
May 15 , 1940 

S'l'c '1' i!.:.k N'1' by E. Fermi and L . Szilard 

The preliminary work on the possibility of producing a self perpetua

ting nuclear chain reaction in a mixture of or d inary uranium and carbon 

seems in our opinion to be encouragin _ e nd to war r ant t h e org anization 

of the work on a wider scale accor~in~ the the following plans : 

a) perform dt number of measurem t-~n t s cJ n d preliminary researches for 

the purpose of impr ovin P' the est i mate oi -che ch· nces of success and of 

enabling us t o :t' ind the be st possible con rl i tion s for the l a r g e scale 

experiment . · .. bile these measurements and researches are in progress to 

.• ork out t he c ons-cructional details 1·or a large scale experimenc and to 

prepare drawinc- s for such an exp e rime nt . 

b) on the assumption that this preparatory work und er a) should 

.;:: ive a sa Lisf'ac cory result , pe rform a larg e scale e x per i me-nt for the 

actual prcrluction ot the cha in rea ction . 

v e estimate -che expense for p· rt a) of our program to be about 

'1?50 , 000 . Pa r t b) of the program will involve much greater cost since 

considerable amounts of rna ter ial and 18b0r will be involved . It is estima-

ted that 100 to 200 tons of graphite and 10 to 20 tons of mEtal l ic uranium 

~ight have to be used . The total c st may perhaps amount to ~500 , 000 . 

•rne prog ram thet we suggest presents the advantage t ha t the actual 

expenditu re for the second s t s.g e o 1' Ll1e ···o :t'k will be incurred only if the 

r e sults of the fir· st preparatory stage are encouraging . 

signed : 

In support and explanation of the se prop osals the f ollov/ing c on s idera-

tions are submitted : 

~forecast wneth •. r or no1., a chain r e ac ion wou ld be self perpetuating 

und er .··i ven c i rcmr.stanc es can be made only with the knowledge of several 
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likely than no t t hat t he larg e scal e exp e riment would be successful . 

It is ma inly du e to t h ese circumstances tha t it seems advisable , 

before embarking on t h e final ex periment, wh ich wil l c e rtainly involve a 

v e ry c onsiderable exp ense, to c a rry out a preparatory prog ram as outlined 

unde r a) . 'rhe v e ry na tu r e of the measu r emen t s involved do e s not make us 

very hopeful of being able , a ft e r comp l e tion of this p r epa rat ory stage of 

t he prog r am, to p redict with certainty t h e out come of t h e experiment but 

we shall then b e in a bette r p osition to e stima te t he ch ances and determine 

the mo s t favor abl e g eome trical c on d ition s f or t h e final exp erim.o: nt. * 
~ e e stimat e the exp ense f or p a rt a) of our p rog r am to be a bout 

;w50 ,000 . Part b) of the program will involve mu c h grea ter cost since 

c on s i d erable amounts of ma t e rial Gnd labor will be involved . It is esti -

ma ted tha t 100 to 20 0 tons of g r aphi -c e and 10 t o 20 t ons of metallic ura---
nium mig ht have to b e used . The total cost may perhaps amount to ~p500 , 00~ 

The pro o: r am tha t we su g g est p :i: e s ent s how eve r the advantag e that the 

actual exp enditure for the second s t ag e of the work will be incurred only 

if the results of th e firs t p repara t ory stag e ar e encou raging . 

signed: 

2 . Remarks by L. S7, ilard to the ab ove joint statement 

Carr y ing out a larg e scale exp eriment seems t o be t h e only way in 

1:hich t n e possibility of a chain reaction using or d ina ry uranium ca n be 

es t abli s h e d beyond doubt . Clea rly the survey of the nuclea r constants 

which we propose to include in t he first stag e of the work as discussed 

under a ) is a pr e requisite for findin :;r the best cond i t ions for the large 

scale experiment. I pe rsona lly have littl e doubt l eft that a ch ain reac

tion can be set up in ordinary ura nium if the n eutrons ar e slowed down in 

a s u itable manner; all the more so since there is reason t o think that the 
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progress to wards find ing conditi ons favorable for the maintainance of 
//0 a chain reaction Nhich started a year ago is ttill eontinuing . ~ wish, 

.J;-.ls.Ee~tC, ~to emph a siz e /f;1rsref!~*ig;ti';;'~~ 
c_r-.1~·~ \ till\ first preparat ory stage d the -een&l itieaa} details ' 

out the larg e 

with 

of sci entists sup rvise our work and cooperate 

u ranium .,m ich 

I 
'--

I 
\J '1 . 



