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Dear Dr . Szilard: 
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It would seem to me that if you are in doubt with 
r espe ct to the advisability fro:-:1 the standp oint of security 
of publishing the paper which you submitted in 1940 it would 
be best for you to send it to Lt . Col. John R. Ruhoff at Oak 
Ridge , Tennessee, P.O. Box E, to ask fo r his judgment. In 
other cases Dr. Tolman has felt that he should not accept the 

responsibility for makinr; a recormnendation but has advised 
that papers be sent to Lt. Col. Ruhoff. 

Sincerely y ours, 
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IN REPLY 
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11r . Leo Szilard, 
Argonne Eetallure;ical Laboratory., 
P . o. Box 5207 , 
Chicago 80, Illinois. 

Dear 1~ . Szilard: 

25 July 1946. 

The fo llowing of your reports are oeii.Lt; withheld from de
classification at the present time Qecause of U. S. Patent Office object
ions: 

11 Divcr gent Chain Reaction in Systems of Uranium and Carbon 
(Report A-55) 11 

11Additional Hot es for Report i~o-55 11 

The papers aro also runong several that l1ave brought up a question 
of int erpretation of the present Declas::; ifi cat ion Guide as it applies t o 
nucl ear characteristics and pile theory. In order to insu1·e uniformity. 
in the mater ial being r e l eased all controversia l papers arc being witlu1eld 
from declassification pendinr; final de cision on the se quest ions. It I'Ji. ll 
be necessary for us to vrithhold your paiJers for this reason as well as the 
objections raised by the Patent Office. 

We regret our inability to make speedy declassifi catiou of 
your papers , but hope you vrill bear vlith us until the hro questions above 
are resolved . 

For the District Engineer : 

• 

Very truly yours., 

~f.~ 
ALTO~\I P . DOll1& LL., 

Haj or, Corps of l!;ngineers, 
Declassification Officer • 
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Professor Farrin...,..rton Daniels 
Director, Vetallurgicnl Laboratory 
P.o. Dox 520? 
ChicaGo 80, Illinois 

Dear Professor Daniels: 

T 
(' ! 

I <lr.l enclo.sing a report which is substantially identi cal vdth tho 
paper that I sent for publication to t he Physical Revie-,.; in February, 
1940; thJ.t is,. before the U.S. e;overnment beean to eive financial SUP

port for work on uranium. The publicatiou of this paper was delayed at 
roy request. 

Havint; studied the criteria for declassification which yo·ll showed 
me yesterday, I have cane to the conclusion that t here is no re2.S on why 
the publication of this pa_;:>er should b8 delayed any loncor and I an, 
accordinp)y, askine the editor of the Physical Review to have tho paper _ 
printed. 

I would appreciate it if you wonld have the paper e.xar.1ined so that 
if I should be in error and if there should be anythine; in the paper 
which, in accordance with the recommendations of the Tolrr.an Committee 
should not be published at the present time, I can take the necessary 
steps to have those offen~ine pa0sages r~uoved from the text if not any 
earlier, than at least in the proofs. 

Very sincerely yours, 

Leo Szilard 
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May 15, 1946 

IN PLACE OF A SUMMARY 

L. Szilard 

Remarks added May, 1946. 

It became first apparent to the author in July, 1959 that there is a 

serious possibility of maintaining a chain reaction in a system composed of uranium 

and graphite. At that time we had only very imperfect knowledge of the values of the 

nuclear constants involved but this did not stand in the way of making a comparisoo 

between a heterogenious uranium-carbon system and homogenious uranium-water system. 

The comparison showed that if a homogenious water-uranium system can be constructed 

which comes very close to be chain reacting, then it should be possible to make a 

heterogenious carbon-uranium system chain reacting, provided that the absorption of 

carbon is lower than .01 x lo-24, which happened to be the experimental upper level 

for carbon absorption, at that time. An experiment previously completed in June 

12, 1959, indicated that a uranium-water system could come reasonably close to be 

chain reacting and the Government was advised of this situation in October, 1959. 

In January, 1940, experiments, made by Halban, J oliot, Kowarski, and Perrin, 

on uranium-water systems, became known. One of the uranium-water systems investigated 

by them came very close to be capable of maintaining a chain reaction, and one could 

see that such systems could accordingly get close to be chain reacting for the opti-

mum concentrations. In the opinion of the author, this made it almost certain that 

a chain re~ction can be set up in a uranium-carbon system under practically attainable 

condi tiona, if the capture cross-section of carbon had a value of, say,. about one 

half of the experimental upper limit quoted above,i. e., .005. 

In order to get somewhat orieRted as to what the useable ratios of carbon 
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to uranium and what the geometrical . dimensions might be, some rough formulae to 

which such a simple theory leads, the author had to decide what values to use 

for those physical quantities of uranium W'bioh were very poorly known at that 

time. Values were so adJusted to each other as to just about permit a chain 

reaction in the limiting case of the carbon absorption corresponding to a cross 

-24 2 
sect~on of 0.01 x 10 om • This adjustment was ac_hieved by proper choice of 

a value for the resonance absorption. 

