
UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON 

July 7, 1949 

Dear Dr . Szi l ard : 

I l1ave y01.U' note of June 29, 1949 concerninr; our re cent talk. 

I a}J:preciated very much going over t his r a ther broad :problem 
u i t h ;[ OU and I am ha~:yy to hear that you had an op-port1.mi t y 
to talk vd. t h Hr . R2.f s t ad concerning the reactor devel opnen t 
'Jrogr am. I have found Dr . Haf s ta.d. i mbued vri t h a goodly s}:l.are 
of healthy caution and yet q_uite capab l e of b old p lanning in 
t h i s f i e l d . 

I ho:9e that ·rhen you are next in Washington you i·Jill stop by 
the Comniss ion and give me the benefits of you r furth er 
t h inking . 

Dr . Leo Szila rd 
1155 "as t 57th Street 
Chicago 37, Illinois 

Sincex:;~J your s , 

ft~~~ 
Gordon Dean 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPLY REFER TO' 

GCP:RAA 

Dr. Leo Szilard 
Brandeis University 
Waltham, Massachusetts 

Dear Dr. Szilard: 

WASHINGTON 25, 0. C. 

May 23, 1955 

There is enclosed herewith for your files a copy of Patent No. 
2, 708,656, 11Neutronic Reactor", which recently issued on 
Application S. N. 568,904 after declassification of the subject 
matter by the Declassification Branch of the Commission. 

We wish to express our appreciation to you for reporting the 
subject invention. 

Enclosure: 
Patent No. 2,708,656 

Very truly yours, 

~,..4. -r' 4: ~___-& • -. . 
Roland A. Anderson 
Chief, Patent Branch 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON 25, D. C. 

Dr. Leo Szilard 
1155 East 57th Street 
Chicago 37, Illinois 

Dear Mr. Szilard: 

JAN J. 

Mr . Strauss in his acknowledgment of November 18th noted a 
referral to me of your letter of November 16th. 

The circumstances surrounding the 1943 negotiations with the 
War Department which resulted in a settlement agreement for 
~15,417. 60 for the assignment of certain inventions made 
prior to November 1, 1940, in which you were either the sole 
or joint inventor, have been reviewed. The records indicate 
that the negotiations were conducted over an extended period, 
during which time you received the advice of your own counsel. 

We are well aware of the interest you stimulated in the early 
days of the atomic project, and of your contributions, along 
with those of many others, whi ch are reflected in the Smyth 
Report and other early historical accounts of the inception 
of the atomic energy program. However, in view of the 
settlement made by you and the War Department, further 
action by t he Commission in this matter does not appear 
to be warranted. 

Sincerely yours , 

;(.r~ 
General Manager 

y 
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OFFICE OF THE CHAIRMAN 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON 

[J April 

y 
4, 1956 

Dear Dr. Szilard: 

Mr. Strauss has just returned from California 
and finds that his duties require him to leave 
shortly for Europe. So as not to waste any 
time in examining the potentialities of your 
suggested research concerning cancer of the 
prostate, he has briefed Dt. Libby on your 
correspondence with us and, also, on the con­
versations which I have held with you and our 
Division of Biology and Medic ine. Dr. Libby 
will pursue this matter and will be your point 
of contact here in the Comciission during the 
time while Mr. Strauss is ~n Europe. 

With every good wish, I remain 

Dr. Leo Szilard 
1155 East 57th Street 
Chicago 37, Illinois 

Srncerely yours, 

... 0 L._·· 
M. Dupkin, II 

Special Assistant to 
the Chairman 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 

Mr. Leo Szilard 
c/o Mr. A. N. Spanel 
International Latex Co. 
350 Fifth Avenue 
New York, New York 

P. 0. Box 59 
LEMONT, ILLINOIS 

August 24, 1956 

Subject: CASE S-10,565; SERIAL NO. 323,452 

Dear Mr. Szilard: 

A Notice of Allowability was received from the U. S. Patent 
Office for your patent application identified above, entitled 
"Chain Reactions" and executed by you on November 26, 1952. 
This normally means that whenever the application is declas­
sified, the application will issue as a patent , at which time 
you will be notified and sent a copy of the issued patent. 

Your courtesy and assistance to the members of the staff of 
the Patent Branch in connection with the prosecution of this 
application are appreciated. 

Very truly yours , 

Foster York, Chief 
Chicago Patent Group 

J~ct,~/ _/ ~ ~v"-
' 



l l 

Mr. Charles L. Marshall 
1901 Constitution Avenue, N.\' . 
~ashlngton 25, D. c. 

Dear Mr. Marshall: 

The Quadrangle Club 
The University of Chicago 
Chicago 37, Illinois 
September 7, H "56 

Going through my files which I have at 

home, in contradistinction to those which I had at the 

Argonne National Laboratory, I found the attached sheets 

which are stamped either "Confidential,. or 11 Secret't. I 

would much appreciate your having the m declassified and 

returned to me at my above address. 

I was very grateful for your kind coopera-

tion in e oing through the docmnents which had been kept 

for me at the Argonne National Laboratory, and which 

have now been returned to me . 

m 
Encl. 

With best wishes, 

Very sincerely yours, 

'-/ 

Leo Szilard 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPLY REFER TO : 
WASHINGTON 25, D . C. 

C:CLH 

Dr. Leo Szilard 
The Quadrangle Club 
The University of Chicago 
Chicago 37, Illinois 

Dear Dr. Szilard: 

September 13, 1956 

I have reviewed the items you forwarded to me w~th your letter 
of September 7, 1956 and found t hat they do not contain any 
Restricted Data as defined by the Atomic Energy Act of 1954 . 

I hope to send you soon a report on the items I sent from 
Chicago. 

Sincerely yours , 

·~~ 
ck:~- ~~ 

C. L. Marshall , Director 
Division of Classification 

Enclosures: 
1. L tr d t d 2/7/44 frm Greenstein, 

EIDH A-42-b MS 
2. Contract No. W-7401 eng-156, 12/1/43 
3. Ltr dtd 2/2/44 frm Greenstein 

EIDJ.•1 A-42-c 1S 
4. Nemo dtd June 1944 frm Stearns 

to Nonthly-rated e:.1ployees 
5. Contruct of Employment , Suppl ement No. 1 

dtd 5/30/44 (Johnson t o Szilard) 
6. Contract of Employment, dtd 5/1/43 

f rm Johnson to Szilard (2 pages) 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPL. Y REFER TO: 
WASHINGTON 25, D. C. 

C: CLN: 

September 24, 1956 

Dr . Leo Szilard 
The C'.uadrangle Club 
The University of Chicago 
Chicago 37, Illinois 

Dear Dr . Szilard: 

I am returning herewith the follovdng documents vrhich I sent 
f r om C U.cago following my meeting with you and Dr. Johnson. 
~Je have reviewed the documents and 1 :ve determined that they 
do not contain any Restricted Data as defined by the Atomic 
Energy Act of 1954: 

1. Rough draft of "Proposed Conversation with 
Dr. Bush11 dated Febr1mry 1944. (2 copies). 

2 . 3 pages of rough draft of a proposed letter. 

3. Pe.ges 6, 13 and 14 of draft paper entitled 
J1Proposed Conversation ;nth Bush. Part II. 
Tbe Exclusion Principle". 

The f ollowing docu~ents have been declassified and all holders 
of copies should be notified as to t heir declassification: 

l. HUC-LS-28, letter dated July 7 1 1944 from Szilard 
to ~~ . H. \Jatson, Montreal (10 pages, Secret, Defense 
I nforme>.tion) . 

7 page rough draft of above dated 7-3-L.).~ (Secret, 
Defense Informat ion, undocu~ented) . 

2 . Letter dated Harch 13, 1942 fr001 E. C • Creutz to 
Dr . E. V. Hurphree, Standard Oil Company, New York. 
(3 pages- carbon copy) . (Confidential). 

3. Cy JA of letter dated August 28, 1945 from Szi l ard 
to Capt . R. A. Lavender, Ua s}l.ington, D. C. (Secret). 

Cy L~ of above letter. 



Dr. L. S zi_u.rd - 2- September 21, 1956 

4. Letter dated J anuary 18, 1944 from v. Bush, Director, 
Of .Lice of Scientific Research & Development, Uc: shington, 
D. c., to Szilard. (4 pages, Secret, undocumented). 

5. Copies 2A and 3A of letter dated JanUD.ry 14, 1944 from 
Szilard to Dr . Bush, HUC-LS-ll. (3 pages, Secret, 
Defense Information). 

6. Copy 2 of 7, N. R.C. Re ort No. Cl462-/~os, dated 4-1-41, 
entitled "The Preparat ion of Urani:um" by D. F. Stedman 
and A. G. Brown. (13 pages, Confidential). 

7. HUC-LS-22, letter dated Hay 20, 1944 from Szi:l.ard to 
Dr. Wigner, Cy 3A, Subject: "Peristaltic 11ethod for 
Purifying Plutonium". (2 pages with l figure, Secret, 
Defense Information). 

8 . Paper entitled "1-That is l·lrong Hith Us? 11 by L. Szilard 
dated September 21, 1942. (ll pages, Secret, Defense 
Information). (Undocumented). 

Draft of above paper dated September 19, 1942 
(no classification indicated on draft - 12 pages -
captioned "11emorandum") • 

The remainder of the papers I sent from Chicago are being returned 
to the Argonne National Laboratory to be placed in their classified 
files. 

Enclosures: 
15 as above 

cc : Dr. W. C. Johnson 

Sincerely yours, 

C. 1. Hershall, Director 
Division of Classific&tion 
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To: 

U. s. Atomic Energy Commission 
CLASSIFIED MATERIAL RECEIPT 

Date Mai.. led: September 26, 1956 

Dr. Warren c. Johnson, Dean 
Division of the Physical Sciences 
111 Eckhart Hall 
University of Chicago 
Chicago 37, Illinois 

FROM: 
c. L. Marshall, Director 
Division of Classification 
u. s. Atomic Energy Commission 
1901 Constitution Avenue 
Washington 25, D. c. 

9/25/56 From: c. L. Marshall To: Dr . w. c. Johnson 

v 1. MUC-LS-63, 2 page memo dated 3-15-45 from Szilard to w . Bartky, 
copy 7A, Secret, Defense Information. 

0 2. Carbon cpy of lttr dated 9-1-42 fr Szilard to R. Oppenheimer, 
2 pages, Secret, Defense Information, undocumented. 

0 3 . MUC-LS-38, lttr dated 8-18-44 fr Szilard to v. Bush, 2 pgs 
Cy 3A, with following attachments: 
a. cc cpy of lttr dtd 8-18-44 fr Szilard to Lord Cherwell-unclass 
b. cc of memo dtd 8-22-44 fr Szilard to Dr. Bush-unclassified 
c. cc of lttr dtd 8-25-44 fr Szilard to Brig. Gen . Lindeman, 

British Embassy - unclassified. 
d. cpy of telegram dtd 8-24-44 fr Bush to Szilard - unclass. 
e. Cpy of class. receipt & registered return receipt for above material. 

&4. MUC-LS-27, 2 pgs., memo dtd 7-7-44 fr Szilard to E .P. Wigner, 
cy l A, with 2 figures 

.t.--5. cc copy of paper dtd 10-21-41 entitled 11 Memorandum Raising the 
Question Whether the Action of Explosive Chain-Reacting Bodies 
Can Be Based on an 'Explosion' Methodn CRD 

2 copies of paper dtd 2-28-44 by Szilard "Proposed Conversation 
with Bush-Part IV-Physholog ical Situation of the Scientists". 
Classified Secret, Restricted Data. No documented. 
2 copies of paper dated 2-28-44 by Szilard trproposed Conversation 
with Bush-Part III-Rule by Directives". Classified Secret, 
Restricted Data. Not documented. 
2 copies of paper dated 2-28-44 by Szilard uproposed Conversation 
with Bush - Part II-The Exclusion Principle, u Classified Secret, 
Restricted Data. Not documented. 



To: 

u. S. Atomic Energy Commission 
CLASSIF IED MATERIAL RECEIPT 

Date Mat led: September 26, 1956 

Dr. Warren Ce Johnson, Dean 
Divis ion of the Physical Sciences 
111 Eckhart Hall 
University of Chicago 
Chicago 37, Illinois 

FROM: 
c. L~ Marshall, Director 
Division of Classification 
u. s. Atomic Energy Commission 
1901 Constitution Avenue 
Washington 25, D. c. 

9/25/56 l~om : C. L e Marshall To: Dr. w. c. Johnson 

1. MUC-LS-63, 2 page memo dated 3-15-45 from Szilard to w. Bartky, 
c opy 7A, Secret, Defense Information. 

2. Carbon cpy of lttr da ted 9-l-42 fr Szilard to R. Oppenheimer, 

G 2 pages, Secret, Defense Information, undocumented. 
MUC-LS-38, lttr dated 8-18-44 fr Szilard to v. Bush, 2 pgs 
Cy 3A, with f ollowing attachments: 

~ a. cc cpy of lttr dtd 8-18-44 fr Szilard to Lord Cherwell-unclass 
~b. cc o f memo dtd 8-22-44 fr Szilard to Dr. Bush-unclassified 
~ cs cc of lttr dtd 8-25-44 fr Szilard to Brig. Gen. Lindeman, 

British Embassy - unclassified. 
/ d• cpy of telegram dtd 8-24-44 fr Bush to Szilard - unclass. 
,- e. Cpy of class. receipt & registered return receipt for above material. 

4. MUC-LS-27 , 2 pgs., memo dtd 7-7-44 fr Szilard to E.P. Wigner, 
cy lA, with 2 fi gures 

5. cc copy of paper dtd 10-21-41 entitled "Memorandum Raising the 
Question Whether the Action of Explosive Chain-Reacting Bodies 
Can Be Based on an ' Explosion' Methodn CRD 

,,..,~· '\ 
~; 2 copies of paper dtd 2-28-44 by Szilard "Proposed Conversation 

with Bush-Part IV-Physhological Situation of the Scientists". 
~-. Classified Secret, Restricted Data. No documented. 

'~..:J 2 copies of paper dated 2-28•44 by Szilard "Proposed Conversation 
with Bush-Part III-Rule by Directives". Classified Secret, 
Restricted Data. Not documented . 