May 15, 1940 

Statements by E. Fermi and L. Szilard 

1. Statement by E. Fermi and L Szilard 

The preliminary work on t h e possibility of producing a self perpetua-

ting nuclear chain reaction in a mixture of ordinary uranium and carbon 

seems in our opinion to be encouragin~ and to warrant the organization 

of experiments on a wider scale according to the following plans: 

a) perform a number of measurements a nd p reliminary researches 

f or the purpose of improving th e esticr:a te o i ' the chances of success and 

of enabling us t o find th e best ~ossible conditions for the large scale 
- ~ vtf)~ ~ ~ ~ 'IN. ~~ w-t.(o;~ ~ ~ l!nJ: t(.t.L 

experiment. / rt might be advisable Vto prepare t o r Lhe larg e scale experi-
~~~ /tJU~~ r)~ 
ment during this stag e oi' V.mJ work al;o by cfes i gning the constructional 

details of all t .l'le apparatus vvhich would .have to be built later if the 

large scale experimont we re actua lly to be p erformed. / 

b) on the assumption that this preparatory work under a) should 

g ive a satisfactory result , perform a large scale experiment for the 

actual production of the cha-in r eac ti on. 

In support an d explana tion of these proposals we submit the following 

considerations. 

A forecast whether or not a chain reaction would be self perpetuating 

under g iven circumstances can be made only with the knowledge of several 

nuclear const ants related to uranium and to the process of slowing down 

of' the neutrons in carbon. These constants could so far be measured only 

with a very low accuracy and t herefore any forec-ast that can at present be 

made is aff'ec ted by a very cons i de rable probability of error. Taking for 

these constants what now ap~ ear to be the best values a large scale 

experiment o:gght -@o 13a: ~ti!!!Oate+ to be successful; but, for the reasons 

mentioned above , this statement means only that at present it appears more 
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nuclear constants related to uranium and to the process of slowing dovm 

oi' the n eu trans in carbon. These constants could so far be measured only 

wi t h a v e ry l ow accuracy " nd the refor ~ : ny fore cast tha t can at present 

be made is affected by a very c Jnsiderable probabili ty of error. Taking 

i'o r t hese c onstants ·-·hat n ow appear .o be the best values a large scale 

experimbnt ought t o be successful; but, for the reasons mentioneo above, 

this statement means only that at present it appears more liie ly than not 

t.ha. t the large scal e expe rimc- nt would be successful . 

It is mainly du e to these circumstan c es th2t it seems advisable, 

before embarking on the final exp erim c;nt, "'Jbi ch ·1ill certainly involve 

a v ery C jn s iderable expen se , t o carry out a preparatory program as outlined 

under a). The very na ture of tr.: e measur ements invo lv ed does not make us 

v ery hopeful of b e ing able , aft e r complet ion of this prepara -c ory stage of 

the program, to predict ··ith certainty the ou ccome of' the experiment but 

we shall -chen be in a bett e r position to estirCl..ate th e ch·- nces and determine 

t he most favorable geometrical con6 j t ion s _o r t he fi nal exueriment. 

si ~ne d : 

I p c rs ::mally have v ery little doubt that a ch ain rea ction c an be 

set up in ordinary uranium if the n 0utrons a re slowed down in a suitable 

manner. Our present valu e s of' the nucl ear constants invo lved are knovm 

only within fairl y wide limits of exuerimental error and th erefor e they 

would in themselves perhaps not be sufficient for makin ~ a r e liable fore

cast. h owev e r , in making a forecast one has also to bear in mind -che 

process of making prog ress t owards fin Ci in -_· condi .J ions more and more favora

ble for the maintainance of a chf in reaction . Consi c erable progres_s has 

been made durin c; che past t welve mon -chs in -::.hat direction a n d th ere is 

no reason -co believe th ~ -c this process of improv embnt ha s already reached 

its limit in the circumstanc es , etc . 



May 10, 1940 

STAT.KMENT 

by 
E. Fermi and L, Szilard 

At the m(~et1ng held on April 27 in Washington under the 

cha1r:tntinahip o'f Dr. Briggs we reported on the progress of an 

experiment which was carried out on 4 tons of graphite put at 

our di.. sposal by the Government . This experiment has now been 

concluded and the result is satisfactory. It was found that 

