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~ t -J, itt t--
It appeared to be i~ePt•~t· to determine whether 

fission can be caused in uranium by fission neutrons and if 

so to learn something about the cross-section of this process. . -

This process may play ~ ~ role in a chain 

reaction in a system in which spheres of uranium are imbedded 

in a large mass of graphite. In such a system thermal neutrons 

diffuse from the graphite into the uranium sphere and lead to 

the emission of fast fission neutrons. The fast neutrons thus 

produced will cause a certain number of fission processes in 

the same uranium sphere from which they originate and thus 

produce secondary fast fission neutrons. Some of these 

secondary neutrons will again cause fission in the uranium sphere 

from which they originate and lead to tertiary fission neutrons, 

etc. This pro cess might increase by p erh&:p s &-& .:mch B:~ ~factor 

of ~ = 1.25 the number of fast neutrJfs e~itted by uranium per 

thermal neutron absorbed by uranium~he magnitude of the 

factor ~ depends primarily upon certain nuclear properties of 

uranium and in the first approximation on the product 

C5'j ( 1;-t) 
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where 6tis t he cro ss-section of uraniu~ for fast fission 

neutrons and V is the number of neutrons e~itted i)er fi s sion 

proc ess . The magnitude of the factor f3 also d epends on the 

cross-section of uranill2:!1 for inelasti c collisions ;...-:Uch slow 

do\~ fast fiss ion n~~trons below the fission t hreshold of U238 . 

This slo-,·;ing- do \m nenomenon of u r ani um has been studied by 
~"'r,lt 

Szilard and Zinn and ~mf the subject of another r e~ort. 
Secondarily , the magnitude of the factor f3 depends 

on the s i ze and densi t~ of the uranium S)here and also on the 

presence in the urani um s8here of oxygen or other elements w: ich 

slow dovm the neutrons by means of el astic collisions . ( It 

may verJ well be that , due to the proce ss whi~h is tne sub ject 

of t his r eport , t here may be a ten )e r cent · ~erence in the 

nU!!lber of fast neutrons e.ni tted by a urani um s :)here _:J er thermal 

neutron abso rbed by t he uraniu11 sphere if we cnange over from 

uranium oxi de at a den sity of about 4 to 6 gm./cc. to uranium 

metal of density 18 to 20 gm ./cc. The expe r iment which we 
J...----

performedffis t ne J Urpose of mea suring the quantity 

The princi pl e of the experiment is illustrated in the enclosed 

d i ag r am which shows the experimental a rrang ement . In this 

di agram Be is a beryllium block which serves as a source of 

photo neutrons and which is ] l ac ed in t he axis of a cylindrical 

paraffin block . Ra represents aoout t wo grams of radium which 

a r e ~la ced in t he center of the beryllium block . A cadmium 
~ ~ 

di a_9hrag.11 A l eaves a circular O')eningc;tree through which t he rmal 

neutrons can emerge from t he paraffin and can ent er tn the 

2. 
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absence of the cadmium screen ~: ft" ~hel ..a<a:tt1 """ """ ente;r 

the cylindrical box U which contains uranium in the amount of 

about 25 gr ams )er square em. A SDherical ionization chamber ~ 

which is coated ~~ti. t~ a thick l aye r of uranium and has a 

uranium-coated surface of about 800 em. square is used to 

record fission which takes l ace in the uraniu:n coating of 

this chamber. This fission chamber is 
~/ 

of thernal neutrons by thick t.ay OP"'- of 

protected from the action 
~ ~ ''"~~ 

boron carbide, and/E 

is a boron carbide screen which can be removed if it is desired 

to admit thermal neutrons to the fission chamber. 

