ties. 

l' h.·ve not yet con unica t ed ''·ith .r. f xender e bout t his , bu · he has f' o ti .10 t t ·. 1e referred to your 
vo rk, -n; I kno ' t n,• t he ''iOUll: be mu.cl-1 .lle· sed to ,. eet 

you . .~ ~··e then ')roeeed to tr,y to ~!'ran e sUC !l. z. 
conference'? Of c urse if ~. r . Rentscluer coul .slso b 
re:rent so ucn the better. 

cc: 1 - Pegram 
1 - Fe r mi 
1 - Szilard 
2 - Mitchell 

I I 
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-~ y 19 , 1 ~ 1 

done .. sn:ll & ount of re-c rr .... r . .; in:! of rt ·:..ttvn.~, otc: . 
F .. rmi er:d I s;-Jent some ti o.e v ;~r th.Pre t hi s -'o_ning s tuay i nr o t d t il of arr~n~e. euts ~ 

CBP : .H 

cc: 1 - Fermi 
1 - Szilard 
2 - Mitchell 

. incerel , you ... ~ , 

G(;Orge : . Pc ·:rr. :1 



-. ... 

Lr . Lyman J . Briggs, Dir-ctor 
f. '1tion 1 ·- r';'C:.' of "t~..:ards 
, , s .. , to 1 , D. C. 

June 2, 1941 

I Qve gone over with Fer~i ~~o Szil rd th 
tentative figure tJ · t · e :n -e u_ in '.e co•l" 1 t .. 
meetin; l r. t T~1u:rsday for the intermediate cnrbon - u_ 
exoer.iment . ~ firu e~ at-1 .f' 1 t ·1e- see~ to b 
fibout :.:1. clo ~a os c<;.. )!; esti r.1atet1. . If the re cut 
£io n so ewh< t '·' e could still go un 1. t · t'l. ~ r but 
coul(: no. :lUsh it - s fa. st. I.f t ey .ere au~· ent 
'i•;e .11ight be ~ble to g c. 11 ttle, but rob· hl; 
very much, faster • 

.fttache" is a schedule o"~ the item nd 
t i.1e cstim'"t d allo~unce ... of J.lic . you :n::~y ish to 
'laKe use in checkin:t u~ yo 'r fi ~rure ... for subm1ss · on 
.iith your rec ~·:rnend~ tion::; to i' • Bush. 

GBP : ll 
fuel. 

Si ncerely yo rs, 

0 o:ree B. egra,,. 



Ju e , • 1 ··l 

or i ou t · D:r n~'l. :n- '"' rb::m 
.. hUy 1 , '1:: 41 .._ -.. c :n r •:l• l '·* s 

ot l 

oo. 

Rut:r~i· ox. •.:n.~ s of,\ re c,,Tch (1u-el1• :t· r. -r ovv ,. .... d 
1 t '.:.ul!l) ~ o. . , 

~' r-niuro ·>,o o. ... 

D1<;t o.,~.r e! c. 1 e 1''1:' t 2· 
mot.l fo t ro 1x 
'·01:' h 

' • 

A•ao - etc., 
0 

10 , o. 



cca 1 - Pegram 
1 - Fermi 

l, 
ml 

1 - •I z1lard 
2 · 1tchell 

Co ... O-'t:ton 

June 7, 1941 

) ·it ur 



July 23, 1941 

Ple ·4so read t he enclo s ed letter. ould it 

b~ possible fot· you to tale bone Briggs and get his 

okay for t ni s experimental production so thr t e can 

arrange atters Nithout furt~er a elay? 

tL 
(Leo Sziln.rd) 



cc: 1 - Pegr 
1 - Fermi / 
1 - '"'zi1ard 
2 - ~ itche11 

-

r . ? • · • :.1 "X n ... er, Pre 1 · n .. 
':tet~·;o.l · ri es Ineor )Or .t d 
Box 816 
Clifton, tt 

D r Lr .• 

r ~11e on .ue~, 
tc y ur t 1 gr , of JulJ ~9, I ev.nin 1 1 tele r 1 fol o ·: 

~·or tor you to ~r 
rimentnl J!'O 

' ou 0 

o.;t . ' 

ur ... u 

· en I s 1n •it~ •hin t on on ed.nes y I con­f ir-ned , "tl ;r . Brig<;.s t't re eib)t of 70 roun '1lete.l alre dJ deliver-~· to u on t 1
• 0 Pure u of contr ct, !l;o t.t-wt h c '1 _o lt.:.ad wi l )' ym ·nt bill . 

·1llc r 1, our..,, 

G Ol"g • e r t 

e 



-

Aug'J St 19 , l9L!l 

.lemorandum fo r P r ofess r Pegram: 

The en closed page ;··- s i .c.cl Ged i r tl e 

11 Pr el iminary - eport on t e Melt i ng of rar •. 11n P,:, de1·jl 

of Au gust 16, 1841, instea of Pag f'~ 5 '. hi ch 1 s con­

t ained in your co py . 

LS:.!EB 

1n clo sure 

( eo &zi lcird) 



......... 