·8':) 2 copies of paper dated 2-28-44 by Szilard "Proposed Conversation 
..../ with Bush - Part II-The Exclusion Principle," Classified Secret, 

Restricted Data. Not documented . 
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THE UNIVERSITY OF CHICAGO 
CHICAGO 37 • ILLINOIS 

THE ENRICO FERMI INSTITUTE 
FOR NUCLEAR STUDIES 

Mr. c. L. Marshall, D rector 
Division of Classifica ion 

The ~uadrangle Club 
The University of Chicago 
Chicago 37, Illinois 
September 27, 1956 

United States Atomic Erergy Commission 
Washington 25, D. c. 

Dear Mr. Marshall: 

I have kind letter of September 24th, and I wish 

to take this you for the kind cooiB ration which 

you have shown 

Your letter 

papers, which were held for me 

to the Argonne National 

files. I have now the 

(1) I would like 

that you are sending some of the 

Ar gonne National Laboratory, back 

placed in their classified 

a list which will identify 

these docwnents by their date, titl and author so that I might ask 

for their declassification at a late If you have already sent 

with her to send me ru ch a list. 

(2) I suspect that of these documents contat n no 

classified information under the Atomic rgy Act, and that the reason 

you did not declassify them is that you take the respon-

sibility of saying that they did not contain ,information which relates 
'! 

to the national defense in some way that does \~ot come under the Atomic 

Energy Act. If these documents are still in your office, I would there­

fore very much appreciate it if, before returning them to Miss Hoylande 

Young in the Argonne, your office would note on each of them either 



Mr. c. L. Marshall -2- September 27, 1956 

"Kept classified under the Atomic Energy Act" or else uNo Classified 

Information under the Atomic Energy Act". 

If you have already returned the documents to the Ar­

gonne, I would like to arrange for them to be returned to your office 

so that your office can put such a notation on them. This, of course, 

would not be necessary if you could inform me that none of these docu-

ments which remain for the present classified contains information 
~h <Is 

classified under the Atomic /A~t. f 

My reason for this request is that I may wish to submit 

for declassification some of those documents which contain no classified 

information under the Atomic Energy Act to the Secretary of Defense for 

declassification. 

(3) Please note that I am interested in this regard 

only in documents which originated with me or documents which represent 

a communication addressed to me. 

(4) Some time ago Miss Hoylande Young forwarded to the 

Atomic Energy Commission three documents that were marked ttsecret" and 

which did not contmn any information that is classifiable under the 

Atomic Energy Act. I understand that General Nichols did not wish to 

declassify these documents even though they do not contain information 

classified under the Atomic Energy Act, and I am now herewith asking 

that these documents be returned to Miss Hoylande Young for safekeeping 

so that, if necessary, I might myself ask the Secretary of Defense to 

declassify them. 



,. . . .. 

Mr. c. L. Marshall -3- September Z1 , 1956 

(5) Please note that among the three documents men­

tioned above there was a copy of a petition which was stamped nsecret 11 • 

This stamp should have been removed by me in 1945 when I declassified 

this document vii th the approval of the Manhattan District. Some time 

afterwards I was asked by the Manhattan District to reclassify this 

document 11 Secret". I was, however, not able to comply 'V'ii th this re­

quest because in the meantime I had distributed a number of declassi­

fied copies to friends, acquaintances, and others who were interested 

without keeping a record of the distribution of the document. There­

fore, this document remained declassified, notwithstanding the 11 Secret11 

stamp which remained on the one copy which Miss Hoylande Young sent to 

Washington. 

I regret that I must encroach upon your time in this 

manner. The disposition of these matters in the manner suggested 

above has, it seems to me, the merit that it would settle them once 

and for all as far as the Atomic Energy Commission is concerned. 

I wish to thank you once more for the help which you 

have extended to me, and remain 

Very sincerely yours, 

Leo Szilard 

m 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. 0. Box 59 

October 4 J 1956 LEMONT, IL.LINOIS 

Mr. Leo Szilard 
The Quadrangle Club 
The Uni versity of Chicago 
Chicago 37J Illinois 

Dear Mr. Szilard: 

In reply to y our letter request of Sep tember 6) 
1956) and y our later telephone request to my ­
self) we are enclosing a list of all cases filed 
in y our name) together with the names of co­
inventors) and the presen~ status of the case. 
The formal title f or each case is g i ven) and 
in cases where this is not very descriptive 
certain other inf ormation has been added. 

Enc. 

Very truly y ours ) 

OL~) 0. ~ ~-~/ 
~~hn A. Horan) Ac ting Chief 
{ Chicago Patent Group 



-1-

Leo Szilard cases: -

S-98 - "Production of Radioac tive Substances by Neutrons 
Lost from a Neutronic Reac tor " 

Coinventors - E.P.Wigner,R.F.Christy and E. L .Friedman. 

Case still under prosecution. 

S-386 - "Improvement in Method of Preparing Uranium Oxide 
of Sufficient Puri t y to Make Possible a Chain Re­
acting System with Graphite (Ether Extrac tion 

of Nitrate)" 

Coinventors - H.L.Anderson, Enrico Fermi, Samuel 
K. Allison, and C. J. Rodden. 

Abandoned during prosecution due to adverse find­
ings in Patent Office. 

S-l/501- "Carbon Pile Method for Determining the Suitability 
of Samples of Graphite for Use in a Nuclear Chain 

Reac ting System" 

Coinventor - .Enrico Fermi . 

Abandoned; published in Official Gaz ette of the U.S. 
Patent Office Feb. 17 , 1953; British and Canadian 
applications filed. 

S-l/506- "Air Cooled Neutronic Reac tor " (Si te X) 

Coinventor - Enrico Fermi. 

Under prosecution.British and Canadian appl ications 
filed. 

S-521 - "water Cooled Pile (Basic Case, U-C) Vert ical Pile 
with Internal Cooling " 

To dominate all HQO Cooled Pil e Cases. Speci f ically 
shows U-C Verticai with Internal Cooling . 

Coinventors - R.Christy, G. Plass, A.M.Weinberg , R.R. 
Williamson, and E . P. Wigner. 

Under prosecution . 



Leo Szil a rd cases - - 2 -

S- 532 - "Improved End Cl osure for Bonded Sl ugs " 

Coinventors - Gale J . Young and Leo A. Ohlinger . 

Notice of Al lowability - June 22 , 1953. 
(Secrecy no t ye t removed . ) 

S-1035 - "Control led Fast Neutronic Reac t or - Bismuth Cooled " 

Under prosecution . 

S- 1036 - "Neutronic React or for the Production of Product 11 

Under p rose cution . 

S-1/ 1051- 11Bismuth Cooled Power Unit 11 

' 

Under prosecution . 

S-1578- 11 Slug End Cap s of High Thermal Conductivity 11 

Coinventor - Gale J. Young . 

Appl ic ation al l owab l e , secrecy order in p rocess 
of removal. 

S-1738- "Intermittent Heating of Mercury in a Reactor 11 

Prosecution t ermina ted; s ome claims will b e allowed. 

S-2247 - 11Method of Protecting Uranium f rom Corrosion 11 

Coinventors -Edward C Creut z and E.P .Wigner . 

Notice of All owability May 17 , 1954. Still under 
secrecy order . 

S-2321 - "Neutronic Reactor 11 (Clump ing and Diameter- U/ Moder­
ator Ratio Graphs ) 

Coinventor - Enrico Fermi . 
Patent 2, 708 , 656 . 



.. ( . 

Leo Szilard cases - -3-

s-3004- "Slab~ Plate or Layer Reactors II (Continuation-in-part 
of S-2321) 

Coinventor - Enrico Fermi. 

Under prosecution. 

S-10,564- "Chain Reactions'' (Divisional application of basic 
Pile Case S-2321. Operation 
and Control on Delay ed Neutrons) 

Coinventor - Enrico Fermi. 

Under prosecution. 

S-10, 565- "Chain Reactions 11 (Divisional application of basic 
Pile Case S-2321 . Use of shim 
rods. 

Coinventor - Enrico Fermi. 

Allowable July 30, 1956. Under process of de­
classification. 

S-10,566- "Chain Reactions 11 (Divisional application of basic 
Pile Case S-2321 - Op enings in the 
Side of a Re actor for the Escape 
of Fast Neutrons 

Coinventor - Enrico Fermi. 

Prosecution abandoned due to difficulties wi th 
Patent Office. 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPI... Y REFER TO: 

C:CLM 

Dr. Leo Szilard 
The Ouadrangle Club 
University of Chicago 
Chicago 37, Illinois 

Dear Dr. Szilard: 

WASHINGTON 25, D. C. 

October 4, 1956 

Attached herm-Ti th is an additional group of documents which 
ifere discovered and fo:nfarded for clearance. We have revie•red 
them, declassified them, and are returning same for your files. 

1. Letter dated 12/12/44 from C. Vanden Bulck to 
Szilard, EIDlvfV-a MD-7401-eng-156. (Secret, 
Defense Informa tion, undocumented). 

2. MUC_:.PA-7084, letter dated 11/25/44 from H. E. 
Hetcalf to Szilard. (Secre·t,, Defense Information, 
Copy IA). 

3. Memorandum from A. H. Compton to Szilard dated 
10-7-42. (Secret, undocumented). 

4.. MUC-LS~-¥1 - ttMemorandum on Metallurgical Problel.!lS 
Connected with the Power Unit \'ihich is Cooled by 
Liquid Metal 11 dated .Tme 12, 1943. (Secret, 
Defense Information, 2 pages). 

5. Draft 11Proposed Conversation 1-Tith Bush11 dated 
February 28, 1944, Part I. (Unclassified, 9 pages). 

cc: Dr. W. C. Johnson 
Dr. H. D. Young 

Sincerely yours, 

• L. Marshall, Director 
Division of Classification 



October 4, lH66 

r . 0 . r. ~arshall 
Director, ~lvi ion o· Classification 
United ~t~t Atomic 7n rgy Commi s1on 

as hi .-,ton 26, l • .1 . 

D r r . a.rshall: 

~ltany thanks !'or your very kind letter of Septomber 
24th, in ~hich you return to ~e a numb0r of declassifl d doownents. I 
ta~e thi op ort nity t ay ho• much I ppr oiate your kind coop ra­
t 1 on in t:hi -'!W. t ter. 

I understand th t you hav r tu rned to \1' &rren C. 
Johns on a u,..,ber of C.ocu ents llst d on the a ttaoh d sh ot. 

It .t.."la 6, 7 1 nd 8 on the sheet we:r not c la~sif1ed 
pr viousl.y, ~·ut you have no classified these it~MIS under the .Atomic 
.ft:nergy Pc · • Your "'"'.floe has put p~ or-clips markln~ thet spot at which 
claasifiod ini or~ ation i cont ined. Tnere 1a on possibl error in 
item '7 ( .l.'art III) on page 2, •. ere th re 18 no classified inforr_ tion 
althour;h thora is paper-clip . The c rre pondi .g passage is no narkod 
on th. copy in red pencil with a que tion 1Jar, , In th other spot 
her there i p.~per•olip the pnssa )o is no ind1.cat d in red poneil 

w. ich shoul · be Ql':lltted . I t e it t h t lf these pass g are omitted, 
the material listed un er s, 7, and 8 oe.n then be decla sified . I 
would much e-p ;>r e1ato your looking t tl eso documents nn.d instructing 
IJr . ~, arren C. Johnson to roturn these documents to l!l6 d ola8ai.fled , af­
ter el1 •. inating the po.ena.ges ~urkod in N}d ponoil . 

Under ltern 3 in Y~'ur l is t, there is a letter :.mc-Ls-
38 which is classi fi ed but 4hlch contains no 1nf- rrnat1on rolat1 " to 
the national def nse at the present time . I oul<.. ttppreci t your 
taking not· r look t this lett r to see ~nether you can or cannot 
declassify it . 

'3tapled to this dooumont are nu."!lber of unole.ssi • 
fie CiOC n.snts which re not originall y a ttaohed to 1 t . I ould much 
appreciate yo·J.r · uthoriz1 ng fir . J ohneon to return to me these uno l a s s1• 
fied doou,.ents lhether or not you are able to dec l assify tho classified 
lotter . frh i unclassif1 d rna.terital is r ferl~ed to in tho e.ttacl ad list 
under 3 - a,b,o, a nd d . 

I r r t thr.t I la.uet ot co more trouble you w 1 th such 
matters of ll$Cl ssi.t'lo ation. 

Sincerely your s , 

m Leo Szilard 
co: D~ . 1'tarren C. Johnson 



.. _ .... ._ _ _ .. 

THE UNIVERSITY OF CHICAGO 
CHICAGO 3 7 • ILLINOIS 

THE ENRICO I'ERMI INSTITUTE 

!'OR NUCLEAR STUDIES 

To .; .. c • L. ~tU-ahall 

l _just took ovel' a copJ or the attae ott let· 1.'"' to ~. ~ ~ Jo • 
san's ol'tte nd was told th the l~tt for Wasb1ag·ton . ~o h3 ill ~ o 
you it.t in i'e• uayth T b vo th reupon _ ked Dr .. Jol'l.ruto-n' s: ot'f1ee to 
sel'¥1 on the doel.U:lents: b 1oh re t.'\~l{ed by t*ed pon41l on . t:h · E4'tto t at• 
tachod to m';! l.etter to D:r . John on,_ 1ll caro of _ y~ ofj'lce-. I hopo 
'that Dr . Johnson end you ma ttn£1 ti to settle th1• tter on the 
spot o.nd th · t Dr. Johnson can hr t)B n~ doc ntu back ritb him to 
Chleago• 



Mr . John A. Horan, Acting Chief 
Chicago Patent Group 

The Quadrangle Club 
The University of Chicago 
Chicago 37, Illinois 
October 11, 1956 

United States Atomic Rnorgy Commission 
Chicago Operations Office 
P. o. Box 59 
Lamont, Illinois 

Dear Mr . Horan : 

I am writing to acknowledge your letter 

of October 4th. I great ly appreciate your letting me 

have this material . 

Very truly yours , 

Leo Szilard 

m 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REP1.. Y REFER TO: 
WASHINGTON 25, D. C. 

