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MEMORANDUM ON MATERIALS ACQ.UIRED UNDER THE FI RST CONTRACT - J:WJ&IP!y 5, 1941 

L4#v~~ ~ ..... ..._t<~ 
Of the ~,ooo appropriation for materiaWabout ~•,ooo may be 

used for purchasing graphite to be used in measurements in phyaioal 

constants. dinoe these meaetu'emente may ·oe oatried on dnrtng th& p~ 
at-the secoaa contr&Gt th1e gra~hite will not be available ~or the purpose 

~f the iatermediate seale experime~ About ~4,000 to ~5,000 may be used 

for purchasing one ton of uranium oxide to be used in experiments under 

the first contract. Since according to our present plan 7 tons of uranium 

oxide will be used in the intermediate scale experiment from the a tons 
~~~ 

ot uranium oxide which may b~ ~-----u~der the second contract one ton 
~.....~ would be free to be converted into metal while the intermediate texperiment 

with oxide is being performed. It is hoped that by the ttme the first 

ton of metal is delivered the one ton of uranium oxide purchased under 

the first contract will be available to be oonver~ed into metal for the 

purposes of the intermediate scale exper~ent. About ~2,000 of the 

appropriation for materials under the first contract may be expended for 
~ 

obtaining uranium metal
1

approx1mately 200 pounds and this metal be 
~: 

used for physical measure which may be continued during the performance 

of the intermediate aoale experiment. About t2,000 of the appropriation 

for materials under the first contract may be spent for the purchase of 

beryllium metal for the purpose of preliminary expertments; 
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a.) Without Be 
b.) With Be 

Neutron Source in Cent-er 
4raphite Sphere 60 to 80 ern d iatnefer 
7~ to I 0 0 I bs B e 
Paraffin Cube J2.0x t2.0x.l20 cc 
L.. e t t e r- to De<: b. 



Janucry 21, 1942 

"Je orc-ndum to Dr. 8zilerd: 

I n the matter of finding a l aborator :or the 
egg-boiling ex::~eriment, the follo wing has been ound so 
f .: r in the vicinit of Ne1:"" York Cit • 

(1) The Pegassus Club polo fi el structure in 
Bergen County, New Jersey ( c> dvertisement i n the NE '{ YORK 
TEIES). 

( 2) At Bendix Field, Bendix, Nev- Jersey, the 
Fo~ er hangar of the Lir Associ.: tes, Inc. i s for sale. 
This hangar has a floor space of 125 ft. x 100 f t . and a 
ceiling height of about 25 ft . It has a second floor for 
off ices ahd v10rk ro oms and is provided "."Ii t _ heating. The 
agent is Mr. Hageman, Triangle 5-3434. The disedv2nt2ge 
of t his building is that it is only about 1000 ft . from Air 
_ssociates , Inc. 11ho ~.re :ncnuf ..... cturing .: irpl .s.ne pc-.. rts, and 

3000 ft. from the Bendix Aviat ion como~y. The air field 
I~ll be used by the ~rmy a s ..... small base for pursuit and 
fi ghter planes • 

.J ( 3) On t he s.s.me field is the Goody ea r blim. 
hc.nga r : hich has a ceiling hei gi:lt of about 50 ft. c..nd 
.:-bout 80 ft. x 1 25 ft. floor area . This buil 'ing i s .:bout 
a ouarter of a mile from the Bendix pl Gnt . The same cgent 
as-for (2) should be referred to. 

( 4) T e Curtis s 7right hLn g2 r at Valley Stream, 
Long I sl and. There a re six hang2rs eltogether of floor 
areL 137 ft . x 133 ft. ea ch, and a clear 2nce of about 25 ft. 
1.mder the beams an c:.n dditional 1 2 ft. bet ,_. een the beams 
which a re spaced 20 ft. apart . The se seem to be very 
de sirable structure s and are ap::?arently quite isol ted on 
t his field . The rent a~ for the s e hc:ngars is at· the r ete of 
..... bout 30f! per S!!Uare foot of floor area . The .:.gent is 
Mr. Esterbrook of Bro';m, Wheelock, Harris, Stevens , Inc. 
The telephone number i s Lexington 2-6100 . 



Memorandum to Dr. Szilard, _ag e 2 January 21, 1942 

(5) In Clifton, New Jersey, there is a building 
of 100 ft. x .200 ft. ti th a ceiling cle ranee of 35 ft. 
made of reinforced concrete and steel, which had been 
used as a machine sho~ and has a 7 1/2 ton crane installed. 
This is near the N. P. Nelson Machine company but other'\:·ise 
isolated . The agent is Mr. Villiams of Joseph J. Garibaldi 
Org nization, Rector 2-7171. 

(6) There is available in Yonkers , Ne\ York, a 
golf course ·hich could be had very che ply. However there is 
no building. Mr. Gle son is the agent. Telephone Fairbanks 
4-2174. 

(7) In Armong, Ne1r York, the Armonk air field has 
t vo f air sized ha_n.gars on c field which covers a s area 
of about 65 cres. This is about 20 miles from Columbia 
University, ~ovever. Same agent as for No.6. 

Herbert L. A nderson (signed) 



January 23, 1941 

Conversation with Dr. P. P. Alexander 

Dehydrogenated uranium metal is not pyroforic when 

made but becomes so in about a week if exposed to air and 

mcrsture. Eighteen pounds of this material are at present in 

a pyroforic state in a concrete pit. In future dehydrogenated 

material will be produced in the following way : 

After reduction in a ni-chrome retort, the material 

is taken out and ground to a fine powder. This is replaced in 

the retort, heated to about 900°C for three or four hours at a 

pressure of 700 micron. After this the material is leeched and 

dried at 60°C. It must then be filled into airtight containers 

right away. Otherwise it will become pyroforic. 

The present retort takes a charge up to about 50 lbs. 

of uranium. It is heated by gas and made out of ni-chrome. 

One pound of uranium takes about one pound of calcium. The first 

reduction takes place at 600 to 700°C and is due to water which 

is combined with uranium oxide. The temperature is then further 

raised to 1000°C. The calcium used at present i s not very pure 

and is sold for $1 .25 by the Union Carbide and Carbon Corporation • 
• 

The Union Carbide and Carbon could probably be persuaded to 

furnish distilled calcium perhaps for $2 a pound. The calcium 

hydride is made from calcium by Dr. Alexander . 

The advantage of calcium hydride over calcium is chiefly 

that it can be produced in powdered form. If we furnish special 

equipment to Dr . Alexander, he would at once be in the position 

of supplying the metal in 20 lb. lots for a cost of $20 per lb. 
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To prepare 20 to 50 lbs. of uranium metal would represent two 

days operation, one for reducing and one for leaching and drying·. 

The small sample of uranium metal which has been 

dehydrogenated and afterwards tested and found satisfactory by 

the B ureau of Standards, was treated the same way as the 

big lot of 18 lbs. of pyroforic uranium. It was crushed and 

heated to 900°C for one hour, but note that this was carried out 

at a pressure of 20 micron. It was leached after dehydrogenation. 

While some hydrogen was driven out of the 18 lb. sample, since 

it subsequently became pyroforic, we have no evidence as to the amount 

of hydrogen which was left in this sample that was dehydrogenated 

at 700 micron pressure. 

The following elements could be used in principle for 

reducing uranium: K, Na, _,[g, Be, Al, B, Si, CaBaSr .. Jf only low 

pressure processes are considered in which the uranium does not fuse~ 

if leaching is used for separating the uranium~esium, aluminum, 

beryllium and silicon are not suitable because their oxides are 

more difficult to dissolve in dilute acids than calcium oxide. 

Potassium, sodium and calcium could be used in place of calcium 

hydride, but it is not easy to obtain them in powdered form and 

therefore the reduction would have to go through the vapor phase. 

To prevent a too violent reaction, calcium oxide could then be 

used for diluting these metals . -:;=;~ "}_.,_.;_ -~ . .k _/~ 
~ k ~~~ ~.try, Jit.( r,_,___ ~-~-~ 

Question: Could one not use magnesium, beryllium, or 

silicon and separate by a method of flotation rather than leaching? 

Question: Could one not prepare an alloy of uranium with 

tin, lead or bismuth by reducing with calcium and calcium oxide or 

magnesium and magnesium oxide? 
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Conditions would have to be chosen so that the molten lead, tin 

or bismuth should be held in position by capillarity until the 

temperature is so high that the uranium is reduced to metal and 

the heavy uranium allo' then brought to fuse by gravity over-

compensating the capillary forces. lead kN Alternatively the tin, 
~~ 

or bismuth would separate from the uraniu~is reduced and the 

alloying could take place through the vapor phase. 

Dr . Alexander would undertake to prepare a few pounds 

of beryllium metal by reducing beryllium oxide with calcium 

hydride. For this purpose he would want beryllium oxide which 

contains no sulfur and which is fluffy, i.e. he wants the 

lowest possible firing temperature, and not beryllium oxide which 

has been sintered at a high temperature. 

Note Dr . Alexander thinks that U30s does not lose its 

crystal water until about l200°C. He warns that uranium oxide 

is ·very poisonous. 

New York. 

Dr. Alexander's assistant, Mr. Davis, may visit me in 

The following equipment would be desirable: 

One pump 
One retort 
One large leaching tank 
One iron container 
Drying oven and shelves 
One filter press 

4l00 
350 
300 

50 
300 
200 

1600 

The prices are guesses which would have to be verified by 

obtaining bids. 

Dr. Alexander intends to protect uranium from oxygen and 

nitrogen by using zirconium. Asks if a trace of zirconium would be 

harmful. 

The~uipment proposed could take care of a production 
of 100 kg. of uranium metal per week . ~ V. lti-~ 



. )•'•· 

January 30, 1941 

MEMORANDUM CONCERNING THE ESTIMATE OF COSTS 
FOR THE INTERMEDIATE SCALE EXPERI ENT 

It should be possible to determine whether or not a 

chain reaction can be made to work 1vi th thermal neutrons by 

performing experiments on 35 tons of graphite, ~ tons of 

uranium metal and 2 tons of beryllium metal . A variety of 

experiments may have to be performed in which the shape and 

form of the uranium and the ratio uranium to carbon !ltay have 

to be varied in, order to find in an empirieal way the most 
. ·\~ 

favorable conditions which may have to be met in order to 

make the chain reaction work. 

At present beryllium metal is not avail,able at a 
·.,t ·~ reasonable price ~n the requ1l\ed ;>urity. Experiments on the 

production of pure beryllium will have to be performed and 

other preliminary experiments on the nuclear properties ot 

beryllium will have to be completed before the purchase of 2 

tons of beryllium metal can be recommended. e . propose to 

spend between two and five thousand dollars from our appropriation 

under our first constract for experimental orders on beryllium, 

in order to provide the faeilities to manufacture pure beryllium, 

and also in order to secure the amount of beryllium required 

for the purpose of preliminary expe~i.ments. In the circumstances, 

and also because it may very well be that tlle chain reaction 

\ may be made to work without tl..~oe use of beryllium, the enclosed 

estimate of cost for the intermediate experiment carries no 

item for the purchase of beryllium. 



-2-

It is saggested that the proposed second contract 

should cover the expenses of a period o! t elve months ending on 

the 30th of June, 1942, and that all work under this contract 

should be concluded by December 31, 1942 at which time a report 

would have to be rendered . 

According to the present pl ans an intermediate 

experiment auld be carried out with uranium oxide in order 

to make use of the time which will be necessary to complete 

arrangements for the supply of uranium metal in the desired 

purity and in the required form. We propose to spend about 

five thousand dollars under the appropriation of our first 

contract for experimental orders on uranium metal for the 

purpose of providing the facilities to manufacture pure 

uranium metal, and at the same time also in order to secure 

about 100 kg. of this metal for t he purpo se of preliminary 

experiments. 

It is estimated that thin three months after 

placing an order for three tons of uranium metal this metal 

could be obtained free from hydrogen in powdered form at the 

rate of 100 kg , per week, Thus if a sufficient amount of uranium 

oxide were ~vailable it ould be possible to accumulate the 

required quantity of uranium metal while seven tons of uranium 

oxide are till tied up in the intermediate experiment. No 

item for an additional amount or three tons or uranium oxide 

as would be required for this ~urpose has been included in the 

e~olosed estimate of cost. 



...... 
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In order to take care of this item and other 

expenditures which might become necessary, we have to envisage 

the possibility of a third contract which might cover a 

period from the first o.f August of this year to· the end of 

1941, and a tentative estimate of cost for this third contract 

has been drawn up and is being enclosed. It is not proposed 

to ask for any appropriation under the third contract at the 

present time, as the figures given are rather tentative and 

the final figures will not be available tor another three or 

four months.. The items included in this tentative est1mate ·or 

cost for the third contract include the following. 

An item aalled s1nter1ng and shapi ng of three tons 

of uranium metal in order to obtain the metal 1n e suitable 

form and at a density of 20 grams per c.c. Both the form 

and the density of the metal play an important part in the 

chain reaction. 