Au g1 st 20, 1 941 

?.l:e":loran.dtFn for '':r • Teele 
t'hy sic s 

1?1 p.s.se send a rec:ui si tion against 9 70-500 2 

as follows: 

;!etal Fly'lrirJq•·, r.,c., B ver1 -, 'ass . 

5 )<"nnds of thor·iur( ct..;.l in "'0 , er for·m 

GBP :MEB 

CC: 1 Pegram 
1 Fermi 
1 Szilard i 
2 aitchell ' 

George B. Pegram 

"-700 .00 



Metal Hydrides, Inc . 
Box 816 
Clifton, ~>{a ss. 

Gentlemen : 

ugust 20, 1941 

Attention: Dr . P. P. Alexander 

I am sorry that there has been so long a delay 

in sending you a formal order for the thirty-five 

pounds of ~etallic thorium. he delay was caused by 

our efforts to get the purchase made from other fUnds 

than those aVtlilable at the University . This letter 

will acco~pany a regular order from our Purchasing 

Department. 

GBP:MEB 

Enclosure 

CC1 1 Pegram 
1 Fermi 
1 Szilard I 
2 Mitchell 

Very truly yours, 

George B. Pegram 



December 20, 1941 

Memorandum for Professor Pegram: 

Mr. Pregel has just telephoned Port Hope at my request, and confirms tha t the black oxide c · nnot be dissolved on an industri 1 scale except in nitric acid. This makes it impossible to us e t e black oxide for preparing t he pure ur · nium oxide according to the recipe on which Mr . Pochon, Dr. ~ odden and I agreed. ~he operation of three times lea ching, bhich also ppears to le d to a considerable degree of purification, can be per­formed on black oxide, but there are no . ive tons o: black oxide in s toclc either in N e., York or in Canada. Mr. Pre el tells me tha t they have discontinued the manuf· cture of the black oxide.~ 

Would it not b best to call Bri eg s and if necessary ask Prege l subsequently to c 11 Br i ggs and arrive at some arrangement. Pregel will leave on Monday for a vacation, and an order should be placed with him by that time. 

Leo Szilard 



Columbia University 
Attention: ~rofessor G. B. Pegram 
.Pupin Physics Laboratory 
Colu~bia University 
Naw York, New York 

Gentlemen: 

June 24, 1942 

V~ile I was e~ployed by Columbia University 
I signed a statement concerning inventions raade by me 
during my employment at Columbia University. Since I 
am now asked to sign a similar stater:.ent in connection 
with my em·loyment at the Uni versity of Chicago, and 
since I do not remember the exact text of the statement 
which I si&ned at Columbia University, I would very much 
appreciate receiving an explicit confirmation from Columbia 
University to the effect that the statement which I signed 
did not intend to cover in any way inventions made by me 
after leaving the employment of Co l umbia University, that 
is , February 1, 1942 . · 

I would also appreciate your letting me have a 
copy of the t ext of the statement ~nich I actually si ~ned. 

Very trul y yours, 

L. Szilar d 

LS:g 

~\ 



Jun» . , 9 ~ 

I· ~ • 

'l :1 y ... :in l"'tt•;4• :>' u c tt:-7 . .. 
::::. 0 au to ' T 

via .... .. . ;,)·!Jo tl'n th:..~t ·lO C::ux10!~ :l'•.Y i 

.t . ,, c .i,.;:nt i tlo iv J. 

I 



Ube 'Ulni"ersit~ of (tbicago 
~etanurglca! JLaboratot}2 

~I 
f JAil f) 

December ~}7 , 
/" 
'-. ...... / 

Professor G. B. Pegram 
Pupin Physics Laboratory 
Columbia University 
New York, New York 

Dear Professor Pegram: 

I was sorry I was not able to tell you about 
happenings in Chicago when I was i n New York, but I 
have in the meantime obtained the permission of Professor 
A· Ho Compton to do so. This is the news I would have 
liked to tell you: 

The "egg boiling" experiment took place on 
December 2nd and everything went exactly as predicted 
in the early days of our work. Namely, if enough 
cadmium is pulled out to make th multiplication factor 
rise above 1, the intensity of th radiation rises 
slowly with time, and the rate of 'se is determined 
by the delayed neutron emission. In the actual ex­
periment on December 2nd the intensity of the radiation 
doubled about every 6 minutes. 

g 

The urgency of delivery t' f this documer\ t ~s 
such that it will n .. t l'l':tcli tli<' .d·tht·s~~·e in 
time by the nc.-L av:.til,w~~~ ol'lf'f i(;c• Cullii• 1' . T he 
originntor, th ·p.;.ilili <·, ;i ll' "'"·:zcR tlH· (;·:il<~mis­

sion o!J.hriS"(lfcum ·:II '•.v r.·gi . .-t,•n·d m.tii \\ itll ­

in tlte contineulalliwit:; of tlw t'nitul :---tatcs. 

