
"In or der the most fuvorable 

distribution of the small uranium s~heres wihin a large {r uphite sphere it 

i s essent i al to have wn aocurutc value fo~ 

tian of carbon for thermal neutrons . 

In order to have an accurute value fvr ~ 

w1d l or ~ l e c . t ure cross-sec-

it will be necessary to h!.ve 

a di r ect measurement uf ~ tor sa:all hydrogen concentrutions rcfcrabl.) ::or 

n ~3. I n the to~owing we shall indicate in what wny nn accurate value fo r 

p can be obtained : 

Let u s consider a uox fille d VI i th a homoe;eneou ~ r.. ixture of uran i um oxide 

and water nnd let the box be so lare;e t.hat a neu t ron wl.ich has nn energy of 

lees t han 1000 volts in the center of th~box be slowed down below 1 volt be -

tore it reaches the boundary vf the box by diffusion . If such a box is then 

irradiated with neutrons tle energy distribution of the neutrons bel ow 

1000 volta i n the center J f the box will be the sag.e us it would be in an 

infinite a~ac e fi lled with the same uu·anium water mi *ture in c~se of a un1-

tor~ generation of n eut rons thr ouonout the space. It a radio- active indicatox 

like r hodium or indium whi ch ha s i t a lowest dominant re•onanc e abs or ption l in• 

below the dominant r esonance absor~tion line of uranium is plaaed in t he c en­

ter of the box the ac ti vity induced in the rhodium indi ca t or by t h e resonanc e 
c.~.c.d{. ~ 

neutrons of rhodiu will be eeile4 only(those n eutrons whi ch ar e s lowed down 

below the resonance re gion of uranium wi t hout being captured by ur ani um at 

reaonance. We ah&ll call this ac t ivity t he r esonanc e ~c tivity of t he indica­

tor and designat e it U a rhodium i nd ica tor is used with ( R( ..,..£~ tl. j 

It, on the other hand, an indicator like, for in~oe. iodine is used which 

baa ita dominan• absorption lines above the uranium resonance t he r esonance 

activity of this indioat0r(/tl" L.-. Ll ) will, at least in the ideal case , 

aot be &tteoted by t he resonance abs orption of uraniumo The ratio of 

( fl. f.. "i"' fi ) ezJ.d/~~~ U ) wcuJ.d therefore gl Te some meuure ot l - p if t he 

aotivit7 ot the indioatora aa measured by an ionization chamber or electron 
real 

ooaater save a ..-.eaaure ot the number ot the neutron. whioh paaa th rough 

~e reaoD&Doe region ot rhodium or iodine. Thia, ot course, is by no rr.e ana 

the o .. e. !beretore, a aeoOD4 experiment haa t o be performed in which the 

reMIIMOe aoti vi tie• ot the rbocUua &114 iodine 1Dd1oatora are deter mined in 

\be o•wr ~~ uother box wb1oh oonta1Da wl!'ter. r;.. •n•••• ., .. l 1s 11 , • • • =i;r 

..... "···· ., •• ,..... d ..... , .... 



.... --~-r-1' !'- - · . ·---2-.-~----~ 2.~ 1-\ -s-.s-
·<tr•t•rably but not necessarily water of \.he same density as the \later c on-

tained in the uranium water mixture ·..1.sed in the first experi l:len t) ',/e t h en 

find ( 1(4"~:.,. t( ) Q ",~ ltr 0) 

1-,IJ =- (~c._H.o)l((7.-..~t<) 

If there are uranium resonance lines of sooe imnorta.nce above ;.he l vwest 

~eaonance lines of iodine then we have 

(If~~~~~ U_l )( (J ~~ ~~~ o) 
( ~4.,_.·~ Hl o) I( ( /,.. &~ (.( ) 

giving · a reliable upper limit for 1 - p and c onse _uen t.ly u lo· .. er lir::it for p 

wbiob used in conJWlction with e ~ue.tion .No. 38 wil l ~ive u lo .. e r lirr:ii for 

the va.lue of/ 

The upper limit v.h1ch hu. te en re por te o. for the c r bou cross - sect i on by 