An item ~or the processing of graphite in case such 

processing should be required in order to rid the graphite from 

boron after the graphitizing process has been completed, 

An item for c.onstruction cost in order to take care 

of expenses in connection with varying the size and shape o£ 

the uranium bodies and the ratio of uranium to carbon, in order 

to determine empirically the conditions under which the chain 

· reaction can be made to work . 

An item for one ton of beryllium metal in case the 

- use of beryllium metal should turn out to be necessary .. 

Additional items for experiments on sinter1ng uranium 

and producing and possibly casting p~re beryllium. 



ESTIMATE OF COSTS 

l~TEHIALS OTHER EXPEH:tifiTURES 

1 . 6 tons of uranium 
oxide 30,000 

:s . 

4. 35· tons of graPhfin 17,500 

5 . 

6. 

7. 

a. 
9 . 

TOTAL 

Converaion of 3 tons of uranium 
oxide into dioxide and metal 60 , 000 

Experiments on the production 
of pure uranium metal 2,000 

Experiments on the purity of 
graphite 

Exper~ents on the production 
of purG beryllium 

Salaries fo~ a period of 12 
months 

Construction work 

Running expenses for a. period 
of 12 months 

TOT ... II..L 

s,ooo 

2, 000 

1 9 , 000 

5.ooo 

12 , 000 
162,000 



------~--~--------~------------------------------------------~------- - / 

ESTI!lA.TE OF COSTS 

2. 

3. 

UATERIALS 

tons of uranium 
oxide 

~· ... ··7 

4. 35 tons of., graphire , 
'~'1.\~f ( ' : 

6. 

7. 

8. 

9. 
(..; 

TOTAL 

GRAND TOTAL 

~ 

OTHE3 EXPENIJITURES 

Conversion of 3 tons of uranium 
oxide into dioxide and metal 60,000 

Experiments on the production 
of pure uranium metal 2,000 

Experiments on the purity of 
graphite 2,000 

Experiments on the ¢;;:~;:;~. , i ........,._,.., 
·9f ~~ beryllium 2,000 

&£ I-~ .... ~ 
~al&:cjea for a period 
months 

Construction work 

Running expenses for 
of 12 months 

149,500 ..,.,.., 

'7 1 ~~ 

of 12 
19,000 

5,000 

a period 
121000 

TOTAL 102,000 

2 
p I q . "" --

I 
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For this reason an item for the purchase of 2 additional tons of 
a.., 

uranium oxide has been included in~ supplementary estimate of cost , _ 
~ . ~ .... ,~- " ..... ~-~ 

which is inclosed-~ne additional ton of uranium oxide might be 

purchased under the present contract and used for the purposes of 

intermediate experiment. } 

Other items included in the supplementary estimate of costs 
f 

are the following: An item of %15,000 for (~ntering and shaping 3 tons 

of uranium metal; an item of $17,500 for processing graphite • ~uch 

~-
processing s]p,~be re ujred in order to rid the graphite from its 

J /,["'$~~ 
boron content; an item .for construction costs Which would give us a 

"' 
considerable larger scope in varying the geometric conditions in the 

intermediate experiments and finding i~ a reJatii.=~ots:iy sllo.-t ~ the 

most favorable conditions from the point of view of the chain reaction. 



~ 3?/ £L,_ - ?/ 
ME'!!ORA.."''DUM CONCERNING THE ESTIMATE OF COSTS :b"'OU THE INTERY!tDIATE SCALE 

EXPERIMENT 

It should be possible to determine whether or not chain reaction 

can be made to work with thermal neutrons by performing experiments on 

35 tons of graphite. 3 tons of uranium metal and 2 tons of beryllium 

metal. A variety of' eXperim~nts may ha:f'e to be performed in which the 

shape and form of the uranium inthe ratio uranium to carbon may have to '- , 

be varied in order to find in an empirical way the most fa.vot"able condition~ 

whiCh may have to be met in order to make the chain reaction work. 

At present beryllium metal is not available at a reasonable 

price in the required purity. Experiments on the production of pure 

beryll iu n would have to be performed in other pre·limina.ry exper:llnents 

on whether nuclear properties of beryllium would have to be completed 

before the p)lrohase of' __ 2 t ,o s o( berylli. ~m metal an be eeommended. /Vc 
-~ ,....,. '--t ~~ ~~( )- ,, ~l s~·t~~· - ' ,..,,. r ~~ /. / .r.(: 

V ~ so aoau.s.e ~t may very well be. the ohain reaction 
/'»4' c ,;ill< ,l /· : ,,J ~~·' PI P--In r /-v . ;yf c.-r--...,_,-f.....,. ~ ~ , 'II'' ( • ,_ :?; .. ..,. ~~ V' ' · •' ! /' 

I may b~ ma.de to work without the use o'f beryllium ._ e inelose4 estimate 
~ ' ' .) (L.....t- l---1~ 

of costs .if>eB ~e2trr;y i..te for the purchase of beryllium. 
~v~~.AC. 

It is suggested that the pt"oposea) contraot should cover the 

expenses for a period ending on tho 30th of June, 1942 and that all 

work under this contract should be concluded by December 31• 1942 at 

which time a report would have to be rendered, According to the present 

plans an intermediate experiment would be carried out with uranium oxide 

in order to make use of the time Which will be neooasary to complete 

arrangements for the ~~. - ~Y of uranium metal in tho desired purity and 

in the required form "1f a sufficient amount of' uranium oxide could be 

obtained to oe.rry out the tranafol;'mat~on into metal on a 3 ton lot. of' 

uranium oxide while ? tons of uranium oxide are still tied up in the 

intermediate experiment, a considerable saving of time would result. 

It is estimated that three months after the granting of the appropriation 

uranium metal could be obtained at a. rate o:f ·lOO kilograms per week. 

''\ ·"' I " -, I ~\_ ..... ~\o......t.._: 
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For this reason an item the pttrohast of 2 additional tons of' 

uranium oxide has been included in the supplementary estimate of cost ~ 

wh.ioh is inclosed. and one additional ton of' uranium oxide might be 

purchased un~~- · .~. ·the present contract and used for the purposes of 

intermediate experiment. 

j;' ' 
!( 

Other items included in the suppl~ntary estimate of costs 

are the f ollowing: An i t em of $15,000 for centering anQ. shaping 3 tons 

of uraniUm metal; an item ot. _3'1 '7,50D f'or processing gl'ap,l)ite 41 such 

processing should be req,uirad in order to rid the graphite from its 

boron content; an item for construction co s ts mioh would give us a 

considerable larger seope in va rying the geometric condi-tions in the 

intermediate experiments and finding in a relatively short time the 

most favorable conditions :from the point of view of the cha.tn reaction. 



J arruary 30, 1941 

an 
MEMORANDUM CONCERNING THE ESTIMATE OF COST 

FOR THE INTERMEDIATE SCALE .. EXPERIMENT 

~~ 
It &hoala he pe:!:!i'b~ to determine whether or not a 

chain reaction can be made to work with thermal neutrons by 

performing experiments on 35 tons of graphite., 3 tons of 

uranium metal and I ton of beryllium met~l. A variety of 

experiments may have to be performed in which the shape and 

form of the uranium and the ratio uranium to carbon may have 

to be varied in order to find in an empirical way the most 

·favorable conditions which may have to be met in order to 

make the chain reaction work. 

g .l- \::Ei present beryllium metal is not avail:able at a 

reasonable price in the required purity. Experiments on the 

production of pure beryllium will have to be performed and 

other preliminary experiments on the nuclear properties of 

beryllium will have to be completed before the purchase of i 
L:t 

tons of beryllium metal can be recommended. We propose to 

spend between two and five thousand dollars from our appropriation ( 

under our first constract for experimental orders on beryllium, 

in order to provide the facilities to manufacture pure beryllium, 

and also in order to secure ~unt of beryllium required 

for the purpose of preliminary experiments~ In the circumstances, 

and also because it may very well be that the chain reaction 

may be made to work without the use of beryllium, the enclosed 

estimate of cost for the intermediate experiment carries no 

item for the purchase of beryllium~ 



-2-

It is suggested that the proposed second contract 

should cover the expenses of a period of twelve months ending on 

the 30th of June, 1942, and that all work under this contract 

should be concluded by December 31, 1942 at which time a report 
~ -

would have to be rendered. 

JP According to the present pla s an intermediate 
v i' ~ 

experiment would be carried out with ranium oxide in order 

to make use of the time which will be necessary to complete 

arrangements for the supply of uranium metal in the desired 
£, 

u ity and in the required form. ~ propose to spend about 
? 

dollars under t he appropriation of our first 

contract for experimental orders on uranium metal for the ~ 
purpose of providing the facilities to manufacture pure 

uranium metal, and at t he same time also in order to secure 

about 100 kg. of this metal for the purpo se of preliminary 

experiments. 

~ ~ ~~t is estimated that within three month~ after 

placing an order for three tons of uranium metal this metal 
·' ' 

J/r _At,._., f 

could be obtained )free from hydroge~ in powd~red form~ the 
- >r/ .:; ...-' .... / ~ - 4 .,...., 

rate of 100 kg. per week. Thus if____....-a sufficient amoll!lt/ of uranium -- ......... 
oxide were available it would be possible to accumulate the 

required quantity of uranium metal while seven tons of uranium 
/;eo- ; " 1-1.. ~-(. 

oxide are still tiedrup in t he intermediate experiment. No 
t/ ~ 

item for an additional amount o .~ tons of uranium oxide 

as would be required for this been included in the 

enclosed estimate of cost. 
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~~ In order to take care of this item and other 

expenditures which might become necessary, we have to envisage 

the possibility of a third contract which might cover a 

period from the first of August of this year to the end of 

194 , and a tentative estimate of cost for this third contract 

has been drawn up and is being enclosed. It is not proposed 

to ask for any appropriation under the th rd contract at the 
~ ,f"" E - _....... ? 

present time, as he figures given are rather tentative and 

the final figures will not be available for another three or 
(A 

four months. The items ~eluded in this tentative estimate of 

cost for the third contract include the following : 
~ 

An item Gal±e~ sintering and shaping of three tons 

of uranium metal in order to obtain the metal in a suitable 

form and at a density of 20 grams per c.c. Both the form 

and the density of the metal play an important part in the 

chain reaction. 

An item for the processing of graphite in case such 

processing should be required in order to rid the graphite from 

boron after the graphitizing process has been completed. 

An item for construction cost in order to take care 

of expenses in connection with varying the size and shape of 

the uranium bodies and the ratio of uranium to carbon, in order 

to determine empirically the conditions under which the chain 

reaction can be made to work. ~ 

r~ t.~~ -t-t ~ <-< 0 ~ ,6 '1-... Me. item .,. o~e ton of beryllium metal 

u.se... gr beryl l:Mlm mata! ~Ilbrfi:fi !:m±n eu 

e ~ional items for experiments on sintering uranium 
9- ~ . 

and producing and possibly casting pure beryllium. 
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MEMORANDUM CONCERNING THE ESTIMATE OF COSTS FOR THE HTTERMEDIATE SCALE 
EXPERIMENT 

4 / 
It should be possible to determine whether or not ?chain reaction 

can be made to work with thermal neutrons by performing experiments on 

35 tons of graphite, 3 tons of uranium metal and 2 tons of beryllium 

metal. A variety of experiments may have to be performed in which the 

shape and form of the uranium~ ratio uranium to carbon may have to 

be varied in order to find in an empirical way the most favorable conditions 

which may have to be met in order to make the chain reaction work. 

At present beryllium metal is not available at a reasonable 

price in the required purity. Experiments on the production of pure 
'7V'l. u.. /L ..,....t 

beryllium weMld have to be performed~ other preliminary experiments 
~vC< 

on ~he~ nuclear properties of beryllium ~swell have to be completed 

be~.:~-;~ ... ~mrchase of 2 tons of beryllium metal can be recommended. / 

~' and also because it may very well be, the chain reaction 

may be made to work without the use of beryllium~ ltne inclosed estimate 

of costs does not carry an item for the purchase of~ beryllium. 
~L· 

It is suggested that the proposed contract should cover the 
(.._!f'/11..~-h~ 

expenses for a perio~ ending on the 30th of June, 1942 and that all 

work under this contract should be concluded by December 31, 1942 at 

~ which time a report would have to be rendered.~ccording to the present 

plans an intermediate experiment would he carried out with uranium oxide 

in order to make use of the time which will be necessary to complete 

arrangements for the supply of uranium metal in the desired purity and 
a.-. ~-.c:.·~~/ 

~icimrVamount of uranium oxide could be 

obtained to carry out the transformation into metal on a 3 ton lot of 

uranium oxide while 7 tons of uranium oxide are still tied up in the 
f u. ·.#" 

intermediate eA~eriment, a considerable saving of time~ result. 

It is estimated that three months after the granting of the appropriation 
LL~ t I ,. lr 
~::..._~~ /r7t '- -'"{ • . c.-• ~lt\ .(;~~· ) ,I •. i.:r , . ~ 

uranium metal could be obtaine~at a rate of 100 kilograms per week. 