t h e absorption of carbon for slow neutrons is small, tm value 

obtained being about one-third of the previously reported upper 

limit. 

Our work concerning systems composed of carbon and uranium 

has now reached a sta~e at wl11ch it seems necessary to orge.nize 

A large scale experi:11ent. Only through actually carryin@; out 

such an experiment cnn it be domonstrated beyond doubt thnt e. 

nuclear ch~in reaction can in fact be maintained in a system com-

posed of carbon and UJ'an:lum. 

All nuclear constants involved have now been measured and the 

best exp8rirnental values obtained for these constants lead to the 

conclusion th.qt such en ex!)e!'1Ynf,nt may be expected to be successful. 

It urust 1Je 1,ointed out however, that the number of nutl:ear oonstan ta 

vhich are ~.nvolved is large and t.ha. t the value of each of them is 

knm,m o:nl y .,.,. ~_ ·thin tho limits of experimental accuracy. In the cir-

cumstancc'::l, a fore-cast bAsed on the best ava~. lable values of these 

const~nte can be rmde perhaps w1th a fair negree of assurance but 

not with absolute certainty. 

Since it appeers necessary and urgent to obtain certainty 1n 

this matter we desire to start organising a large scale exporiment. 

This experiment would roquire about 100 tons of graphite and 
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As the f irst step it is urouosed to ca r ry out a general survev 

of all nucl .;:; ar constants involved ··r itb a vi ew to confirmin ?.; the 

V£ ~Ues previously obtained and of narrowing down the limits of 

experimt::ln~al error of' the observed values of these constants . 
( J 

Concurren t ly, vd th this survey, c er tai work would have to be done 

in order to prepar e t he g round fo-r the larg e scale experiment . 

Such v1ork '!OUld includ e t he working out of constructional details 

in the form o f drawing s, the carrying out of technolog ica l tests 

on samples of material which will be used in large quantities in 

the ultimate exp? rirrent, and neg otiating for bids for the manufac-

ture of s u ch material in the required auality and quantity . An 

expend iture of :jji50 , 000 . would probably be sufficient to bring this 

first stage in the organization of the large scale experinent to 

/ 

·- / 
,/ 
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During the seconcl stage 0.1. th i'.'O rl:: tho expenditure would graduall7 

rise and 1!18-Y reeah a total of 5001 00Q. by the time the large seale 

'I'hG en~~tneel,ing development p:r•oper W;hich would include the 

ene;;rgislng of e. steam boiler by t.he ht:.nt liberated in the chain 

reac tlon ano the adaptation of auch an a tcmic en r:r,ino :t'or tho pUC' pose 

of drivinl·~llnl vessels 1::3 ncrt included in this estln.ate o.f' e~at. 

su~h ... 1 engineering developM~nt would probably require a. fre..me-,~ork 

which 1 a di .rr~rent from the fl--arne-work which is best sui ted for 

c rryin~ out tho fir.t large seal~· ~~s~~tion. 



1\:iay 10, 1940 

STATEMENT 

by 
E. Fermi and L. Szilard 

At the meeting held on April 27 in Washington under the 

--Briggs we reported on the prog~ess of an 

experiment whi cn carried out on 4~ens of graphite put at 

~ experiment has now been our d i sposal by the 

concluded an d th~is satisfactory. 

t he absorption carbon for 

~t was found that 

small, trn value 

n g about one-third of the previously~orted upper 

li~. 

/ 
Our work concernin~ systems composed of c a rbon and uranium 

has n ow reached a stage at whi ch it seems necessary to organize 

a large scale exp e rime nt. Only through actually carrying out 

such an experiment can it be demonstrated beyond doubt that a 

nucl ear chain reaction can in fact be maintained in a system com-

posed of carbon and uranium. 

nuclear constants involved have now b e en measured and the 

b est experimen ~alues obtained for t h ese constants--read to the 
~.......... _.,..-.~-"' 

conclusion t ha t such an may b e .e-xpected to be successful. ...-
It must be po inted 

which are involved 

known 

out however,~ number of nuclear constants 

is la~~tha t the · alue of each of them is 
/,... 

e limits of experimental accu~acy. ~n the cir-

on the best available val~es o f these 

be made perhaps wj th a fair degree of assurance but 

with absolute certainty. 

Since it appears necessary and urgent to obtain certainty in 