Very sincerely yours, 

Leo Szilard 

This document contains information affecting the natiot;-t!J.;~ 
defense of the U'"titd States within t h .#ltl!'f;'<\ ~ 1 " 
Espionage Act, U. S. C . - i'NEM ~· rs tc J ·s·msstvn 
or the rev ·- cot~to:nrs in any manner to an 

e person is prohibited by law. 

MI D W AY 0 8 0 0 



ear Profes~or Pe;ram, 

:?or reasons 1h i c11 ! shall att empt to explain further below I think 

it mi bht be d.e.::;i r able that I should pu t on rec0r certain inventions 

which I have made within the l ust two years before I a c tu2.lly sta rt to 

wo rk under the contnwt with Co l utnb i e.. University on experlnents for 

which t he .r:'unds a r c being provided by the Govern!llen t. 

If you see no particls l '"l. r objection to the foll o 1i ng a: I ·-ould 

propose to c:wese t 1c f orr.>:J of patent pplic<- tions which I •voul cl fi le 

be""'ore s t t> rt ing the pro.i e ctcd. e-,rpe ·imcnt s at r:o lu ·bi a. . I wculll submit 

copies of t h ese patent anpl ico.t ion~ throu ~1 y ou t o Dr. I~ iiggs anu state 

in an ac co •1panying letter that I would b e e lad to aaoign thes e patent 

ap plicat i ons now or at any time l a te r duri ~ ~y work under the p ro­

p osed con tract with Colu'llb ia to sucb. ar;enq.r n::tft o the Gove rnment aa 

ma.y be sug,_,ested by you or the chairr;Jan of t.i.1e uraniun co nmi ttee, with­

out expecting any finanoi8.l comp ensati on fran t he ,_ov ermnent, bu t with 

the understanding that these patent ap0lica tions 1ou l d be re- a s s i gned 

to me a.t my request if at so :1e future ~ tc t 1e .rove rnmen t aban ons the 

project in support of wh ich it 1 as now .::.ranted tile su·'l of ;t4J . 000 . 

In that cas~ I would first t ry to ob t ain the support of the "l.o ckefeller 

or Carnc~ie Foundation for the continuan ce of the wo r k , ru1d if that 

fials I would ask for a re-assignment of these patents in order to use 

them for inducing some industrial corporation in the United States or 

in Ce~ada to support the p roject fUrther until its suocesoful conclusion. 

If you or Dr. Brige s should feel that in this case the Government ought 

to have the use of these pat ents even after their re-as s i -rn ent to me 

free of roy~lty, I sh ould be ~lad to ive an undertakin to that effect. 

I shall, of course, aee to it that no patent is issued as long 
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as the TOvernment fe e ls that secrecy i s des irable , an d s ch secrecy 

could be as oured if Dr. Drig3s \/rote to the C:o"J" is s ion~ r of :?a tents , 

ask ing him to take the steps to t h is ef~ect, ~1ich a re p rescribed by 

the l c-. ~. This can l> e done even if t h e pa tent is not, or not yet, a.s ­

si0ned t o any agency of the Government. 

If r. Brig s does no t s e any obj e ction I 111 i@!t ap ly for a se­

cret nat cnt i n Janada and in En ,~lan<l, w~lich I would a s s i 6 n \' ithout fin­

ancial co"'!lpensa ti on to t h e r ca e c t ive '::) ov c :rn:· ents, but I s lHtll, of 

cou rse, r 2fr a in r o1 doin~ t is unlos o I heLr f rom ~r . ~rig s t h a t there 

would 110 n o obj oc t ion o _ 1 i ;:; nart or n the part of e:• ny o the~· Govern­

ment a:.,cDcy wh ich is i ntcn1 es t d in t he 1 a ttcr. 

Of cour se, I s :J_ o,_J.l d 1 ike t :J re'::-w. in free to withdraw t h i s patent 

ap-'lica ti on a t a l a te . de.te o.s l onr.• a s it h a s not been a s .1i gne<l to the 

Governmento 

~Iy rea sons for t.he abo-ve propos a l r:1. re the follo·,..,. i _6 : I n July 

las t y e ur I forncd the conv i ct ion t l'lc t it wi 1.1 b e ooss i'b l c to '!P inta in 

a chain rea ct ion ·: i th ura niu!'1 under c oncii t ions wh ich c.r "' s, t i sf~<~.c tory 

from a.n en ineerjng point cf viel7, that i a uni e r comli ti onG i n vlr1ich 

it iG !)OG s iblc to have t hl3 r c:J.ction t c.(e p l a ce c. t h i ~ t.c ~,~)eratures and 

a c cording ly at a h i '>'h rate on a n in :.l.u t; tr i;::-.1 nca.le . One of t10 Primary 

ob jects is the construction of e n <m~~ ine w:·li ch a llo 'O it t o utilize 

the heat l iberated in the chtin r eaction f or : ur oses of power production , 

primarily p erhaps for a l ocomo tion . A nu-r1ber of pro lc ns c. r ises in 

this connection, in p!'l rticula r probl ems of h eat transf r e.nd I gulation, 

which present considerable d if?icult i es but which seem capable of a 

aa tjsfactory solution. 