This paper was therefore written in an attempt to obtain a rougp idea 

as to the optimal compos.rhiJn, geometrical dimensions, and other characteristics 

of such a chain reacting system. The publication of this paper was delayed in 

1940 at the request of the author. Over six years have now elapsed since it was 

written and naturally, the paper is outdated in many respects. In these circum-

stances, an attempt was made to cut down somewhat its length without adding to 

its original contents. A few footnotes were added to draw attention to some of · 

the shortcomings which have in the meantime become evident. 
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IN PLACE OF A SUMMARY 

L. Szilard 

Remarks added May, 19~- _____----:· 

;::;;:; Ltb~;:;;-.first apparent to the autho j; July 1939, that there is a 

serious possibility o.f maintaining a chain reaction in a system composed of uranium 

and graphite. At that time we had only very imperfect knowledge of the values o.f the 

nuclear constants involved but this did not stand i.n the way of making a comparison 

between a heterogeneous uranium-carbon system and homogeneous uranium-water system. 

The comparison showed that if a homogeneous water-uranium system can be constructed 

which comes very close to be chain reacting, then it should be possible to make a 

heterogeneous carbon-uranium system chain reacting, provided that the absorption of 

carbon is lower than .01 x lo-24 , which also happened to be the experimental upper 

level for carbon absorption at that time. 

/11[":_---- ..e;.__ ~ -~ ~22 . _.___ 
pwn· I ~~'ixperl.llient Cv.~npl.eted u~-,7""l'""1Jr.Uii~e--~.,..,..,.;>-':ffiaieatodth~m:.arci:wn-water system ------ ------__:_ 

could come reasonably close to be chain reactin~he Government was advised of 

this situation in October, 1939.~ 
No further e~p~1ments in this fi eld were undertaken at Columbia 

. I~xtmeX n>mX:t:~~X~Xl~Xp:ei')f;Xt{E!mXIDC:p:eTUim::t<S
X~USCXU9l!~ea 

Univ., or · tha t matter, anywhere in the U.S. between June 1939 and 

Mar. I '40~)a~ X~~li~::¢M(-~~~ililllml>X~JUMX~~ but i.n Janua:cy, 1940, 

~:i:ments III8d-4i by Halban, Joliot, Kowarski, and Perrin, on uranium-water systems, 

became known in this country. One of the uranium-water systems investigated by them 

~~&~ 
coulcy see that 

came close to be capable of maintaining a chain reaction, and one 

e~rce1f!d•Utr!C.., 
such systems could get acaer.Ji&g y close to be qhain reacting for the optimum con-

centrations. In the opinion of the author, this made it certain that a chain reaction 

can be set up in a uranium-carbon system under practically attainable conditions, if 

the capture cross-section of carbon had a value of, say, about one half of the experi-

mental upper limit quoted above, i.e., .005. 

~----------------------~~---- ------------ -- -=----
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Thus i .t appeared ~try to obtain a rough 

idea as to the optimal composition, geometrical dimensions, and 

other characteristics of such a chain reacting system and this 

was attempted in the present paper. Over six years have now 

elapsed since it was written and natur ally it is outdated. A 

~ few footnotes were added to draw attention to some of the short-

comings which have become evident in t he meantime. Some parts 

of the paper have been condensed or left out entirely in an attempt 

to shorten it without adding a nyth ing to its~ 
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Remap.k~-added May, 1946. 

IN PLACE OF A SUMMARY 

L. Szilard 

~,.b s I c 
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May 17, 1946 

In July 1939, it became first apparent to the author that there is a serious 

7 

possibility of maintaining a chain reaction in a system composed of uranium and graphite. 
~ -,, c ~~-) 

At that time wo h~. ' only very imperfect knowledge of the values of the nuclear cons tG.ri ts 

involved but this did not stand in the way of makin g a comparison between a heterogeneous 

uranium-carbon system and a homo geneous uranium-water system. The comparison showed that 

if a homogeneous water-uranium system can be constructed which comes very close to be 
then ittshould be possible to make a heterogeneous carbon-uranium system ct1 aia 

chain reacting/ ~ig$.:Life~hat the absorption of carbon is lower than • 01 x lo-;::4 , which 

also happened to be the experimental upper level for carbon absorption at that tline. 

The United States Government was advised of this situation in October 1939. 