this matter we desire to start organizing a large scale expe riment. 

'l1his experiment would re qu ire about 100 tons of g raphite and 



Dr.. Br 1ggs: Op-ening remarks, 

t'Sr. Sachs: Background or thi a me-eting 

Dr ·. Fermi: State of -exp-er imental work 

Dr. Szilard: Possib~e 1mp lieat1ona concerning national defense 

Dr. Pegram: Outline of possible organization of future work 
) 

Dr. Wigner: Remarks on the above 
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I 
I Statements concerning the large scale experiment. 

The work of Fermi and Szilard has now reached the stage 

at which it is necessary to start organizing a large scale demon

stration experiment. Before making any arrangements tor the pro

posed large scale experiment, it will be necessary to devot• some 

~ime to remeasure all nuclear constants which enter into t~ large 

scale experiment. The exact knowledge of the values of these 

constants will render it possible to determine the best conditions 

under which the large scale experiment can be efficientl7 carried 

out. 

It is suggested that for the work carried out preparatory 

for the setting up of the large s.cale experiment a i'und. of 

; 100.000 be secured. One of the purposes for which such a tund 

would be used, would be to employ, say, four younger phys1c1ets 

for carryine out a survey. This survey would comprise the folw 

lowing: 

1. an improved estimate of the number of fast neutrons 

emitted b; uranium per absorbed thermal neutron ( ); 

2. a study of the resonance absorption of uranium (p); 
3. a study of metallurgical problems connected with the 

large scale manufacturing of uranium metal; 

4. orosswsections of uranium for thermal neutrons; 

5. slowing down process 1n carbon; 

6. measuring of combinations of nuclear constants in expor-

iments in which a uran1~~ metal sphere is embedded in graphite; 

7. constructional details tor the large seale experiment. 

It 1s further proposed that .the greater part of the fUnd 

be used for the preparation of the large scale experiment in a 

system composed of uranium and graphite . Part of the fund ought 



to be spent £or another line or· reaearoh which. if suoeeaatul., 
·ould lead to another type of chain reaction based on .fast neut

rons instead of slow neutrons. 

Part o~ the fund could also be used £or separation researoh 
concerning the separation of two uranium isotopes. by means of 
grants to university laboratories that are currently purau1ng 
t his line of research. 



~41*17 1n lbu'eb 1 ~ ~eoe1ved a lat·ter by Dr. 'i1Mte-1n. 1l'l 

wh1eh he 1n.foft:\18d me ~~t .bQ !1M ~flom&d from rel1e!olo e~e•a 

that. work on urtm1um in uoMmr17 is bemg CGl'l"1ed out 1n put 

aet:roOJ' and on a VfiPJ lar~g"C aealo. 1 Ul:l>'1.e-rattmd thAt th1s 1n.r~

at1cn 1a oonfil"'aGd 'b7 Prot. Debye who .fin•ntl7 cMO rrom !Jo~. 

DJ-. ~ln:tJteill tlro•e mo tlult D:r. S•1lard baa \U"ltten .a detailed 

pnper on 'th& pos.a1b1lltJ of et~!:n reaet1oos 1n a systom e~o9ed 

of m·nntua and gr-aphite,. ar.4 tbat t.h1a paper ba-a been aont to 

the ?by's loa~ Review, and Dt'. B1nato1n raised tho QU&atlon Gt 

aeera-oy in co.nne¢t1on w1th all th1$ WO"rk., At the aamo time, Dr. 

B1n:ate1n a•ked D.r. S1'!ilan1 . to aubmtt 1.l ~mor«mdUlft on tho poss1ble 

b-e~1ng ot Dr. Fend. •n -ar.i:'i Dl'. 5~1lard's work on ·quJ t1ons ot 
r..ntionttl de!'•n.e. wldah ~ZlOnl~ I bevo 1n tho ~t.bte r4t&o1.ved. 

;.'Ceo:t"{U.nely. I .&Ubmitted. .bis e~eati~ to the Prca1dont. at"A 

upon tlw r·ree1.d~nt 1 s return trora hb tJ>1P in tho Canal Zone I vau 

advised by h!m tbnt he had a~lted his ~.locr•tlU"J• G-~ral Wats-on, 

to fL."'>! .. &nt:e anotht.tr meotin,g in 'f''tua-hi~'"tan• w1th Dr. BJ>igg Wld 

tile r~reaentn.tlvea or ta. A1!r£ri and mav:r ~.t~d;ar.t tmd. other • 

GeJ'A-ral tiat:son. o:~ the a::he date# ulted tar ~eat.1ono .rrom Dr. 

Einstein. tm4 ~$el.f U · to the suppl.eantm7 na.• for attendanee 

at tbJr; eo.nt>Gf>$BC&,. :eM oo.- t hrou£b thei kifti oft1oett and d1root1on 

of Dr. Br1ggo,. thu oo.nt.-erenZ9 ba-s r.emll ted. 

TJ11a •e·~lt , . ba:vins; hea-rd !Nlil Dr-. &!htatein tN! t m could not 
attend, I had the pl{Hisure o! ocllins. 4>tl ht.m e-nd hea~hlg ldJJ: v1-aa. 

Be t-old • that bo· bad d1sctHJ.se4 the $c1ent1r1o upects wtth Dr. 

1'H -2,."llOt> and amphasi~ed bla con\r!.eUon aa to thD 1~-rta:nee or cre

e.t1n.t e..ond1tc1omt undof1· which the wor'k cCD be _pursued on m ade