C:CLM 

October 23, 1956 

Dr. Leo Szilard 
The Quadrangle Club 
The University of Chicago 
Chicago 37, Illinois 

Dear Dr. Szilard: 

We have reviewed the following paper s and have deleted all portions 
which might reveal Restricted Data as defined by the Atomic Energy 
Act of 1954. Consequently, the copies of the papers which are 
attached have been declassified effective this date. The deleted 
material has been destroyed. 

lo MUC-LS-63, 2 page memo dtd 3-15-45 frm Szilard to Bartky. 
2. Carbon copy of letter dtd 9-1-42 frm Szilard to Oppenheimer. 
3. Carbon of letter dtd 8-18-44 frm Szilard to Cherwell. 
4. Carbon of memo dtd 8-22-44 from Szilard to Dr. Bush. 
5. Carbon of letter dtd 8-25-44 frm Szilard to Brig. Gen. 

6. 
7. 
8. 

· 9o 

Lindemann, British Embassy. 
Copy of telegram dtd 8-24-44 frm Bush to Szilard. 
Copyaf classified receipt and registered return receipt. 
MUC-LS-27, memo dtd 7-7-44 frm Szilard to Wigner with 
2 figures. 
Paper dt d 2-28-44 by Szilard "Proposed Conversation with 
Bush-Part IV-Psychological Situation of the Scientists," 
2 copies. 
Paper dtd 2-28-44 by Szilard "Proposed Conversation lori. th 
Bush-Part III-Rule by Directives, 11 2 copies. 
Paper dtd 2-28-44 by Szilard "Proposed Conversation with 
Bush-Part II-The Exclusion Principle," 2 copies. 

Sincerely yours, 

Enclosures: 
As above. 

cc: Dr. W. C. Johnson 
Dro H. D. Young 



-i 

mr • 0 . ·-. -r , 11, Director 
~iv1 ~on of Clnsai 1c~t1on 
·.it d st t . to ... ic. -' .. orgy C.OI ill icz: 

', ushi :rlt.,,~ ton ~ , • C .. 

.LIS l" ur• ,, l"S l ll$ 

I nm • ri ti ,. you to ., about tter 1hich 1 not 

doc n r c ntly re rnea to .:!. h~ ·~e 

: r onn ; tio. e.l r bor tor • 

o, t th t •lO ' • n ·en ral :La hob w e 

still ( o r 

m nt '} dch r y twoperty o th A. - . G. for dec ssi ioP.tion. '}ho e 

thr e doo · · n 

). '1'00 t .. the p t1tion t the Pr~ idont hioh 

r t n 1n 194 , 

b). A lett r f rom tho ~ anhattw1 i-1 trlot dat a t r 

olassi..fy t is petition 

ol s 1 'i0 t 1 th tho pprov of the Me.nh tt n 

r L trio , 

o) • A l tter y '- ard rtellcr :t• luting to thie ot -

t1on. 

.l. one or thi tex-.1 l o nt i n • y ... ntor tion tl at 

nur 'b6 kept Seer t under the Atomic .nergy Act of 1354. I und r tand 

th t G noral .:tohol in.fcrm d th 1-.. onne { t'to 1 b{ r tory th t he 

1 not o1 to k the Dept:.rtment o f 'I f nsa that thea dooume. ts be 

deelae 1fi d, and 11. undernt tro.n .11ns Eoyl ' 1de Y- ung that thee& 

dooumente were ot returned to her . 



lrtr• C • L .• . <tarsh ll Ootob r 25. 1956 

I wri tin. you tod y 1'<r t 'IO purposes: 

( 1} t,fter the t ext of the p ti t!on w a doolaes1f1&d 

by with the permission of the iJ nhattan Diatr1et, I b ve eel sa1-

f1ed end distributtJd aop1es which were not stamped •secret • to & mtmber 

of p ople ho nted to httvo thotn. I have not kept any list of d1str1• 

bution, and hen later, fter H1rosh1;119., I was usked by tho Manho.tt n 

D1atr1et to recolaaa11'y this petition, I waa neither w1ll10#~ nor able 

to co~ply . dot knowi who had copies o~ this petition, it · as 1 pos• 

si'ble for me to gather in these copies nd stamp them "Secret" or e v n 

to !nfon~ th rcclpionte that the doouoont will b rccla s1f1 d . 

Co sequ&ntly, this document remains doolaasifiod . 

The copy sent to the , .. !; . c . by !. iss Hoyl.n e Young which happens to 

bs.v s...,or tn stamp on 1 t ought to have its tt ;)eoret' ta."np renovad. 

(2} l need the letter of the . !anha !~t District , re­

ferred to above, f or my protection in order to be bla to prove that 

the petition 788 in r ct d elaas1:fied. by & 1 th the approval or the 

r nhattan District . 

I ·~tould ppi'"eeiat your i forming e hat st pa r can 

take in order- to huvo the letter fro:n the Mtmhattan District no a.ls o 

Dr . ~ lle~ta 1 tter, neither of ~lieh contains 1nfo~m tio clas lf1~~ 

und r the t. to.rnlc ;::norgy Act, ramov d :fro the tt socrot 11 cat gory . I 

ould, thareforG , appreciate it if you were to rovi w the ea.rli r deei• 

aion of the A • .s .c . concerning this 1 terial . If you. oorae to the con• 

elusion that 1t ia not 1thin the p~ver of yo~r oftioo to declassify 

this ~ to rial, pleas r turn tho so doou::rtents to ;.,tiss Hoy laude oung 

for safekeeping ao t.lo.t I may o ble t() talte propor stt)ps f'or tne1r 



Mr . C. L. rahall 

decl e i.fioation t ougll an g6ncy • othor than tho J\ to :tc : nel'gy 

Co.,., ission. 

l a1 ·:nt dd for your information tha.t. in view ot 

th appe arJO. · ot L .... . Co:n to t bool (wniob is f etually not ont1rely 

orr at n 1 ro.f re oes to the t o p tit1ono t t I b.a.vo wr tte~ in 

1945), I might publish an article, inoluding the t&::ct o.f these p ti­

tio.rlS, _in the n: ar 1'utur • T:.e nwnes of tho s ignatorie$ to those p t!• 

tion m· ht al o b d publ1o on t is oco. Bion in ~~os cusos er 

perm1 ion an~ b obt inoci fro~ the i div u 1 concern d . 

Thonl .. ing ou !or your help in this . tter in d• 

vane , I 

eo : n • ': rron C • J olm on 
• ia IIoyl ndo Young 

L o ~~zilard 



r·r . C. L. .i rshall, :C irector 
Division of Classification 
United States Atomic Bnergy C o~~ssion 
Vashington 25, D. c . 

L~ !}_· _r~ 
t --

... ----... --------~ 

October 25, 1956 

Re: Your letter , October 23rd, 1955 - C:CLM 

Dear rr . ~arshall: 

Hany thanks for your very kind letter of October 

23rd . I once more wish to express my appreciation of your 

help in this matter . 

Looking through the documents attached, I find 

that items 1 and 2 listed i n your covering letter aro missing . 

They must have been left behin in your office, and if they 

should turn up 1 ter on , I 7ould appreciate receiving them . 

Sincerely yours, 

Leo Szilard 

m 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPLY REFER TO: WASHINGTON 25, D. C. 

C:CLM 

Dr. Leo Szilard 
The Quadrangle Club 
The University of Chicago 
Chicago 37, Illinois 

Dear Dr. Szilard: 

November 2, 1956 

Reference is made to your letter dated October 25, 1956 
concerning items 1 and 2 listed in our letter to you of 
October 23, 1956. 

I am very sorry· that these two items were listed inasmuch 
as they have not been declassified and were returned to 
Dr. 1{arren C. Jolmson for retention in the Argonne 
National Laboratory classified files. 

I am attaching herewith document MUC-LS-38, letter dated 
August 18, 1944 from you to Dr. V. Bush, •.vhich has been 
declassified. 

Enclosure: 
Ltr HUC-LS-38 

cc: Dr. w. C. Johnson 
Dr. H. D. Young 

Sincerely yours, 

~)><__ 
C • L. Marshai , Director 
Division of Classification 



REGISTERED MAIL: RETURN . RECEIPT REQUJ!.STED 

Mr. c. L. t- rshall 1 Director 
Division of Classification 
United Stat s Atomic ~ergy Commission 
Washington 25, D. C. 

De r Mr. Mar h 11 : 

I have so far not received acknowl dgment 
from your offi ce of the receipt of the letter which I 
sent you on October 25 , 1956, · nd of which you will 
find attached a copy. 

I should greatly pp ciat your office ac­
knowledging the receipt or this letter. 

I should also gre tly appreei te response 
on the p rt of your office to the substance of the 
letter. 

Sincerely yours, 

m 
.... ncl. 

co: 



.. 

UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN RIIPL Y REFER 1'01 
WASHINGTON 25, D . C. 

C:CLM 

Dr . Leo Szilard 
The University of Chicago 
The Enrico Fermi I nstitute 
for Nuclear Studies 

Chicago 37 , Illinois 

Deo.r Dr. Szi lard: 

February 1, 1957 

I regret th~ t you did not receive an acknoi-rledgement of the 
receipt of your letter of October 25 , 1956. I had discussed 
your letter Hi th Dr . \.J arren C. J o]:l..nson at the time i t was 
r eceived by us and Dr . Johnson sai d that he 1-rou.ld discuss 
the matter lrith you upon his r eturn t o Chicago. Apparently, 
i n the press of other business , he Has unabl e to do so . 

I have called Dr . Johnson concerning your lett er of 
January 24, 1957 an~ he has a ai n assured me that he will 
discuss t hi s matter >nth you in the very nea.r future . 

Best r egards . 

Cl/ .-<----c. L. Hccrsho.ll , Director 
Division of Classi fi cation 

cc: Dr. \.J . C. Johnson 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REI'!.. Y RIIFJ[R 1'01 
WASHINGTON 25, D . C. 

C:CLM 

Dr. Leo Szilard 
The University of Chicago 
The Enrico Fermi Institute 
for Huclear Studies 

Chicago 37, Illinois 

Dear Dr. Szilard: 

February 13, 1957 

Since writing to you on February 1, 195& I have learned 
that Dr. Johnson did speak to you concerning the request 
you made in your letter of October 25, 1956. It is my 
understanding that you now know that the situation which 
Has described in the letter to you from Dr. Beckerley 
during the tii1le \~Then General Nichols was still the General 
Manager still holds true. 

This matter, as all other matters involving classification, 
is under continuous review and as soon as any change takes 
place, I will be very happy to inform you. 

Best personal regards, 

cc: Dr. itT. c. Johnson 
H. F. Carroll, ORE. 

....___ ____ 

~ -
c. L. Marshall, Director 
Division of Classification 



Mr. c. L. Marshall, Director 
Division of Classification 

Februar,y 15, 1957 

United States Atomic Energy Commission 
Washington 25, D. c. Reference: C:CLM 
Dear Mr. Marshall: 

Many thanks for your letter of Februar,y 13th 
which I received today. 

Dr. Johnson did mention to me some time ago that 

you had talked to him over the telephone about this matter, 

but at that time I did not understand from him that the matter 
is out of your hands. Yesterday, however, when I happened to 

speak to him., he explained to me this point, and said that he 

planned to take up the matter with the General Manager of the 

Co~ssion on his next visit to Washington. 
AccordinglyJ I am not going to trouble you any 

more with this matter except as follm'ls: 
I am further mystified about your reference to a 

let.ter which Dr. Beckerley wrote me in this matter. I have re­
ceived no communication from Dr. Beckerley whatsoever and would, 
therefore., greatly appreciate it if you could send me a copy of 

Dr. Beckerley's letter. 
With best personal regards, 

Sincerely yours., 

v/,_. 
Leo Szilard 

m 
cc: Dr. W. c. Johnson 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
IN RID'LY RIIPER 1'01 WASHINGTON 2.5, D. C. 

C :CLJ.\1 

Dr . Leo S:,;ilard 
The University of Chicago 
The Enrico Fer.ni I nstitute 
for Nuclear Studies 

Chicago 37 , Illinois 

Dear Dr . Szilard: 

Febr uary 20 , 1957 

Apparently there 1-ras a misunderstandin;; on ny p<...rt. I 
tho1.1c;ht Dr. Becke:rley had written to you conce_nint; this 
matter . A close check of Ollr records indicate t hc::.t he did 
not . However , I think that by now you knmr t hat the 
docunent which i s the subject of all of tbis correspondeace 
is presently held as classified ::.nd t h..::.t He will certainly 
advise you of any change i n its classi f icat i on sta tus as 
soon as it occurs . 

Please accept my thaiLl<:s f or your pati ence in this ::natter . 
I h::.ve enjoyed this opportunity t o exchanbe letters with you 
a nd I hope thct I shall see you again very soon . 

Best regards . 

L . 1-k.rshc~l , 

Divisi on o_ Classificc::.tion 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 

P. 0. Box 59 
LEMONT, ILLINOIS 

CPD : lo 

, .r . Leo 0zilard 
The ~.tuadrangle Club 
The University o1' Chicago 
Chicago 31, Illinois 

Subject: PATENT NO. 2,778,792 

This office takes pleasure in forwarding a copy of the 
above - identified patent which, as you will note, issued 
on Januar y 22, l ::J.5 ( based on application Serial 

No · b63 , rl52 .-

Your courtesy and assistance to the members of the staff 
of the Patent Branch in connection with the prosecution 
of this application are appreciated. 

ou~~~ 

g H Lee , P-ctlng C~ef (J 
~lu-Q;:!J,\:'-'~~ ~ ~'hm' 

Chicago Patent Group 

Enc. ( 1) 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. 0. Box 59 

LEMONT, IL.L.INOIS June 12_, 1957 

Dr. Leo Szilard 
c/o Mr. A. N. Spanel 
International Latex Co. 
350 Fifth Avenue 
New York_, N.Y. 

Subject : CASE S-1578 

Dear Dr. Szilard : 

- SER.N0.664_,732 

We send herewith for your execution an 
Affidavit that is to be used in the patent 
application for antedating a patent cited 
against the patent application. 

The Affidavit establishes through the at ­
tached exhibit that the inventive subject 
matter claimed in the application was in­
vented by you and the other applicant prior 
to December 19_, 1944. The Affidavit of 
Mr. Edwin A. Smith is intended to prove 
reduction to practice of the invention by 
operation of the Hanford reactors prior to 
December 19_, 1944. The patent relied on 
by the Patent Office does not disclose the 
exact invention but the Patent Office holds 
that the invention is not inventive there­
over. 