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AN FSTI AT- 0} TITE CO T OR T ~ INTbi LDIAT~ SC Lw P RI EBT 

This ex er1ment, the ur o ... e of which is to detertaine hether or not 

tL ch .. 1n rec.ction ct..n be m.:..de to \'lor · ·.i th thermc,l n utrons 1 e u1res 

the us of th1rty-f1ve tons of gr<:,~hi te und three tons of Ur nium 

met 1. 

This will nee s~itat e~.enditure for a-

The t urch· se of three tons of Uranium 0 4 e 

The conversion of this oxide into meta.l 

Experiments to improve the method of convert-

13,000 

6o,ooo 

inc ~x1de into metal J,ooo 
Thlrty-!17e to~s of graphite 15 1 000 

Experiments t·) 1 pr ) Ve trw eth·)d of producing 

this graphite 3 1 000 

s ~tl~ries oi' ;)hysicis ts ;:J nd &ssis t...nts. 19,000 

Con tr.uction 51 000 

Running ~xvenses 12 1000 

I t s ll uld be noted thu t th.o ln~ t t o i t em include both the 

co.;t of m.:;. 't e r1t. l !:i e:md l~:.~.bor , espec1[. lly th.:.1t of instrwnent 

mu.kers . 

Totbl f or non-expend ble md t e r1t..l 28 , 000 

Tot 1 for &ervices and e~~ end~ble · t rial 1o2,ooo 
1.nE PRELIMI N.ARY EXPERI ENT nov under contrc.ct re · u1re.s the ro

curement of ubout 100 kgs. of Uranium metal, In order t o b v pre

pored t o su ~ply the a r ger quuntity indicatel ~bove it is )reposed 

to pend about five th , . ..1sand dollc:.rs under the present c ntrhct 

for ex~ er1 ents in the production of Uruniuw , et 1 in order to 

establ i sh thA ues t meth d of m· nuf·ctur!ng metal of sufficient 
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purity and t the s - me time t o rocure the 100 kgs . n~w needed . 

Suopleruent~.rx F;x periments v!th Ur;:nlum Op;id§ 

It is probttble th-:: t ltcr the ~ ' )8 t su1. tt. Ll e r.net. d of producing 

Uranium u otttl from its YXic C:' he.~. been dc7elo ed u.bout three r..onths 

will be re•uired to get t1e necess~ry e~ui)ment into )reduction and 

tht: t the production r<.l. te ,'1.il b(~ abo 1t 100 kgs . per 'leek. 

Since the nos!:libili ty of 1.:roducing the chain reLction with Ur<. n: um 

04:ide is not ent i rely excluded and s ince i n ~:.~ · r_orming the e:;;:_ erl.ments 

ith. the oxide ex.,~ erience und vc:tlu. ... ble infor111·ti n is g .. ined, it is 

l.'l'dvis blc t · c ... riy out ex; eriments ~v ith the oxide pending delivery 

of the mot~:.~.l~ 

~ far this rur lose f tve mor e t ons of o~ide ~ re 

roquired ,.21 1 500 

Bervlliwa ' tal 

;\s is indica ted in t!'w su_,plemen t c:.. ry 1' '~ . urt 1 t r..tay be neces:H ry to 

obtt.in .:.. L ... rg.;: fi.lont1 ty of b eryll i um met;;..l. • t the i_. resent time 

berJllium met.: .. l is n o t uv<-ti _able in the r e quired l -·Urity o.nd t l1e f!r ice 

of even the quality no'l~t be inc; .. ~ roduced seems tmre~sonb ble. For 

the~e r a sons 1 t is believed im1.ort ... nt th~ t cert' in exl:leriments in 

the •roduction of pure beryllium s · Ylll be ·i.irr1ed ·out n ; w ~ .. nd the. t 

:~bout 150 lbs. "J f the ure meta l S .l . be obt.inod in order t h.t. t 

ex~ eriments ")ll the nucle.1r properties of baryll .:.um m<.y be begun in 

the not.• r future . It is there:Core proposed to $pend bet·.voen tYlo t:nd 

five t :1 'lS i:.nd d0ll ors out of the t! resent contr ct fc.>r exreri nent .... l 

erd rs on beryllium ... nd the.~ t .1 ·r tbe s·· Lle . .;ur . ~se t.~e following 

addi t1 ,}nal c:.mount s h .. 1ld b e c dded t .) t he c mtro.ct tho 1ntermed1cte 
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seale experiment. 

Exper1roental producti on of pure beryllium 2,ooo 
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oupplftment tj the Est1m~tc Inte.r.m~e~d~1~•-~t~e--~~~~~~~~ 

It seems advisable :.. t .this time t o envist::.ge the ~ ot~sibil1 ty of e. 

thlrd contrc:ct for t he ext nsion of th ~ intcrmed1· te ex,erlment. 

Al though 1 t is n t n ·;·,,- 1. ro ,~Jo:J ed t o f;;. ... d{ f' ._ r the h nedi .,.. te ' ro·"al of 

such n contr- ct tl e f oll win tentf-l tive figures (.;.re ... resented for 

c ons i dera t ion . 

Item l. J s t.he propos:.:~.l for c:dd1 tiom.. oxide for the oxide exp

eriment . SU!!l~s t he te!nporLry use o.t; t'· o , ut of t•1u three t ons 

;purch .... :~ ed for t r e product1,,n of the :net~.l it uk~Y be ..:.d\'i.J· ble 

to urche.se t-n :.;.ddi tion l two ·tons in order t continue the ox1 e 
experiments V•hile the three tons of metf 1 \';.Ire be i.ng :_., reduced. 

For t wo tons o · Urr...n1um oxide 8 1 200 

Item 2, In the conduct of t.lw ex1 .. erim.e. t ·~·:ith tho Ur<-ni.um metc.l 

it i s ~ uita r rob~ ble th~ t· geometric vari~tions wll~ be indica t ed 

r:11c~"1 ·.l!'"" cliff lcu1 t t 1 trwugh r c. 11.:.:- ble . I.e. r Jc:· t . !i' rry ~out 

experiment .:; w1 th such var1.:.. tions it Viou.lcl t:.1f'n br1 necea~ary t o re

sh~t .:.Ao ..-nd 1ncree. fJ t he pe ckint; ( ensi ty of t he thl'Ns t. :~ns .J .l. 

Urr nium met<:..l bee.:. u se co the the den~ity <..nd the 1orrn p lc. y .... n 

i iD!!OTtdntl Jh;. rt in t he chtdn r·e~J ction, 

!"or geometric rr ria tions ~.lo,ooo 

Item J. There sh.-•uld a lso b, provided 

For the reduction of unother t on of oxide 15,000 

Item 4 . The resu l t~ of the intf'rmediu. t e ex; eriment may show 

the. t much purer graJ.hite thc..n tha t c.v" i lr;..ble , t t he s. resent ti e 
i s import e::.nt. 



For re ·. ired }urification 

Tot 1 of abuve i\"Jr n .m- ext-ienduble m toric.. l 

Tot~ 1 of above for services and ex~..~em.d ole 

msteri a.l 

8, 200 

FEB- 11941 

15,000 

40, 000 

I tem 5. The ~.os sible need for one ton of pure beryll um t1etal 

1s n.-,t sufficiently remote to justify 1 ts omiss1,;n from this 

supple~en t c:;.ry es tim~ te . lf 1 t is necesst~ry t;here sh. t.ld be 

t.v~ il .)..;.ble 

Three tons o.r Beryllium oxide 301000 

To c cmvei't "this oxide into one ton of me tL.l 201 000 

Totc.l of item.s l to 5 1nc1usive 

Non-ex~end&ble m~teriLls 

8erv1ct~s &.nd exrendC:J.ble materials 

Coml..ined t uta.l 

38 , 200 

60,000 



/hrr . 
February 31 1941 

AN EST! Ai'E OF THB COST FOR THE INTERMEDIAT SCALE EXPERI14EIT 

Thi ex eriment, th urpose of which is to determin whether · or 

not a chain re ction can be made to rk w1 th ,a..-.. 11.-i~MH!IOII,..._ 

~~l~~~~~~-
requir s the u e of thirty-five f ons of graphite and thre tons 

of Urani met 1 , 4 ~ 

Thi Will necessitate xpenditure fors-

1. The purcha e of three tons of Uranium Oxide 

2. Th conver ion of this oxide into eta1 

3. Experi nt.s to improve the method of convert

ing oxide into etal 

4 . Thirty- five ton of "ra~hite 

5. Experim nts to improve the method of 

producing this graphite 

e. Sal ries~ of physicists and asaistants 

7 . Construction 

8 . Running xpenses 

9 . The purchase of 5 tons of Uraniu Oxide for 

th purpose of carrying out an experiment 

th oxid pendin the deli very of th 

13, 000 

15, 000 

Uranium met l 211 500 

10 . Improve ent in tests and production of 

pure Berylliu 

.eoJooo 

3, 000 

3, 000 

19 , 000 

5, 000 

1£,000 

2, 000 

11 . easur ment of individual nucle r constants -.....----. ..,.,......,..., .. 

Total for non exp ndable materials 49 , 500 
Total for services and exp ndable materi ls 106,000 

GRAND 'lOT AL 



New page 2, with alterations ~T Fermi included 

Eem!lrls. on :J,tam ~. In order to be in a position to obtain 

quick delivery of uranium metal of the required purity1 we~ 

~ spend about $5 ,ooo under our first contract for 

ex eriments, tests and equipment which can be used in manuraeturbg 

this etal. Even so we shall be able to obt in only delivery at 

the rat of 100 kg. per weel{, st rting about three months after 

placing an order, In the circumstances, we propose to carry 

out the intermediate scale experiment with uranium oxide pending 

the delivery of three tons of urani~ metal, This experiment 

with uranium oxide will give us very valuable information to be 

used for the detailed planning of the experiment with metal. 

'this will put us in a position of speedily carrying out the 

experiment on metal. Mor¢over, there is a chance, though not 

a large one, that a chain reaction might be carried out with 

uranium oxide, in hioh ea e a very considerably saving of time 

would result. For all these reasons it is desi.rable to make use 

of the time while waiting tor the delivery of the uranium metal 

'by carrying out an experiment on oxide-. 

£iem~r,k gn . U~m J9a Since 1 t might be necessary to improve 

the conditions for a chain reaction by using beryllium metal in 

conjunction witn uranium met~l, it is pro osed to prepare the 

ground for the me.nu.f cture of one ton of pure beryllium metal 

in order to be in a position to be able to obtain delivery of 

this material at a later date if required, We ~ ~ 
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I 

In order to be in a position to obtain 

quick delivery of uranium metal of the required purity, we al:'e 
I . 

o1ng to spend about $5 1000 under{our first contract fo~ 
I experiments, teats and equipment 1Which ca.n be used in manu.facturiq 
I 
J 

this metal, Even so we sh$ll be/ able to obt in only d livery t 
I 
I 

the rate of 100 kg, per week, starting about three months atter 
I 

placing an order. In the circurhstanc 1 we propose to carry 
i 

out the intermediate scale expe,l'-1ment with uranium oxide pendina 
l 

th& deli very of three tons o! ~ra:n1um etal. This experiaent 

with uranium oxide will gi-ve U!S the necessary experience and 
I 

much us ful information hich .'is d 1rable to have in order to 
I 

I 

be in the osition of speedilf cart7!ng out the experiaent on 
I 

metal after its delivery. Mojreover, there is a slight chance 

that we may be able to demon~trate the possibility of a chain 

r ction by experiments carr~ d out on uranium oxide. For all 
f 

these reason :i. t is desirabl;'e · to make use of the t1 e while 
; 

waiting for the delivery of .the uranium metal by carrying out 

an experiment on oxide. 
t 
I 

Rtm&tt Qp. 1t§!D !Q.1 Sfnce it ight be necess ry to improve 

the conditions tor a chai~ reaction by using beryllium metal in , 
conjunction with uranium :etal, 1t is proposed to prep re the 

ground tor the manufaetur~ of one ton of pure beryllium metal 
t 

in order to be in a pos1,ion to be able to obtain deltvery of 
I 

this m1;1te:rial at a later/ date if required. We are going to 

( 
I 

I ;; 



• 
spend abOut 3,ooo. under our first contract rot thia 

urpose, and hope to obtain 150 lbs. ot this material to 

be used in preliminary experiments u.nder our first cont ract. 

Rtmru:~ g;, 1~1m,11. While the intermediate ex eriment 

is being performed, it is proposed to measure certain nuclear 

constants dut-ing the period of the second eontr ct. A number 

of such measurements are being carried out under the first 

contract, and it may be desirable to re•measure some of these 

constants during the second contract in Qrder to increase the 

accuracy of the value so far obtained .• 

~~m&rk QU •«~= ZiiBS §. These items include both the 

cost or materials and labor, especially that of instrum t 

makers. 

Leo Szilard. 



May 19, 1941 

Up to date we have spent altogether 

Of this amount we have definitely used at least 

for materials, leaving from the original materials 

account of $13,000 

on the materials account and no more. 