No direct experimental evidence on a uranium-carbon system was available at that tim~, 
e-<vr(is: ... [..--

but experiments complete~ ln collaborationv~th H.L. Anderson and E. Ferm~in June 193~ 

had reliably indicated that a water~uranium system can indeed come reasonably close to 

be chain reacting. No further· exper~ents on such systems were undertaken at Columbia 

University, or for that matter anywhere in the United ::itates, between June 1939 and 

March 1940. But in -January 1940, an experiment performed by Halban, Joliot~ Ko•;;arski, 

and Perrin, on uranium-water systems became known in this country. One of t he uranium-

water systems investigated by them came close .to be capable of maintaining a chain reac t icn 

and one could also see that such systems could get exceedingly close to be chain reactL~g 
-1 - - / /. (t -(~--

for the optimum cClncen tra.tions. 
~· L-

In the opinion of the author, t his mtil.do it certain-tha-t- a 
~ t!-tl l· · l ,.,_ .l'f ' '.-· . . / - • ~- . ' 
~ - __ , ·- -- -· . , .. ·- - ~ .. 

(ch·am reaction o~ b" se-1;-up in a uranium-carbon system upder practically attainable con-

ditions, if the ca pture cross-section of carbon had a value of, say, about one half of the 

~xperimental upper limit quoted above, i.e., .005. 

Thus it appeared important to try to obtain a rough idea as to the optimal 

composition, geometrical dimensions, and other characteristics of such a chain r~acting 

system ap.d this was attempted in the present paper. Over six years havenot elapsed 

since it was written and naturally it is outdated. A few footnotes were added to draw 

attention to some of the shortcomings which have become evident in the meantime. Some 

parts of the paper have been condensed or left out entirely in an atte;npt to shcr tm it 

without adding anything to its original contents. 

:. ·. . ... 
. .:· . ·.· ... 

. . ·. :. ;,· '" 
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IN PLACE OF A SUMMARY 

L. SziJ:ard 

;v~,L 
Re~·added May, 1946. 

In July 1939, it became first apparent to the author that there is a serious 

possibility of maintaining a chain reaction in a system composed of uranium and graphite. 
~ ... ~ 

At that time we had:"only very imperfect knowledge of the values of the nuclear consta.'1ts 

involved but this did not stand in the way of making a comparison between a heterogeneous 

uranium-carbon system and a homogeneous uranium-water system. The comparison showed that 

if a homogeneous water-uranium system can be constructed which comes very close to be 
then ittshould be possible to make a heterogeneous carbon-urani~ system Chain 

chain reacting/ p~g~l.~~hat the absorption of carbon is lower than .01 x 10- 4, . which 

also happened to be the experimental upper level for carbon absorption at that time. 

The United States Government was advised of this situation in October 1939. 

No direct experimental evidence on a uranium-carbon system was available at that time, 

but experiments completed in collaborationwith H.L. Anderson and E. Ferm~e. 193~ 
had reliably indicated ·that a water~uranium system can indeed come reasonably close to 

be chain reacting. No further· experiments on. such systems were undertaken at Columbia · . . . 

University, or for that matter ·any:where in the United ~tates, between June 1939 and 

March 1940. But in -January . 1940, an eiper-Ulent performed by Halban, Joiiot", Kowarski, 

and Perrin, on uranium-water systems became knovm in this country. One of the uranium-

water systems investigated by them came close .to be capable of maintaining a chain reacticn 

and one could also see that such systems could get exceedingly close to be chain reacting 
Y::;- / /LaY;; 

for the optimum ccancen trc.. tions. In the opinion qf the author, this ~erta~h&t-a 
~ t!-#-·v!.-- ~.!:ff' · <" c -/.~ __ _:1:_ ___ j 

~!ram reaction ~Zl l/Q &at up in a uranium-carbon system upder practically attainable con- · 

ditions, if the capture cross-section of carbon had a value of, say, about one half of the 

~xperimental upper limit quoted above, i.e., .005. 

Thus it appeared important to try to obtain a rough idea as to the optimal 

composition, geometrical dimensions, and other characteristics of such a chain r~acting 

system ~d this was attempted in the present paper. Over six years havenot elapsed 

since it was written and naturally it is outdated. a few footnotes were ·added to draw 

attention to some of the shortcomings which have become evident in the meantime. Some 

parts of the paper have been condensed or left out entirely in an attempt to shcr tm it 

without adding anything to its original contents. 

; · . . ~. . .··· : . '• ' . . :. . .. ·· 
... ', .': ;;· ·:- ·. 

• L ' , · 
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May 17, 1946 

IN PLACE OF A SUMMARY 

L. SziJ:a.rd 

ti~LL 
~added May, 1946. 

In July 1939, it became first apparent to the author that there is a serious 

possibility of maintaining a chain reaction in a system composed of uranium and graphite. 

~ .. ~ 
At that time wo A~, only very imperfect knowledge of the values of the nuclear constants 

involved but this did not stand in the way of making a comparison between a heterogeneous 

uranium-carbon system and a homogeneous uranium-water system. The comparison showed that 

if a homogeneous water-uranium system can be constructed which comes very close to be 
then ittshould be possible to make a heterogeneous carbon-urani~ system Chain 

chain reacting/ ~i~~~~M,hat the absorption of carbon is lower than .01 x 10- 4, which 

also happened to be the experimental upper level for carbon absorption at that time. 