Please sign the Affidavit_, have it notarized_, 
and return it to us at your earliest conveni­
ence. We ask you to give this matter your 
prompt attention because the Affidavit must 
be filed in the Patent Office in the near 
future. 

Enc. 

Very truly yours_, 

Jt/~~J~ .. ~ 
~;g~H. Lee_, Chief 
Chicago Patent Group 



. n 

Mr. George H. Lee, Chief 
Chicago Patent Group 

June 21, 1957 

U.s. Atomic Energy Commission 
Chicago Operations Office 

P.O. Box 59 
Lemont , Illinois 

SUbject: CASE S-1578 -Ser. No .664 ,732 

Dear Mr. Lee : 

In response to your letter, I am sending you enclosed 
affidavit which I have exeoutived. 

Please note that~ oorrect address is: 

The Research Institutes 
The University of Chicago 
Chicago 37, Illinois 

rather than the address which you used in your letter. 

m 
Enol . 

-Ul 1 B - ·JJ 

.c ._(I " ., r 
A. ...., 

~ J ~" 

Very truly yours, 

Leo Szilard 

) 
j P. T. o. 

' 

T - r:; 



UNITED STATES 

ATOMIC ENERGY COMMISSION ~~ 
WASHINGTON 25, D . C. 

17 

Dr. Leo Szilard 
University of Chicago 
The Enrico Fermi Institute for 

Nuclear Studies 
Chicago 3 7, Illinois 

Dear Dr. Szilard: 

As you requested, we have had under consideration the declassi­
fication of the petition to the President of the United States, which 
you prepared at the Metallurgical Laboratory in Chicago in July 
of 1945. I am happy to be able to report to you that this petition 
has been de·classified. 

Please accept my thanks for your understanding and cooperation 
during the past several months. I have enjoyed meeting with you, 
and I hope that I may look forward to seeing you again in the not 
too distant future. 

Encl. 
M Pages of Petition dated 7/15/45 
J.-1 

Copy furnished:-- {letter only) 

Sincerely yours, 

C. L. Marshall, Director 
Division of Classification 

Mrs. Alice Kimball Smith, Bulletin of the Atomic Scientists 



Dr. C. L. r~rsha , Director 
Division of Classification 
U. s. Atomic Energy Commission 
Washington 25, D. c. 
Dear Dr. Marshall: 

August 5, 1957 

Many thanks for your ver.1 kind letter of July 

23rd . I greatly appreciate the successful efforts ihich you 
made in connection tith the declassifie tion of the petitions, 
and I wish to thank you for your help in this matter. 

At the time when these petition were sent to your 
office for declassification, there were two other documents/which 
carried the secret stamp1 sent along for declassific tion also . 
One was a person 1 letter from Dr . Edward Teller to me, and the 
other was a letter from the Manhattan District, asking me to 
reclassify one of the petitions "seeret . 11 I wonder whether you 
are in a position to declassify this material also and have it 
returned to me . The letter which I wrote you on October 25th, 
1956 makes reference to these documents J nd I assume theref,orc 
that they have been located in your files in the meantime . 

Sincerely yours, 

Leo Szilard 

m 



RADIATION LABORATORY 

BERKELEY 4• CALIFORNIA 

UNIVERSITY OF CALIFORNIA 

c. L. Marshall, Director 
Divi sion of Classification 
u. s. At omic Energy Commi ss i on 
Washi ngton 25, Do C. 

Dear Charl i e: 

October 15, 1957 

I do not object in the slightest to declassificat ion of my letter of 
July 2, 1945 to Leo Szilard, and I hope the letter will be de.classified. 

I also wonder whether in doing so a mispri nt can be corrected . In 
the last line of my letter thE! word "battle" should be replaced by "bottle" . 

I 

As you requeste~the copy of the letter is returned herewith . 

Sincerely yours, 

Edward Teller 

ET:gg 

cc : ~ Szilard 
Enc.: Cy lCLM of ltr dated 7/2/45 

B.s . After declassification, I would app1eciate receiving a copy 
of the letter if that is convenient. 

V HEH s::.,A:1ATET'I 
•• ~ i) 'ri.~:.I.I ' 



IN REPLY REFER TO: 

C:CLM 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON ZS, D. C. 

Dr. Leo Szilard 
University of Chicago 
The Enrico Fermi Institute 

for Nuclear Studies 
Chicago 37, Illinois 

Dear Dr . Szilard: 

October 30, 1957 

In your letter of August 5, 1957 you requested the declassi­
fication of two documents vmich you identified as a letter 
from Dr. Teller and a letter from the I1anhattan District, 
asking to reclassify the petition. 

V.Je have reviewed the Teller letter and have determined that 
it need no longer bear any classification. The letter has 
been declassified and is attached for your files. 

The letter from Captain :rvrurray, 11anhattan District, is still 
under study. We will advise you as soon as a final determination 
has been made. 

Enclosure: 
1. Ltr dtd 7/2/45 frm 

Dr. Teller to Dr. Szilard 

Sincerely yours, 

d:-: ~~. --"':;___->'---C 
C. L. Warshall, Dll'ector 
Division of Classification 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
CHICAGO OPERATIONS OFFICE 

P. 0 . Box 59 
LEMONT, ILLINOIS 

April 15, 1958 

CPD: lo 

1 1" . Leo Szilard 
c/o *r . A • . : • ..)panel 
In t.c!'11.ational :t.a.tcx Com any 
350 I'ifth Avenue 
- ew York, ' I . Y. 

Subject: PATENT NO. 
2, 796, 396 

Dear r . :>zil< rri: 

This office takes pleasure in forwarding a copy of the 
above-identified patent which, as you will note, issued 
on June l3, 19:-7 based on application Serial 

No· 6f-.2 r:'l2 " 
.) ' ) . 

Your courtesy and assistance to the members of the staff 
of the Patent Branch in connection with the prosecution 
of this application are appreciated. 

Very truly yours, 

Enc. ( l) 



United States Patent Office 2,796,396 
Patented June 18, 1957 

1 

2,796,396 

METHOD OF INTERMITTENTLY OPERATING A 
NEUTRONIC REACTOR 

Leo Szilard, Chicago, Dl., assignor to the United States 
of America as represented by the United States Atomic 
Energy Commission 

Application April 16, 1946, Serial No. 662,512 

2 Claims. (CI. 204-154) 

This invention relates to neutronic reactors and more 
particularly to a method and apparatus for removing heat 
from a neutronic reactor in a form to convert a fluid into 
a vapor to produce power in a useful form. 

In neutronic reactors, a neutron fissionable isotope such 

2 
operates continuously during intermittent action of the 
reactor. Steam is produced at a desired temperature­
pressure ratio consistent with the mercury heat loss. 

Control of the mercury is either by a timer or by a 
5 thermostat in the mercury outlet from the reactor. The 

neutronic reaction starts as the mercury coolant is drained 
from the reactor. When the uranium rods or other fis­
sionable material within the reactor reach a desired tem­
perature, such as 600• C., a pump starts flooding the 

10 reactor with mercury, stopping the neutronic reaction. 
For further safety, the control rod can be timed for the 
shut-down operation. 

It is thus possible to operate a neutronic reactor on a 
50- 50 time schedule so that one-half the power of the 

15 pile should be available in the form of steam from a 
heat exchanger in combination therewith, at a usable 
temperature and pressure. By adjusting the hot mercury 
flow in the boiler to give hot mercury storage, it is pos-
sible to have the steam boiler operate continuously. 

as U233, U235, or 94239 or mixtures thereof is subjected to 20 
fission by absorption of neutrons and a self-sustaining 
chain reaction is established by the neutrons evolved by 

Other objects and advantages of the present invention 
will be more readily understood by reference to the fol­
lowing specification and attached drawing wherein the 
single figure in the drawing is a schematic view illustrating 
a neutronic reactor in combination with a heat exchange 

the fission. In general, such reactors comprise bodies of 
compositions containing such fissionable material, for 
example, natural uranium, disposed in a neutron slowing 
material which slows the neutrons to thermal energies. 
Such a slowing material is termed a neutron moderator. 
Carbon, beryllium, and D20 (heavy water) are typical 
moderators suitable for such use. Heat is evolved dur­
ing the reaction which is removed by passage of a coolant 
through the reactor in heat exchange relationship there­
with. Specific details of the theory and essential char­
acteristics of such reactors are set forth in U. S. Patent 
No. 2,708,656 of Enrico Fermi and Leo Szilard , dated 
May 17, 1955. 

Jn a fluid cooled reactor only certain coolants in cer­
tain amounts can be present at any one time because 
the neutron absorption of the coolant cannot exceed a 
predetermined maximum or the chain reaction will not 
take place. For this reason heat abstraction is limited. 
However, if the reactor is operated without coolant there­
in to store heat in the reactor, a coolant of high capture 
cross section can be passed through the reactor to remove 
the stored heat. While this is being done, the reaction 
will cease. If the coolant is then drained from the 
reactor the reaction can again start. By thus intermit­
tently operating the device, any desired coolant can be 
used to remove the heat. The present invention is di­
rected toward using a coolant of high neutron cross sec­
tion passed through the reactor while inoperative to 
remove heat generated by a previous operation of a self 
sustaining chain reaction in the device. 

Therefore, a principal object of this invention is to 
utilize in a novel manner reactors similar to those dis­
closed in the above-mentioned Fermi and Szilard patent 
by intermittently operating such a reactor and flowing a 
fluid coolant of high neutron absorption therethrough in 
heat absorbing relationship, and then passing the coolant 
in heat exchange relationship with another fluid to vapor­
ize the second fluid to produce power or heat energy in a 
useful form. 

Another object of the invention is to control a neu­
tronic reactor in a novel manner by intermittently flowing 
a coolant fluid having a high capture cross-section through 
the reactor in a predetermined cycle. 

In the invention herein contemplated to accomplish 
the above objects, a reactor is used with tubes having 
large coolant capacity. Preferably, mercury is circulated 
through the reactor until the uranium temperatures fall 
to 400• C. The hot mercury is passed to a heat ex­
changer or steam boiler through which the hot mercury 
passes slower than through the reactor. The boiler thus 

25 device wherein the neutronic reactor and heat exchange 
device are actuated in a predetermined cycle for the heat 
transfer embodying the teachings of the present invention. 

A neutronic reactor 10, preferably of the type in which 
a coolant is passed therethrough, such as those that are 

30 disclosed and claimed in the above-mentioned patent of 
Enrico Fermi and Leo Szilard, may be used in carrying 
out the objects of this invention with the exception, how­
ever, that it is preferred to modify the usual coolant 
passages to provide enlarged coolant passages 11 about 

35 sheathed uranium rods 12 so that an annular passage 
approximately .635 em. across will separate the sheathed 
uranium rods 12 from the interiors of the tubes forming 
passages 11. It is preferred to use a graphite moderator 
although other forms of moderator may be used, such as 

40 deuterium oxide or beryllium oxide, depending upon the 
type of reactor used and the conditions under which it 
is desired to operate the reactor. The neutronic reaction 
is controlled by a suitable control rod 14. For the par-

,15 ticular structure of the control rod as well as the con­
struction of the safety rods for use with a neutronic 
reactor of this type, reference is made to the above­
mentioned Fermi and Szilard patent. 
' The neutronic reactor 10 includes a mercury distribut-

50 ing inlet header 15 and a mercury outlet header 16. The 
mercury inlet header 15 is connected to a cool mercury 
storage sump 17 through piping 18 connected to a suitable 
pump 19 which in turn is connected to the mercury 
distributing inlet bead ed 15 through piping 23. 

55 The mercury pump 19 is preferably actuated by an 
electric motor 21 controlled through a timer mechanism 
22 operating from a su itable source of electric power 23. 
Any type of timing mechanism 22 may be used as is well 
known in the art, and no particular mechanism will 

60 be described since this is not necessary for the under­
standing of this invention. However, the timing mecha­
nism 22 must be such that it may control the motor 
21 for th e mercury pump 19 in a predetermined cycle 
or cycles in synchronism with a motor 24 actuating the 

65 control rod 14 through suitable control rod mechanism 
25. The motors 21 and 24 are connected to the timer 
through sui table wiring 26 and 27, respectively. Hence, 
the operation cycle of the reactor 10 broadly includes 
the steps of permitting the reaction to come to a desired 

70 power level and operating thereat until the temperature 
reaches a predetermined level , as 600° C., stopping the 
neutronic reaction by substantially simultaneously driv-
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ing the control rod 14 into the reactor 19 and pumping 
mercury from the sump 17 into the inlet header 15 and 
into the reactor 10, absorbing in the mercury the heat 
of the neutronic reaction until the temperature of the 
reactor drops to a predetermined level, as 400° C., then 
discharging the mercury from the neutronic reactor 10 
and withdrawing the rod 14 to permit the reaction to 
again come to operating level. 

The heated mercury flows into a heat exchange device 
in the form of a mercury boiler 28, where the heat 
is removed, and the cooled mercury is returned to the 
sump 17. 

The mercury boiler 28 preferably comprises a mercury 
header 29 connected through pipipg 30 to the mercury 
outlet header 16 of the neutronic reactor 10. The mer­
cury inlet header 29 is connected to a mercury outlet 
header 31 through tubing 32. A water inlet header 33 
and a steam header 34 are separated from each other 
by the above-described construction, the water inlet 
header 33 and the steam header 34 being connected to­
gether by tubing 35 extending through the tubing 32 
and through the mercury headers 29 and 31, respectively. 
It is thus obvious that, if water or other vaporizable fluid 
is discharged through suitable piping 36 into the inlet 
header 33, the water is vaporized into steam as it passes 
through the tubing 35 in heat conducting relationship 
with respect to the mercury in the tubing 32, emerging 
as substantially saturated steam or super-heated steam 
depending upon the inlet and outlet temperatures of the 
mercury. The steam collected in the steam header 34 
is then discharged through the steam manifold piping 
37, whereupon the steam may be discharged for use in 
a battery of turbines, reciprocating steam engines or for 
heating, and/or other uses for steam, as is well under­
stood in the art. 

Although a mercury boiler of the type as disclosed 
may be used, it is within the scope of this invention 
that other forms of mercury boilers and/or heat exchange 
devices may be used, as is well understood in the art. 