quatta a-eal• • Be al$0 d!seunved ~e JUl)f)cta of orpr .. laation. ar.d 



soogbt m:~ vl..,a on t.llat, t""!:it t.Ms eon be deto:r-::ved foJt a later 
s.ta~e ot this eonterel'lCb.. 



0. f) 
} If r,he g; overnment is no t able to provide funds it mi aht approach 

public-minded p r ivate persons Rnd sug qest to them that they should 

put up the re~uired funds. 

Any help tha t the ~overnment may wish to _ive in the form of 
~~ loaning material or men will be welca,-b'ut the work will be neces-

sarily greatly slowed d own unless in addition to such help free funds 
are also available. runds ~be madE payable direct to certain 
universities rather than ~~ the trustees o f the p~oposed organi-

zation but the existence of the proposed organization appears neverthe-
less to be essential in orger t~ ~ ive to those who will be eng aged 

,(,,..\ ;t t f ----~( 
in this work a clear(flstatus with respect to this work . Unless this 
work will be considered by a number of people as a full-time job and 
unless t h e responsibilities are clearly defined it will not be pOfiSible 

a_ 0....._ ,. ;( to carry out in a s a tisfactory manne r ~ t a s k "Ihich is of :v:s;r~great 

complexity. 



Statement for Dr. Sachs - 8 -

.. 
Dr. Fermi and Dr. Szilard emphasize\~e importance 

~ ' It 

~ for obtaining substitutes of radium or medical purposes 
~ 

in large quantities. to carry out these ex-
/r'r' . ""-+/, 1\ ~ 

periments under the indirect suo ervision of the Government, i.e. 
~ h~A..~~· ~· 

within the framework of~ organization which would be controlled 

by the Government by virtue of the fact that its trus~es are Y.' ' ,. . p- ...,::- ~ ""---~ J< 
committee. ~. F'Cimi and 1511". S:.i.*aPd nominated 

t· l 
and ~hose 

by the Government 
M ~.,( 

whom they would ask to collaborate 
1-/-.;r/ 

publication of ~~esults o~t~ine& in the 

............... 

delay the first inst- I 

ance for two years; after that period the ouestion of publishing / 
~ 

results would be <Considered in the li g;ht of the further develop-1 

ment. Any patents taken out by tho se v•ho collaborate ~e 
Ar~ ~ .. ,.,.. ~~A , ~,:, -~ 

g iven ~~-0! gfia~ to the corporation or) to one of the Govenn-
~ 

ment Departments. A committ e e of scie nt ists/serve~ in advisory 

c a pcity to this or ganization, and it is assumed that Dr~. Pegram 

and Urfi of New York, Dr~. Wigner and Wheeler of ~rinceton, and 
~~.:... 

Drs. Tuve and Teller of Washing ton would consent to serve :i-n tlt:ts 
~~/ ~·4 

I i:J. • /Dr. Fermi and Dr. Szilard would be glad to ~ep tbn 
/H~ -;..-._~I ~,} ~ ~ 'l'•,t_ ~~--<J & '·1 ~ (IL cornmi ttee tn.l. Onu( rYf ~ire-i}ragress ot.: the YJork, and ~ committee 

could advise the trustees as X~R to the justification of 

1/ /'-M_~--...-r ./ . /- / dt ~ .t:,.. 
proposed expenditure. ~ .J -~.-- -r -'~ · 

.f.- u._._ II) i...-vt- L 7 Pt .... " 6 
~ t "~... ~ r.-~~ r· ~~~--r- ~- ~ .. r ;~<: 

& ~--- l,. "'4 -- I 1~ , -
~ k- ~1-,c ~r; 1 h 



Statement. 

to 
'l'he first a uestion which the Government has decide.d can 

be put in a hypothetical form, as follows: Assuming that it is 

possible to maintain a chain reaction in a system composed of 

100 tons of graphite and 10 tons of uranium, does this fact ap-

pear to have a bearing on questions of natjonal defense which 

are sufficiently imp ortant to make it advisable for the Govern-

ment to sup p ort this iiN~B line ~f research? The answer to this 

question ought to envisage the necessity of an expenditure either 

b:: the Government or by private sources, which would start with 

about 9 50 .000 and ~radually rise to a total of perhaps 

;;ji $00.000. 
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Statement. 

Bur work concernjng systems composed of carbon and uranium 

has now reached a stage at which it appears desirable to organize 

a large scale experiment. ~l(nuclear constants involved have now 

been measured, and the most probable values for these constants point 

to the conclusion that the larg e scale experiment may be expected to 

be successful. Since, however, these nuclear constants are subject 

to large experimental errors,obviously it cannot be stated with 

certainty that the large scale experiment wjll in fact be succes§ful. 

In these circumstances, and since the larg e scale experiment 

will involve g reat expenditures both for materlal and for labor, we 

propose to proceed step by step in CRrrying out this experiment. 

