
December 1~ , 1941 

_reli ~~ar Re~ort 
on I nelE stic Collision- of J eutrons 

in r -:.liU. ::'::!G ot:J.ET 
::ecvy El.::ne ~t s . 

by Leo Szilc..rd ~nd '.',. :1 . Zinn . 
'oli.1 .... 1bic... n.:. v r::.i t · , rJ e'J' ork , lj e· 'or:~ . 

I r:. vie· of L.e pot•ntic:l ~o~sL .. ilit~ of c: chc:·in 

rec: ction be sed 'Jc:.rtl · Jl~ ., holl· on fission c _used b~- f~ st 

eut~ ns , it ~p~e~re~ of :~terest to invest:g~te the inelcsti c 

colli sion of f~st neutrons i~ ur;ni·m ~ C cert2in ot~er ele~e~ts . 

In urrniu_ "" st ~outrons 1.oul ~ b8 .::lo· ed do-:v-rl c..t ::: cert~in · 

rc te b · i:.!.el:::. stic collision below th: fi 9 sion threshhold of 

uranium 238 en the ~ain. ur10se Of our ezperi~n ts WrS to 

aeter~ine the cross-section of t1is process . h i s cross- section 

~ill natur~lly depend on t~e vPlocity :f the primar neutrons , 

and it vuuld be best , although at present not prectica le , to 

use fission neutrons &s pri &r- neutrons for the purpose of our 

ex.Jeriment . 

Ex~ ei'imcnt s -.;.rere st rt ed in Fe brue. ry 1941 , 

using ~s a neutron source e neutron generoto r previously described 
1 

by Zinn c:nd Seel ey in ·-~1ich neutrons c:re emitted fro1u a he:::vy 

ice to.rget between 2 . ~ 1nd 2 . 8 :.mv fro~1 the D+D re.::ction . 

1 
!\ . H. Zinn and S . Seele , Phys . Rev . 52 , 9 (1937) . 
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For the cros s s ection for ~n~L- "t ic sc tteri ~g , ···e 

obt : lned b~ the_ et_od indic~~ed Ebove : 

Pb : 0. 5 5; Bi : J . 64 ; U:l.9 in units of lo- ~4 cm 2 • 

SL il~r e: 'Jeri ments ·;·ere sut eruen.tl- ?erfor ed by ".lar shall 

~nd Szil£rd, u si~ 6 the sr~c le~d , bi~~utl rn~ ur~niu spheres , 

but using as pri~~ry neutrons n eutrons from 3 r adon- beryllium 

source ··;hich have a diff .~ re t spectral di stri but ion . The v _lu es 

obt oined fort e cross- 3ect · on :or inelLstic s c ~t teri g of r:don­

tor~·lliu:n - eut r::m:::: r e t:1e follo · i ng : 

Pb : 1 . 34 ; Ei: 1 . 8 5 j 

·· e see that by cht ng ing over from +J ~ e ,trillS to r~don­

ber lliu neutrons , t.1e re is a con.s_;Jicuou.s incre. se L~ t he cross­

section o::' lead ~nd bi s.:::mth -v~ c L_crease to t '"·o t.J t:rree tl:nes , 

wherea s there is 2. t the ~os t a sl ight i ere· se i n the v· lue :or 

ur niu • Experi~ent s perfo r:ned by ~arsha~l ~n~ Szil -rd with r a on­

berylliu~ n2utrons on ~ other , )Urer , sa~pl e of ur ni um , give a 

slightly lower Vi:. L.le ;:o t: r t it .: i ght be that the v · lue for pure 

ur·nium ~ n D+D neutrons should be t ~k en es lo~ · s 1 . 5 . 

The above stated values fbfl uranium was obtained by attributing 

the observed decrease of the fission count which was caused by the 

uranium sphere to inelastic scattering in urffi!ium without taking 

into account the fact that the primary neutrons may produce fission 

in the uranium SP,here, and that additional neutrons may be created 

hereby which contrigute to the fission count observed in our 

experiment. In the absence of this secondary process, the decrea se in 

the fission count caused by the uranium sphere would be greater than 
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the decrease which was actually observed in our experiment. The 

inelastic cross-section of uranium is therefore greater than the 

value given above, and we have to add a correction term. In order to 

determine the value of tlus correction term, we shall assume that about 

2.6 neutrons are emitted per fission ~oth for fast neutron fission 

and thermal neutron fission), ~We shall also assume that the fission 

neutrons which are generated by D + D and radon-beryllium neutrons have 

the same cross-section for causing fission in uranium as fission 

neutrons which are generated by thermal neutrons, WRxxkxiXx~xkk&x 

xxxmmR and that also D + D neutrons and radon-beryllium neutrons 

have the same cross-section. With these a ssumptions we can calculate 

the value of the correction term directly from experimental results 

obtained by Marshall and Szila rd, who observed fission caused by 

fission neutrons which were generated by thermal neutrons and determined 

the efficiency of this process. They reported (see Report dated 

November 14, 1941) for the product of the fission cross-section of 

fission neutrons and the number of neutrons emitted per fission the 

1 -24 2 value of 1.3 x 10 em • From this we find the value of .8 x lo-24 cm2 

for t he correction term which has to be added to the a~ve quoted 

cross-section of 1.9 x lo- 24 cm2 in order to obtain the value for the 

cross-section for the cross-section of uranium for inelastic scattering, 

and obtain for this cross-section the v lue of 2.7 x lo-24 cm2 • 

1 Result of the first preliminary experiment. 
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