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Qondi~iona ~ A Chain Reaotion 

:fi~otes the fraction of fast neutrons emitted by uranium which are 

slowed down;;.;; thermal region and are absorbed as thermal neutrons by 

uranium and~~ denotes the number of fast neutrons produced on the aver~ 

by uranium for one •thermal neutron absorbed by uranium then obviously 

(4.9) 

is the condition for the possibility of a ohain reaction. If this oondition 

is tulfilled then a divergent chain reaotion can be maintained in a sufficient

ly large system from which only a small fraction of the neutrons emitted by 

the uranium within ~e eye••• can escape across the boundary of the system 

without being absorbed within ~fie B)l•:t•m. 

~ooordingly, the condition for the possibility of a chain reaotion in a system 

composed of a lattice of uranium spheres embedded in carbon 

(50) / f c.r.-r > I 

and using equation No. 30 we find CIA-. > /-/~~ 
/'- f'~ " r:J, 9 > I or 1 ... ,... 0 

From whioh we find by using equation N.o. 21. as a sufficient condition for the 

possibility of a chain reaction 

(51) 

Using the value of~ : 2 f• a ,re•~aely eeftsezvat1ve v~ we have as a 

suffioient condition 

/.I 
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In order to see now wheth er a chain reaction is poss ible VIe have to calcu

late !rom our formulae the numerical val ue of C, • lfe shall uo that in the fol

lowing under the assumption that t he energy liberated in the chain reaction will 

maintain the oar on at a t elliperature~about 900C~ and in order to be on the oan-
2?) 
e shall assume that the temperature of the uranium spheres in 

whioh most of the energy is liberated is , in spite of efficient cooling, about 

the same. 

Since we have at room temperature G' J'C ) .( 0 • 0 I 

a capture cross-section of carbon half of this value. 

we shall have at 900 C. 

The scattering cross-

section of uranium for be ~ I! J '::::::_ 9 thermal neutrons we take to VJ. vt
1 

• Finally, 

at room temperature we take ~ (Ll ) -= f. and coreespondingly we take at 
r- fL( o-..oPt) '2.. 

900 c. v &<' J -= ~ For a density of 
<J';fu; f 

uranium of~5 we then obtain from No. /¥ 
) 

/' E =. If 

In reality the 

graphite of 1.7 and a density ot 

fv n. -= ¢' ~"'- 7;{2 f J 

place in 

\ie muoh small-

er than the upper limit which has so fur been established and consequently 

there is hope that conditions will be much more favorable for a chain reaction 

than would seem from the values so far quoted. 

The amount of carbon and uranium required to reach the point of diver

genoa at which nuclear transmutation will proceed at a rate limited only by the 

neoesaity of avoiding over-heating is essentially determined by the value of 

(/" t -I) 
and 
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In the following we shall calculate how the value of this ex-pression 

deuends on the value of the carbon capture cross-section at room tem~erature. 

We shall take the density of uraphite to be 1.7; the density of uranium 

metal to be 15 and choose R = Scm. * 2.J) 

We then obtain for a capture cross-section of carbon at room t emre:::atur,· 
~ 9o-t:> c C) /,'- J/ 

of cJ, 0 o .s- the following set of valueS\: /f' = & Y ~ · -c:_ -=- 9 · / 7-.:::- 0-606 

f = ?...7 ;' 1~ = O. b~/ / fer-r.r-=- 0, (G (Yn4( 8~ j'- ~ 1.. 

-== o .. 32. 

of carbon at r were l> · o 0 . .3 3 
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