The basic experiment which we performed is the I,.~ ~~ ~~ 

follo vring: Witn the boron screen E and the cadmium screen Jr ~~ /1' 
in position, the fission chamber registers a background of about 

.5 fissions per minute . 

circular opening~ the 

Thermal neutrons which come from the 

center of the cadmi~ diaphragm A are 
J:t 

prevented by the cadmiu11 screen ~from reaching the uraniu.rn 
If 

during thi s control ex8eriment. 
I 1 ~ 

brought from the position W into 

I f the cadmium screen is now 

the position k; thermal neutrons 

a re admitted to the uranium, will cause fission in the uranium 

and will lead to the emission of fast fission neutrons. A 

considerable fraction of these neutrons passes through the 
(tt. - 2 
vffi:olQ thiokness of the nx;mjnw_l.a.y~r and through the boron screen 

' (tl-<-. I 

E and will cause fission in the fission chamber D. By changing 

the position of the cadmium sc reen from po sition~ to po sition A[ 
we obtained a fission count which was more than double of the 

background count, the difference corresponding to about .7~ counts 

per minut e . A preliminary estimate of the quantities involved 

3. 
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leads to the conclusion t hat t he observed effect corresponds to 

a value of about I · . 

* Taking for V the value of 2 .6 reported by Zinn and Szilard, 
_.,y 

we obtain 6f (i/- I ) = 0 I (J ~ X I~ 

It has to be emphasied that t hi s is a prelimina ry re sult, and 

that t!~ exL'e, iaten-t-~_,rill be r ep-eated, and ~at an attem~t will 

be made to determine the val ue more a ccurately t han it was 
I" .. )/, 

-1 

possi ble to d.o in the first exp erir.aent. In the follo vling v e 

describe t wo methods whi ch were used in interpreti: g t he observed 

effect. The follo wing de signations will be used: 

Ff is t he fi s sion count which we obta in from the fast 

neutrons when we remove t he cadmium screen fl , I 

Fth is the fission count which we obtain in the chamber 

~n t he absence of., the uranium, the cadmium scree.gti/ 

or~;r and the boron screen E)due to the action of 
(J. 

t he~illal neutrons w1i ch emerge from the window in the 

center of cadmium diaphragm A, and which can be cut 
l . 

IP , ·f I 

off by f t he cadmium screen in the po sition #· 
N is the number of thermal neutrons which e nerge from the 

&-
circular window in the center of the cadmium diaphragm 

a is 

A. 

~raction 
~/ 

by uranium 

of these thermal n eutrons which are absorbed 
.. t I 

~ (./(._, -
1 - e is the fraction of the fast neutrons which are emitted 

by uranium and whi ch are prevented from rea ching 
I. 

ionization chamber by scattering either urani 

in the boron screen E. 
V, Jr 

I ( lfl-' ' ::, l, 
1 C:l < oC { .I ( . 
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;/ N ~/2 71 is the number of thermal neutrons ec;:.ted 1from 

the par affin wall in the circular opening i-fl the 

e-enter of t h e eaam:i-tlm-Eliapbra-gm-A in the for ward 
/. w -· ( '.J • b 

direction (per unit solid a~e. 

U is the number of uranium atoms which are exposed to the 

thermal neutrons. 
l"' 

t:> is the t he rmal neutron density b-f the uranium. 

r is the distance of a volume element of uranium in the Box tL 
from a su rface element of the uranium l ayer in the 

spherical ionization chamber. 
I• . . 

nk (~~on) is t he fission cross-section of uranium for 

thennal neutrons. 

~ is the total absorption cross-section of uranium for thermal 

neutrons. 
a t 

~ is a thermal neutron d ensity ~/the location of the 

uranium surface of the s Jherical ionization chamber in the 

absence of the uranium~ox /;(, the cadmium screens ~ and ~ 
and the boron screen E. 

The main quantities which we measure are Ffuand Ff. 