From the original 

we have thus left 

and subtracting from this amount the 

$15,332. 

5,200. 

7,800. 

40,000. 

24,668. 

7,800. 

which may still be on the materials account, we find that 
16,868. 

are left to spend for matters other than materials 

during our present contract. 

In making this calculation the salaries have been 

mortgaged up to the first of July. 



March 11, 1941 

Memo concerning U. S. Graphite Company 

(Yesterday' s conversation with I.[r . Bolton) 

1. Graphite should be transported in steel barrels to keep 

out moisture •. 

2. Graphitizing furnace has a maximum charge of 8 tons. 

Graphitizing process takes 4 weeks . Our present blocks 

are extruded 37 11 long and graphitized. They are cut 

after the graphitizing rocess. Graphite blocks previously 

supplied were extruded 8" x 8" and sawed after the 

graphitizing process . 

3. The U. S. Graphite Company buys calcined coke from the 

Great Lakes Coke Company. 

4. 37" long carbor,t blocks stand vertically in the furnace on a 

layer of refractory brick. 

5. The engineer's name of U. S. Graphite is Mitchel . Chemist's 

name is Cay. 



MEMORANDUM ON THE SUPPLY OF MATERIALS - February 5, 1941 

The impurity of available grades of graphite have been studied 
and the arrangements were made with the National Carbon Company for 

working out matters to determine the amount of these impurities. It 
was found that the graphite which has been used in previous experiments 
contains about one part in 500,000 of boron. This amount of boron 
appears to be present in the ash and the amount actually contained in 
the graphite may be more as some of the process is lost in ashing. 
This particular question is now being investigated since it is not 
certain that it will be possible to make arrangements for the supply ~f 
boron free graphite. The question of processing graphite is now under 
investigation. 

The question of obtaining uranium metal free from hydrogen, 
fussed or sintered, has been investigated. It was found that dehydro-
genated uranium metal can not be conveniently used for our purposes 
since it becomes pyroforic after long exposure to air and moisture. 
It was not found possible to sinter this dehydrogenated metal but it 
is hoped that it will be possible to free from hydrogen sintered blocks 
which are prepared from hydrogen containing uranium powder. The 
equipment which will be required to obtain a supply of 100 milligrams 
per week of uranium could be obtained at a cost between ~2,000 and 
$5,000. Other methods of preparing uranium metal are under investigation. 

The question of using uranium dioxide instead of uranium oxide 
in our experiments has been studied. It appears that it should be 

possible to obtain by reduction of u3o8 in hydrogen a production which 

has a density of about 10 to 11 milligrams per c.c. as compared with 

the density of the unreduced oxide which is about 7 grams per c.c. 

Arrangements have been made f or a supply of a few pounds of this 

material preliminary to ob . . 
t a ln1ng particulars for the supply of 
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this material in one ton lots. 

The possibility of obtaining pure beryllium metal .1 has 

been studied. Uranium oxide is available from two different sources, 

the production being obtained by two different processes, and consequently 

differing from each other by the nature of their impurities. Beryllium 

metal is at present supplied by the Beryllium Corporation of America. 

The orig in of the impurities of this metal has been studied and it was 

found that these are partly due to the impurities of the oxide to 

minor degree to other chemical ingredients which are used and to a 

large degree to the particular equipment of the electrolytic cell. 

The purity of the production could be improved by making minor changes 

in the present method of production. 



May 11,1941 

Memorandum; Concerning conversation with Goldhaber in Washington, 

}fuy 1941. 

Scattering cross-section for thermal neutrons in heavy hydrogen 5.6. 

Scattering cross-section for D resonance neutrons 3.3. 

Capture cross-sec ti on according Halban Koch, and Frisch: smaller 

than 3/100; according to Wakakuki: smaller than 2/100. 

Harkins published smaller than 1/10,000, based on radio-activity 

of triton for which he assumed a half life of 150 days. Actually, 

the half life is 30 years, factor of 10 uncertain. 



Y:ay 28, 1941 

Since several months may pas betore we can obtain 
a oontrs.et for next. year's work based on the appropriation 
to be voted by Congress, it would perhaps be advisable to 
bridge over the intermediate period by a ort ot an interim 
contract. 

Since we have all the materials for the inter
medi te scale experiment, it should perhaps be possible to 
obtain right now a contract for a small ~, say, $12,000 
to cover the expenditure for construction cost which we 
will have to make within the next few months, 

Unles thi& construction cost is secured, we 
shall be too .hesitant in using our present appropriation 
tor the purpo~e of $eeuring within the next few months the 
collaborators which w~ will need during the period or the 
next 1 rger contract. 

Leo· Szilard 



' 

June 6, 1941 

Mitchell reports over the telephone the following: 

Dr. Rodden finds on a sample of uranium oxide that: 

(1) water is driven off in the amount of .16% by heating 

the sample up to 200°C within a half-hour period and by keeping 

it at that temperature for a further half hour; 

(2) the same sample heated up to 400°C gave off an 

additional amount of .04% of water; 

(3) between 800 and l000°C the same sample gave off .02% 

of a condensable liquid, not necessarily water. 

L. S. 

I 
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.June 8, 1941 

It is proposed to carry out the following experiments with a D +n 

neutron source in the center of a uranium sp~ere. 

1.) A spherical fission che.T'lber is being swung into the different 

positions around the neutron source and the number of fissions determined 

for various positions wi th..;j;fl and v7i thout the uranium sphere. 

TI1e first question wh ich arises is whether the presence of the 

uranium increases or decreases the number of fissions produced. ?or the 

purpose of interpreting the results we might for t h e sake of argument 

make the following assumptions: 

A.) That t ·1e cross-section for fi ssion is 0 up to a certain energy, 

say, 1,000,000 volts, and constant between 1,000,000 and 4,000,000 volts. 

B.) That uranium slows down a certain fraction of the Df D neutrons 

which pass through the spheres and that those neutrons which suffer an 

inelastic collision in uranium~ practically uniform energy distribu

tion between 0 and the energy of the primary (D ~D ) neutrons 

c.) That the energy distribution of the fis s ion neutrons produced 

D+ D neutrons is the same a s the energy distribution of the fission 

neu~rons which are produced by thermal neutrons. 

we find that the uranium sphere causes an increase in the num-

ber of fissions it is then not possible directly. to conclude that a fast 

neutron chain could be made divergent , that this conclusion can not be 

~~ 
directly ~=sng is connected with the fact that according to the assump-

tions made above, the £±ssix«X average energy of the D+D neutrons which 

leave the uranium sphere with sufficient energy to cause fission might 

be considerably lower than the initial energy. Consequently by increasing 

the size of the uranium sphere the number of fissions observed by the 

spherecal fission chamber might decrease after an initial increase with 
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increasing radius of the uranium sphere. 

Nevertheless, the result of this proposed experiment should give 

some sort of indication as to the mance of producing divergent chain 

with fast neutrons. 

In order to determine the cross-section of uranium for the productio~ 

of one additional fission neutron the following experiment is envisaged: 

A spherical, gas-filled ionization chamber is swung around the 

neutron source and the number of recoil pulses is determined with 

such a high bias that the recoil pulses from the ~D neutrons are 

not recorded. '.'PB:e re~d pulses should then be~ the 

uranium sphere and ~ certain number of pulses will be recorded if 

the uranium sphere surrounds the target of the D~D source. By using 

a photo-neutron source for the production of thermal neutrons and the 

same high bias as before and~parin;s the number of pulses obtained 

.ith this high bias and with a very lorv bias we put ourselves into the 

position to calculate for fission neutrons the low bias count from the 
~(?y~~ 

hi0 h bias count. ( This ~elEe~ oH-t~;the assumptions that the energy 

distribution of the fission neutrons is the same for thermal neutrons 

±-&-- tl:ie :!lame fo:P therme:l neY treBl> and for D '*I- D neu trans .) 

In order to find now the cross-section of uranium for the production . 

of c:m additional fission neutron we have to !!lake a low bias count with 

nnd without uranium around the target of a DfD source and make use of 

a previously made high bias count to calculate the contribution of the 

fission neutrons to the low bias count made with uranium surrounding 

the target. By comparing the contribution of the fission neutrons 

to t~e low bias count rith the remainder of the low bias count in the 
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in the presence of the uranium sphere or with the tota'r low bias in the 

absence of the uranium~here we obtain an indication of the cross-section 
~ 

for uranium or the production of an additional neutron / (D"'" D) 

neutrons. This indication is somewhat that the eros::; 

section of the gas used in the ion chamber is the function of the neu-

tron energy. It is this fact wh ich compels us to adopt the above described 

complicated proceedure. If it were not for this fact we could simply 

compare the low bias count obtained in the presence of uranium with the 

low bias count obtained in the absence of uranium and the difference of 

the two divided by the latter would g ive an indication of the cross-seoti 

section which we want to attain. 

Perhaps it would be worth while to determine for lead the low bias 

count with and without that using hydrogen or heavy hydrogen in the 

ion chamber. 



MEMORANDUM CONCERNING BISMUTH 

June 25, 1941 

Walter c. Smith, Cerro de Pasco, Whitehall 4-7050, can supply 
bismuth at $1.25 per pound which contains less than 0.001 % Ag. 
If we order a thousand pounds or more, they could make us, 
without much extra charge, material which is even freer from Ag. 

They have in stock ten pounds of spectroscopically pure bismuth 
which sells for $4.50 per pound. 

The Belmont Smelting Co., telephone Dickens 2-4900, Mr. George 
Henning, says that they buy Cerro de Pasco bismuth for which he 
quotes a price of $1.50 per pound. He says that it very often 
runs 99.999 pure, and a typical analysis Shows less than 0.070 
ounces per ton of Ag. 
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MatORANDUM CO.WERiHNG BISMUTH 

June 2B, 1941 

Walter c. Smith, Cerro de Pasco, Whitehall 4-7030, can supply 
bismuth at $1.25 per pound which contains leas tnan 0.001 % .Ag . 
If we order a thousand pounds or more, they could make us, 
without much extra cnarge, material which is even freer from Ag • • 

!hey have in stock t an pounds of spectroscopically pure bismuth 
which sells for $4.50 per pound. 

!he Belmon.t Smelting Co., telephone Dickens 2-4900, llr. George 
Henning, says that ti1ey buy Cerro de Pasco bismuth for which he 
quotes a price of $1 .50 per pound. He says that it very o!t~n 
runs 99.999 pure, and a typical analysis shows less than 0. 070 
ounces per ton of Ag. 

' ' 

•,' 

•\ 



MEUORANJ)IDB: June 26, 1941 

~f fast neutrons interact with uranium 238 they may cause fission of 

this element and it is known that neutrons are emitted in this process. 

Thus a chain reaction is potentially possible and we are interested here in 

the question whether or not such a chain reaction is possible in reality. 

\Vhile uranium 238 appears to h : ve a considerable fission cross-section 

for fast neutrons, neutrons which have been slowed down below a certain 

energy are no longer efficient in causing fission of this element. A certain 

fraction of the neutrons emitted in the fission of uranium 238 is fast 

enough to be efficient in causing fission in other ur anium atoms but a certain 

fraction of these neutrons may be slowed down by inelastic collisions to an 

energy below w~ich they are not efficient in causing further fission. We 

thus have perhaps two processes which partly counter biance each other, 

namely: an increase in the number of "efficient" neutrons arising out of 

fission processes and a decrease in the number of efficient neutrons due to 

inelastic collisios. In order to kK obtain an indication of the balance of 
-

these two processes we have perfor~ d a simple experiment of the following 

type: 

A target coated with heavy ice is bombarded by 0.1 MEV deuterons and 

serves as a source of neutrons with energies between M:x::i and MEV. 

A spherical ionization chamber ~a4wwt~rx~ coated with a uranium 

oxide layer . is placed at a certain distance from the neutron source and 

serves to register fission which are induced in uranium by D D neutrons. 

A fission count is first taken in this way and then a second fission count 

is taken when two half spheres of uranium are placed around the target so 

that the target is in the center of a complete uranium sphere • By comparing 

these two fission counts taken with and without uranium around the neutron 

source we obtain information on the interaction of the D D neutrons with 

UJranium. 

In general such a fission count is determined by the number of neutrom 

which pass through the f ission chamber, by t he average fission cross-section 

of these neutrons and by their an@ lar d~stribution of these neutrons. If 

D D neutrons pass through a thick l ayer of uranium their number is changed 

because they cause fission in which neutrons are emitted and perhaps also 

because of radictive capture Wh:b h they may suffer; their energy distribution 

is changed on a ccount of inelastic scattering and alro on acoo unt of the ad-
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mixture of a certain fr .!iction of fission neutrons and finally their angular 

distribution is changed on account of both elastic and inelastic scattering 

by uranium. This last f a ctor has howev er no influence on the fission count if 

a spherical f i ssion chamb er is used which has a small radius compared to the 

distance between the center of the ionization chanber and the surface of the 
2 

uranium sphere wh ich surrounds the source. In this particular case the 

fission count is a direct measure of F, the product of ~ number of neutrons 

wh ich pass through the chamber and their average fission cress- section. 