Having contacted a number of P.JY colleagu es in JuJ y and August last 
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year, a consensus of ou inion developed that o.n a ttempt should be made 

to enlist the su pr ort of the '!overnr. cnt :' or c '~rrying out a certain pro ­

j ect un til its successful conclusion. I t •nay be~ half a mi llion t o 

a mill ion dollars will have to b e s pent before the first en ; ine of this 

type can be . ude to '7ork, ·· t least to the extent a.s tode:::Jonstrate t h e 

liberation of nu clea r energy on an indu strial soale. 

I now understand that a certain sum has been oranted by the Govern­

ment f or the su1n>ort of e ~·~eriment s which will "be carried out at Colum ... 

bia Un ivers ity under t he im edia te direction of Fermi and ~ys clf . I 

need no t emphasize ho-a very ha r py I am thnt we shal l t hus be put into 

t he position of stcrt ing t o ~ork alon tha lin~s ~h i ch discussed a t 

carious times with ca rious representa t ives of the "'overnment. ~i'h ile 

we have at r> resent no assurance that furth er sup ')ort will be fo l' thcomi n 

we have to base the work on the hop e tha t this prgect wil l be supported 

by the Government until its succes sful conclusion, i.e . until the con­

struct ion of the first ent_, ine working with nu cl ar ener y i s CO'•lp leted. 

I personally hav e r epeatedly expressed rea t conf i den ce t hat it 

will be possible to have a nuclear cha in reaction in unsepa.rated uran ium, 

and in a ccordance wi th this convtction I propose to ~ ed icate the next 

five or ten years to this task. 

I realize, howeve1· , that it i s difficult t o convey this f a i th in 

the ultimate success O .L th€ work with unsep&.rated uranium to others , 

and that others t ake now, or will t ake af ter some of the set- hacks 

wh ich we ay suffer at one time or the other in the future, a consider­

ably leHs optimistic view. -~ or this reas on we have to envisage the 

poss ibility of k not bein~ able to get adequate l.zove rmnent aup·nort for 

certain rather expensive experiments which m y become necessa ry . In 

that case I should b e in favor of ap .lying f or sup port to the Rocke-
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feller or Carneg ie " oun dation rather than to transfer this work within 

the frame··,ork of some industri a l corpora ti on . If su Jll sUI)D or t is not 

obta ino.blc then I would, as f.l. last res ort, be in fav or of us in;; the 

proposed. patent ap r.~lic ation c- s an inducer:~en t to some in ustri&l corp­

orati on in this country or in Canada for t ak ing U > this develouMent, 

thereby giv ing them t he h ope that they mi ~ht rec over t h e e -pen s es of 

developmen t through prof its wh ich t 11ey r1 i .:;ht make in the f u ture . 

I fully unde1•s t a.n d tha t any development ari s ing ou t o the work 

'llfhich ':·e shall carry out under the contract bet\Veen Columbia Univers ity 

and the Government wi ll bec ome the property of the Government anu that 

no pa t ent s may be taken out by t hose who a re en aged in this work. 



Dear Professor Pegram : 

A project 1'or ::m expr rilYler_ t in.vo v" 11:; pe'~'haps 100 tons of gra-

phi te and 10 to 30 tons of uraniurn was worked out in detail in July 

of last year and an attempt t) obtain the assistance of the Govern­

ment for carryin[ out such an ~xoeriment was made with the moral 

support and through the o;ood offices of Dr . '."'i P",ner , Dr . Teller , 

Professor ~instein , and Dr . Sachs . I have repeatedly emphasized 

that I would be e;lad to share lith .l:''ermi the responsibility for car-

rydmg out this experiment but apart from this I have never said 

anythin_,. from which one could infer that I did not propose to keep 

this experiment in my hands; i.e ., that I was prepared to hand it 

over to some organization and confine myself to advisin~ mMN on 

the best ways in which the experiment could be car..,ied out . I feel 

now that some confusion is about to arise from the fact that ri~l1t 

in the lirst meeting with the Government representatives on October 

~ l , 1939 I emphasized the interest which the Physics Departr'lent 

of Columbia in general and Fermi in particular is taking in this 

project . 'l'hough I made it clear that I am not speakin~ for the 

Physics Department the GovermnPnt representatives M¥CJflifi¥:fr~JSr XX 

~~fi»~*~xx~~~~~*~*~~ are probably increasingly under the impression 

that I am in this matter definitely associated with the Department 

and that consequently you are speaking; in my name as well as .B'ermi 1 s 

in your capacity as head of' the Physics Department . 'l'his in i tselL 



would dc1 no rum harm if it were possible to arrange everything to 

the satisfaction of all concerned but it might lead to a very 

awkward sit~ation if this is not the case . Therefore , snould 

further developmE:nts .iustify the fear that it will not be possible 

to arran ~e for the performance of t.'l.e experiment under the joint di­

rection of rE:Jrmi and myself , '·'IOUld you then be O'OOd enou~h to make 

it clear to the Gover~J1ent representatives that 



Dear Pegram : 

a n~p.e.a.ta · ~ st~ t ·.at I would be E.; 

very ~lad to snare ~ith Fermi the responsibility for carrying out 

a large scale experiment on a system containing large quantities 

of uranium and graph:.te . I hope ~--..m8,&,B!. ti:a t it will be pas sible 

to f' ind a set - up wN:i:~Jq in which l<'ermi and I can jointly direct this 

experiment as well as conduct a series of measurements .vr ich are 

nece ssary to find optimum conditions for a chR in reaction working 

vtith unseparated uranium . 