The mercury after passing through the mercury boiler 
28 is returned to the cool mercury storage sump 17 
through suitable piping 38 whereupon the cycle for the 
pumping of the mercury may be repeated. 

Preferably, the ratio of the capacity of the reactor 
coolant tubes to the capacity of the mercury boiler tubes 
is such that continuous generation of steam, or the like, 
results from the described intermittent operation of the 
reactor 10. If desired, a storage tank may be provided 
between the reactor 10 and the mercury boiler 28 for 
the heated mercury to facilitate continuous steam gen­
eration. 

The amount of mercury utilized and the temperature 
range within which the mercury boiler 28 and the neu­
tronic reactor 10 operate is predetermined by the amount 
of power developed within the reactor and the period 
of time within which it is desired to control the reactor 
after the reactor has come up to the predetermined oper­
ating temperature. As an example, however, of the con­
ditions of operation, the reactor may be operated to have 
a maximum temperature of 6oo• C. within the rods. 
While passing the mercury in heat conducting relation­
ship with respect to the rods until the temperature within 
the rods falls to 4oo• C. With the mercury system, as 
herein described, it is obvious that mercury may be 
vaporized in the reactor, if necessary, at temperatures 
much higher th an those set forth above or the mercury 
may be kept in a liquid state . With a vaporization tem­
perature of the mercury within the neutronic reactor of 
about 800° F ., the pressure of the mercury within the 
reactor would be 45 pounds per square inch absolute; 
and, if it is desired to operate at a still higher tempera­
ture, for example, of 1000• F., the pressure of the mer­
cury at this vaporization temperature would be 180 
pounds per square inch absolute. When mercury is used 
as a coolant for the reactor within this temperature 

4 
range, it is quite obvious that as the mercury is dis­
charged into the mercury boiler, the water supplied to 
and within the mercury boiler and/ or heat exchange 
device is vaporized into steam at fairly high pressures 

5 for the operation of steam turbines, and the like. 
Although the neutronic reactor has been described as 

using the control rod as part of the means for stopping 
the reaction as well as for the control of the reactor, 
it is also within the scope of this invention that the 

10 reaction within the reactor be stopped by the sole use of 
the mercury and/or fluid which is used as a coolant. 
This may be accomplished by pumping the mercury into 
the reactor to stop the reaction in a predetermined cycle, 
Jetting the mercury remain within the reactor to absorb 

15 the heat of the neutronic reaction, and then disch arging 
the mercury from the reactor whereupon the neutronic 
reaction will start. 

In a neutronic reactor of the type preferred, it is par­
ticularly desirable to use a coolant tube construction 

20 for the mercury to provide the annular passage surround­
ing the uranium rods formed from a suitable metal, 
such as is used and is well known in the construction 
of mercury boilers, and in addition, the tubes for the 
mercury should also have the further characteristic of 

25 having a low capture cross-action for thermal neutrons 
as is well understood in the art and explained in the 
above-mentioned co-pending application. Furthermore, 
it is desirable to use a metal for the tubes which is not 
wet by the mercury and with which the metal of the 

30 tube does not amalgam. 
Although this invention is disclosed primarily as a 

source of power of large power outputs of from 100,000 
to 500,000 kilowatts, when the system is operated for an 
extended period of time there is a high production output 

35 of element 94239 • Therefore, it is within the scope of the 
invention that the mercury distributing headers, particu­
larly the inlet header shall be constructed in such a manner 
as to permit the insertion and removal of the uranium 
rods 12 into and from the moderator of the reactor and 

40 at the same time to provide a suitable support for these 
rods within the reactor. 

With .a neutronic reactor of the type shown, which may 
have substantially 2,000 coolant passages in which are 
placed the uranium rods having a radius of substantially 

4G 1.7 centimeters and a thickness of aluminum sheath 0.5 
millimeter and a length of 7 meters, it is necessary with 
a .635 em. annulus of mercury surrounding each rod to 
supply substantially 56 tons of mercury to fill the reactor. 
The passages in the moderator through which the mercury 

50 flows have an inside radius of 2.385 em. Thus, these pas­
sages are smaU enough that, when they are free of liquid 
mercury, the reactor reactivity may be made substan­
tially greater than unity, and these passages are large 
enough that, when they are filled with liquid mercury, the 55 reactor reactivity is less than unity. However, it is with­
in the scope of this invention to operate with a lesser 
amount of mercury and to vaporize the mercury, if nec­
essary, to abstract the heat of the neutronic reaction. 
The other dimensions of the reactor with regard to the 60 amount of graphite in the moderator and the amount of 
active uranium in the reactor may follow the dimensions 
as disclosed in the above-mentioned co-pending applica­
tion, the critical and operating sizes for the reactor being 
calculated in accordance with the disclosure in the above-

65 mentioned co-pending application. It is necessary that the 
reproduction ratio within the reactor shall be such that 
the exponential rise in density when the control rods are 
removed from the reactor shall not take place so rapidly 

70 
that this rise cannot be readily controlled by the control 
rods. However, if the reactor should get out of control, 
the mercury can be pumped into the reactor, thus stop­
ping the reaction. 

Within the scope of the present invention is the use 
of a plurality of neutronic reactors 10 connected to the 75 mercury boiler 28 and so operated intermittently that the 
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flow of the coolant through each of the reactors is such 
as to produce a continuous output of steam from the 
boiler. 

Although this invention has been disclosed utilizing 
mercury as the preferred coolant, it is within the scope 5 
of the invention to use other coolants such as bismuth , 
and like fluids having high specific heats and which do 
not vaporize except under conditions wherein the fluids 
are used at high temperatures. It is preferred to operate 
the reactor with the coolant as a liquid, and for low tern- 10 
peratures water can be used. However, it is within the 
scope of this invention that, if desirable, the coolant with-

6 
moderator adapted to the flow of mercury therethrough, 
the passages being small enough that when free of liquid 
mercury the reactor reactivity may be made substantially 
greater than unity and large enough that when the pas­
sages are filled with liquid mercury the reactor reactivity 
is less than unity, said method comprising the steps of in-
stituting a nuclear chain reaction within the reactor, per­
mitting a period of time to elapse until the fuel rods and 
moderator are heated to substantially above the ambient 
temperature, then circulating mercury through the pas­
sages of the hot reactor thereby heating the mercury and 
stopping the nuclear chain reaction, then draining the 
mercury from the reactor whereby the nuclear chain re­
action is reinstituted, removing heat from the mercury, 

in the reactor may be vaporized before being discharged 
into the heat exchange device provided the reaction is 
shut down during the cooling portion of the cycle. 

While this invention has been described as applied to a 
neutronic reactor structure in which the active portion 

15 and then recirculating the mercury through the said pas­
sages to again stop the reaction and transfer heat from the 
reactor to the mercury. 

is cooled by circulating a liquid coolant in heat exchange 
relationship therewith, it is to be understood that in cer­
tain neutronic reactor structures the moderator only may 20 
be cooled and also that there may be direct cooling of 
the uranium alone or of both the uranium and the mod­
erator. Also, it is not desired to limit this invention to 
a chain reacting system wherein only the active portion 
of the reactor is directly cooled but it is desired to apply 25 
the invention as described and claimed herein to any chain 
reaction system whether or not otherwise cooled. 

It is also to be understood that this invention is equally 
applicable to other types of reactors including those hav-

2. The method of claim 1 for intermittently operating a 
neutronic reactor having uranium fuel rods of 1.7 em. 
radius wherein the passages are annular, coaxial with the 
fuel rods, and 2.385 em. inside radius. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,708,656 

114,150 
114,151 
233,011 
861,390 

Fermi eta!. ------------ May 17, 1955 

FOREIGN PATENTS 

Australia --------------- May 2, 1940 
Australia --------------- May 3, 1940 
Switzerland ------------- Oct. 2, 1944 
France ---------------- Oct. 28, 1940 
OTHER REFERENCES 

Atomic Energy, A Survey, edited by J. Rotblat, pub­
lished for Atomic Scientists Associated by Taylor and 
Francis, Ltd. , London, 1954. Pages 26, 27. 

ing liquid moderators, such as deuterium oxide or other 30 

reactors constructed in accordance with the general prin­
ciples described in the above-mentioned copending appli­
cation, for example, uranium containing greater than usual 
concentrations of U235 may be used. Alternately, the in­
vention may be applied to other fissionable compositions 35 

such as U233, 94239, etc., or to combinations of these fis­
sionable isotopes with U238 or Th232 or similar isotope 
which yields a fissionable isotope by neutron absorption. U. S. Atomic Energy Commission MDDC 893. Fac­

tors involved in the production of Atomic Power. Far-
40 rington Daniels, April 1, 1947, pages 10, 11. 

While the theory of the nuclear chain fission mecha­
nism in uranium set forth herein is based on the best pres­
ently known experimental evidence, it is not desired to 
be bound thereby, as additional experimental data later 
discovered may modify the theory disclosed. 

What is claimed is: 
1. A method of intermittently operating a neutronic 

reactor having a plurality of spaced uranium fuel rods, 
a graphite moderator, passages between the rods and the 

A Forum Report, Nuclear Reactor Development, from 
a meeting held under the auspices of "Atomic Industrial 
Forum, Inc." (edited by Townsend eta!.). Pages 16-20. 
(Meeting held May 24, 1954.) 

41i DeMent et al.: Uranium and Atomic Power, pages 20 
and 21 (1941), Chemical Publishing Co., Inc., Brook­
lyn, N. Y. 



. 
I 

I . 

June 18, 1957 L SZILARD 2,796,396 

METHOD Of INTERMITTENTLY OPERATING A NEUTRONIC REACTOR 

Filed April 16, 1946 

U/i hze.s.se.s .· /7~ VE? 7Z ra7~-· 

Leo -.Jy~·~ard 

..Bu· 
-../ ~P..C 0 1 _, 

~~or?r~ 



... 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. 0. Box 59 

LEMONT, ILLINOIS 

April 1.5, 19.58 

CPD: 1o 

Dr . Leo Szilard 
c/o :rr . A. E. Spane1 
Internatlona1 Latex Company 
3.50 Fiith Avenue 
Hew York, N. Y. 

Subject: PATENT NO. 2 , 796,396 

Dear Dr. Szilard : 

This office takes pleasure in forwarding a copy of the 
above - identified patent which, as you will note, issued 
on June 18, 19>7 based on application Serial 
No . 662 , )12 . 

Your courtesy and assistance to the members of the staff 
of the Patent Branch in connection with the prosecution 
of this application are appreciated. 

Enc. ( l) 

Very truly yours, 

/~~~ 
F~, Chief, 
Chicago Patent Group 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 

Dr. Leo Szilard 
Quadrangle Club 
1155 East 57th Street 
Chicago, Illinois 

P. 0. Box 59 
LEMONT, ILLINOIS 

December l2, 1951:) 

Subject: ASSIGNMENTS IN BRITISH APPLICATIONS BASED ON S-501X, 
S-506 AND S-2321 

Dear Dr. Szilard: 

We send herewith patent forms for certain United Kingdom patent 
applications covering inventions made by you and the late 
Dr. Fermi. In each instance a corresponding u. s. patent applica­
tion was executed by you and Dr. Fermi. 

Each of Patents Forms No. 1e we ask you to sign on the reverse 
side at the place tabbed. You will note that Mrs. Fermi has 
already signed each of these forms. 

Each of the Acknowledgments we ask you to sign and date at the 
place tabbed. Mrs. Fermi l:las already signed separate Acknowledg­
ments for the same United Kingdom patent applications. 

Please sign the forms as indicated and return them to us. 

Very truly yours, 

Group 

Enclosures: 
1. Acknowledgments ( 3) 
2. Patents Form No. 11:) (3) 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 

P. 0 . Box 59 
LEMONT, ILLINOIS 

February 16, 1959 

6101 East 11th Avenue 
Denver 20, Col orado 

l •I )/' 

Subject: ASSIGI'fl.!lSNTS IN BRITISH APPLICATIONS BASED ON S-501X, 
S- 506 a.ND S-2321 

De. r Dr. Szilard: 

:Patent f or ms f or t he above British paten t applicat ions and our 
covering l e t er of December 12, 1958 were sent to you at the 
Quadrangle Club . You:r secretary, .Mrs. Norene Mann, has informed 
us that she pr omptly f orwarded the letter and f orms to you , at the 
present address. 

The Bri tish patent applications cover inventions made by you and 
the l ate Dr. Fermi . Corresponding u. s. pat ent applications were 
executed by you and Dr. Fermi. 

Each of Patents Forr.J.s No . 18 ive ask you to sign on the r ever se 
side at the place tabbed. You lvill note that Mrs . Fermi has 
already signed each of these forms . 

Each of the Acknowledgr~nts we ask you t o sign and date a the 
place tabbed . Mrs. Fermi has already sign~d separate Acknowledg­

ents for the same United K1ngdor:1 patent applications. 

Please sign the forms e~ indicated and return them t o us. 

Very truly yours, 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 

Dr • Leo Szilard 
6101 East llth Avenue 
Denver 20, Colorado 

P. 0 . Box 59 
LEMONT, ILLINOIS 

February 16, 1959 

Subject: ASSIGNMENTS IN BRITISH APPLICATIONS BASED ON S-50l.X, 
S-506 aND S-2321 

Dear Dr. Szilard: 

Patent forms for the above British patent applications and our 
covering letter of December 12, 1958 were sent to you at the 
Quadrangle Club. Your secretary, Mrs. Norene Mann, has informed 
us that she promptly forwarded the letter and forms to you, at the 
present address. 

The British patent applications cover inventions made by you and 
the late Dr. Fermi . Corresponding u. S. patent applications were 
executed by you and Dr. Fermi. 

Each of Patents Forms No. 18 we ask you to sign on the reverse 
side at the place tabbed . You will note that Mrs. Fermi has 
already signed each of these forms. 

Each of the Acknowledgments we ask you to sign and date at the 
place tabbed. Mrs. Fermi has already signed separate Acknowledg­
ments for the same United Kingdom patent applications. 

Please sign the forms as indicated and return them to us. 