If the n eutrons em t tted by our neutron source had an isot11opic distribu-

tion we would have simply to compare the fission count of the spherical ioniza-

tion chamber taken with and without uranium at some fixed position of the 

fission 'chamber, in order to obtain the change in the product F w.h:ic h is 

caused by the pas sage~ D D neutrons through the uranium sphere. Since the 

distribution of the D D neutrons is an isotropic both with respect to their 

num er an a with r espect to their energy we have to determine t he fission count 

with and without u r anium f or a number of posit ions w:i. th respect to the deuteron 

beam and perform an intergration. 

In t he experiment wh ich we actually pe rformed we used a complete uranium 

sphere of a radius of about 7 em. and a uranium density of gms. per c. c. 

We foun d tha t by placing this uranium spherearound the neutron source the 

the product F was decreased by a factor of about This has to be con-

s idered as a strong indication in favor of the view that no chain reaction 

could be maintained in uranium 238 by me ans of fast neutrons. It mould be 

emphasized, however, that this result can not be considered at present as an 

absolute proof. 

In order to discuss to what extent our result indicates the impossibility 

of a chan react ion in ur anium 238 we might argue as follows: 

Let us assume that a chain reaction were possible in uranium 238. In mch 

a chain reaction we would then have a certain characteristic energy distribut_ion 

of the fis s ion neutrons. I f we had at our disposal a point source 

of neutrons wh ich have just this energy d istribution , we could be cer-

tain that by surrounding t h is point source with a u r anium sphere we would get 

an increase r a ther t han a decrease in the product F . 

It is, howev er , not possible simply to reverse t h is conclusion and to say 

without ad ditional qualifica tions that t h e chain reaction is impossible if the 

uranium sphere reduces rather tha n increases t h e pr oduct F for D D neutrons. 
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These neutrons have energies between and [ E V whereas the 

fission neutrons may have energies between 0 and perhaps 3.5 1 E V. For all 

we know at present uranium might for instance have an energy level close to 

2 M E V which might be responsible for practically all the slowing down by 

inelastic collisions below 3 J E V. Such an assumption does not apnear very 

likely but it would be consistent vith the decrease in the product F observed 

in our experiment. If this assumption were correct fission neutrons which 

have energies below 2 M E V would not appreciably be affected by inelastic 

collisions in uranium 1d the possibility o~ xmt a chain reaction in uranium 

238 would consequently not be excluded by our observation. 

However, barring such " accidents" our result can be considered as 

prima facie evidence for the i~possibility of a chain reaction in uranium 238 

and a s orJ.ewhat closer study of the rnanner in which uranium is ::i owing down 

neutrons might very well enable us to IIB.ke this conclusion water-tight . 



July 29, 1941 

Memorandum on conversation with Alexander and Davis 
Monday, July 21, 1941 

(1) Look into question how Rodden analyzes for hydrogen. 

(2) Does uranium burn in nitrogen? 

(3) Make analysis for rare earths in uranium metal and in 
calcium, also for lithium. 

(4) Look into question of using beryllium in co-reduction 
as an alloying element. 

(5) Look into question of organizing heat treating of 
pressed uranium powder slabs in vacuum in order to get 
rid of paraffin. 

(6) Note that 25 lbs. of uranium which was satisfactory was 
produced by adding calcium hydride to the unleeched 
reduced uranium and treating this mixture in the furnace 
for a second time. 

There is a suspicion that the 70 pound lot of uranium 
which was not satisfactory got oxidized already in the 
furnace, because it was kept two hours at goooc after 
driving off the hydrogen. It is possible that not 
the fact of dehydrogenization i~tself, but this oxidation 
in the furnace is the cause of pyroforic behavior. The 
25 lb. lot which was twice reduced but only once leeched 
is probably coarser than material which is only once 
reduced and once leeched. 

Material which is twice leeched and twice reduced, i.e. 
which is put back into the furnace after being leeched 
with calcium hydride added seems to become very much 
coarser which is of advantage. However, it may not be 
possible to leech this material properly and calcium 
oxide inclusions may be unavoidable. For this reason it 
is considered to use zirconium in the second heat 
treatment for protection against oxidatioD, rather 
than calcium. 

(7) Note that recast calcium is very much better for 
Alexander to handle in making calcium hydride than 
ordinary calcium, and Alexander thinks it would be well 
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worth 50t more to use recast material. 

(8) Make definite statement about use of lead, tin and 
bismuth as binders. Also bismuth, tin alloys. Also 
consider possibility of having uranium entirely set 
into molten bismuth which could be pushed into 
unpressed uranium metal powder by carbon dioxide or 
argon admitted into the vacuum furnace. 

(9) Note that to work out copper, tin or lead coating of 
uranium powder would require another chemist. 

(10) Note that the J. I. Baker Co., Phillipsburgh, New Jersey, 
Mr. H. H. Garis, might be helpful in purifying calcium 
chloride. 



(_~ )M_ ~ 

L. Szilard September 26, 1941 

ME;MOIWJDUI 

In order to obtain uranium oxide free from rare 

earths for the purpose of our experiments, it seems that 

it will be necessary to make a fluoride precipitation at 

some stage of the processes leading from the ore to the 

black oxide. Since we may need ten tons of oXide in New 

York and ten further tons of oxide for the production of 

the metal, the purification will have to be carried out on 

about twenty tons of material. This affords a unique oppor

tunity for making an attempt to find out if the pitchblende 

contains a quantity of element 94. Though the chemical 

properties of this element are not known, it appears likely 

that it would be precipitated with the rare earth fluorides 

provided that the precipitation is carried out under certain 

conditions of acidity and in the presence of a reducing 

agent. we may expect a certain amount of element 94 to be 

present in the uranium ore which originates indirectly 

through spontaneous fission of uranium. This quantity, 

however, should be too small to be of significance. The 

real question is rather whether, apart from this small 

quantity of the element 94, there is a considerably larger 

quantity of this element present in the ore. A quantity 

of one part in ten thousand parts of uranium would be of 

great importance, since by concentrating it ten times it 

might increase the efficiency of uranium for our purposes 



by ten per cent. It seems quite important to investigate 

this point for an additional reason. Unless we are sure 

about this point, we might risk obtaining by purification a 

uranium oxide which might be less efficient for our purposes 

than other samples of oxide which are chemically less pure 

and contain more of element 94. It is, therefore, proposed 

to attempt a fluoride precipitation under suitable conditions, 

so that, while we remove the rare earths, we collect in the 

precipitate such quantities of element 94 ·which may be present. 

The present constellation seems to offer a unique 

opportunity which should not be missed. 

LS:MEB 

2. 



L. Szilard September ~~ 1941 

P.S. TQ MEMORANDUM OF SEPTEIIBiB 26, 19-Q. 

While the quantity of element 94 accumulated in 

the pitchblende through the action of neutrons emitted by 

spontaneous fission should be too small to be of any 

practical significance, this quantity might be suft1o1ent 

to be important in other respects. If the age of the de

posit is about one billion years, then twenty tons ot 

uranium might yield in the process of purification perhaps 

one hundred milligrams of element 94. This amount would 

enable us to make an accurate determination of those properties 

of this element which have a bearing on the main line of our 

research. 

LSS.:MEB 



MEMORANDUM ON THE POSSIBILITIES OF 
A FAST CHAIN REACTION IN UNSEPARATED URANI[M 

October 27, 1941 

The possibility that very powerful nuclear explosions 

can be engineered if a fast nuclear chain reaction is feasible in 

unseparated uranium, has been brought to the attention of the 

Government in a memorandum submitted in August, 1939. The question 

whether a fast nuclear chain reaction is possible in unseparated 

uranium was discussed in detail at a meeting under the chairmanship 

of Dr. Briggs on October 21, 1939. Dr. E. P. Wigner of Princeton, 

Dr. E. Teller of George Washington University and Dr. Roberts of the 

Carnegie Institute of Terrestrial Magnetism took an active part in 

the discussion. The following view which was presented was supported 

by Dr. Wigner and Dr. Teller. 
X 

Experiments have shown that a considerable fraction of 

the neutrons emitted in the fission of uranium have energies above 

1 MEV. One has, therefore, to consider the possibility that these 

fission neutrons can cause fission with a cross-section of about .5 

x lo-25 cm. 2 in uranium, and that a chain reaction is possible in 

unseparated uranium in which neutrons of more than 1 MEV of energy 

form the links of the chain. · This would lead to a very dangerous 

fast chain reaction in a comparatively small amount of unseparated 

uranium. Such a chain reaction, however, is not possible if uranium 

has a large cross-section for inelastic collisions with neutrons of 

one to three MEV, and, if accordingly, the neutrons are efficient1y 

Xzinn and Szilard, Physical Review, 1939. 
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slowed down by uranium below the 1 MEV fission threshold of uranium 

238. Since there was no experimental evidence at the time concerning 

such inelastic collisions in uranium, it was proposed that this 

question should be investigated. Experiments along this line were 

started in collaboration with Dr. Zinn in FebrualY, 1940, and these 

experiments will be discussed below. 

Assuming a large cross-section for inelastic collisions 

in uranium, it appears reasonable to conclude that the fission 

neutrons of uranium would fairly quickly be slowed down by such 

inelastic collisions to energies of perhaps 100,000 volts and from 

then on slowed down rather slowly by elastic collisions in uranium. 

Whether or not a fast chain reaction is possible in which neutrons 

of 10 to 100,000 volt energy form the link of the chain depends on 

the balance of fission by 235 which is contained in ordinary 

uranium and radiative capture in 238 which forms the bulk of 

ordinary uranium. 

At the meeting of October 21, 1939, it was submitted that 

it would be very important to measure this balance since there was 

an appreciable chance that it might be in favor of fission in 235, 

particularly since unpubliShed experiments of Zinn and Szilard per

formed in April, 1939, have show.n that ordinary uranium has an 

appreciable cross-section for photo-neutrons from a radium-beryllium 

source. It appeared, therefore, possible that considerable but 

still practicable amounts of unseparated uranium might allow the 

setting up of fast nuclear chain reactions. 

An experimental program based on these general views was 

devised in 1939 but had to be postponed when the photo-neutron source 
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used in previous experiments ceased to be available. A memorandum 

dated May 21, 1939, which was submitted to G. B. Pegram of 

Columbia University, describes one possible line of attack. The 

following lines are taken from that memorandum: 

"It seems to me that apart from the question whether 

the slow neutron chain reaction is possible, which is now 

being investigated, by far the most important question is 

whether a chain reaction is possible with uranium in the 

absence of hydrogen containing substances. A comparatively 

simple experiment might decide this question, and such an 

experiment is now being prepared. 

flin order to understand this experiment it must be 

pointed out that most of the fission neutrons of uranium 

will probably be slowed down to a few 100 000 volts or 

even a few 10 000 volts before causing further fission. 

In order to determine whether a chain reaction is possible 

in the absence of hydrogen containing substances one ought 

to know something about the ratio of the radiative capture 

cross-section leading to a 24 minute period to the fission 

cross section leading to certain fission periods for 

neutrons of a few 100 000 volts of energy. It appears to 

be simplest to compare the ratio of intensities of the 24 

minute period to a suitable fission period for photo 

neutrons from beryllium with the ratio of the intensity of 

these two periods for thermal neutrons. If one finds for 

instance, as it might well be the case, that this ratio 

shifts very much in favor of the 24 minute period in going 
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over from thermal neutrons to photo neutrons, this will 

indicate that no chain reaction will take place in the 

absence of hydrogen containing substances. On the other 

hand, as it also may be, if a shift occurs in the opposite 

direction, the possibility of a chain reaction will have to 

be seriously considered." 

At the time when these lines were written it was intended 

to work out a Szilard-Chalmers separation for uranium in order to 

be able chemically to separate the 24-minute activity from the bulk 

of the irradiated uranium. In the meantime Abelson and MacMillan 

discovered that the 24-minute period is followed by a period of 2.3 

days which is due element 93, and Dr. Goldhaber of Urbana, to whom 

I communicated in 1939 the above outline of the proposed experiment, 

suggested to use the 2. 3-day period rather than the 24-minute period 

for obtaining a measure of _the radiative capture. 

In October of this year a photo-neutron source again became 

available, and it is proposed to take up this line of research at the 

point where it had been left in 1939. 
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Note Added November 6, 1941 

Whether the 24-minute period of uranium 239 is sufficiently 

strongly excited by our photo-neutron source to perform the proposed 

experiment without any chemical separation other than that which is 

necessary to remove the natural beta activity of uranium and the 

fission products, is an open question which will be decided by the 

experiments. The situation is more favorable in this respect if 

a cyclotron is used. By using the cyclotron for the production of 

neutrons and a carbon column for slowing down the neutrons, one 

could perform the proposed experiment in the following form. 