Howev&r , in vie v1 ot the conversations m · cb we had on tnis 
• '\.1..,-.<-< J.· /. / <' 

, subject during the last few days I feel tr-at-± a:Re 

• • :...,.... / ' - b> • ") ',( 'c) 
lea~ 

f-Jdoubt about the f8CL thRt if a set- up were chosen in V1hi ch tne 
;,t /. ~ ~ 

experiments were cond1 c ted by Fermi , and I was 9* -ct"e-d to act 

as one of his several collaborato:Bs or in an advisory capacity 

~ 
I would then / rather than collaborate ·: i thin such a frame - work/ 

prefer to keep the experiment ( for wrdch I nave bben trying to 

enlist tne assistance o~ the rovernment since July of last year ) 

own hands an~~form' the experiment either vlith the assis -
in my 

tance of the Government if that wer possible or · .. t ~ 

Naturally , I realize that tbis 

would be an awkward situation and tl1at quite possibly I would not 

suc c eed in either obtaining the assistance of he Government or 

sufficient private fu!1ds but this is a consineration of expediency 

vb ich I am inclined to disregard Cor the nre sent . 

Naturally, I do not want to interfere wjth a favorable course 

of your neryotiations ~ith the rovernment kM± by raising any such 



question at t h is juncture . On the othe r hand t h e Government repre­

sentatives are probably under a misapprehension in s o far as they 

do not kno w the exact relationship betwe e n t he Physics Department 

and myself they may think - h t as the head of the Physics Department 

you repres ent my as well as Fermi . This misapp rehension will 

remain harmless if all goes well but it could also lead t o a v e ry 

~wkward situa tion if , a t t he last mom ent, we would have to inform 

the Government re pres entative s that the Physics Department and I 

propose to act independently of each o t h e r in this matter . 

May I therefore ask you to be o o d enouf:Sh t o watch the si tm tion 

and to explain my po int of view or arrange fo r me to explain it 

d irectly as soon as you h ave reason to fear that the Government 

proposes to b a ve the large scale experiment carried ou t i'7i t hin a 

frame-work which excludes the possibili t y o f Fermi and myself acting 

in collaboration, correspondin~ t o the conception •hich I had pre­

viously explained to you and discussed Nith Fermi in ~reater detai l. 



I 

In order "'.:.o denonsta.rte c c:1.a.in rea.ction in which nuclear ener,sies 

are liberated ~e propose to c2rry ou~ the lar~e scale ex~eriment using 

up to 1 60 tons o~ r~nhite ~nd 35 tons of uranium oYide or alternatively 

15 tons of uraniUL! r1etal . It is believed t.1at i ~ t~e f"cilities can be 

obtained, such an exuerh1ent cc-m be carried out -·i thin a year Pn d has 

a reasona.ble chance of s ccess, anc it is honed tilat the quantities of 

materials actuall r required wil be less t':an those quoted above . 

It is proposed that the ~overnr1ent secures the 50 tons of u_anium oxn e 

by placin0 an order ~or this a~ount as soon as possible . Lelivery auld 

be eYpec ted a.t the rate of 1 ton uer week so that the tota 1 anount co ulc" 

be secured within a year . 

s the first step towards this large scale exucri~ent it is uroposed 

to carry out an experiment on c..n interme,,iate scale yrith 40 tons of 

graphite and 6 tons of 1r anium T"'etal . Since it '1i.ll take 3 to 6 months 

to obtain delivery of such an amount o uranium metal it is uronose~ to 

start the experiment ;·ri th 8 to 12 tons of u:-anium oxide and to carry out 

measurements on this s~rsten uencling the delivery o he met,l . It is 

considered likely that the chain reaction can be T"!ade to work in a system 

consistin::; 'Jf spheres of uraniu"l meta,l embedded in gra hite a.nd there is 

also a chance that a similar system composea of uranium oxide and graphite 

can be made to 'iork . 

The system might be improved by surrounding the uranium ~etal spheres 

wit~ shell s of beryllium metal , choosin the total wei@lt of uranium and 

beryllium to be about equal, but it is not at present believed that such 

an improvement wilJ. be necessary. ~evertheless, this line of thought 

will be pursueo by laboratory experiments carried out on 150 uounds of 

beryllium metal . 
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Eight tons of uranium oxide and 40 tons of .crraphite have already 

been ordere c out of an existin0 ap~ropriati on of 100,000 dol:ars, which 

is at the disposal of the Jational Bureau of Standards and it is believed 

that 3 tons of uranium metal can be obtainec"'. -:-i thin the frame-work of 

this appropriation . An ad~itional 6 tons of uranium oxide out of ~hich 

3 tons should be converted into uranium ~etal mi~ht be required for the 

purposes of the intermediate scale experiment. 