If the results obtained in the first step are satsifactorYJ11 then the 
ed as 

expenditure necessary for the second step will be considerKMi~ just -

ified,and the work will proceed according to schedule. In this way, 

the ex penditure would rise parallel to the increase of our assurance 

of ultimate success. 

As a the first step it is proposed to carry out a general sur-

vey of all nuclear constants involved with a view of reduclng the 

experimental errors affecting the values of these constant~.~ 

this survey may considerably increase our assur-

ance of ultimate sue ~ but it cannot decide the question with 

certainty. The num~: -o£~ants involved is considerable, 

and · -cu;;tances it v1ill be nece~.t..... in order to obtain 

actually to carry out the large sca~~iment. 



Dr. Fermi and Dr . Sz j lard have expressed their willingness 

to postpone the publication of the method which they invented 

for a p e riod of two years, after which time the question of pub

lica tion would have to be consjdered. Th e same restraint con-

cerning publj_cation would be exo ected of all others who would 

collaborate with the proposed or ganization. 

Dr . Fermi and Dr. Szilard have expressed their willingness 
some 

to give to the proposed or ganization or directly to ±kH Govern/ 

ment department any patents which they may take out without ask-

ing for financial comoensation~ /{ ~ 
t't.-J'(I<r"'1 ~ N{/ a-/-{_ It- v-? ~- ~.....,, ~ • ..?'/ ' /-c..,./. 

-~ .f ~~~ ~ 1/ ~ /~~·( 
\) IY'-' ~~ r~ r ---. 
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STATEMENT 
by 

E. Perm! and L. Szilard 

May 10, 1940 

Our work concerning systems composed of carbon and uranium 

has now reached a stage where it seems desirable to organize 

a large scale experiment using about 100 tons of graphite and 
k 2o_l 

perhaps lO~s of urani um metal. The only way in which it can 

be shovm with certainty that a nuclear chain reaction can be 

maintained 1n such a system consists of actually carrying out 

such a large seale experiment, All nuclear constants involved 

have now been measured and the best probable experiaental values 

obtained for these constants point to t he conclusion t hat such 

an experiment may be expected to be successful. It must be 

pointed out however t ha t t he number of nuclear constant s which 

are involved is large and t hat the value of each of them is known 

only within certain limits of experimental error • . ccord1n81T1 

a tore-cast based on t he best available values of these constants 

can be mRde perhaps with a fair degree of as surance but not with 

certainty. 

Since it appears u~gent and important to have certainty in 

t h is matt er it is now proposed to start organizing the large scale 

ex{ll riment. Realizing t hat thi t~ is an enterprise wh ich requires 

large expenditure it is suggested to proceed by steps in carrying 

out this experin'ent. If the results obtained in t he first step 

ap ~; ea.l• to be encouraging then the expend! ture necessary for the 

second step will be com! dered as justified and the seoond step 

will be carried out accordinq to schedule, etc. By proceedin g in 

this way the expenditure would rise parallel to the increase in 

assurance for ultimate success. 



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

As the first step it 1s proposed to carr y out a general survey 

of all nucl ear constants involved ~ith a view to confi r ming thG 

values previously obtained and of narrowing down the limits of 

experimental error or the observed values of these constants, 

Concurrently, with this survey, certain wor k would have to be done 

in order to prepare the ground for the large scale expertment. 

Such work would include t he working out of constructional details 

in the form of drawings, the carrying out of technological testa 

on samples of material which will be used 1n large quantitiea 1n 

the ultimate ex~rioont, and negotiating for bids for the manutac• 

ture of such material 1n the required quality and quantity, An 

expenditure of $5o.ooo. would probably be sufficient to bring this 

first stage in the org~ization of _ t~e large scale exper~nt to 

its conclusion and would bring us up to the next stage which may 

require considerably greater expenditure, 



Statement concerning Secrecy. 

One of'fh e JX:.Iai:.e.f reasons for keeping the ·work of F'ermi and .Szilard 