The United States Government was advised of this situation in October 1939. 

No direct experimental evidence on a uranium-carbon system was available at that time, 

but experiments completed in collaborationwith H.L. Anderson and E. Ferm~e 193~ 
had reliably indicated that a water~uranium system can indeed come reasonably close to 

be chain reacting. No further· exper~ents on such systems were undertaken at Columbia 

University, or for that matt~~ · any~here in . the United ~tates, between June 1939 and 

March 1940. But in -January 1940, an experiment performed by Halban, Joliot) Kowarski, 

and Perrin, on uranium-water systems became known in this country. One of the uranium-

water systems investigated by them came close .to be capable of maintaining a chain reacticn 

and one could also see that such systems could get exceedingly close to be chain reacting 
~Y:::::- ,1/L&.."':(; 

In the opinion qf the author, this m~Ge it certain th&t-a for the optimum 'ct'moen trations. 
W-.<. t!-~ vi..- .-'-!:t!' -<'" f1 c( - ..-1... __ , 

~hain reaction Cili:A l;>" set u~ in a uranium-carbon system upder practically attainable con-

ditions, if the capture cross-section of carbon had a value of, say, about one half of the 

~xperimental upper limit quoted above, i.e., .005. 

Thus it appeared important to try to obtain a rough idea as to the optimal 

composition, geometrical dimensions, and other characteristics of such a chain r~acting 

system ~d this was attempted in the present paper. Over six years havenot elapsed 

since it was written and naturally it is outdated. A few footnotes were ·added to draw 

attention to some of the shortcomings which have become evident in the meantime. Some 

parts of the paper have been condensed or left out entirely in an attempt to shcr tm it 

without adding anything to its _original contents. 

', · . . . ... . .. . . .. . ~ .. . ' . 
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RESTRICTED 

Dr. Leo Szilard 

METALLURGICAL LAEORATORY 
P. 0. Box 5207 

Chicago 80, Illinois 

May 17, 1946 

·c/o Farrington Daniels 
Director of Metallurgical _Laboratory 

Re; Case No. S-1051 
Serial No. 664,145 
Filing Date April 23, 1946 

Dear Dr. Szilard: 

Your patent application identified above has been 
filed i~ the United States Patent Office. You no doubt 
will receive from the Patent Office a notice of issuance 
of an order of Secrecy under Public Law 700 together with 
a request that the application be tendered for the use of 
the United States Government, You will also receive a 
receipt to be fill ed in and returned to the Patent Office 
in Washington. 

Kindly execute and r eturn tho r eceipt to the Patent 
Office. Do NOT t onder the invontion in this application 
to tho Governmunt as r equested ty the notice, as you have 
already nssignud t he i nvention to tho Government as r epre
sented by tho Director of the Office of Scientific Research 
and Development. 

If you should rocoive a r equest for t ondor from some 
other Government agency, plea se send such r equest to mo or 
to Captain Robert A. Lavender, 1530 P St., N.W., Washington 
25, D.C. A tender by you to some other Government agency 
would only complic ate matters in view of the fact that you 
have alread~ assigned the invention to tho Government. 

bb s I 

vrl!;~"21J~ 
Raymond s. Chisholm, Lt, Cmdr. USNR 
O.S.R.D., Chicago Patent Group 

RESTRICTED rs · 
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Professor John T. Tate 
University of Minnesota 
l!inneapolis, l..:inne seta 

Dear Px~fessor Tate: 

5816 Blackstone Avenue 
Chicago, Illinois 
May 20, 1946 

I am cnclosin a soMewhat shortened verslon of my paper, 

J 

DiverGent Chain r..ea ction in Systens Composed of Urnnium and Carbon, which 

I believe was receive ci by the Physical Review on February 16, 1940. .In 

view of the len;: time that has elapsed, I have added soJ"ne notes in the _ 

form of an appendix and also a new summary, under the dateline of M~, 1946. 

I did not add anythinr, to the paper, but abbreviated some pas

sages and others are entirely left out. There is however one exception, 

a few days after I sent you the manuscript I discovered nn error on 

page 21 and •·•rote a new page 21. Vihile I am not sure that I sent you 

the replacement at that time, I had a photo copy made which I mailed to 

myself and it carries the postrnc:..rk of February 21 , 1940. I enclose that 

page as a dccUDcntary proof of the date of the change, but I would appreciate 

it if you would return it after exa.minint: it. In view of this change, I 

propose that the date of t he paper be changed froR Februarv 16, 1940 to 

February 21, 1940. Perhaps you would let me know whether t his procedure 

is satisfactory to you. 