It is proposed that, durin the uerfor"'llance of the intermec,.iate 

scale experiment ana. large scale exueril"'Jent , laborc;,tory experinents 

for measurin, nuclear quantities involved should ~o on uninterrupted 

and it is assu~ed that about 5 out o . a staff of 10 physicists or 

chemists will be engaged in the actual performance of the intermediate 

and large scla.e exue rime nts wh ile the othe r 5 \'Ji ll carry on laboratory 

ex~eriments . It is further uroposed that a small appropriation of not 

more than 15,000 . dollars be set aside in the con tract coverin the 

intermediate scale experiment for the purpose of preparing the large 

scale experiment which is to follow . 



the auestion ·vhi ch you raised in 

conversations durin g the last fortni ;·ht I h ave come to the follovving 

conclusions : 

If the Go v e rmnent should nropo se to na v e the proje cted expe ri -

men ts carried ou t w" thin some frame work which ''JOUld make it impos -

sible f"or Fermi and myself jointly to conduct these experim n 1. s and 

if , for instance , the idea would be that the experiments should be 
~ 

condu cted by Fermi and that I ~~~±d be as~ed to a ct in an advisory 

b~to capac ity or as one of h~s sev er al collaborat ors I would 

c onsider thjs a satisfactory solution,. eitfier :t'romm_y p~rsur~l po:i.+lt-

• ce-s-sfuj_-'· realiza jon-of the P' o j e c t . 

If no satisfactory set- up coul d be found I woul 

to keep the exneriment ( for wh' ch I hav e been tr-uin~7 to enlist 

the a ss i stanc e Jf the Gov e rnme nt since Kuly of last year ) in my own 

hands and to be free , if the Gov ern ment doe s n ot propose to assist 

it , to turn for assis tance EX e lsewhere . I am quite confident that 

I can make a chain reaction with s l ow n eutrons work if qiven enough 

rope and if I can carry out certain experiments which I ha v e in mind 

and though I wo uld find it rath8 r dis tas teful to work fo r a pr ivate 

corporation wrli ch is ac tuated by the profit moti VEU from theNXX.±l!1Hat:i: 

n ational point of view it is more imp o rtant that this development 

should b e carr jed outJ speedi l~ than any question of private profits 

which may be involved . 



Dear Professor Pegram: 

I am happy to learn that it will now be possible to carry out 

certain experiments under a contract between Columbia University 

and %kx a Government committee. I note that all results arising 

out of this projected work will become the property of the G~vernment 

and that no patents may be taken out by those who are engaged in this 

work . 

In this connection I should like to raise the question whether 

it would not be advisable for me to uut on the record wu ch inventions 

as I have made without the a ssistance of the Government before actu­

ally starting to work under the proposed contract. Perhaps it would 

be wisest to have this record in the f orm of a patent appl ication 

filed at the patent office, and if this form is chosen I would pro­

pose to submit a copy through you to Dr . Briggs . If this should be 

desired I would be glad to assign this patent application to such 

agency of the Government as you or Dr. Briggs may select, with the 

understanding that the application be re-assigned to me if, at a 

later date , the Government should «xx±xR decide to abandon our pro­

ject . If you or Dr. Briggs should think it desirable I would be glad, 

however, to give an undertaking to the effect that the Government 

would retain, after it re-assigns to me the patent appl ication, the 

use of the patent free of royalties . 



The object 
within 

These inventions were made RXRX a period between January 1939 and 

July 1940, and had as their object methods which may make it pos-

sible to maintain a nuclear chain reaction in unseparated uranium 

under conditions which may be satisfactory from an engineering point 

of view. The utilization of the heat liberated in the chain react-

ion for purposes of power production, primarily perhaps for loco­

motion, is one of the main objectives. A number of problems arise 

in this connection relating to regulation of the reaction and to 

the necessity of transfering a large quantity of heat across cornpar-

atively small suffaces, and these problems seem to be capable of a 

satisfactory solution. 

Since July of last year I have dis-

played great confidence that it will ultimately be possible to have 

\ 

a chain reaction in unseparated uranium in the near future if the 
~ f' ~ .. .-..,,l .;'i 

facilities for this work can be obtained ane ! personally am suf• 

f-ieiel'ltly ~ww4ueed of this \1~e next five or ten years 
J: 'e; J 51 lt:A.w:;;;jHcJAS: 

to this work. It may be, though, that half a million to a million dollar will have to be spent by the time of a demonstration on an ind Since the Government has now decided to support the initial 
scale becomes possible. 
stages of this work, it seems to be best to proceed on the assumption 

that it will be possible to carry out this work wjthin the present 
~-~ ~~~/~ 

successful conclusion. Should,\at some future date, 
~----~ I ..c. 

frame until its 

it become impossible to obtain fy;rther 
~ ~,f­

Government support for our 

work,~ then we ~ttld lta~e ~~ approach the Rockefeller or Car-

negie Foundation for further supuort. ~~iling th~ig~--~ 
preach some industrial corporation in this country or in Canada, using 

the proposed patent applications as an inducement for their financing 

the proposed work. 