Very truly yours , 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. 0. Box 59 

LEMONT, ILLINOIS 

Dr. Leo Szil.a.rd 
QUadraagle Club 
1155 East 57th Street 
Chicago 1 Illinois 

December 121 1958 

Subject: ASSIGNMENTS IN BBITISH APPLICATIONS BASED ON S-501%1 

S-506 AND S-2321 

Dear Dr. Szllard: 

We Seud herewith patent forms for certain ~ted Kingdom patent 
applications covering inventions made by you and the late 
Dr. Fermi. In each instance a corresponding u. s. patent applica­
tion was executed by you and Dr. Fermi. 

Each of Patent s Forms No. 18 we ask you to sign on the reverse 
side at the place tabbed. You vill note that Mrs. Fermi bas 
already signed each of these forms. 

Each of the AcknowleQgm.ents we ask you to sign aDd elate a.t tbe 
place tabbed. Mrs. Fermi bas alre~ signed separate Acknowledg­
ments for the same United Kingdom patent applications. 

Please sign the forms as indicated and return them to us. 

Enclosures: 
1. Acknowledgments (3l 
2. Patents Form No. 18 ( 3) 

Very truly yours, 

George H. Lee, Cbief" 
Chicago Patent Group 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. o. Box 59 

LEMONT, ILLINOIS 

Dr. Leo Szilard 
Quadrangle Club 
1155 East 57th Street 
Chicago, Illinois 

April 8, 1959 

Subject: U. S. PATENT NO. 2,836,554, ISSUED: 
MAY 27, 1958; AEC CASE NO. S-506 

Dear Dr. Szilard: 

I am pleased to enclose for your files a corrected copy 
of the above patent. 

I want to thank you for the courtesy and assistance 
which you extended to members of rrry staff in connection 
with the preparation and prosecution of the patent 
application. 

Enclosure: 
Patent No. 2,836,554 

Very truly yours, 

~J/~ 
George H. Lee, Chief 
Chicago Patent Group 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

Dr. Leo Szilard 
University of Chicago 
Chicago 37, Illinois 

Dear Dr. Szilard: 

WASHINGTON 25, D. C . 

July 15, 1959 

As you may know, the Atomic Energy Commission last year established 
in its Washington headquarters a small staff of professional histor­
ians and assigned them the responsibility of preparing an official 
history of the Commission. During the past year intensive research 
in the records of the AEC and other agencies has produced most of 
the specific information needed for Volume I, which will include the 
wartime backgrounds and the establishment of the Atomic Energy Com-
mission in 1946. ' 

In our study of the records of the Manhattan District and in our in­
terviews with General Groves and Drs. Conant, Compton, Urey, and 
Allison, we have become very much interested in your part in the de­
velopment of the production reactors. It would be of great help to 
us if we could discuss with you some of the events in which you were 
involved in order to assure ourselves that we fully understand your 
position. 

I wonder if it would be possible for Dr. 0. E. Anderson, the Assist­
and Historian, and me to see you for an hour or so sometime this sum­
mer. We will probably be free to come to Chicago any time except the 
first week in August. If it would be more convenient for you to see 
us sometime .when you are in Washington, we would be glad to arrange 
a meeting here. 

Sincerely yours, 

Richard G. Hewlett 
AEC Historian 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
P. 0. Box 59 

LEMONT, ILLINOIS 

Dr. Leo Szilard 
Quadrangle Club 
1155 East 57th Street 
Chicago 37, Illinois 

July 22, 1959 

Subject: U. S. PATENT NO. 2,807,581, ISSUED: 
SEPTEMEER 24, 1957; AL!:C CASE NO. S-3004 

Dear Dr. Szilard: 

I am pleased to enclose for your files a corrected copy of the above patent. ____------

I want to thank you for the courtesy and assistance 
which you extended to members of my staff in connection with the preparation and prosecution of the patent 
application. 

Very truly yours, 

4~.~.!~ 
6hicago Patent Group 

Enclosure: 
Patent No. 2,807,581 
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NEUTRONIC REACTOR 

Enrico Fermi, Santa Fe, N. Mex., and Leo Szilard, Chi· 
cago, m., assignors to the United States of America 
as represented by the United States Atomic Energy 
Commission 

Application October 11, 1945, Serial No. 621,838 

2 Claims. (CI. 204--193.2) 

The present invention relates to the general subject of 
nuclear fission and particularly to the establishment of 
self-sustaining neutron chain fission reactions in systems 
embodying uranium having a natural isotopic content. 

This application is a continu11tion in part of our co­
pending application Serial Number 568,904 filed Decem­
ber 19, 1944, now matured into U. S. Patent 2,708,656, 
issued on May 17, 1955. 

When it became known that the isotope U235 in natural 
uranium could be split or fissioned by bombardment with 
thermal neutrons, i. e., neutrons at or near thermal equili­
brium with the surrounding medium, many predictions 
were made as to the possibility of obtaining a self-sustain­
ing chain reacting system operating at high neutron den­
sities. In such a system, the fission neutrons produced 
give rise to new fission neutrons in sufficiently large num­
bers to overcome the neutron losses in the system. Since 
the result of the fission of the uranium nucleus is the 
production of two lighter elements with great kinetic 
energy, plus approximately 2 fast neutrons on the aver­
age for each fission along with beta and gamma radiation, 
a large amount of power could be made available if a self­
sustaining system could be built. 

In order to attain such a self-sustaining chain reaction 
in a system of practical size, the ratio of the number of 
neutrons produced in one generation by the fissions, to 
the original number of neutrons initiating the fissions, 
must be known to be greater than unity after all neutron 
losses are deducted, and this ratio is, of course, dependent 
upon the values of the pertinent constants. 

In the co-pending application of Enrico Fermi, Serial 
Number 534,129, filed May 4, 1944, and entitled "Nu­
clear Chain Reacting Systems," now Patent No. 2,780,595, 
dated February 5, 1957, there is described and claimed 
a means and method of determining the neutron repro­
duction ratio for any type of uranium containing struc­
ture, directly as a result of a simple measurement which 
can be performed with precision. Accurate values for 
all of the pertinent nuclear constants need not be known. 

In a self-sustaining chain reaction of uranium with 
slow neutrons, as presently understood, 92238 is converted 
by neutron capture to the isotope 92239. The latter is 
converted by beta decay to 9J239 and then to 94239, also 
by beta decay. Other isotopes of 93 and 94 may be 
formed in small quantities. By slow or thermal neutron 
capture, 92235 on the other hand, can undergo nuclear 
fission to release energy appearing as heat, gamma and 
beta radiation together with the formation of fission frag­
ments appearing as radioactive isotopes of elements of 
lower mass numbers, and with the release of secondary 
neutrons. 

The secondary neutrons thus produced by the fissioning 
of the 92235 nuclei ·have a high average energy, and must 
be slowed down to thermal energies in order to be in 
condition to cause slow neutron fission in other 92235 
nuclei. This slowing down, or moderation of the neutron 
energy, is accomplished by passing the neutrons through 
a material where the neutrons are slowed by collision, 

2 
Such a material is known as a moderator. While some 
of the secondary neutrons are absorbed by the uranium 
isotope 92238 leading to the production of element 94, 
and by other materials such ·as the moderator, enough 

5 neutrons can remain to sustain the chain reaction, when 
proper conditions are maintained. 

Under these proper conditions, the chain reaction will 
supply not only the neutrons necessary for maintaining 
the neutronic reaction, but also will supply the neutrons 

10 for capture by the isotope 92238 leading to the produc­
tion of 94, and excess neutrons for use as desired. 

As 94 is a transuranic element, it can be separated 
from the unconverted uranium by chemical methods, and 
as it is fissionable by slow neutrons in a manner similar 

15 to the isotope 92235, it is valuable, for example, for en­
riching natural uranium for use in other chain reacting 
systems of smaller overall size. The fission fragments are 
also valuable as sources of radioactivity. 

An initial number of fast neutrons in the system by 
20 going through the process of absorption and fission pro­

duce in the next generation a number of neutrons gen­
erally different from the initial number. The ratio of the 
number produced after one generation to the initial num­
ber for a system of infinite size is called the reproduction 

25 or multiplication factor of the system and is denoted by 
the symbol K. For any finite system, some neutrons will 
escape from the periphery of the system. Consequently 
a system of finite size may be said to have a K constant 
even though the value thereof would only exist if th~ 

30 system as built were extended to infinity without change 
of geometry or materials. Thus, when K is referred to 
herein as a constant of a system of practical size, it always 
refers to what would exist in the same type of system of 
infinite size. If K can be made sufficiently greater than 

35 unity to indicate a net gain in neutrons in the theoretical 
system of infinite size, and an actual system is built to 
be sufficiently large so that this gain is not entirely lost 
by leakage from the exterior surface of the system, then 
a self-sustaining chain reacting system of finite and prac-

40 tical size can be built to produce power and related by­
.Products by · nuclear fission of natural uraniuin. The 
neutron reproduction ratio in a system of finite size 
therefore, differs from K by the external leakage factor: 
and by a factor due to the neutron absorption by localized 

45 neutron absorbers, and the reproduction ratio must still 
be sufficiently greater than unity to permit the neutron 
density to rise exponentially with time in the system as 
built. 

Progressive empirical enlargement of any proposed 
50 system for which the factor K is not accurately known 

in an attempt to attain the overall size of a structure of 
finite size above which the mte of loss of neutrons by 
diffusion through the periphery of the structure is less 
than the rate of production of neutrons in the system 

55 leads only to an expensive gamble with no assurance of 
spccess. The fact that K is greater than unity and the 
fact that the critical size is within practical limits must 
be known rather accurately in advance, as otherwise a 

60 proposed structure having a K factor less than unity, or 
even a K factor greater than but close to unity, might 
not sustain a chain reaction even if all of the uranium 
in the world were included. 

The earliest attempts to predict a structure capable of 
85 sustaining a chain reaction, using natural uranium, in­

volved the use of fine uranium particles such as uranium 
oxide powder, dispersed in hydrogen in combined form 
as the slowing agent. However, these attempts were not 
successful, and analysis of experiments made has indi-

70 cated that the neutron losses in such a system when na­
tural uranium is used, will prevent a chain reaction from 
being sustained, irrespective of the size of the system, due 
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to neutron absorption at resonance, in the U231 content 
of the uranium. 

However, as we have pointed out in our above cited 
application, it is possible by proper physical arrangement 
of the materials to reduce substantially uranium res01~ance 5 
absorption. By the use of light elements for moderators, 
fewer collisions are required to slow the neutrons to 
thermal energies with large increments of energy loss per 
collision, thus decreasing the probability of a neutron 
being at a resonance energy as it encounters a uranium 10 
atom. During the moderation, however, neutrons are 
moving through the slowing medium over random paths 
and distances so that the uranium is not only exposed 
to thermal neutrons but also to neutrons of energies vary­
ing between the energy of fission and thermal energy. 15 
Neutrons at uranium resonance energies will, if they enter 
uranium at these energies, be absorbed on the surface of 
a uranium body whatever its size, giving rise to surface 
absorption. Any substantial reduction of overall surface 
of the same amount of uranium will reduce surface ab- 20 
sorption, and any such reduction in surface absorption will 
release neutrons to enter directly into the chain reaction. 

For a given ratio of moderator to uranium, surface 
resonance absorption losses of neutrons in the uranium 
can be substantially reduced by a large factor when the 25 
uranium is aggregated into spaced substantial masses in 
the molerator. The uranium may be placed in the system 
in the form of geometrically spaced uranium masses or 
bodies of substantial size, preferably either of metal, 
oxide, carbide, or combinations thereof. The term geo- 30 
metric is used to mean any pattern or arrangement where-
in the uranium bodies are distributed in the moderator 
with at least a roughly uniform spacing and are roughly 
uniform in size and shape, or are systematic in variations 
of size, shape or spacing to produce a volume pattern 35 
conforming to a generally symmetrical system. If the 
pattern is a repeating or rather exactly regular one, the 
structure may be conveniently described as a lattice. 

The resonance losses in uranium constitute one of the 
critical factors in the total losses permissible in a neutronic 40 
reactor. Proper sizes and shapes of the uranium bodies 
and volume ratios of uranium to moderator must be fairly 
accurately known in order that optimum geometry be ap­
proached, or if the used of near-optimum geometry is 
not desirable, then the permissible ranges of departure 45 
from the optimum should be determined, so that a re­
production ratio greater than unity can be maintained in 
a reactor of practical size. 

Neutrons are also subject to capture by the moderator. 

4 
The choice of moderators, therefore, will depend on 

many considerations, as will be apparent from further 
discussions herein. 

The parent application cited above has set forth that 
K factors greater than unity can be obtained by aggregat­
ing the uranium in the form of spheres, rods and layers, 
and bas shown the structure, K factor and volume ratio 
ranges for uranium spheres and rods in various modera­
tors. The present application deals solely with aggrega-
tion of the uranium into layers, sometimes called plates 
or slabs, in various moderators, and K factors and volume 
ratios for operative neutronic reactors embodying such 
construction. 

While plate or slab geometry is not as efficient in re­
ducing resonance absorption as sphere or rod geometry, 
due to the fact that the aggregation of t:1e uranium into 
plates does not reduce the exposed surface as much as 
the other geometries mentioned, reactors embodying pl ate 
geometry have several advantages, especially when the 
plates are used in liquid moderators. The plates are thin 
in section for practical K factors, and in consequence can 
be easily cooled by circulation of the moderator. Further­
more, less jacketing material need be used for protection 
from the effects of moderator corrosion or to prevent 
fission product contamination of the moderator or cool­
ant than in the other forms, and in consequence K re-
duction due to neutron absorption in jacket material is 
less. Fewer units need be used and handling problems 
are thus reduced. Therefore, in spite of a somewhat re­
duced efficiency, plate geometry has a definite place 
in reactor design. 

It is, therefore, an object of the present invention to 
provide plate geometry neutronic reactors operative to 
sustain a chain fission reaction with natural uranium 
disposed in a moderator. 

It is a further object of the present invention to set 
forth the ranges within which operative reactors can be 
constructed of alternate layers of natural uranium and 
a neutron moderator. 

