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I shall atbe fm% in-whet Tollows to glive an oubline of the

pile working with gza"’iimﬁsi} urso i end graphiie.
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The resulis sod the mebhods that 1 sm gm g bo fistuss have

’o@em shiainad partly independently and partly in ‘ealiabom,%im with many.

pecple who partw pated in bhe sarly development work on the chain re-

t
a

acblon. Y@*‘v mpomwt sontridubiong to the theoretisal idess wers

given by Szilard sm"‘ Wigner o mny physicists conbributed enperimental

resulbs thet h@lpe d to Z& ad ‘the way. Among then H. ’Lo ﬁad@rﬁm@md

W. He 'Zixm-f;@.rst &:?.: Gols;mbi& Toiversity snd I ter w' the ¥etallurgioal
.‘M“oo;auz.s"v of the Unv'm'm by of mcagm R, B, filgon az,a B. Creuts &t .
' Princebon: Allison, Whiteker and ¥, C. Wilson at the 'Ge,.'mversﬁay of

Chicago, The production of the chain reaction was finelly achleved in

N
o

the Metallurgical laboratory dirscted by 4. Ho Compton

,&bsox*pmcm mﬁ ?x‘mﬁm .wn of Neutraas. in & Pile

g oxink

Te cmsi&ier 8 mA.BE, ’hi:he pile”, containing urenium spread in

some s2 itable az*w‘*ngmwrz'c uhra rhout & block of graphite. Whenover &

pes
0

o ~ fissiom méms place in bthis syes%m an average number' ¥ of nentrons,
emitted with a Gm*:mususz 31 a‘v‘*v-i*ﬂu’mcm of azw:rgv of the order of

jamgnituﬂ@ é)f"sz million of electron wolis, After s neutron is emitied,

i"cs'ém?gy descmasaé by elastic collisions with the atoms of carbon and

*i:o some @x”teat also by matas‘aic aellxszona wuh the uranivm eboms. - In

™~
;8)\ i‘ha m&jwit}r of cases the neulrons will be ‘slowed down %o tn@rmai en@x'gi@so
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This procaess raquives shout 100 coliisidns'with carbgn;atomﬁo After

the energy of the newtron iw raduced o %aﬁrakﬁ vaiuﬁﬂ the neubron

o

koepe @m‘&ifﬁﬂﬁiﬁg until it is Alﬁﬁiiy m%eeﬁ3 &u in several cases,
howewver, 1t will heppso that tﬂ&'m@utran iz abserbed before the slow=
ing duwn vrocess 1s complatsd.

Y,

The neutron mey be absorbasd by eibher the carbom or the
wranivm. The absorplion cwoss-gapcdic n of carbon for neutrons of therma
anergy 1s guite small; ibs value heing approximately 0005 x 10 “"“ © o

For g ra%higo of densiby 1.6 this corresponds o o mean free path for

_absorpilon of spout 25 m. It iz beliowed that the sbsorptlon oross-

’ section foliows the lﬁv law acd aonseguently the &b&arpt;aa,ﬁraﬁSW
‘ - mesbion which ls aiw@aﬁy guite small at Thermal aﬁﬁvgia maaam@&

ﬁweeuzmaaiy negligivle for nentrons of higher energy. It Is, tb@ siore,

a sulfic ﬁéatiy gooé &p@?ﬁﬁ:: on b essume thet abeorpbicn by carbon
: : Auring the elawing down py$¢eS$ esn be neglected.
(. : : Th@‘abaarpﬁiaa of @ neuwirm w“ wranium wey lead either to
fi$siﬁm or to absorption by an {ﬁ;‘ﬁ'} pﬁaa@asg We shall refor 4o
:N_ this last a¢ssﬁb 13ty sz the process of 88 CRAnce aESQrptiﬁmu The
‘k”\ ‘ ' 3@i&tiVﬁ Importence of flasiom ard r@ﬁ@ﬂaﬁaﬁ.a;ﬁﬁfpﬁi@a in the different

NEPEY jntervals ig not the seme. In this respect we can consider

roughly thrss. intervals.

o6 N@u@rﬁﬁa"with enprgy adove the fissla hresheld of 32569

We can vall thas& cony enbior alay Hlast m@utrmnamg Fm?;f&ﬁt newtrong .
the most laporten anaarpt«an ?T@buﬁs is f ssion whish normally takes
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Por api-thermel neeiroes the most daporbant absorpblon process la the
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S T LS SR b 2 g By e Ty & NPT . e P
resomance capture.  The srosse-ssoilon for this process as a of
. . : '
. gnargy is gxibe ilvrégpulanr

% ; " “ e g ; R T o t-.w. o T
¢y Weoutrong baving thermal sglitebliop ervegy or bherm L

2 " e N P " "3
navkrona™: For bhermal

bovh Tthe zesa*mac and fisaion

beorption processes arg am rhavt. - In bhis energy range both orosse
Tasobioms follow e m'uy e and therefore thelr relatlive