Dear Professor Pegram , 

For reasons which I shall attempt to explain further below I think 

it might be desirable that I should put on record certain inventions 

which I have mad e within the last two years before I actually sta rt to 

work under the contract with Columbia University on experi1nents for 

which the funds are being provided by the Government. 

If you see no particula r objection to the following x I would 

propose to cho e se the form of patent app lica tions whi ch I ~ould file 

before sta rting the projected experiments at Columbia . I would submit 

copies of these pa tent applications through y ou to Dr. Briggs and state 

in an accompanying letter that I would be glad to assign t~ese patent 

applications now or at any time l a te r during my work under t h e pro­

posed contract with Columbia to such ag ency ~ of the Government as 

may be suggested by you or the chairman of the urqnium committee , with­

out expecting any financial comp ensation from the Government, but with 

the understanding that these patent applications would be re-assigned 

to me at my request if at some future date the Government abandons the 

project in support of which it has now granted the sum of %40.000. 

In that case I would first try to obtain the support of the ockefeller 

or Carnegie Foundation for the continuance of the work, and if that 

fials I would ask for a re-assign~ent of these patents in order to use 

them for inducing some industrial corporation in the United States or 

in Canada to support the project further until its successful conclusion. 

If you or Dr. Briggs should feel that in this case the Government ought 

to have the use of these patents even after their re-as s i gnment to me 

free of royalty, I should be glad to g ive an undertaking to that effect. 

I shall, of course, see to it that no patent is issued as long 
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as the Government feels that secrecy is desirable, and such secrecy 

could be assured if Dr. Briggs wrote to the Comm is s ioner of Patents, 

asking him to take the steps to this eff ect, which a re prescribed by 

the l aw. This can be done even if the patent is not, or not yet, as­

signed to any a gency of the Government. 

If Dr. Briggs does not see any objection I mi ght apply for a se­

cret patent in Canada and in Enbland, which I would assign without fin­

ancial compensation to the res pective governments, but I shall, of 

course, r efrain fro m doing this unles s I hea r from Dr. Briggs that there 

would be no objection on hi s part or on t he part of any other Govern­

ment a gency which is interested in the matter. 

Of course, I should like to remain free to withdraw this patent 

application at a later date as long as it has not been assigned to the 

Government. 

My reasons for the above proposal are the follo~ing: In July 

last year I formed the conviction that it will be possible to ma intain 

a chain reaction with uranium under conditions which are satisfactory 

from an engineering point of view, that is under conditions in which 

it is possible to have the reaction take place at high temperatures and 

accordingly at a high rate on an industrial scale. One of the primary 

objects is the construction of an eng ine which allows it to utilize 

the heat liberated in the chain reaction for purposes of power production, 

primarily perhaps for a locomotion. A number of problems arises in 

this connection, in particular problems of heat transfer and regulation, 

which present considerable difficulties but which seem capable of a 

satisfactory solution. 

Having contacted a number of my colleagues in July and August last 
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year, a consensus of opinion developed that an attempt should be made 

to enlist the support of the Government for carrying out a certain pro -

ject until its successful conclusion. It may be S: half a million to 

a million dollars will have to be spent before the first engine of this 
I ~ -til .r ' • -" .. I . I • ' <"_ 

type can be mad e to work, a t least to the extent a~ toa~mon~ the 
I 

liberation of nuclear energy on an industrial seale. 

I now understand that a certain sum has been ranted by the Govern-

ment for the support of experiments whi ch will be carried out at Colum-

bia University under the imn1ediate direction of Fermi and myself. I 

need not emphasize how very happy I am that we shall thus be put into 
~ 

the position of sta rting to wo rk along the lines which/ discussed at 

'¢arious times with Various representatives of the Government . Wh ile 

we have at present no assurance that further supnort will be forthcoming 

we have to base the work on the hope that this p!Qect will be supported 

by the Government until its successful conclusion, i.e. until the con-

struction of the fi rst eng ine working with nuclear energy is co mpleted. 

I personally have repeatedly expressed great confidence that it 

will be possible to have a nuclear chain reaction in unseparated uranium, 

and in accordance with this conviction I propose to dedicate the next 

five or ten years to this task. 

I realize, however, that it is difficult to convey this faith in 

the ultimate success of the work with unsepa rated uranium to others, 

and that others take now, or will take after some of tne set-backs 

which we may suffer at one time or the other in the future, a consider-

ably less optimistic view. For this reason we have to envisage the 

possibility of knot being able to ge t adequate Government supnort for 

certain rather expensive experiment s wh ich may become necessary. In 

that case I should b e in favor of applying for support to the Rocke-
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feller or Carnegie Foundation rather than to transfer this work wi thin 

the framework of some industrial corporation. If such support is not 

obtainabl e then I would, as a last re s ort, be in fav or of using the 

propos ed patent application a s an inducement to some industrial corp­

oration in this country or in Canada for taking u ·o this develo pment, 

thereby g iving them the hope that they migh t rec over the expenses of 

development through profits wh ich t h ey mi ~ht make in the future. 