The objects and advantages of the present invention 
will be more readily understood from the following de­
scription read by reference to the drawings, which show 
two illustrative forms the present invention may take, as 
follows: 

Fig. 1 is a diagrammatic vertical sectional view of the 
basic structure of a neutronic reactor incorporating spaced 
uranium plates immersed in a heavy water moderator; 

Fig. 2 is a cross-sectional view taken as indicated by 
the line 2-2 in Fig. 1; 

Fig. 3 is a cross-sectional view of a fragment of a 
uranium plate in a protective jacket; 

Fig. 4 is a longitudinal sectional view taken as indi­
cated by line ~. of Fig. 3; 

While carbon and beryllium have very small capture 50 
cross sections for thermal neutrons, and deuterium still 
smaller, a fraction of the thermal neutrons present in the 
system under best conditions is lost by capture in the 
moderator during diffusion therethrough. It is therefore 

55 desirable to have the neutrons reaching thermal energy 
enter uranium as promptly as possible. This may be 
taken car of by using optimum or near optimum ge­
ometry where the resonance absorption is substantially 
equal to absorption in tfte moderator. 

Moderators differ in their ability to slow down neutrons 
and in their capacity to absorb neutrons. An important 
criterion of the ability to slow down neutrons is what 

Fig. 5 is a diagrammatic side view, partly in central 
section, of the basic structure of a neutronic reactor em­
bodying uranium plates disposed in a solid moderator; 

Fig. 6 is a graph or diagram showing K factors for 
uranium plates in terms of volume ratios of D20 modera­
tor to uranium and half thickness of uranium plate ; 

60 Fig. 7 is a graph or diagram for uranium plates in 

is known as the scattering cross section of the nucleus. 
The ability to absorb or capture neutrons is expressed by 65 
what is known as the capture cross section of the nucleus. 
The ratios of absorption cross section to scattering cross 
section for various moderators are approximately as 
follows: 

terms of volume ratios of Be metal moderator to uranium 
and half thickness of uranium plate; and 

Fig. 8 is a graph or diagram for uranium plates in terms 
of volume ratios of graphite moderator to uranium and 
half thickness of uranium plate. 

Referring first to Figs. 1 to 4 inclusive, in Fig. 1 a sub­
stantially cubical reactor tank 1 is shown preferably of alu­
minum or thin stainless steel containing a quantity of 
heavy water as indicated by liquid lines 2. The top of the 

Light water (lliO)------------------------ .00478 
Diphenyl --------------- ----------------- .00453 
Beryllium -------------------------------- .00127 
Graphite --------------------------------- .000726 
Heavy water (020)------------------------ .00017 

70 tank 1 is closed by a cover plate 3 forming a space above 
the heavy water. A helium inlet pipe 5 and a helium out­
let pipe 6 enter this space through the cover plate 3 of tank 
1. In order that the heavy water may be circulated, a 
heavy water inlet pipe 7 is provided at the bottom of the 

75 tank and a heavy water outlet pipe 8 passes through the 
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ccver plate 3 of the tank and extends downwardly into 
the heavy water. 

The tank 1 is surrounded on five sides by a graphite 
reflecting layer 10 preferably built up from machined 
graphite blocks. This graphite layer is in tum surround- 5 
ed on five sides by a shielding layer 11 formed from bricks 
of a cadmium lead alloy and cooled by water pipes 12. 
This shield is in turn surrounded by thick concrete walls 
13, and at the top of the reactor is a stepped back open-
ing to be filled during operation with shielding material 10 
14, supported on beams 15, preferably removable, to com­
plete the shielding around the sixth side of the reactor. In 
order to conserve heavy water in case of a leak in tank 
1, a bottom cup-shaped lining 16 is provided between the 
graphite reflecting layer 10 and the cadmium shield 11, 15 
the lining 16 being drained through drainage pipe 17. 
Before shield 14 closes the top of the re1cting system, 
fissionable material is inserted in the heavy water con­
sisting in this case of spaced plates or slabs 20 formed 
from natural uranium. As shqwn particularly in Figures 20 
I and 2, the plates ·or slabs 20, formed of natural uranium, 
separate and isolate the heavy water or other moderator 
mass into distinct and individual layers, the width and 
length of each plate being substantially equal to the width 
and length of the adjoining moderator layers, each plate 25 
20 having an uninterrupted surface area substantially 
equal to the cross-sectional area of the active portion of 
the reactor. A plurality of plates 20 is used to provide 
definite volume ratios of uranium to heavy water, as will 
be brought out later. Only a few plates are shown in 30 
Fig. 2 for clarity of illustration. 

As it is at present impractical to roll or otherwise form 
complete sheets of uranium metal several centimeters 
thick, it is preferred to form each plate from a plurality 
of strips of uranium 10 to 20 centimeters wide and the 35 
full height of the plate, such strips being readily fabri­
c:~ted by rolling extruded uranium rods, for example, into 
flat strips. These strips 21 are shown in Figs. 3 and 4, 
and are positioned in edge to edge relationship to form a 
plate of the width desired and the composite plate thus 40 
made is enclosed in a thin aluminum jacket 22 comprising 
aluminum plates rolled in firm contact with the uranium 

6 
desired neutron density level by varying the amount of 
absorbing material in control rod 30 within the reactor. 
The size of the reactor is preferably such as to provide 
a neutron reproduction ratio of unity with the control rod 
material approximately half-way inserted into the reactor. 
Under these conditions, insertion of more of the rod into 
the reactor will stop the reaction while the removal of 
some of the rod material will permit a reproduction ratio 
over unity to be obtained so that the neutron density can 
rise to a desired level and then be held there by moving 
the control rod back to its position where the reproduc-
tion ratio is again unity. Thereafter, small movements of 
the control rod will permit the chosen neutron density 
value to be maintained. 

Slab or plate geometry for the disposition of uranium in 
a moderator can also be used with solid moderators, such 
as, for example, graphite, or graphite and beryllium metal 
of high purity. In this case, a simple nuclear reactor can 
be made, for example, as shown diagrammatically in 
Fig. 5, in which construction the uranium plates need not 
be jacketed. In Fig. 5, the reactor comprises a heavy 
concrete shield wall 40 mounted on a concrete base 41 
enclosing a cube 42 of solid moderating material pref­
erably formed from machined bricks of graphite or beryl­
lium metal to form a closely packed shield of moderat­
ing material. In this moderator cube 42 layers of urani-
um 43 are horizontally positioned by the bricks and 
spaced vertically to provide the desired geometry. The 
uranium layers, however, do not extend entirely to the 
surface of the moderator cube but terminate on all sides 
and above and below short of these surfaces to provide 
a reflecting layer 44 completely enclosing the uranium­
bearing portion. In this case, control is by a horizon­
tally movable control rod extendable into and out of the 
reactor through a slot 46 in the bricks, and the neutron 
density is monitored by an ionization chamber 47 posi-
tioned in the reflector. Control of the reaction in this 
case is as before by inserting more or less of rod 45 into 
the reactor. Safety rods, not shown, are also arranged 
to be pulled into the reactor by gravity upon an excessive 
rise in neutron density as indicated by the ionization 
chamber. Full details of the reactor control are given in 
our co-pending application cited above. and secured by turning the edges thereof and welding the 

aluminum sheets around the entire edge of the plate as 
indicated by weld 23. 

To properly space the uranium plates 20 inside the 
reactor, spacer bars 24 are provided on the bottom of the 
reactor notched to receive the plates, and similar spacer 
bars 25 are positioned near the top of the uranium plates, 

Having discussed several forms for the present inven-
45 tion, what will hereafter be called plate slab geometry 

as used in these reactors will next be discussed. 

so that the plates 20 are tied together with the assembly 50 
standing erect with the plates in parallel relationship in­
side the reactor. When the proper volume ratio of ura­
nium to moderator is used with the plates of definite thick­
nesses and extent, a chain reaction will take place at ele­
vated neutron densities. To remove the heat of the re- 55 
action from the reactor, it is preferred that the heavy 
water be circulated outside the reactor, cooled in heat 
exchangers not shown, and returned to the reactor. 

The reactor is controlled first by the use of a control 
rod 30 (Fig. 1) which is movable from an upper corner 60 
bearing 31 by a shaft extending outwardly through the 
shields so that a greater or less extent of the rod will enter 
the heavy water between plates in the reactor. For safety 
reasons, a second rod 32, which may be termed a safety 
rod, is normally held horizontally above the level of the 65 
heavy water to be released at will to swing into the heavy 
water between the plates in case a predetermined neutron 
density is exceeded. The neutron density in the reactor 
can be monitored in several ways, such as, for example, 
monitoring the temperature of the outgoing heavy water, 70 
or more directly by measuring the neutron density just out­
side the tank 1 by means of an ionization chamber 34 
connected to an indicating device in view of the operator 
of the reactor. Such ionization chamber will also permit 
the operator to start and stop the reactor and to reach a '/IJ 

In reactors operating continuously at high powers (high 
neutron densities), radioactive elements of extremely 
high neutron capture cross section are formed inside the 
reactor within a few hours, notably the gaseous fission 
product xenon135. The production of xenoniJ5 and its 
destruction by neutron absorption and by decay creates an 
equilibrium poisoning effect in the reactor determined as 
to value by the power at which the reactor is to be con­
tinuously operated. It can thus be seen that a neutronic 
reactor can have a satisfactory operating size when op-
erated intermittently and at low power which is entirely 
too small to support a chain reaction when operated at 
some elevated power where a noticeable equilibrium 
amount of xenon135 is formed. It is, therefore, necessary, 
to obtain a continuously operating reactor when a high 
power is required, to determine the operating sizes re­
quired to maintain the desired high power output. Thus, 
it will be seen there is actually a minimum critical (and 
operating) size for a neutronic reactor based on operat­
ing power, that is larger than the critical size for the re-
actor if zero power level is not to be substantially ex­
ceeded. 

However, the reduction in the reproduction ratio due 
to the xenonlJ5 equilibrium amount present when the 
neutron density is theoretically infinity in the reactor, 
has been found to be about .03, which means that to 
obtain a rise in neutron density to any desired density 
up to infinity, the control rod would have to be eventually 
removed by an amount corresponding to an increase in 
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of slabs is sufficient to permit a chain reaction to be sus­
tained in a reactor of practical size when beryllium metal 
is used as a moderator, with K factors obtainable for the 
reactive composition up to slightly over 1.08, as indicated 

the reproduction ratio of about .03, and somewhat less 
than .03 when finite densities are to be obtained. In 
accordance with the density desired, the size of the 'te­
actor has to be initially big enough to provide the in·· 
crease. For example, in a continuously operated water 
cooled uranium graphite reactor, the poisoning effect due 
to xenon135 at equilibrium in terms of the reproduction 
ratio is about .0012 at IO,OOO kilowatts, .009 at IOO,OOO 
kilowatts, and about .OI3 and .020 at 200,000 kilowatts 
and 500,000 kilowatts, respectively. As before stated, 
operating sizes ordinarily are not sufficiently large to 
provide maximum reproduction ratios of over 1.0 I with 

5 in Fig. 7. In Fig. 7, K curves are plotted as graphs in 
the same manner as Fig. 6. It will be noted that in this 
case the K= 1 curve is closed at the high volume ratio 
end, thus clearly indicating uranium units smaller than 
.I5 em. half thickness will not sustain a chain reaction 

all controls removed. However, if power outputs over 
100,000 kilowatts are desired, the reactor must have its 
critical and operating sizes defined as set forth herein, 
using final constants decreased by the xenon tJs factor 
for the power desired, even though the amount of re­
duction is over .01. In other words a significant impurity 

10 with any volume ratio or in any size. Thus, a mixture 
of fine particles of natural uranium and beryllium will 
not be a reactive composition able to sustain a chain 
reaction. The reduction in resonance absorption by the 
use of alternate layers of uranium and beryllium does, 

15 however. permit the creation of the desired chain reaction. 
Uranium plates can also be used with a graphite mod­

erator, and K curves for uranium plates in graphite similar 
to those shown in Figs. 6 and 7, are shown in Fig. 8. 
Here it will be seen that optimum geometry occurs with is added during operation at high powers, and must be 

compensated for by enlargement of the reactor. 
This may lead to the requirement for a reactor of such 

size that, if it did not acquire xenonl35 during operation, 
could attain a maximum reproduction ratio of over 1.01 
with all control rods removed, and which, before a sub­
stantial amount of xenon135 is formed, could in conse­
quence attain a dangerous neutron density if controls 
were entirely removed. 

20 a volume ratio of about 55-1 and a half thickness of 
the uranium plates of about 0.4 em. 

When the K factor is known, operating sizes for various 
reactive compositions can be found by the use of critical 
size formulae, modified to include size increase due to 

25 absorption in a cooling system, absorption caused by 
xenont35, and excess reproduction ratio desired while 
operating as follows: 

Such a reactor can be adequately safeguarded by the 
use of "shim" or limiting rods of neutron absorbing mate­
rial inserted in the reactor preferably to depths that will 30 
not permit a reproduction ratio of about l.OI to be at­
tained at any time during the operation of the reactor, 
even when the control rod is completely removed. Then, 

K-C-X-r=M RZ 
for spherical reactors where R is the radius in em. 

K-C-X-r=M -+-+-( 
1 1 1) 
a2 b2 c2 

if a reproduction ratio of more than unity cannot be 
attained by outward movement of the control rod alone, 
due to the build-up of the xenon135 effect, the shim rod 
can be withdrawn to compensate for the xenon135 effect, 

35 for a parallelepiped where a, b, and c are the sides thereof 
in em. and 

K-C-X-r=M -+-( 
1 0.59) 

H2 R2 but still be left in a position where the reproduction ratio 
cannot exceed l.OI, when the control rod is completely 
removed. 40 for cylinders where H is the height and R is the radius 

It can thus be seen that compensation for the xenon135 
effect is obtained, first by considering the xenon135 im­
purity factor for the power desired, as a reduction in 
reproduction ratio to determine a proper operating size 
for a desired power; and second, by initially providing 45 
in the reactors, impurities that can be removed by amounts 
compensating for the xenonl35 equilibrium amount ac­
quired at a given power output. Clearly then, there are 
two operating sizes; one, that is able to sustain a chain 
reaction at low power in absence of any substantial 50 
amount of xenont35; and two, a larger size able to sustain 
chain reaction with xenon135 present. Both must be 
known prior to building the reactor. 

As D20 is the best moderator so far known, the range 
of plate thicknesses and volume ratios for uranium in 55 
heavy water will first be discussed with reference to 
Fig. 6. In this figure, a family of K factor curves is 
shown as graphs on coordinates where the ordinates rep­
resent half thicknesses of the uranium slabs, and the 
abscissae the ratio of volume of the moderator to uranium 60 
volume. 