secret is to give the Government an opportunity to secure a 

supply of uranium ore from abroad before other g overnments take 

action. A particularly serious situa t ion mi ght arise if Germany 

joined by Italy should emerge victorious out of the war and thus 

would ~ain control of Belg ian Congo . 

The neces s ity of keeping r e sults secret would bring the 

physicists who are emp l oyed by university lab oratories into a 

conflict of loyaltt~s. ~reover, it would not be fair to ask 

young physicists to refrain from publishing without bein g offered 

some finan c ial comp ensation . Ins ofar as salaries could be paid 

f r om a fund controlled by trustees who are n ominated by the 

Government Committee, the physicists eng a g ed in this work could 

be given a clear status and a financial compensation, and in this 

way secrecy could be assured . 

) I• 0 ) 



.lf ve tak.o 1 t for sr-anted that 1 t rill be .r:o•atble 'to " tn

tt:tl.n a et..ain r:eaotton 1n e. ;yet= -c~o&ed ot u:Nuliwa and fl&rbo~ 

t.~ .r1rv:t question ~b!ch ar1thle 1& tt" t"ol.~~w1..~: 

L. Dona tll6 .C"'Gverr--~ ~t. eon-.1der th!e re:et to httve an import

ant betlrtng Stn que&t1ons ot national de.feue! It the anewc.r- to 

this q:'tlestitm 1G poa1t1,-vo. th{.ln it is ob.vtousl7 L-,.portant that th& 

Gov-er~t. ahoold be 1n a po:ai tit».\ to seeur-c. tt r&nu1re46 en 
d~...1ete wppl.i or u..~tua from ab-rod. 'lb1s v1ll only be poa.

~tblc 1:t 

a} tho- ~rnmmt rs.ma alleoo or fora ten 1over1'l1Jlents that · 

uranium U1\ in .faet be u-a«l to~ eertaln ~"ec1.t1c pu:t"poae-a 1n e-cm

~ectian with national d~~nao; 

b) l.f this .fact 1s k(')pt a~e~t at lmu.tt. lone (111~ to en

&'ble tM Gov~t- to S""l;}twe f1n etleque.ta auppl-7 ot l!;l...~'Wil !'rom 

ttbNad• tor Gtbli-:ndae t~t;•eia,n ~!)?em~Jents wl.ll enntract tlle \tl:'lim-

1um aoming t'l"'cm. Ca-nadta · or B-elgian sour~. In v1mr o:t the pro

tJ1es.a or too wu t.1.nd the Cbm~r or 1tu as~ a totalitar1~ 

.to~. Wf; ~n.nnOt $XUlude tJ1o p!.)ZlB1b~l1ty Of I'fJV&rS.Ca to t.ro All1sa. 

leading t,o. a d~t.1on or~ Arriea~ lnebtdillrE I!el~1an ~ • 

bJ tbe kd$ :Power&. llerr..ee , the UJ>~Gn01 fo_r dCC1310B aM for 

tts~..n'inz tho eo-ro1t1ora~ c.or.duc.1ve to :spefld7 and aee~et \York. 



Statements concerning the large scale experiment. 

The work of Fermi and Szilard hss now reached the stage 

at which it is necessary to start orgs.niz 1ng a large sceJ.e de-

monstration experiment. It is not contempl ted actually to place 

any orders for this large scale experiment wJ thin the next six 

months or one year. This time interval ought to be used to 

remeasure all nuclear constants which enter 5nto the large scale 

exper!ment1 sinee~the exact knowle ~J of 
1
the value~of these con-

~_,._~.J....r [.L,.t:.fl...j-<.._...._ ~-:..ct.. 
stants will~ it possible to f~ t~~eJt 7pnditions under 

which the large scale experiment can b'~~ out. 

lf a fund of $ 50.000 were available, four younger phys

icists could be employed for carrying out this survey which would 

includet 

1. an improved estimate of the number of fast neutrons 

emitted by uranium per absorbed thermal neutron ( }; 

2. a study of the resonance absorption of uranium (p); 

3. study of metallurgical problems connected with the 

large scale manufacturing of uranium metal; 

4. cross-sections of uranium for thermal neutrons; 

5. slowing down process in carbon; 

6. measuring of combinations of nuclear constants in ex

periments in which a uranium metal sphere is embedded in graphite; 

7. constructional details for the large scale experiment. 

It 1s proposed that three fourths of the fund be used for 

the preparation of the large scale experiment in a system com-

posed of uranium and graphit~and one fourth of the fund be 

used for another line of research which• if successfUl, would 

lead to another type of chain reaction. 



Statement for Dr. Sachs. 

In order to put t h e Gover~~ent in the position of securing 

the adequate supp ly of uranium for purposes of national defense, 

it is necessary for the Government to know with certainty that 

'-' uranium can in fact be used for certain sp ecific purposes. Ac-
cording to the enclosed statement by Dr. Fermi and Dr. Szilard 

such cert a inty can not be obtained by any other means but by 

carrying out a r a t her expensive experiment, and the auestion 

~ arises whether the Government is willing to spend or to r•sr ea:e-