One of the methods em~loyed makes use of the fact that we may 

write: 

fK /V( ~ 
?77~ 

:l . ") .rn.__,K 

"' 
;-f -- IV E (o-I l/) I-_'?:1.__ --Ifill/~ 
(J-y-

) ~ 

r;rl v lj ~ /2 6 l"h~ - ;:;; ~ 
c('~ l'h f.. 7L. 
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In these formulae ~) is the number of uranium atoms which 

is effective in producing an im~ulse in the chamber if excited 
1 , 

by thermal neutrons, and~) is the number of uranium atoms 

which is effective in producing an impult se in the chamber if 
t( /-

-we N: aettiaily assumef that excited by fast fission .J.neutrons. 
;:,k ~;~# 

t h ese t wo numbers are equ al, i.e., that the range of the fission 

part icles is about the s ame when the fission is due to t hermal 

neutrons as it is when the fission is due to fast fission neutrons. 

rll) 

From these two el!tTat-.i:tJns, we obt1hn: 

Our experiments gave for F a value of 43 counts per 
th /. 

L {'~ minute 
~ 

(cadmium difference), and for F f we obtained from ? :;-

fifteen-minute readings with the cadmium screen at the position 
~ 

H and K, Pe~~oetively, a value of 

rl - (),)) 
above a background count of .~per minute. 

d, the fraction of thermal neutrons which are absorbed 

by the uranium in the box, was estimated to be about t) -s-' 

The uranium box contains about 27.7 gms./sq.cm. of uranium 
'Jf ~"w--e. 

6 • 

carbide or about 25.2 gms./ sq. em. of uranium. itieglec~ ; 
~ Qi"*-"' u/ / K/1<', L/.., /-

scattering of the thermal neutrons, of the thermal neutrons 

passing through the uranium box parallel to the axis of the 

arranoement, a fraction of • 31 vvould be absorbed, and a fraction 

of .687 would be transmitted by the uranium box. By measuring 

the thermal neutron density with a vanadium indicator in front 

and right behind the uranium box, we find that the thermal 
" p "' ;. t u~ :.(. , . l , , ""· x 

neutron density jdrops a factor of 8. in ouP aPl"angemen"b. 
tv y<!.. 1 

Part of this1 drop is due to the scattering of thermal neutrons 



• 
' p.-/ ,_,... I I ;I ,<> ~~ 

in the uranium box_ ~~ very rough estimat e leads us to be-

lieve that actually about .5 of the neutrons entering the 

uranium box are absorbed. 

For b we take the value of 

b = 2.53 

which corresponds to ...Qi stPibation of - ~ ~ l 1(-t. Co~"" .¢&--r,...:: • ,.. :.-. 

-1 '/ COS f + ./3 X COS 
2 f 

fo-r==:t:lie" ~kf:'fi-str~tion of thermal neutrons leaving the 

paraffin windo w G inside the cadmium diaphragm A. 
7j-

For e we took the value of .fi- by estimating the 

effect of the scattering in t h e boron carbide screen E contain-

ing 3 gms./sq.cm. of boron carbide and the effect of scattering 

of the uranium carbide in the uranium box. 

For ?'-}_ we took t he value or$3) ~ (),rf7 

'k 
l 'lj 

l 

For f)JL.. we took the value of 5.9 x 1o-24 sq.cm. 

With these values we obtained from (1) 

6'( v /t2_'f-

The second method employed makes use of the fact that 

we may write 

(2) 

o/ v-r~"fl(f) it_- I ~_f 1t;l. --- g__- ~ 
~ ' !VL 

We estimated J inside the uranium, and fo , the 

thermal neutron density in the spac e occu, ied by the ionization 

chamber D by observing the a ctivity of a vanadium foil in front 

7 . 
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~ 
of the window~ on both sides of the uranium box and[in the 

absence of the uranium box, the cadmium screens at H or K 

and the boron screen E with a vanadium foil taking the place 

of the ionization chamber D. Assuming an exponential~ 

of the thermal neutron density inside the uranium box, we 

then find for lfJi J:;;;(;lj = . 2.SV 

For the number of uranium atoms in front of the window G 
Zlf 

we take the number ~ U = L;,.(;Jjo corresponding to ~~ gms. of 

uranium. For e we again take the value of :;#) !5' 
With these values we obtain from (2) 

(;_ ) J: ( J ' r . <!_ 

8. 
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