Curves showing the K factors from unity to the opti­
mum are shown, and it will be seen that the maximum 
K factor of somewhat more than 1.14 is found with a 
high volume ratio of about 25-I and a half thickness of ()5 
about .6 em. and also at a lower volume ratio . of about 
7lh-1 with a half thickness of about 3.0 em. 

As an example of the use of the curves of Fig. 6, when 
uranium slabs or plates are to be used as a reactive com­
position spaced I7 em. in a D20 moderator, the volume 70 
ratio will be about 43 to I with the uranium plates .4 em. 
thick. The K factor will be about 1.1 from the curves 

in em. . 
In the above formulae: 

K=Reproduction factor for a reactive compositon of 
infinite size 

C=Reduction in K due to absorption in coolant tubes, 
coolant and in jackets to protect uranium from corrosion 
by the coolant, when any of these items are used inside 
the reactor 

X=Reduction in reproduction ratio due to xenon135 
poisoning at desired operating power 

r=Excess of reproduction ratio desired while reactor is 
operating with xenon135 equilibrium established. This 
amount is usually not greater than 0.005 and may be 
0.0005 

M=a constant embodying the effect of the moderator and 
slab geometry, as follows: 

M for D20a!2500 
M for Be metala!3000 
M for graphitea!6500 

However, reactive compositions by themselves are sel­
dom used in a neutronic reactor because of the cost of 
materials and because of the fact that operating sizes can 
be very considerably reduced in size by surrounding the 
reactive mass with a layer of neutron scattering material 
to form what is known as a neutron reflector, as shown 
in Figs. 1-3. All good moderators are good reflectors. 

The reduction in size due to the use of a reflecting layer 
surrounding the reactive mass is given for reflecting layers, 
which are thin with respect to the extent of the reactive 
mass, by the formula 

Ar1 ""'L tanh t..r 
L in Fig. 6. If spaced 33 em., the plates will be about .76 

em. thick and the K factor will be about 1.13. 
The reduction of resonance absorption due to the use 

where rl is the reduction in radius of the reactor due to 
7 6 surrounding the reactive mass by a reflecting layer t:.r 
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9 
thick and where l. is the diffusion length for thermal 
neutrons in the reflecting material. 

10 
ural uranium uniformly disposed in parallel relation­
ship to each other in a moderator of heavy wat er, \:tid 
plates ~cparating the moderator into di\tinct and in­
dividual layer~. and each plate having an unintcrrupkd 

Using data given a hove, the reactor shown in f'ig. I, 
when surrounded on five sides with a I ft. reflector of 
graphite, and when using uranium plates having a thick­
ness of 1.2 em., a volume ratio of 15 total volume to I 
uranium and I mm. aluminum jackets will have an op­
erating size for continuous operation up to 5000 kilowatts, 
for example, of 12.0 cu. meters for the active portion 
and will usc 12.4 metric tons of D20 and 15.2 metric 
tons of uranium. Similarly, a uranium slab-fie metal 
reactor such as shown and described herein having a I ft. 

;, surface area substantially equal to the cro\s-sectional 
area of the active portion of the rcal:tor, the width and 
the length of each pl:ttc being sub~tJntially equal to th ~ 
width and kngth of adjoining moderator laye r~ . tub•:' 
communicatin!( with the moderator to providt: an inlet 

Be reflector on all sides, and using uranium slabs 3 em. 
thick with a volume ratio of about I 0 to I will have a 
volume of 33.7 cu. meters in the active portion and will 
contain 59.0 metric tons of uranium and 56.6 metric tons 
of beryllium exclusive of 42.2 metric tons of beryllium 

Ill and an outlet for movement of the heavy water through 
the reactor, jacket~ on said uranium plates to i\olatc the 
uranium from the moderator, the volume ratio of mod­
erator to uranium and the thickness of the uranium 
plate being within the area encompassed by the branche' 

I:; of the K ~, 1.00 curve of Figure 6, the cxcc~s reproduc­
tion ratio, r hcing between 0.0005 and 0.005, the neu­
tron absorption of the jackets, and the tubes dimini~h­
ing the K factor by an amount C, the Xenon-135 con­
centration at the desired operating power dimini o;hing 

in the reflector. This latter reactor, being uncooled, 
cannot be operated continuously at high power outputs, 
but reactors of thi~ type can dissipate a few watts con­
tinuously, and up to I 0,000 kilowatts intermittently for 
short periods. 

~0 the K factor by the amount X, and the dimcno;ions a, 

b and c of the reactor active portion being given by the 
equation 

When graphite is used as a moderator, in the form of 
bricks, for example, a neutronic reactor similar to that 
shown in Fig. 5 can be built. In this case, using opti- 2ii 
mum geometry as shown in Fig. 7, the K factor will be 
about 1.05, when uranium layers 0.8 em. thick are used 
with a volume ratio of 55- 1. The reactor, with a I 
foot graphite reflector, \\;ill have a volume of about 258 
cu. meters, in the active portion and will contain 87.4 :w 
metric tons of uranium and 390 metric tons of graphite 
inclusive of 115 metric tons of graphite in the reflector. 

What is claimed is: 
1. A neutronic reactor consisting essentially of plates 
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of natural uranium separating a moderator mass into dis­
tinct and individual layers, the width and the length of 
each plate being substantially equal to the width and 
length of adjoining moderator layers, and each plate 
having an uninterrupted surface area substantially equal 40 
to the cross-sectional area of the active portion of the 
reactor, said moderator mass selected from the group 
consisting of heavy water, beryllium and graphite, the 
thickness of the uranium plate and the volume ratio of 
moderator to uranium being within the area encompassed 4::; 
by the branches of the K = 1.00 curves of Figures 6--8, 
and the purity of the moderator and the uranium and the 
total mass thereof being sufficient to sustain a chain re­
action. 

2. A neutronic reactor in the shape of a rectangular 50 
parallelepiped comprising a plurality of plates of nat-

where M is a constant embodying the effect of the mod­
erator and slab geometry, and having a value of 2500. 
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Patent No. 2,807,581 

UNITED STATES PATENT OFFICE 
Certificate of Correction 

Enrico Fermi et al. 

12 

September 24, 1951 

It is hereby certified that error appears in the printed specification of the above numbered patent requiring correction and that the said Letters Patent should read as corrected below. 
Column 8, line 74, for "rl" read Ar ;. 
Signed and sealed this 27th day of January 1959. 

(SEAL] 

Attest: 
KARL H. AXLINE, 
Attesting Offtcer. 

ROBERT C. WATSON, 
Commissioner of Patents. 

. . ~ 
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Dr.Richard G. Hewlett, 
AEC Historian 
United States 
Atomic Energy Commission, 
WASHINGTON 25, D.C. 

Dear Dr. Hewlett: 

Vienna, 3rd August, 1959. 

Your letter of July 15 was. forwarded to me to 

Europe. Since it is very difficult to get hold of me at Chicago, 

it would probably be bette~ for us t0 meet when I am in Washington. 

I expect to be there some time in Novemher and I shall contact 

you at the AEC when I am there. 

In Washington the office of Dr. Robert B. 

Livingston, The National Institutes of Health, Bethesda 14, Md. 

Telefone: Oliver 64000, ext. 3 501, usually knows my whereabouts. 

Yours sincerely, 

LEO SZILARD 



UNITED STATES 

ATOMIC ENERGY COMMISSION 

IN REPLY REFER TO : ADBS 

Dr. Leo Szilard 
DuPont Plaza Hotel 
DuPont Circle 
Washington, D. C. 

Dear Dr. Szilard: 

WASH INGTON 25, D.C. 

March 7, 1961 

As I promised, I am enclosing a copy of the tentative program 
for the Gatlinburg meeting. I think you will be interested 
in a number of the sessions, for example, Evelyn Witkin and 
Doudney have produced muCh of the data showing the influence 
of postirradiation events on the observed mutation rate in 
bacteria and the evening round-table discussion seems par­
ticularly germane to some of the questions we were discussing. 

I would suggest that if you are interested in going that you 
write Hollaender very promptly since they may already have a 
full house. 

I wish to thank you for your interest in these problems. 

Enclosure 

Sincerely yours, 

Assistant Director for 
Biological Sciences 

Division of Biology and Medicine 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
9800 SoUTH CASS AVENUE 

ARGONNE, ILLINOIS 

May 23, 1961 

Dr. Leo Szilard 
Quadrangle Club 
1155 E~st 57th Street 
Chicago 37, Illinois 

Subject:- U.S. PATENT NO . 2,798,847 
AEC CASE NO. S-10,565 

Dear Dr. Szilard: 

I am pleased to enclose f or your files a copy of the 
above patent. 

I want to tha11k you f or the courtesy and assistance 
which you extended to members of my staff in connection 
with the preparation and prosecution of the patent 
application. 

Enclosure : 
Patent No. 2,798,847 

/ 
Ver.y truly yours, 

0 I ~ 
&~?~L-</ ./ 

J 

I 

George H. Lee , Chief 
Chicago Patent Group 

j) 



Dr . Leo Szilard 
Quadrangle Club 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

CHICAGO OPERATIONS OFFICE 
9800 SOUTH CASS A VENUE 

ARGONNE, ILLINOIS 

August 31, 1961 

1155 East 57th St reet 
Chicago 37 , Illinois 

Subject : U. S . PATENT NO . 2, 986, 5l0j AEC CASE NO . S- 98 

Dear Dr . Szi l ard : 

I am pleased to enc lose for your files a copy of t he 
above patent . 

I want to thank you fo r the courtesy and assistance 
which you extended to members of my staff in connection 
with the preparation and prosecuti on of the patent 
application . 

Enclosure : 
Patent No . 2 , 986 , 510 

Very truly yours, 

~~?--c__ 
George H. Lee, Chief 
Chicago Patent Group 



GENERAL ADVISORY COMMITTEE 
TO THE 

U.S. ATOMIC ENE.RGY COMMISSION 
P.O. BOX 3528 

WASHINGTON 7, D.C. January 4, 1963 
ENRICO FERMI AWARD 

Dear Sir: 

The General Advisory Committee invites you as an individual to submit 
a nomination for the next Enrico Fermi Award. This Award is made under the 
provision of Section 157b(3) of the Atomic Energy Act of 1954 which states 
that," ..... The Commission may also, upon the recommendation of the General 
Advisory Committee, and with the approval of the President, grant an award 
for any especially meritorious contribution to the development, use, or con­
trol of atomic energy." 

The first award under this Act was made on November 16, 1954, to Enrico 
Fermi. In December of 1955 the General Advisory Committee recommended to the 
Atomic Energy Commission that an Enrico Fermi Award be established on a perma­
nent basis, and that it be international in scope, available to scientists of 
all nations. The recommendations, together with others pertaining to the 
Award, were approved by the Commission early in 1956. 

The Commission determined that the Award should be made not more often 
than annually, and not necessarily annually. The recipients of the Award 
have been Dr. John von Neumann, Dr . Ernest 0. Lawrence, Dr . Eugene P. Wigner, 
Dr. Glenn T. Seaborg, Dr. Hans A. Bethe, and Dr. Edward Teller. 

The General Advisory Committee now has the duty of soliciting nomina­
tions for the next Award and of recommending a candidate or candidates to 
the Commission. The Committee and the Commission wish no worthy candidate to 
be overlooked . In making a nomination, please place principal emphasis on 
the statement of scientific and technical achievements upon which the nomi­
nation is based. Please minimize such data as can be found in standard ref­
erence works. 

You may wish to know that nominees who fail of selection are retained 
on the Committee's list for further consideration for two additional years. 
If the candidate has not been selected in three consecutive years, his or her 
name will be removed from the list unless the candidate has been renominated 
in that time or until renominated . 

Nominations for the next Award should be received by the Chairman, General 
Advisory Committee, U. S. Atomic Energy Commission, P. 0. Box 3528, Washington 
1, D. C., not later than March 1, 1963. Your assistance in making nominations 
will be greatly appreciated. 

Dr. Leo Szilard 
Dupont Plaza Hotel 
Washington, D. C. 

Sincerely yours, 

~~d.d 
Manson Benedict 
Chairman 



' ' 

Dr. Leo Szilard 
Quadrangle Club 

UNITED STATES 
ATOMIC ENERGY COMMiSSION 

CHICAGO OPERATIONS OFFICE 
9800 SOUTH CASS A VENUE 

ARGONNE, ILLINOIS 60439 

September 20, 1963 

1155 East 57th Street 
Chicago 37, Illinois 

Subject: 

Dear Dr. Szilard: 

U. S. PATENT NO. 3,103,475 
AEC CASE NO . S-1035 

I am pleased to enclose for your files a copy of the above 
patent of which you are the inventor. 

I want to thank you for the courtesy and assistance which 
you extended to members of my staff in connection vrith the 
preparation and prosecution of the patent application. 

Enclosure : 
Patent No . 3,103,475 

Very truly yours, 

k Jt.&_._ 
George H. Lee, Chief 
Chicago Pa.tent Group 

.-...... 



September 27, 1963 

George H. Lee, Chief 
Chicago Patent Group 
U.S. Atomic Energy Commission 
9800 South Cass Avenue 
Argonne, Illinois 

Subject: U.S. Patent No. 3,103,475 
AEC Case No. S-1035 

Dear Mr. Lee: 

Your letter of September 20th, with enclosures, has 
arrived while Dr. Leo Szilard is still abroad. Though I 
do not have a definete date for his return, I expect it 
will be in the early part of October. If Dr. Szilard 
finds it necessary to correspond with you further regarding 
your letter of September 20th, then you may elpect to hear 
from hi• later in October. 

With best wishes, 

Very truly yours, 

Kay M. Shannon 
Secretary to Dr. Szilard 



George H. Lee, Chief 
Chicago Patent Group 

October 2, 1963 

United States Atomic Energy Commission 
9800 South Cass Avenue 
Argonne, Illinois 60439 

Dear Mr. Lee: 

On September 20th you were kind enough to send Dr. Leo 
Szilard a file copy of his patent, No. 3,103,475. I see that 
this is a 13 sheet document. The copy you sent Dr. Szilard 
did not include sheet 12 and, therefore, this is to request 
a copy of sheet 12 of the patent. 

Thank you very much for your assistance in this matter. 

Very truly yours, 

Kay M. Shannon 
Secretary to Dr. Szilard 
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