A sample of uranium oxide is placed in the graphite column 

so far away from the neutron source that most of the radiative 

capture, and most of the fission which takes place in the center 

of the sample should be due to thermal neutrons. The activity due 

to fission is then measured in some arbitrary units: for instance, 

by measuring the activity of a cellophane layer imbedded in the 

uranium oxide (a technique which has been lately successfully used 

in Princeton). Similarly, the radiative capture is measured in 

some other arbitrary units: for instance, by determining the . 

activity of the uranium 239 which is formed. The ratio of these 

two activities, K
0

, is then noted and is considered as a characteristic 

measure of the balance between radiative capture and fission. Since 

we know that about 7•-: 1.5 fast neutrons are emitted per thermal 

neutron, we can calculate for any other category of neutrons -- for 

instance, 10,000-volt neutrons--,~ the number of fast neutrons 

emitted for one 10,000-volt neutron which is absorbed, if the 
~ characteristic ratioror fission to radiative capture is measured 
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in the same arbitrary units which were used for thermal 

neutrons. The proposed experiment consists therefore in 

surrounding the uranium sample in the graphite column with 

increasing thick layers of boron up to about a one-inch boron 

layer and determining for each thickness of boron the 

characteristic ratio, K, of fission to radiative capture in 

the above-mentioned arbitrary units. We have: 
""7 ~ / ., . kf/ ~ p .) 
/ .k,. ~(3o'< 

whereA = ()-~ 
o or which, according to Anderson and Fermi's 

measurements (1939), has a value of ~ = /·lrP 
In this way we obtain the number of fast neutrons emitted per 

neutron absorbed for various energy categories, the thickest 

boron layer corresponding to energies between 5 and 50,000 volts. 
a 

Experiments of this type may show whether or not/fast 

neutron chain reaction can be maintained in a large quantity of 

uranium metal if the neutrons are slowed down by inelastic 

collisions below the fission threshold of urahium 238, and are 

further slowed down by elastic collisions to perhaps 5,000 

volts or even further to perhaps a couple of hundred of volts. 

As to the quantity of uranium metal which might be 

required for a fast neutron chain reaction, we may say the 

following: 

By re-calculating the experiments which Dr. Zinn and 

I performed in 1939 using for the number of neutrons emitted 

per millicurie radon-beryllium the value of 12,000 which was 

obtained by Fermi who re-measured this value ih 1940, we find 

for the fission cross-section of photo-neutrons from radium

beryllium the value of 1.3 x l0-26 cm. 2 While this is only a 
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preliminary result to which not much weight should be given, 

it seems to be in agreement with the value which has been ob

tained by Frisch. This value is also in agreement with a pre

liminary experiment which was recently performed by Fermi and 

his collaborators. 

This cross-section might require between 50 to 100 

tons of uranium metal to make a chain reaction possible, pro

vided that the radiative capture is sufficiently small. Perhaps 

a ten times smaller amount of uranium might be sufficient for 

producing a fast neutron chain reaction if the radiative capture 

is sufficiently small in the region between a couple of hundred 

of volts and 5,000 volts, i.e., in the region where the fission 

cross-section can be expected to obey the 1/v law. It is 

conceivable th~t, by adding to the uranium a small 

amount of a lighter element to obtain a more rapid slowing down 

of neutrons, we may have conditions in which the neutrons will 

cause fission before they are slowed down in the region below 

200 volts where they would be captured at resonance without caus

ing fission. This possibility has been particularly emphasized 

by G. Placzek in 1939. 

A comparatively small amount of uranium metal would be 

required for maintaining a fast neutron chain reaction if uranium 

did not slow down fission neutrons below the fission threshold 

of U238 with a cross-section larger than the fission cross-section 

of U238 for fission neutrons. In order to obtain information 

about this point Dr. Zinn and I started experiments along this 

line in February, 1941. These experiments show that certain 
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heavy elements, such as lead and bismuth, have a very small 

cross-section indeed for slowing down D + D neutrons below 

the fission threshold of U238. 

For uranium we obtained a cross-section for inelastic 

collision which was about three times larger than for lead and 

bismuth -- about 1.7 x lo-24• We would be inclined to conclude 

from this that fast neutrons will be slowed down by inelastic 

collisions in uranium so fast they will not contribute much 

to a possible chain reaction in a large mass of uranium if we 

could consider the above found value as final. However, it 

will be necessary before doing this to repeat the experiment 

vdth a better grade of uranium metal than was used in this ex-

periment. The uranium metal used in this experiment became 

pyroforic, and it became, therefore, impossible to determine 

its moisture content. Until this experiment has been repeated 

it is, therefore, necessary to consider it as an open question 

whether a chain reaction can be obtained in a comparatively 

small quantity of uranium metal by means of neutrons acting 

above the fission threshold of U238. 

November 8, 1941 A preliminary experiment which was recently performed 

by Dr. Marshall and myself appears to demonstrate that fission 

neutrons are indeed capable of inducing fast neutron fission 

in uranium, and the experiment indicates a cross-section of 

-25 2 about .3 x 10 em. Since this is a rough experiment, we 

cannot exclude the possibility of perhaps twice this value. 

If the control experiments which are now being performed confirm 

the existence of this effect, the experiment will then be re-

peated with greater neutron intensities, and an attempt will be 
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made to determine the exact value of this cross-section. The 

significance of this effect for the operation of a uranium 

metal graphite system will be discussed in another memorandum. 

It is hoped that we shall in the near future have a 

few tons of uranium metal at our disposal, and that it will be 

possible to investigate the possibility of a fast neutron chain 

reaction with the quantity which will be available. It should be 

kept in mind that, even if a fast neutron chain reaction is not 

possible with ordinary unseparated uranium, the addition of a 

moderate amount of element 94 which could be manufactured by 

means of a uranium-graphite system might be sufficient to make 

the fast chain reaction possible. Since there would be no absorbing 

elements other than uranium involved, the amount of the element 94 

which is initially introduced would not decrease but increase 

during the chain reaction. 

The control of such a chain reaction would be somewhat 

more difficult than the control of a chain reaction in a graphite

uranium system, because the controls would have to respond in a 

shorter time. However, the time wouldn't be so short as to cause 

any difficulty, since, as it was pointed out in a paper of 

February, 1940 (Pgysical Review, publication delayed), the de

layed neutron emission - though small - has nevertheless a con

siderable response in this respect. 

Such a fast neutron reaction can probably be used for 

the purpose of bringing about exceedingly violent explosions, and 

the possibility of setting off such an explosion by means of an 

8AP~rt expulsion method appears to deserve a thorough theoretical 

investigation (see memorandum of October 21, 1941). 

Leo Szilard 
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"It se 

r n !rom that m randuau 

to ·m that a rt r m the u tion ether 
. 

the l~w n utron ch in re ction 1 >O ibl 1 which is now 

' b ing inve til ted, bJ t r th 1m ortant question ta 

whether e re ct1on is DO s1ble th uranium in the 

baence ot bydros n cont inin ub tanc s. co. rattvely 

11 ple experiment ight decid this qu stton, nd ch n 

exper1m t 1 · no being pr ared 

"In or er to under tand this ex . er! &nt it u t be 

o1nted out that most of th fission neutrons ot uranium 

wil~ robably b slowed down to a t w 100 000 volts or 

even a tew 10 OOO · volt before causing turth r tist1on. 

In order to d t rmine whether a c in r ct1on 1 oss1ble 

i the abaenc ot byd ogen containing bstanc s one ought 

to thing about the r tio of the r d1at1~ c pture 

cross-section leading to 24 minute eriod to the fisSion 

oro a ct1on leading to eert in fi ton period ror 

neutrons ot r ·ew 100 000 volts ot ener Y• It appears to 

be 11 : lest t'0 com re th r tic ot 1ntens1t1 of the 24 

tnute ~ r1od to suitable !1 · ion p r1o · for boto 

neutron tro berylliu • 1th th ratio of tlle 1ntens1 t)' of 

these two eriods tor thermal neutron • If on ·rind tor 

inatanc , 1 · 1 ht well b tb ca e, th t this ratto 

bitt very ucb. in f vor or h 24 adnut eriod in coin& 



_..., 

oyer rro them l neutron to photo eu ron • this 111 

1ndioat th t no chain r actton w1l take 1 ce in the 

absence f hydro en conta1n1n 

an , a a it also ay b , it a 

direction, th o 1b111ty ot 

b seriou ly c nsider • 

ub.st ce • On the other 

hi occur in the op stte 

ch in re ction ill haTe to 

At t time en th se lines were r1tten it wa 1nte ed 

to rk out e zil&rd-Ch lmers s ar tion for ur -n1U? in order to 

b able ch 1c lly to sep r t the 24-minute t1v1ty from th bul 

of th irr d1 t a uranium. In tb eant1 e Abelson £:nd ac illan 

· 1 covered th t the 1-4-tntnute er1od 1 tollo ·ed by . erio · ot 2 •. 

r s flhieh 1 due element 931 and Dr. Goldhe.ber ot Orb n , to whO · 

I communicated in 1~ 39 th bOY outl1n o£ the propos xper1r~ent, 

suggetted to u e the 2, ~ dar er1od rather then th ~ inute er1od 

tor obta1n1n& a ea ur ot th r d1at1v e pture. 

In Octob r ot this year ;>hoto-neutron so rce g in becue 

available, and it is roposed to tak up thi li,ne o! rese reO. t t 

oint where it had been left in l 5 • 



-
ote d d ov ber 6, 1941 

nether the 24- tnut riod or urani 2~ 1 surt1c1 tl7 

s rongly excit d b; our hoto-neutron sourc to th proooattd 

ex ertment without n;y ch 1c se atto ther th n t h 1 

nece ry t r ove the n tur 1 beta cttvtty or ur ium nd the 

isaion roduct s • 1 an o en cuestton which ll be rl cided by the 

e 9 r1 ent • The situation 1 ore ravorabl 1n t! is r ect it 

cyclotron is u ed. By usin th cyclotron for the pro(~uetion or 

n trons and a carbOn column ro.r slo !n <1 the neutrons, one 

could ertorm the ro oted exper1men in the follo 1ng font. 

sam le of ur8n1u~ oxid is oleee in tb gr ~hit col 

o t r a ay fro th neutron oure thet o t or the r di tive 

capture, and oat or the fission wh1e t ke! plae . in the c ter 

of the 

to fission is th · meatmred in ·ome arbitrary unitst tor instanc , 

by measurtn the activity or cello h.ane layer 1r.tbedde in the 

uranium oxide (e. tech.ni u which h s been 1 tely successfully used 

1n Princeton). Similarly, the radiati e c pture is me ured 1a 

some ther arbitrary unit:u for 1nst$-nee, by det rminlng the 

ct1v1ty ot the uranium 239 hich is r-o~ d. The r t1o ot thes 

t act1v1t1ee, K
0

, 1s th n noted nd i con 1dered s c ar eter1 lc 

asur of the balanc between r diative capture .ard tis ion. tnoe 

we kno that bout lo-= 1.5 r t n utrons re mittec per he 1 

neutron, w can calculate for any oth r category ot neutt·ons -- tor 

instanoe~ 10,000-volt neutrons-~ { the number ot ta:st eutrons 

1tted tor on 10,000-Tolt n utron bicb is abc rbed, if the 
I~ . 

char cteri tic r tio~ fission to r d1at1ve e& tur · i ea$0red 
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in t e a arbi r ry unit 1ch ere uaed t r th l 

neuti"'ns. he ro o t con 11 • ther tore 1 

ur uud! g the uraniu 

e eri 

le the ra hit th 

1ncr sin thic l&fer of ron u to bou a one-inch ro 

1•r d dete 1nins tor acb t ic ne or boron th 

char cte 1 ic t!o, , ot t1 aton to r 1 tiY c ure 

th T-

bere (3o = 

me s r 

tiona 

/ 
g 
{19 9), 

rbi trar"7 un1 s. e 't' & 

- 7 K{/ 1-{3u) 
- 0 K; r- (.3 0 /\ 

hioh, ecord1ng to derson !d 

• valu ot -fj =- ;.;Y· 

In this w y w obt n the n b r or t st n utro a e itte er 

n tron rb for 't' rious ner c tegori , the thick It 

ro l 1 r corre r>onding to n r&J.e b tw en 5 50,000 volt 

t ot h1 ty • ho het' r or ot/t at 

n tron chain r ct1on can b a1n in . ·1n a ·1 r u t1t7 ot 

uraniu e n ut:rons re lo do by 1 el atic 

coll1a1on belo th fi s1on thr old ot rabi d re 

urther lo d do by e stic collision o rbapa 1000 

•olt r ev turt r to o r s cou l or hun red ot volt • 

s to the uant1t7 ot uran1u e 1 h1ch 1 ht be 

re u1red tor a fa t neut n c a r ctio , • 

follo n1: 

y ay the 

re-ealcul tin th x r1 t c Dr. Zi 

I ertorm 1n 1 3 us n tor th t n tron 

er illicurie r don·b r,yll1um th v lu t l , 00 

obt 1ned by e 1 a ur d th1 s v lu 1 1 

for th fission oro s-sectio ot 

berylliu th Yalu ot 1.:5 x 10-

to-n trona t 

.• l t 

1tted 

, e find 

ra 1 -

d 
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preli inary result to which t oh weight ab::>uld be 1 Y ~~ 

1 eeJ&s to be 1n gr•eme.nt th he Y l\a e wh1 ch ha been o b-

tained by Fr1aoh. Th1 s value 1a leo in atr ent wtth a re

lim1nary exp rtment wh1eh waa recently ertorm d by Fermi and 

ld s colla bOr t rs. 

