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CRITICAL DI1un{SIONS 

For a large sphere of graphite which contains a lar ge number of small 

spheres of uranium 11the critical value for the r adius of the 6ra~hite sphere 

for which the chain reaction becones divergent may be calculated for various 

distributions of uranium within the graphite spher e . The optimum uistribution 

of uranium is not uniform within t he gr uphite sphere and will either de crease 

or increase wi t h r according to whether we want to have a minimum amount of u.m.­

nium or a minimum value for 1. ~he treatment of this question may as well be 

postponed until the value of the carbon cupture cross-section is known . It wl1 

then be possible to find the optimum istribut ion of uranium as a func tion of 

the distance from the center of the graphite sphere and e ive a value for 1. 

In the meantime , a very roubh approximation may give an idea of the order of 

magnitudes ·nhich are involved. In graphite of 1.7 density the average distance 
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CRITICAL DH:EliSIO.~: S 

For a large sphere of graphite whi ch contains a large number of small 

spheres of uranium lrthe critical value for the radius of the t;r a-phite sphere 

for which the chain reaction becones divergent may be calculated for various 

distributions of uranium within the graphite sphere . The optimum distribution 

of uranium is not m1iform vithin t he graphite sphere and will either decrease 
,,.. 

or increase with r according to whether v1 e want to have a minimum amount of um.-

nium or a minimum value for 1. Th e treatment of th is question may as well be 

postponed until t he value of the carbon capture cross - section is lcnovm . It vdl 

then be possible to find the optimum distribution of uranium as a functio~ of 

the distanc e from the center of the graphite sphere and give a value for 1. 

I n the meantime , a very rouBh approximation may give an idea of the order of 

magnitudes Hhich are involved. In graphite of 1.7 density the average distance 

r-;;:-: 1 
1 - to i:;hich a fast neutron emitted by uranium diffuses away fr om its 

point of origin until i t becomes a thermal neutron and re ucts with uranium or 

carbon is about 50 em. 
,...._, 'I -rf' For /__? -1 we find for the critical ra-

dius 1 from 

1 ~ 250 em. This corresponds to about 100 metr ic tons of graphite. If the car­

bon capture cross-section is lower1 then l will be smaller and the amount of 

graphit ~ re quired might perhaps be as low as 20 tons . 

The amount of uranium required can be calculated 

-= 1-7,..,.. a'--~--
6 b,.. 1 ,LA>/a 

from equation No. 33a 

It may be xEiNEEN kept down by choosinG a smaller value for R than the value 

corresponding to the maximum value of f. . For R = 5cm. and q~ o.~ 33a gives 
) I -;::: /if O, 03.3~orrespond±ng to 3 0 tons of uranium for 1.00 tons of gr a:phi te 

For l arger values of ~ q~we find a smaller ratio of uranium to carbon . 
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CRITICAL DIMENSIONS 

·· If a large sphere of gra:phi te is used ..._, a a&\lt••• u,..e& J:daii:U (ia tile 
1, I , • 

1 mt •• the critical value for the radius of the gra:phi te sphere for which the 

abf4n reaction belomea divergent may be calculated a;;Iontaa•el' under various 

assumptions. The optimum distribution of uranium is not uniform within the 

sphere and will either decrease or increase with r according to whether we want 

to have a minimum amount of uranium or a minimum value for l.~tt ·rf tila& 11'1 

~,s .: tatt g~&p~ittt epks•e. The treatment of this question is :perhaps best 

postponed until the value of the carbon capture cross-section is known. It will 

then be :possible to find the optimum distribution of uranium as a function of 

the distance from the center of the gr aphite sphere and give a value f or 1. 

In the meantime, a very rough approximation may be presented only for the pur­

pose of giving some idea of the order of magnitudes which are involved. If 
,~ to 
y ~ denotes the average distance~hich a fast neutron emitted by uranium 

diffuses away from its :point of origin in graphite until it becomes a thermal 

neutron and reacts with uranium or carbon1 then t he critical radius l of the 

graphite sphere is of the ordt r of magnitude of 
> 

100 aetrio tons of graphite. The corresponding amount of uranium can be taken 
.tJ ~ "'""' from equation No. 33. For IT ::: -,, ~ ; ,,..._-= O.j 

we have ..J/:. ~ / O"l) 

; f== 0 ,y ; and R:: .,r·~ 

~I<~ 
aa••lith the ~nsities of 15 for uranium metal and 1.7 for graphite we find 

for the ratio of the wei ehts about 1 to •lO or about 10 tens of uranium for It 

100 tons of graphite. The amount of uranium required may be reduced by choos­

ing a smaller value for R than the value corresponding to the maximum value of 
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CRITI:; L :-Ir.K:.SICIT3 

~or a lar~c splere o1 3raphite ~lie~ contains a l~ree nu~ er of s ,all 

ur~nium spleres the critical value ~o~ the radius of the Graphite 

sphere for which t1 ch~in reaction beco~es diverge~t ~ay be calculated 

if the value of the nucle;.r constants involved is ~::no17U. The treatvJent 

capture cross-section he.s been ""leasured. In t,·w '"JCa:Tti"'1e, a ve:::y rough 

e.pproxi'·'iution rn""y bivc an idea o"' the order o+' 1"".:;nitv_cles yr"'J.ich are in­
" valved-. In our system"the mean distance" -r to vmich a fast neutron 

e~itted by uranium diffuses away ~ro~ its point of origin until it be-

comes a thermal neU: tron and re0cts ':'l'i th uraniurn or ce.rbon is about 50 en . 

li'or ~q - 1).:: ~ we find fo ~ the critical radius 1 from 

L ;;;- I /3792. J 'l,..-v-;::r-/ 
1 : 250 em . This corresponds to about 100 metric tons of graphite . 

The amou.1t of ure.nium required can be calculated 

t ~ t 
I 

from equation Jo . 33 ~ 

ue corresponding to the ~aximum value of ~ • ~or R • 5 eM . and q = 0 . 6 

"k """'" equation 33a would give tJ ... 0 ~~6 corresponding to 30 tons of 
~ 1r 

uf anium for 100 tons of graphite. ~or larger velues of q we find a small 

..._ r ati o of urc:mium to carbon . 

NOTE FOR l!JEMORA1IDID! OF July, 1940 

~his formula corresponds to a treatment wh ich was first applied for th 

t h e determination of the critica l r ad ius in 1934. Appendix No. • 
is a copy of pages contained in an American Patent application which was 

to prevent its publication 
filed in 1935 and subsequently withdrawn in conformity wi th the pledge 

given to the British Admiralty. i11 :g:.J 

The equation derived on these pages leads to a critical radius of 

where stands for and 

stands for • 
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