N B s N £ - ,.m e & e N Ao 4 g ot e - o~
- . importanwe besomes practbicelly sndant of the eusrgy. & ‘

and o, e the crossobeobiohs for flesion and resonance absorpblon fop

‘

. P .\ N RPN U Sy TV v FS Ty 2 e A g
neubrone of energy kD sud . be Ghe sversge nvaber of nsultrons emitied
£ Z N Z hew 1oy N ¥ W ¢ ¥ i o l
wher & therms in absirbed by uranium. n differs from Y
] v P Lo P S S ! Fow BT el s .
aincae only the Traebion b glgg of all thse al 10;&1@4 LR ;

absorbed by uranlus prodnces o &

N {1‘} TR ﬁ;v’;{ a4 Q}j
w B ' i
~ . . The preceeding discussion leads one bto conolude that only

by pro=

& fraction of the origiral fast neubrons preoduced will end

ducing a fission process, For sysbtems finite sizs :‘J‘m‘t?mv losses
of meutrons will be speoted by leakage ojl.*i::s:’,ﬁa the pile.
Idmlting ocwsolves for ’t?sﬁ g)x*'é:::ﬂ@n'i:\i:m« syst@ﬂé of lﬁ:;ﬁéh%i@&il}j
’ infinite dimeusions we shall ca}.'«. e ﬁw probabllity that e fast neubrun
| . uatime 33{‘ is sboorbed by the fissivs prosess. The average number af
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abtoms to reduce the

way be aboorbed.
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therimal energy. Oes of the moest importen
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yploal structurs of & pile is a lettice of wraniua

L "

e ©

lumps enbeddad in & wabriz of grephite. The lattlics may be for

“

instance & oubie Iatbice of Lunps or a JBitblice of rods of urmﬁiama

Thiz latter arrangesent is slightly less efficlent from the point of

view of the nsutren abrorpbion balanee bub Qf?ﬂg presents some pracbi-

By
.

cal sdventogss since 1% nakse the ~@movai of the heat produced by the

pile more easy. In the present discussion we SMuﬁi conaidar only

In C:d@w e evnlvate the reproducilon factor one mush be

‘able %e gaiaz Ee the rwam&c Lities War the variocus prosesses menbioned.

£,

wa sl &3 brigf

ahy indicat@ some points of view Whieh.m@y be used in

N

the prweui 2l calcuiation,

emsperse

Probability of Flssiom B@as:é Slowing &rwn
The V&kuﬁ of %haﬁ o antity la very easily csloulable for a

vory swmall lump of ureniuwm. In this cese it ie chvicusly given by

2 ~" s B o i .
if’f pz;& &8 ¢ B né
- N
whars & ts the sversgs wvalue of the fission orocas=ssoblon Tor
v ¥ 3 5 o ) © ) a

fission neutronsy n is the comoentration of urenium stoms in the amy

and d is the &v@r&a@ vaiue of the éimtana@ th&%‘the nau%r@n produced

a2

in the lump must travel Defore re@&ﬂzng thé surface of tﬁ@ hamp. The

£%

sase of & luxp of iﬁ?@qf-a ze is more compiieat @d gince bthen & } s 1e
collision praamﬁsea'ﬁaeama important and bot% elastic and . inglas ﬁaﬁ

s

seatitering play a sonsiderable role. In mriicular the last process

%

for a lump of large size effectively sliows down the nentrons before

-7
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He ’.“%T"R@ﬂbb of this bype have been p@m"':s?m“m@ﬁ firet av Princetom.
University and the reguits have bsen ow Mf.nz':mf::d in }};*w*“ai cal formulee thal

feulation
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- ) g P s DU a1
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‘ ©OFF urenivm and carbon werd uwniformly mimed o thermal neutvon
. . ‘ . B R

By Yy

-
LS
2

N vt
5 LR, ST Ry
& % St i: ‘ N ?;4 Gt ET

B be sbserh m% by umnuml m 'th is Tormw “m, “m and ¥ gx repres esent: Eg v aumbers
of atoms of carbon and of uranium per unit vcaiasma.; end Gp and Oy reprassnt
the cross-seoticne of serbon and uranium for bHhermal neutrome.

‘

More complicabted is bhe ocase pi‘ a lattics ﬁmt‘*bw&im of lumps

of ureniv the dens *t“r, of thermal neuwbrons ’" hr oughout

ie large at the pldces _i’mm fron the uranivm

&

c})
£

ot
o

this  svsber 3
o # )

it

X

Clunpe end swellier user and inside the urenium lumps, due to The faot that

the sbsorpbion of thermal newirms is much g;m@m i:» uran i than in

e

cgraphites  Ied L B ﬂq b the 2ES densities m‘? thernal n@wtwm@ 3

;«

graphibe and in the t;.mm,um lomps. “"h: auwnber of thermal neubrons absorbed
by wranive and by carbo will e propordi m%l vo By Py By end ¥g g gy
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, B
fi, and By using the diffusion theory. The app proximation is md@ o

: bhe lettice ¢zll by a spherical ;;:a'.i,}. ‘m,'fiing vmiium@ goual to

that of the act al soll with the boundery smditich that the radlel

v

- 9 v £y

D , : APPROVED FOR 'PUBLI C RELEASE S




«

APPROVED FOR PUBLI C RELEASE

"ri‘uari‘vm‘:ivl&a of ‘*«“b;e denisity of neulroe vanishss at rlm '/mzzf*:éf‘wm .'L‘?f."\fn@

/-s\,:;xi"m‘rs:‘ws:.;. It is el50 asoumed ths ko tha ‘mw.'%zm' af 3 ”%uu'“ﬁi..f‘é shomad \‘
down So thermal energies per wnit time volume 18 constant through~
oub in ‘hh\ graphits part of the ewli, This ep ;;»ra:é;%’m& 4l
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/ :

“a,
. }\_ a'%." f“
( 8 ‘,g ":f;, oo GATRORIRIIGY Uk B A DR SN TV
REV A ER 1

where § is the rof lsetion coefficient of the lump for thermsl neutroms.
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ﬁcmminmg n large XKumber of {3@%

iattice i
Tha dens? *ﬂ, of noulrens of suy bwau ﬁmr%« in a lattice cone
taining & large number of sells is s functien of the posit ticn in the

Tatbize. (ne ssn arriv ab a simple methematicsl description of the

2t approximation the
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