~his orosa-sect1on 1ght ra uire betwe 50 to 100 

ton or uraniu. et 1 \o ake cha1n reaction . osaibl 1 ro• 

v1ded that the r diati ve ca tur is suft1cten tlJ small. Perha a 

· a ten timea maller ollnt ot ul"mium lgbt b sutt1ctent toJt 

. rod.uoing a tast neutron ch 1n re ction 1t the radiattve capture 

1• uft1c1ently sm ll 1n the r gton between a cou;>le or hundred 

ot volts and 51000 velt1, 1 •• , 1n ~he region wher the tt t10D 

crosa•••ctton cu be •xP cted to obey the 1/v law, tt ta 

·' \ l l r t ; I conceivable th•t, by addinl to the uranium a all 

unt ot l1ahter element to obtain or rapi lonna lio 

ot neutrons, e ay h ve conditione in which the neutrons will 

cauae t1sa1on betore they are lowed down in the region below 

SOO volts whero they would be captured at resonano• 1 thout cau..., 

ing !1slion. This ss1b111ty has been garticul rly phas1• 

b,f G. Plae%•k in 1959. • 

A co p rat1Yely all amount of uranium eta! wo ld be 

:ra uired tor aintaining t st n tron cham reactio-n 1t uran1us 

did not low down tiasion neut:rons belo the t1a•1on threshold 

ot 0238 with a cross-aectton larger than th f'1 sion cross- action 

ot 0238 tor f1ta1on n~tro~a. In order to obtain 1nter.atto 

bout thia o1nt Dr. Z1nn I t rted ex. erS. ents along thie 

l1n• in p bru r'f 1 1941~ fhese e $i'f.m . ts lhOW th t C rtal.n 



h aYJ el ents, such aa lead nd b1 uth, have a -veey all 

cro aec.~ion ind ed tor slowing do D + D neutl"'nl below 

the tis at on thre hold o t 0 • 
or uranium w obta1ne a cro s-sectlon tor inel stio 

collision which about tbr t! e larger than tor l d an4 

bismuth -- about l.7 x 10• ~. e would be 1ncl1n to eonclud• 

tro this that ta t neutrons will b lo ed do 1nelaat1o 

colliaions 1n uran1 so t t the;y ll not contrtbute !IUOh 

to a po ible o in 7e•ct1on in a large ass at rani 1t • 

could con11d r the above found value as tinal. wever, it 

11 be neces ary before doin thi to peat the exner1 t 

th better gr de ot uranium etal ~h s used ln th1a ex-

erimm t. The uranium metal u ed in th1! ex ert t b c e 

;roro~ic, and it bee e, ther tor 1 1moo ible to determine 

ita oiature content. Until this e rit~ent hae been re ated 

1t is, th retore, nee stary to con 1der it as an op«n question 

whether a chain re otion c be obtained in a co parat1TelJ 

s. all uant1 ty or uran1u etal by 

aboYe th fission threshold ot 0~38. 

-ns ot neutrons acttna 

ovgb!J §, liG A r 11 inary ex er1 ent w c es recently p rtoraed 

b1 Dt. ar ball and anp ars to d onstrate that f'isalon 

neutrons are indeed c a l ot inducing t st neutron fission 

1n ura. lu , and th ex er1 ent indio te8 cross-a et1on or 

bout .3 x lo·2f o • 1 Since this is a rough experiment, w 

cannot exclude the poasibility ot perhaps t ee thi valu • 

It th control ex ri ents hicb. re no being ertome eonf1N 

the eusteno of this effect, the ex r ent will th re-

eat tb gre t r neutl'Qn !nt 1t1 s, nd an tt t will be 



ade to determine the exact value ot this cros~·seot1on. The 

s1gnif1c nee or this ettect tor th operation ot a u~an1ua 

met l gr phite syate will be discussed in another or dua. 

It is hoped that we shall 1n. the near fUture have • 

!ew tons or uranium metal at our di posal, and that it will be 

.. os ible to investigate the _oss1b111ty or a fast neutron chaiD 

r ction w1 tb the quantity which ill b e.Yailable. ~t ·should be 

kept in mind that, even if a taet neutron chain reactioa is not 
' . ~ 

possible with ord1n&r7 unseparated urauium~ the add1t1on ot a 

moderate a: ount of el ent 94 which could be a.nutactared by 

means ot uranium-gra bite system might b sufficient to make 

the fast cl~in reaction ossible. Stnee there would be no absorbtna 

elements other than uranium inVO-lved, the amount or the l•ea.t 94 

which 1 s 1n1 tially introduced would not d crease but 1ncreaae 

during the chain reaction. 

The control of such a chain reaction woul~ be somewhat 

more d1f't1cult than the control or a chain reaction in a gra bite

uranium system, beeaus the controls 1'10Uld have to respond in a 

shorter time, However, the time wouldn't be so short as to oau•• 

any d1f!icultr, since, as it ~as ointed out iu a ~per ot 

bru ry, 1940 <ebls~ga* B!Y~I , ~ublieation delayed)~ tbe de

l y d neutron emi sa1on - though small - has n vertheless a con-

siderable res1)onsa in this r St)eot. 

such a fast neutron r ctton oan probably be used tor 

the :JUl'OOse of bringing about exceedingly violent ex lostona, nd 

th s1b1l1ty ot setting orr such ex los1on by ea:n. ot an 

exp~t expulsion method a>pears to deserve a thorough theoretical 

inYeltig tion {see emorandu of October 21, 1941}. 

L o Szi!ard I ' 



Octobe ,..71 l 41 

he oo atb lit)' tb t v ry rtul nucl r • lo tons 

c b engineered 1t r st uolear ... n r ction 1 r s1 ble 1 

Gove or d u 1tted 1 /Ju The ue tion 

th r a t at nuole :r chain r action 1 >O stbl in unse arated 

uran1 d1 u ed ln d t il t ng nd r h ch irm. n p 

t Dr. Br1 1 n etobe 21 1 
' 9. Dr. , . P. 1. r of Prine ton1 

. r. • ller t G org th1 to nd , r • obert or th 

c rn 1e Instttut ot rrestr l eti ook n acttv rt1 

• d1 cu ion. The folloWing v1 which w r s ntod W· s 0 t d 

b -.or. ign rand Dr. Tell r. 
X 

t have ho th t con 1 erabl traction or 
1ttad 1n the fis:ti n ot uraniu boe 

l One s, h oretore, t cons1 r the i :S _ 1 111 y th t th e 

t1 1on noutrone e o u 

x lo-h-5 em.,. 1n uran1u , 

ti io w1 th cro :s-sectlon or about .5 

th t o tn r ction 1s o 1 le 1 

ae arated ur niu in hieh neutrons of 1 th • EV or r 

to th• links of th eha n . to a ·v rJ d ngerous 

t t chain r action in cor:'l, r ttv ly s unt of 

ur iu • ...1loh · c in r etion, r..owe e1·, i not ,_)os ... tbl if' r niu 

o 1 r 

o to tnr • 

ztnn nd S~1l 

ct1on tor 1nel t1c collision 1th n t~on t 

1 an4, if ceordin ly, th n utron~ are t tei tly 



. -
slo do by ur, n1 b lo th 1 W ti ston thresnol 

«;; • 1nc th ra a no e¥. er1 t 1 at the t conoe na 
uch 1nela tic coJ.lision in r tum, it ro o th t t • 
u ton houl b in ti te • r1 ts lon 1 in er 

in coll bor tton th r. 1 . ebruary, l 40, nd th •• 

x r1 t ill b 

su 1 larg e 

b lo • 

-sect on tor inel s 1c co 11 ton• 

1 ur n1u , 1 t ~> ars r aaonable to conclude th t the f1se1o 

n n ot uraniu u 
I 

t irly quic 1 b slo do by ch 

in tic colli ion: to en r 1 of p 10 ,000 volt and f 

t rath r slo · yby tic collision in ur 1u • 

ih r or not a t at C . in re etion 1 ~tbl "n . 1c n utron 

t lO to 10 1000 l;o ero torm th li ott 0 n1n end 

th b ance ot ti aton by 235 \11'hieb 1 eont in !n ordinal'f 

ur . u and radtat1 v e tur 1n .eM h1ch tor: the bu of 

r inary ur8Jd • 

t tb meet1 ot Oetob r , l 1 it was bmi t d t t 

1 t uld b v 7!1. tm.,ortant to me sure h1 l nee -'inc there a 

chano that 1 t 1sht be 1n t vor or £1 sJ.on in ~ ' 51 

p r toularly ince un3ublishe eaperlm ts t inn 

in A ril~ 19391 bavt Sho tb t or· in ry ur 

a, reci bl ero s-s ction tor oto- eut:ron tram 

ouro • It Pi> r 1 there r , o s1 le t t oon 

11 r otie bl. ount or un e .rated ur n1u 

tt1ns p or t t nuol r ch ln ~e o 1 n1. 

d zilard .t' 1"• 

s an 

r dium-b ryll1 

d r ble t 

1ght lo the 

pro ra b d on the e gen r v1 

vi ed in 193 but had o b i)Oet on d th hoto-:n tron ource 



ua 1n prev.l u e r1 t o ate o aya lable. 

dat d aJ 21, 19 , h1ch • to o. • gr ot 

Colu 1s. 0 iv rsity 1 describ • n po sl'bl lin ot atteck. The 

f l o ina l1nes r t k n t th t randu 1 

"It s to th t rt r . t eet1on h ther 

ibl · 1 hich is now the elo eutron chain re 

1n 1 v t1g t d, b r r th 

hetb.ar ebain x-eaction 1a o 

t qu atton t 

1th uranium in the 

bs c or hydro en cont inina ub t ce • co.. arat1•e1J 

s1 · l xp ri ent ight deo1d • 1 ... uea ion_. and ch .n 

xp•rt t 1s no being prepare • 

•In order to underst 
, 

th1 e pert ent 1t u be 

Oint out that ost of the t1s ton neutrons of uran1ura 

ll rob bly be slo d do to tew 100 000 volt or 

even a rew 10 000 volts before c u in tu th r t1 sian. 

In order to determine whether ah in ~ ot'1on is , osslble 

1 the bser1ce ot hydro a nt 1n1ng ubstanc$s one ought 

to know something about tb r tto ot th r d1nt1v c tur 
' 

eros -section le ding to a 24 nut • er1od to the fission 

cross ectton lea 1ng to eerta1 !1 s1on p riad for 

neutrons ot te 100 000 volt of nergy. It ap are to 

be sim)l st to co· :),are t ratio ot 1nten 1t1e ot tbe I? 

tnute er1od to a suitable fi aton ~1 d for ~boto 

n utron fro b rylliu . ith t r t1o of the tnten 1tr of 

th•s two ertode tor t j al n utron • Ir one t · ds tol' 

l be th case, that thi r tto 

111 ts v ey ~en· in r . or of tb ~4 nu e ertod in ina 
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o~er t'I'O the 1 neutrons to fJ to neutron"', tbis 111 

indio at th t no h in etlan ill t ke 1 ce 1n tM 

ba ce t eydro nt 1 in~ ~u s e • On tbe ther 

han t & 1 al 1 be, it a 1 tt occurs in the o a te 

d1reet1on1 tb 0 ib1l1 ot chin r c ton ill .,. 
b a r1ou ly on 

At 

to rk out 

ti. tb s 11n wer r1tt it w s 1 tend 

zilar -Chalm r. s ~ar tton tor ur~niuo in order to 

oh 1o lly to seDar t the ~ - 1nut ct1v1t fran tb ~lk 

l' b 1rr d1ated urnniu • In the b~lson nd -. o illan 

.1 tb t the -... 1nute erto 1 s tollo ~d by a. er1od t .3 

hie 1 du 1 t 931 and Dr. Qol· ab r t Orban 1 to ho 

I co unic ted 1n 19 th abO outlin ot th pro. osed e nraent, 

etdtou 

tor obtaining 

h - . d '1 riod r th r th the £4 in te eriod 

ea ur of th radi t1v capture. 

In Oct ber of this y r .. hoto- utron source 

v 11 ble, 1d 1 is pro o ed to tak up tt-J. line of r · arch at th* 

1 t where it n d b 1 tt in 195 • 
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t ov b r e, 19 

h ther tb ... !nut rio t r ni 1 tt1o1 ntl.J 

t gly exeit b.t our to-n tron ourc erro ro oe 

X 

f1 

X 

co 

r1 t ttl ut ny h 1 ic l r ion th r tb n t t 1o 

ry t r OV th n tur l b t ct1 vity or r niu nd the . 