I fully unders tand that any development arising out o. the work 

which we shall carry out under the cont ract between Columbia University 

and the Government will become the property of the ~overnment and that 

no patents may be taken out by those ~ho are ~ngage d in this work. 



These letters by Szilard and Zinn did not actually reaoh Professor Pegraru 

since in the meantime Professor Pegram decided to release the papers for 

publication. !he hand-written originals are in my files. 

c 
0 

p 
y 

Dear ?rofe scr '?ef;r&."l: 

L. Szilard c 
0 

p 
y 

Dr. S:£il rC. •1a3 she~ .:ns the note he 1.as written concerning 

the fUblication of cur letter. I uislike vary much impo ing on 

you tc the xt ut of askin you to decide th.ia question. Ho ever, 

Szil-:rd. and I o taka opposite ·.ria«s. •y opinion may be su.ttrned 

up as follows: 

r.ithholdin:; p-ubli e.tlon c&nnot now keel-' the matter frc:L 

becoming generally known amonc physicists hera and abroad. /1 

small rumor to certain p o: ls ;ould start then: ' ff on ex~e i­

, .ants just e.s r:uickly as a ft.lll publicai·ion. 

Joliot's ~apar already provides the~ for an excuse tc 
be0in work. 

Otu· fears l)parently ara not shared by the French workers 

anu - cPn hardly believe that they are ignorant of the possibilities • 

. · th!wlain,; r_:,ubl ication can, at 1t:ost, delay the di ooveries we 
fear for S0"16 rr.onths . in v.hich case secrecy woul be impossible. 

Or. tte other hand» f~blication would accelerate rese rch ork 

in several laboratories nnd I f'oel that this countr.i v.ill not be 

put on the r.spot 11 by its research v.'Orkers fail in.;; to do their 

job. 

Finally, dthholding publichtion sets a ne and undesirable 

precedent runong physicists . 

Despite the above arguments I WO\lld be influenced a great 

deal by Professor Fermi's opinion. ?~r reason for this is that 

he inevitably ·ill be forced to accept the major part of blame 

or honor which mig;ht r,sult fro!!l these publications. Columbia 

University also has a vi tal interest in the natter from. this 

viawpcint and therefore I a inclined to give your opinion great 

weibht. 

v. H. Zinn 
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Dr. Pegram 

This is a prelilliinary report on Dunning's samples. 

L.J.B. 

Memorandum for Dr. Briggs: 

I mpurities in samples of uranium (metal) and uranium oxide. 

Metallic Uranium: (a) Total Hydrogen - 0.054% 

This value was obtained by burning the material 
in pure, dry air. 

(b) Hydrogen present as water - 0.001% 

This value was obtained by heating the sample 
at approximately 800°C in dry Helium. 

(c) Hydrogen present as "fixed Hydrogen" - 0.003% 

This value is obtained after the sample, at 
first heated in dry He to remove moisture, was 
burned in dry air. 

Remarks: The sample "as is" contains ten times 
more hydrogen than the allowable limit (0.005%). 
Most of this hydrogen is apparently present as 
adsorbed hydrogen or thermally unstable hydrides, 
and can be brought below the allowable limit 
by heating in pure, dry helium (0.003% as 
compared with the allowed limit of 0.005%). 

-.,. 

' 
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Spectroscopic Examination of Sampl es of 

Uranium Metal and Uranium Oxides. 

"Metal" 

Moderate* 

Very Weak* 

Weak* 

'leak 

Very Weak 

(?) 

Not Detected 

Weak 

Trace (?) 

Tr ace (?) 

Very Weak 

Faint Trace 

Very Weak 

"Belgian Oxide" 

Faint Trace* 

Faint Trace (?)* 

Trace 

Not Detected* 

" " 
(?)* 

Moderate 

Trace 

* 

* 
* 
* 
* 

Trace (?) 

Trace (?) 

Faint Trace 

Not Detected 

Trace (?) 

* Indicates tests requested. 

"Canadian Oxide" 

Very Weak* 

Faint Trace (?)* 

Faint Trace 

No t Detected* 

" 
(?)* 

Weak 

, 
* 

* 
* 
* 
* 

Very Weak 

Trace (?) 

Trace (?) 

Faint Trace 

Not Detected 

Trace 
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In the absence of definite st~ndards for i mpurities 
in uranium, the relative designations in t he foregoing table 
may be roughly taken as follows: Moderate indic~tes 
quantities amounting to several tenths of a per cent; weak 
indicates amounts of perhaps a few hundredths of a per cent; 
traces and faint traces indicate quantities of the order of 
o.ol% or less. 

With regard to the Rare Earth elements, barium and 
cadmium, it will be necessary to effect a partial chemical 
separation before attempting a s pectroscopic examination. 

Note: J. F. Goggin, J. J. Cronin, H. C. Fogg and 
C. Jar Industrial Eng. Chern. 18 p . 114 (1926) cla i m to 
have produced metallic U with Fe content of less than 0.01%. 
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