public spirited p rivate citizens to spend, if necess ary, u p to 

half a million aollar for the purpose of findin g out whether a - U.+ ({!... 
chain reaction can be maintained in c•aeemm:::t~-e±r.:-weuld 



In order to be in a pos ition to take the necessary action 

concerning the acouiaition of uranium ore, it will be necessary 

for the Go vernment to know with certainty that a chain reaction 

can in fact be maintained in a system composed of uranium and 

g raphite . In orde r to ob tain this certainty it is necessary 

that a large scale experiment be c a rried out,which would involve 

the us e of about 100 tons of g raphit e and perhaps 20 tons of 

uranium.~s. Fermi and Szilard have expressed their willingness 

to carry out such an experiment, and in doing so to proceed step 

by step, so that the expenditure would g radually rise with in-

creasing assurance of success. ') 
. .__,_~ --

n my view, the responsability for carrying out su ch an ex-

periment should lie with some organization created for the pur-

pose, and I have discussed t h is point with Dr. Einstein, Dr. 

Fermi and .Dr. Szilard. I am enclosing a copy of Dr. Einstein's 

letter :BiQixlO which ~ s addressed to Dr. Briggs,and which deals with 

the subject. Dr. Fermi and Dr. Szilard have also associated them-

selves with my sug ~estion and have expressed their willingness 

to carry out their exp eriments within such a framework. A com-

mittee of scientists servjng in advisory capacity to this organ-

ization would be constantly informed on the progress of the ex-

periments and would advise t he trustees of this or gani zat ion as 

to the justification of ~oposed exnenditure. 

~ 50.000 would be re~uired for the start to or~anize this 

work, and this sum might cover the expenditure for a period of 

6 months to one year. The total exp enditure might finally amount 

t o about ·w 500.000. It is assumed that Drs. Pegram and TJr~ of 

New York and Drs. Wigner and ~'/he e ler of Princeton would consent 

to serve on this commi ttee. 



STATEMENT 
by 

E. Fermi and L. Szilard 

May 10, 1940 

Our work concerning systems composed of c a rbon and uranium 

has now r eached a stag e where it seems desirable to organize 

a large sca~e ex e rim~ing abo~ 100 tons of graphite and 

perhaps 10 /,.o~ of uranium me t a W . .., 'I1he only· way ··in -wh'i'e·h ··it-· ea.n 
~A-· . ~t-r t . . - ~~!' .. ~~ A.,<-!-/ 
'/JI:) ~n with c ert_aJnty( t.nat ~-.. nuclear chain reaction can be 

maintained in such a system ~~tually c a rrying out 

such a large scale experiment . · 11 nuclear constants involved 

have now been measured a n d the best ~ experimental values 
~ 

obtained f or these constants ..pQ.in.t.. to the conclusion that such 

an experiment may b e expected to be successful. It must be 

pointed out however that t he numb e r of' nucl ear c onstant s v1hi ch 

are involved is l a r g e an d tha t the value of ea ch of them is knovm 

only wi th in certain limits of experimental e rror. ~ccordin~ly, 

~ 
a fore-cast based on the be s t available values of these constants 

c an be made perhap s with a fair degree of as su rance but not v1ith 

,/i.J ··Lt.: 
-er tainty . 

Since it a ppears urgent a n d important to have c ertainty in 

t h is matt e r it is no 1~1 proposed to start o rganizin~ the large scale 
~ t.'t:,;.lf.,,..,,.,.;t., .. ~ (~) 

ex~ riment. Healizing t ha t t h i v is an enterprise which requires 
J<. 

l a r ge expenditure it is suggested to proceed by steps in carrying 

out this experirrent . If the results obtained in t l1e fir st step 

ap p ear to be encourag in ~ then the expenditure necessary for the 

second step will be comi dered as justified and the .second step 

will be carr ied ou t accordin ~ to schedul e , etc . By proceedin ~ in 

this way the expenditure would rise parallel to the increase in 

assur~~ce for ultimate success. 


	mss32_b031_f27_001
	mss32_b031_f27_002
	mss32_b031_f27_003
	mss32_b031_f27_004
	mss32_b031_f27_005
	mss32_b031_f27_006
	mss32_b031_f27_007
	mss32_b031_f27_008
	mss32_b031_f27_009
	mss32_b031_f27_010
	mss32_b031_f27_011
	mss32_b031_f27_012
	mss32_b031_f27_013
	mss32_b031_f27_014
	mss32_b031_f27_015
	mss32_b031_f27_016
	mss32_b031_f27_017
	mss32_b031_f27_018
	mss32_b031_f27_019
	mss32_b031_f27_020
	mss32_b031_f27_021
	mss32_b031_f27_022
	mss32_b031_f27_023
	mss32_b031_f27_024
	mss32_b031_f27_025
	mss32_b031_f27_026
	mss32_b031_f27_027