Since I last wrote you I have studied the Declassification Guide, 

issued by the Army (incidentally it is a secret document), and I am now 

satisfied that there is nothing in the paper which, under t hose rules, 

would have to remain classified as secret. I would therefore appreciate 

it if the p.:!.pe r were set to print and if I could obtain a galley proof 

at your earliest convenience. 

I have incidentally sent a copy of the paper, through the 1Ietal

lurgical Laboratory, to the appropriate army authorities, asking them to 

let me know if they have any objections to any passages contained in the 

paper. If there should be such an objection, I would make the correction 

in the proof, but I don't anticipate any. 

LS:jjp 
encl. 

Very sincerely yours, 

· Leo S zllard 
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The Editors of TliG P liY:3ICAL IlEVlEW acknowledge receipt of Lhe 

Information concerning t.he publication of t.his a rt.i cle will be sent fLS soon 
:1.s possihle. 

.TOTI~ T. T .\TE, Editor 
Til E PHYSICAL REVIEW, 

Universi ty of :\linnesota, 
i\linncnpolis 14, Minnesota 
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' .. 
Nuclear~ Chain Reaction in a System Composed of Uranium, Beryllium and 

Carbon. 

171 ~ 
In a previous paper dated /~ /~ /?t:Y.::P I have attempted to 

show that we may expect to be able to maintain a nuclear chain reaction 

in a system composed of uranium and carbon. The purpose of the present 

paper is to point out that we may perhaps obtain a considerable im-

provemcnt of the efficiency of the system for the purpose of a chain 

reaction by introducing beryllium' into the system. An appreciable 

fraction of the neutrons emitted from the uranium which is split by 
1) 

thermal neutrons appear to have energies above 1.? MEV. 1 ~e binding 

energy of neutrons in beryllium1 ~e:e abO'll"t '"'t'Mt==Val:ti·ef, and hence we may 

expect that an appreciable fraction of the fission neutrons can produce 

an additional neutron by knocking out a neutron from beryllium. In 

the circumstances, by introducing beryllium into the system in such a 

way that it is exposed to the fast neutrons emitted from uranium we 

may obtain a significant increase from this knock-o~t process i~e 
total number of neutrons generated in the system per thermal neutron 

which is absorbed by the uranium in the system. 

In the above mentioned paper particular attention was given to 

a system consisting of a lattice of uranium spheres embedded in a large 

mass of graphite. Formulae were derived for a lattice in which the 

distance between two uranium spheres is large compared to the radius 

of a single uranium sphere. Under these conditions 1 and within the 

limits of the approximation used in deri~ing these formulae,one finds 

the optimal radius for the uranium spheres by determining the value 

of R for which the expression 

E = j_'L __ I __ 

B._ 11' ~~ ArC} 
I 

/ 
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becomes a maximum. Using uranium at a density of 16 gm per cc and 

graphite at a density of 1.7 gm per cc we take at room temperature the 

values involved as follows: A~ 53.5 em corresponding to~(()= 0.0033; 

B • 6.5 em;; ;l(CJ. 2.44 em; D;(Lt.). 5.5; q;(U' ). 11 corresponding to 

vt(tr) =- 2.. 2 r ~ 
For a value of R. 5 em we have G ~ 1 and we find from (20) 

~ ~ 2 1' which is a value close to the max imum. The corresponding value 

for the fraction of the neutrons which are absorbed as thermal neutrons 

by the uranium spheres in the lat t ice ~ g iven by 

(H) 'Y- ~ I- 2 -1r-E.,-;;c ,.._ 0·'7 
and for the ratio of the volumes ·of uranium and carbon 

( 3 3 o..) 
~ /-~,..... f(l- I . 

I 

we have 
_L 
4-'o 6 _B4. /-I-'RIJ3 

giving a ratio of wei ~hts of uranium to carbon about / J.r f 
Beryllium may now be introduced into such a system by surrounding 

each uranium sphere with a s~herical shell of beryllium metal 4 - 5 em 

thick. The density of beryllium is about 1.8 gm per cc, and the amount 

required would be about equal in weight to the amount of uranium and 

perhaps one tenth of the amount of graphite. 

Thus the beryllium would be located at a site where the thermal 

neutron density is low, .nEl the e:vePago thor:m~l neutFon density is Jaw ~ 

and the average thermal neutron density within the beryllium would be 

less than one half of the average thermal neutron density in the graph

ite. Moreover, the number of beryllium atoms would be about one tenth 

of the number of carbon atoms, and in the circumstances a much larger 

thermal neutron absorption cross-section per beryllium atom can be 
I 

tolerated for beryllium metal with its impurities than ' can be tolerated 

per carbon atom for graphite. Since the fraction of neutrons absorbed 

is given by ~ ~ , an absorption cross-section of 
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Since we have would lead to a loss of ,J;_ ~~ neutrons. 
Zo ' 

_/} ~ /- f~ 
t7\~- I 

2.. 
(2.f) 
we would have a loss of perhaps 5% if we had an absorption in beryllium 

six times as large per beryllium atom as the absorption in graphite per 

carbon a tom, i.e. if we had 6'; (13 e} ::::::" 

A fast neutron emitted from an uranium atom within the s~here will 

go through the beryllium shell once and may pass through the shell again 

after one or more collisions with carbon atoms. During its passage 

through the beryllium shell it will suffer collisions with beryllium 

atoms. The energy of such a fast neutron will decrease by every col-

lision with either beryllium or carbon. This process of slowing down 

will limit the total number of neutrons which may be liberated by a 

fission neutron moving in beryllium. 