ano an ue t1on c 111 b 

ri ent • h i io 1 

cyclotron 1 sed. By t • 

tl'Ona an c rbon colu 

1 erto th 1"0 '0 d r1 

1 m .. le r ureniUta ox! 

r r a tr th tron . ou c 

r vor b in t 1 

cyclotron tor the 

lo 

n 

1 

ng 
. 
0 th n 

in h tollo ·.in 

1 e in t 

t o t of tn 

1 ed h 

re ct it 

tron 1 ne 

to • 
r .,· 1 col 

t1ve 

d 0 t or the fission ich t )1 c in t . c 

1• 

c pture, 

ot he le should b due . th 1 n ron • T ot1 vi t7 due 

t i non 1 th asu d in ome r 1:trary unit t tor 1 t no 1 

by 1 th activity of . eellooh 

r ni oxi • (c:: chni u whi oh b 

in r1ne ton). 1 .11 rly, th r 1 tl 

0 t r rbitre.ry ni l tor iust 

ctivity ot th uronium hlch 1 

181 r 1rnb dd 1 the 

1 t ly ucoe etully us 

c tur is me 5 r 1n 

by t ining the 

ed. 1h r t1 or th s 

t ct1v1t1 , K
0

, 1 not d con 1d re e r et ri 

re or th b 1 nc b t n r di iv c ptur nd n. nc 

. th. t about fo -; l.o t n trone r itt d 1 

tron, c n o cul t for ny oth c t ,ory ot n u ron - tor 

inat c • 10,000-volt n rons--~ { 

· it a tor on 10,000- ol n tron 
/(~ 

r ct ri tic r t1orur £1 ion to 

o n ber n tro s 

ch 1 b orb d, it the 

1 t1 o ~tur 1 r 
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in the s rbitrary units which w re 11 d tor theraal 

neutrons . The pro osed eri ent consists therefore in 

surrounding th uranium ?1 in th gra bite col th 

1ncre sing thick ley ers or boron up to about a one-inch boron 

lay r and determininl tor each thickness of boron the 

characteristic ratio, , ot fisston to radiatiT capture in 

th &boTe-

where~0 =

easur ent 

entioned arbitrary units. e haTe& 

I = I . t-r, r-(S .) 
k; r- (3, 1( 

o'lf hich, according to Anderson and Ferrai' I 
(J"'"N 

(1939), ha Talu ot !{;! = 1. ,p' 

In thi way we obtain the nu ber of f'ast neutrons emitted er 

neutron bsorb d for Tarious energy cate aries, th thickest 

boron lay r corres onding to energie between 5 and 50,000 volts. 
a 

x eriment of thi tyoe ay show whether or not/ ta.et 

neutron chain reaction can be maintained in a lar e quantity ot 

uranium metal if th neutrons are slowed down by inelastic 

collisions below the fi sion threshold ot urabiua 238, and re 

further slow d do by ela tic collision to perhaps 5,000 

Tolts or even further to perba a a cou 1 or hundred of Tolta. 

As to th quantity of uranium metal which ight be 

r 9u1red for a fast neutron cb in r action, w ay say the 

followinca 

By re-calculating the ex, eriments which Dr. Zinn and 

I perform d in 1939 usin tor the number of n · tron itt d 

per 1llicur1e radon4beryllium the v lue of 12,000 which was 

o bt 1ned by Fe 1 who r •m asured this v lue ib 1940, we find 

for the fi s1on cro s•section of photo-neutrons from radium

beryllium th Yalue ot 1. 3 :x: l0-26 em . • ih:ile this is onlr a 



r liminary result to which ot ob et ht a~uld be 11 T , 

1 ae s to b 1n poeetlent th h 1' 1 wh1ch a be ob

t ined bJ Fr1 ach.. his v lue 1 s. 1 in e.ar em t 1 tb a re-

i in ry expe 1ment Which s r c tly rJ by Fend and 

~11 collaboret rs. 

! \1 oro s-a ct1on 1 re .uir e een ao to 100 

t n ot uran1 etal to ak c in re ct1o . osat i, ro• 

vided th t t r d1 t11' capture i suf"t1c1ently all. •rha 1 

ten time s aller Olln ot u:rani . lgbt b 1't1ci t ·1 r 

roduoing t st neutron eh 1n reaction it the r 1at1Te ea ture 

11 uft1c1 ntl 11 1 t r gton etw cou~le ot nd .ct 

r Yolts d 51000 volt , 1. , in th r 1on r th r1 a1o 

cross- ect1on em be xp oted to ob he 1/v la • I 1s 1 

.~' l ~ ( 1 ; ' conceivable tb•t, by di o th urnntu mall 

ount ot lighter l t to obt in or• r 1d slo 1n do 

t neutl"'ns, ·•e .. · ha• con t1 na 1 hich tb ne trons will 

c u•• rtse1on b tor they are low own in tn. region blow 

ZOO VOl where tbey would b C tuJ' d t :reaon D.C 1 t OUt C U • 

ina fission. Thi ~loss1b111t.J h s bea ·Jarticul rly pbas1zed 

G. Pl c•• · 1n 19 • 

cop r .tiwelr all amount t ur nt t uld e 

.reQuired tor a1nt 1n1ng r t tron chain r etlon 1t uran1 

14 not slo do fi sion n tro lo tb t1s ion threshold 

Of 02'36 1fitb a ()l'OJI-88Ct1on lt~r 1" than tn f'15SiOD 01'058•·8 ction 

of 02;56 ror t1 s1 n trona. I rd r to obtain lnf'o tio 

ab ut tbil oin Dr. Z1nn nd I tar d ex er 11 

line in J bru ey, l 41. fbese s ' o that c rta1n 



-e-

be Y1 el ente~, sucb a le d nd b1 uth, have a Yel'J •all 

cr ss-aect1on indeed tor slo 1ng dO D + neutrons below 

tbe tisaion threab ld ot U • 
or urantu e o t ined ero~u•-s•ctio tor 1ne1 tic 

co l1s1on lWb1ch bout thr e t1 a l rger t for lead and 

~ uld be 1 clio d to conclu • 

from th1 s that t t neutron will b lowed do b)' 1nel•st1o 

colliaions 1n uraniu $0 r& ·t th '1 ll not contribUte aucb 

to a o aible chain re•ct1on in a large aas ot urani 1t • 

could consider the bove round valu a ttnal, aowever. it 

ll be neces ry b .tore do1n thi- to re eat th exner t 

itb b tter gr de or· uranium et l than a u ed in t a ex

oer1 t. Th urwuo metal used n thi •x ert t boca e 

~yroror1o, &nd it b c •• ther tor , 1~ sibl to det rmine 

1 a m.olJture oont nt. Ont1l t s ener1ment has been rep e.ted 

it 1 1 theretore, nece sa to con 1d r it as an open e tl n 
I 

wheth r chain r action can b obtain d 1 co rat1Tely 

m ll quanti t;r ot uran1u m tal bJ ean or neut1"013.S cttnc 

above the t1ss1on threshold ot 0236. 

lig•gbgr a 
1 

•i:Q. A r 11 ~fU7 ex;;> erblent •hicb trtas :reccmtl7 pertonu d 

by Dr. , rsb ll and self a p ars to d · on.strate th t t1ss1on 

n utrona are indeed ca ble o!-1nduc1ng taet neutron f1 ston 

in uranium, and the exoer1mmt ind1c t(t croes-aectt n or 

bout • 3 x lo-25 o • • Sine• this ia rough exn r ~t, we 

cannot a¥clude the oes1b1l1t¥ of per pa twice thi val • 

It tb control ex er1 nts which are no being pwrtorzaed conf ra 

th · ext&~t ce of hi rtaet, tb exp rS. ent Will .then be re

eated wtth areat r neutron iftt s1t1es, a an a't pt ll be 



a to det 1ne th exact v lu ot th1 croaus-.seotlon. Th 

1 itiomc ot this et ect for tb op ration ot a ur Wl 

met raphit sy t 111 e disou sed 1n noth r r dwa. 

It is hop d th t w• shall in the near ruture bav a 

te ton tal t our di posal, nd t~t it ill be 

o si.ble to 1nYesttsate th s 1b111ty or t at n utron chaill 

r action th the quantity bich ill be Ya1l bl • . It shoul 

k t 1n . 1nd that, even it t t neutron chain ro ct1on t s not 

po ibl with ordinar7 unse arated ur tum, the addition ot a 

oderate a ount ot l ent 94 h1cb could be anut c red by 

e ns ot uranium-gr hit syst might b su.fticient to e 

th t at ch in re ction ;JOS 1bl • Sine there would be no abs rbinl 

1 ts other than uranium involv d, the amount o~ th l 

which 1!J 1n1t1aUy 1ntroduc d oul~ not d ereas• but increase 

during th eha1n reaction. 

The control ot uoh c in r ction uld b so wha 

ore d1tt1cul t than the control ot o in reaction in a grapni 

ur 1um syat , becauae th control Uld hav to r -soond in 

rter t1 e. Bowever1 th time 't b so short as to c use 

any dttt1oult71 aince, as it s 1 ted out 1n n per ot 

bru 17, 1940 :~ t public tion d lay d), the d -

l 1 d n utron emission - thougb . 1 - has n vertheless con-

iderable res,on in tl~3 r JOOt. 

SUch f t n tron r ction oaa probably be used tor 

t 'lUr!)OS ot br1ngin8 about e ceedinglf viol nt xplos1on , nd 

th possibility ot setting ott such ex,lo ion ~ m or n 

xpe:rt expulsion ethod a >~Hl r to deaer'f a thorough tb -oretlcal 

investig tion (a e m ore.ndtlm ot 0 tob r , 1941) • 

Leo Szilai"d 



D r a f t 

MEMORANDUM ON THE CONTRIBUTION OF 
FAST NEUTRONS TO THE CHAIN REACTION 
IN A URANIUM-CARBON SYSTEM 

October 28, 1941 

Experiments ~inn and Szilard, Physical Review, 

1939) have shown that a considerable fraction of the fission 

neutrons emitted by uranium under the action of thermal neutrons 

have velocities above the fission threshold of U238. If 
4V 

spheres of uranium forming a lattice are~bedded in graphite, 

a certain fraction of the fission neutrons emitted by a uranium 

sphere under the action of thermal neutrons will cause fission 

in U238 within the same sphere before the neutrons are slowed 

down below the fission threshold of U238. Ina:!mliea ~ the 

contribution to the multiplication factor in the chain reaction 

and may be 

the 

magnitude of the effect involved. / _, / ..L/_. ~ ,., 
{LA-......C..-./1'-"1-\ ~ ~v4. ~ )~ .t'() ~ ~-- __....,_ ~: 

The pttnciple of the experiment which is proposed is 

the following: Let us assume that we have~ace in which we 

have a certain thermal neutron density but practically no epi-

cadmium neutrons and no fast neutrons. A uranium fission chamber 

_rounded With a thick lay~f Qf a a:f:@:tf grams ,J),e:J: SQ:JJA;tfi , -GAII" Qf -



~~ ...... ~ 
rast neutrons emitted rrom uranium outside the chamber under . ~~~ 
the action of thermal neutr.9ns on thes uranium . f1:!'6ei9.e ~he /~ 
/.A-~~ c.---. a.._ . 1 .. ~ ~ ~. ~ 

-r'~eiP'. ;l1y ta:klng Into account the e!RaBge ~ :R;e i5heimp ~ 

..neut-ro errs:t a-bout {;f:, 
al outside a ~~ ehambe , 

i.ous geo.metricaJ. act-o-r , can thus 

In making the above statement -it was assumed that 

the average range of fission particles rrom uranium is the 

same if fission is induced by fast neutrons as it is if fission 

is induced by thermal neutrons. 

Unless the cyclotron is used, it will be difficult to 

obtain thermal neutrons in the absence of epi-cadmium neutrons. 

It may just . be possible to do the experiment by using a photo 

neutron source and by shielding the fission chamber both by 

cadmium and a thick lawer of boron. Even so, the background 

count may be too high to permit the observation of fission in 

238. It is therefore proposed to carry out the first experiment 

by using a uranium fission chamber and a thorium rission chamber. 

The uranium fission chamber would be used for thermal neutrons, 

and the thorium rission chamber would be used in the same . 
geometry surrounded with a thick layer of uranium metal in 

order to record the fission caused in the~ium by rission neutrons 

which are produced in uranium by thermal neutrons. In order to 



establish a correlation between the fission count of the thorium 

chamber and the corresponding fission count which a uranium 

chamber would give iu th~ek-=~1 ~~±;~.,._it 
is proposed to compare the uranium chamber and the thorium 

chamber by irradiating both with D + D neutrons. Apart from 

using a D + D source, it is proposed also to use a D + D source 

surrounded with a thick layer of iron, and also a D + D source 

surrounded by carbon or a suitable amount of paraffin wax. It 

is hoped that the ratio of uranium to ·thorium counts will be 
~~ 

the same forD+ D source and for~non-monochromatic neutron 

source which~~from 100,000 volts to 2-1/2 million volts. 

~1~4~~: 
I 

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

3. 
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