Bal.ban, Frisch, and Koah is already so low that it \IOu:lJ. be ifficul t to i xr. ­

proTe upon it unless a. me· .. ho<l were used 1ohi ch is s"Pecificull:,· d e si t_;ned to 
· described 

measure extremel)' small cu. t.ure cross-sections. Such a t:.eihou iilll be 

1n the .tollowini; : 



A-s~ 

Let ua oonaider a aphere o! carbon and a neutron source in the ce~er 

ot the aphere. ~he tberaal neutron density inside the carbon wi~l then obey 

equation Bo. only 1n thia cue Q is a :tunctlon o! r ot wt. ich we must not 

&alr\lme {i ~ o • Let the carbon sphere be immersed 1n a wa. ter tank or 

k 
.urroUDded by parattin wax. The thermal neutron density will then have a cer-

t&ir~ high T&luc ut the surface of the sphere and inside the sphere it will 

aoae tunct.ion ot r
1 

f,t\j I! in a aecond experiment the surface o! the sphere 

ta the water ia covered .by cadmium the thermal neutron density at the surface 

ot the aphere ia then reduced to zero and inside tlJe '~ere it wil l be ano ­

ther tunction of r~ ../...fr). The difference J('7") .::. f, -f.._ obeys the homogene-

oua equation , 

1)/() .~ fY fJ - $') ·rf ::= 0 "'7' l-
which baa the aolution r4 -7'-4 

e e 
ffr.J =-C--...,...--

We o&D thua find .A. by determining the value o! f !or two val.uea o! ·r, !or 

1natmoe,r-e and r,..r 

f {r-) 

,ffo) 

Or tor am&ll T&luea o! r/.A. 

P~) 
,._ --/(0 ) 

• It ia .,._,. 
.,..# - '"" e - e. 

Uatng a·aphere o! graphite of fifty to seventy centimeters f radius · it 

aho~d be poaaible to measure the range .A. with sufficient aocurnoy. There 1a 

a liait to uaing Tery large apherea which ariaea out o! the f ac t thut !or a 

Tery large aphere moat of the neutrons emitted in t J. e center uf tl .e s here 

will be alowed down to the th rmal re61on withinik the carbon nn~ the thermal 

neutron denait7 near the surface o! 1.he carbon ma.y become very low. If that 



• I& • A-s~ 
will beooae aaall and will there-

fo.1oe ••' a lla1 t to th• aocurao7 of the meiUN.l"ement. 



MEASUREMENTS 

In order to have an accurate value fort it will be 
~3~ 

necessary to have a direct measurement of p for small hydro gen 

concentrations ureferably for n = 3 . ~~~ 

The upper limit whi ch has been reported for the carbon 

cross-section by Halban, Frisch, and Kock is alre ady so low that 

it would be difficult to improve upon it unless a method were 

used which is specifically designed to measure extremely small 

capture cross-sections. Such a method will be described in the 

following: 

Let us consider a ~here of carbon and a neutron source 

in the center of the sphere . The thermal neutron density inside 

the carbon will then obey equation No . 3 only in this case Q is 

a function of r of which we must not assume 1t!;- == ~ • Let the carb::> n 

sphere be immersed in a water tank or surrounded by paraffin wax . 

The thermal neutron density will then have a certain fairly high 

value at the surface of the sphere and inside the sphere it will 

be s cme function of r, f (r-) - If in a sec on~ experiment the surface 

of the sphere in the water is covered by cadmium and the thermal neutron 

density at the surface of the sphere is then reduced to zero and in­

side the sphere it will be another function of r, ~/r;J • The difference 

f {r-) -::- f t ~ f '- obeys the homogeneous equation 

]) (c) /Y,fJ .f({') ' / =- 0 
.I( r Q. 

which has the solution 
e 

f(r) c 

We can thus find A by determining 

r, for instance, r = 0 and r 

01-

the 

= r . 

e -rm-

value off for two values of 

It is 
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MEAS lREMENTS (cont'd) -//1-- -~ 

__f(j_ 
e (!___ 

2_ -r-i _f(O) w 
~r for small values of r/A 2---

-:f:t!:L 
~ 

jf- _L ff) -
f(r:?} ;; l ;4-

Using a sphere of graphite of fifty to seventy c entimeters of 

radius it mould be possible to measure the range A with suffi~nt 

accuracy. 
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