In order to get a better picture of this limitation we may assume 

for the sake of argument that one half of the fission neutrons has an 

initial energy above the dissociation energy of beryllium, and that the 

cross-section for the disintegration of beryllium is one third of its 

total -cross-section (and one half of its elastic collision cross-section). 

A fission neutron would then in its first collision with a beryllium 

nucleus on the average knock out o ·.l66 neutrons. If we further assume, 

rather arbitrarily, that the fission neutrons withstand two elastic col

lisiions with beryllium with undiminished capacity for the disintegra

tion of beryllium, but that after the third elastic collision their 

energy is below the threshold, we find that a fission neutron moving 

entirely in beryllium would 1 ibera te about 0. 5 ( _l -f ~ .,.... f, ) • 0 • 35 

neutrons and not more. 

In our arrangement collisions will take place with carbon atoms 
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as well as beryllium ato~ , and accordingly the total number of neutrons 

liberated from beryllium by one fission neutron would be smaller. It 

should be emphasized though that a value of 0.2 would already be very 

significant since it would raise~ , the value of the neutrons gener

ated in the system per thermal neutron absorbed in uranium, from a value 

· between 1.5 and 2 to a value between 1.8 and 2.4. The data availab·le 

at present do not permit to estimate the increase in~ which we may 

expect from the introduction of beryllium into a system composed of 

uranium and carbon. Experiments using 75 to 150 lbs. of beryllium are 

in preparation for the purpose of clearing up this point. 



It is easy to understand why uranium layers of finer thiclcness 

embedded in paraffine are preferable to layers of an infinitely small 
a 

thickness, i.e. to homogenous mixture. If the thickness of a very thin 

layer of uranium is increased the thermal neutron absorption of the layer 

increases proportionally to the thickness. The absorption for resonance 

neutrons of uranium, however, increases more slowly than proportional 

to the thicknesses at which the thermal ·neutron absorption is still in-

creasing proportionally to the thickness. This is due to the fact that 

for not too thick uranium layers the resonance absorption is mainly due 

to the first sharp resonance line of uranium. At larger thickness the 

absorption of thermal neutrons faX flattens out and there is a thick-

ness which is optimal from the point of view of ratio of the thermal 

absorption and the resonance absorption of uranium. This optimum may 

be even more marked and more favorable for lumps of uranium than for 

flat layers of uranium. $ince the range of the thermal neutrons in 

paraffine wax is of the same order of magnitude as the range of resonance 

neutrons, and since the thickness of the paraffine layers which may be 

sandwiched between uranium layers must not be made large compared to 

the -range of the thermal neutrons, systems of this type may be considered 

as quasi homogenous since the velocity distribution of the neutrons will 

not vary very much within the system. 

While the question whether Xkx a chain reaction can be maintained 

in such a system remained open it appeared of interest primarily from 

the point of view of possible practical applications to raise the 

question whether a chain reaction could be maintained in a system corn-

posed of uraniu~ and carbon. Even if it were possible to maintain a 

chain reaction in a system in which the neutrons are slowed down by 

hydrogen the rate at which the chain reaction could be maintained would 

necessarily be limited by the fact that hydrogen containing substances 



decompose or evaporate at moderately elevated temperatures. If carbon 

can be used in the place of hydrogen for slowing down the neutrons for 

the purpose of the chain reaction, there would be no such limitation of 

the chain reaction rate, and it would be possible to have a sufficiently 

high temperature gradient available for dissipating the heat which would 

be generated. 
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I 1 1 I A 

Dr. Leo Szilard 

METALLURGICAL LA10RATORY 
P. 0. Eox 5207 

Chicago 80, Illinois 

6 June 1946 

c/o Director of Metallurgical Laborator,r 
University of Chicago 

Re: Case No. 
Serial No. 
Filing Date 

Dear Dr. Szilard: 

S-98 
669,524 
May 14, 1946 

Your patent application identified above has been 
filed in the United States Patent Office. You no doubt 
will receive from the ' Patent Office a notice of issuance 
of an order o:t:; Secrecy under Public Law 700 together with o· 

a request that the application be tender ed for the use of 
the United State s Government. You will also receive a 
r eceipt to be fill ed in and r eturned to the Patent Office 
in Washington. 

Kindly execute and r eturn the r eceipt' to the Patent 
Office . Do NOT t onder the i nvention in t his application 
to tho Government a s r equested by tho notice , as you have 
already assignc; d the invention to the Government as r epre
sented by the Director of t ho Office of Scientific Research 
and Development. 

If you should r oc0ive a r equest for t ender from some 
other Government agency, plea se send such r equest to mo or 
to Captain Robert A. Lavondor, 1530 P St., N.W., Wa shington 
25, D.C. A t ender by you to some other Government agency 
would only complicate matters in view of the f act t hat you 
hnve already cssigned tho invention to the Government. 

rs 

Vo:/J)/i)Y }~~s 1 

~~holm, Lt. Cmdr. USNR 
O.S.R.D., Chicago Patent Group 

RESTRICTED . 
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CHICAGO 00 . ILLINOIS 

BUTTER FIELD 1400 

December 5, 1946 

To: Dr. Leo Szilard . ___ . ___ _. ....... - .. 

From: Hoylande D. Young 

We are returning at last the reports you submitte d 
for declassification last May. These r eports, "Divergent 
Chain r.oactions in Systems Composed of Uranium and Graphite ," 
and "Additional Notes for H.eport A-55, 11 have now been 
declassified, a copy of the :Manhattan District's authorization 

letter being enclosed. 

Please note, as is indicated in the accompanying letter, 

that everyone concerned expresses reiret over the considerable 

delay in the release of your reports. 

Argo~e National Laboratory 

By is'@~~ fJ. (/j~o fit~ 
H~and.e D. Your{g ____ / 
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llogistry Foes ami I ndcmnity .-Dom~t.ic res.ci:o~t ry fo('fl rnn~e from 20 ccn\.8 fo r indemnity n o t 

a~cceding- $!), up to $ 1.35 for indemnity n o t. exrcC'din~;t ~ 1.000. The fcc o n dommt.ir ro~i ~torcd matter 
without intriosic Vf'.luo nod lor which iodern nit.y i!'l n ot pnid is 20 ('f'lDU'I . Coo~ult pos tmtL"\tf' r 311 to 
tho t~pccific domesti c reg illtry feM and IW rcbnrge& and na to the rcoti~try fec~t cba rg-cn.blo on rc~i.,tercd parcel-oo9«. pi\Ckagee lo r fo r eign oouot.ri 08. Feo,. on domestic r eg i.,t.orcd C. 0. 0. mnil ran.cr;o from 
40 cent.• t.o $1 .40. lodomnit.Y nlairna must. be fi led within ono YeAr (C. 0. D. 1ix m o nths) fro m da'-'6 of tnA.i.lina: . 

1155 2~ t 5? street 
Chicago 37, Illinois 
October 18, 1 1146 

• 16-20305-1 

Al ton , _ Donnel l 
_~ajor, Co r ps of ~ngincers 
Office of the District ~n0 ine r 
Janhattan District 
:Jar Depar t ment 

'Oak Ri~ge , Tennessee 

·:)ear ,!f~ j or ~)onnell: 
I 

In re~po• se to your lett • 
set fort ~ the followinG • 

of July -; _.., ·~v - .. ,is to 

The pap r t'Divergent Chuin Reaatio.:.1 ~. Jy t ~:... of Ura
nium a nd Carbon» wa s ubci tted to the P)ys i c ~ 
February , 1940, before t._e Governr.'lent t.:av c. .y 
the work on uranium. Cona~quently, t1ia pop~ fnll3 i n no 
vJay under the jurisdiction of the .~::lnhut tan .DL ... ~r · ct . .. Jy 
reacon fo r submitting this paper to the Director of th~ 
::.ret~.Llurg ical Laboxato ry and nokine hi m to co 
.~o.:r.·_ilttan District \'las ;r;y de si re t o learn : 
In:it: on ih this paper which, in t he opini o o"£ 
'J1 stt'i ct, would, if publicized, be detrirr.ent l . to the .a ·;;i onal 
Jefcnse . I would appreciate it if you ~ould 1 t me kno~ 
just \'lha t inforrr!3tion conta ined in t .. · pa ne wo1jld fo.ll ~nto 
tha ~c. category. Unless you can - e;i ve m2 <.. s .)eci . ..ic state:.:2nt 
;.. a to the i nforma ion \"lhi c h \'! OUld be de ... ·· r::e:1·t~l P I shall be 
unable to take your wist:es in th is matte~ i.r.:.:; cond iderat. on . 

Your letter of July 25 11 1946 me ntions objec ion3 "o.1 
the pa r t of the United States Patent Office 11

• I am qu· 
unable to understand what you mean by tha t phl"a~ine • Ar:>·c.in, 
if the United States Patent Office has certain object ions, I 
would ~ ish to be informed of those objecti ons so that I can 
take them in t o consi de r ation in deleting t offendi ng pas
sages from the paper. 

I am s ure you will appreciate tlwt s"nc\;; :~ia paper does 
not come under the juris ji ction of t he :-sa r t"t ' . 'Jistriot, 
consider~ti'ons of uniformity in t r. e mate iol Jhi ch is being 
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released are not r el evant in this cuoc, but only considera
tions us to whctl cr or. ot the pux)o r cont ~n ini'or ru:;t ion 
which, 1! mude public, would ha ve an un:favora ble effect on 
our ngtional defense position. 

Very truly yours, 

Leo Szilard 

I 



THE PHYSICAL REVIEW 
REVIEWS OF MODERN PHYSICS 

Conducted by 

THE AMERICAN PHYSICAL SOCIETY 
JOHN T. TATE, Manoging fditM 

University of Minnesota, Minneapolis 14, Minn., U. S. A. 

Dr. Leo Szilard 
1155 E. 57th Street 
Chicago, Illinois 

Dear Dr. Szilard: 

August 20, 1946 

This is in reply to the questions you ask in Jrour lett er of 
August 12. It will be acceptable to have the text of the photostated 
paGe included in your manuscript. I am returnine; it herewith. 

Some notes dated 1946 might be a ccept able. They should, how·ever, 
be kept to a minimum and confined largely to explane.t i ons or corrections 
which are desirable in order not to mislead the reader. 

JTT:B 
Enc. 

Sincei;oiY yours, 

/af~ 
John T. Tate, 
Efcti tor v 



1-'!:.4 • Jo m T. To.to. Editor 
The Physloo.l RoviS"a 
UnivGrsity OJ. r. 1rmesota 
J.Unnoo.polis • 14, ~.linn. 

Dear h'u-. Tatoa 

1 Hi5 E .. 57th St:a:·oo~c 

Chio o.!~O, I l' ino.i s 
August 12, l~H 

Many thanks for your lottor of' July 25tl:. 

I shnll bo ploc.sed to he.vo tho paper publisho 

in tho form in which it wo.s ori t:;ino.lly suiJmi-~tod. Liuy 

Ol7ever ask "b.vo spooific questions~ 

1) In my last letter to you I r:ont yon t ho photo 

copy of ono pn. r.;o whioh YJ"as poa tm 4kod ~ Fob1·ucu7 21~ 1940 • 

.. 'ould it be aoooptable t o you to hc,vo t ho ·to::.rt of this p o.r:;o 

usod in t ho papor and tha t tho d:,t o of the pape r bo a.c co r -

i nsly shifted to February 21, 1 940i 

2) Is it o.coo· tablo to you t he.t ·G1,1.c note a edQ_d 

~"'1-d-' dated 194 G, bo a t b .ohod to the pc.per in ordel~ to brin:; 

t c roudor up-to-date, or no.ke su ch corrections ao ap r·onr 

a.pproprinto in the lir;ht of t ho l a t e r developments . In tlose 

notes I om of course limited to \-rhnt can bo revcu od i vim·r 

of the continued secrecy. 

Tho phot o copy Y.rhich vrus enclosed in ny l 0nt lottr r 

is a. docun ont \7hioh n i c;ht c:'c em o l: : co r d r t;o be nee de d b y t i1o 

Govern'":le nt in connect ion wi th a pr:cont o.npl i c o.t ion dlioi1 they 

have filed in --::~y nru:1o. .Perhaps ( after mo.k ; ng o. photo copy for 

your files) you 17ould :;:-eturn t he original photo copy to me, 

preferably by re gistere d nnil. 

I ha.d a lettor fl4 01:1 tho 1\J.-my o..sJdng r:1o not to publish 

this paper for the time being and mentioning sa:n.e such things 

a.s objections by tho u. s. Patent Offioo. I do not understand 

what they mean and ·will try to clear up this matter us soon as 

poss iblo. 

Sinooroly yours, 

, 

Leo Szilard 



.. 
THE PHYSICAL REVIEW 

REVIEWS OF MODERN PHYSICS 

Conducted by 

THE AMERICAN PHYSICAL SOCIETY 

JOHN T. TATE, Managing fditOT 

University of Minnesota, Minneapolis 14, Minn., U. S. A. 

Dr. Leo Szilard 
5816 Blackstone Avenue 
Chicago, Illinois 

Dear Dr. Szilard: 

July 25, 1946 

The Editors of THE .PHYSICAL REVImv have raised objections 
to the publication of the revised form of your pre-war article 
on "Divergent Chain Reaction in Systems Composed of Uranium and 
Carbon". They have decided that the only course open to them is 
to publish the paper in the form in which it was originally 
submitted. This they are prepared to do if it meets with your 
approval. 

JTT:B 

Sincerely yours, 
(' r-

\~ ivS!L 
Joh~ T. Tate, 
Edi:'tor 

v 
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