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PILE THEORY LECTURE NOTES ‘

% X K

Ao, M. Vieinberg

CApril 13 end 15, 1943
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1. Elementarx Diffusion Theory

A, Definition of cross section;

Consider a beam of particles of velocity v which strikes

~a thin slab of material of area A. ///W
Number of perticles entering A and ' {' A
passing per sec = n v A. n = beam density = - e T A T s
number/bcu‘ : !

¥

Ng = no. of atoms in 4
N = ,atoms/cc,co

+  If each atom presents a target arsa
g, then
No. of events occurring in A per seconds
nvAx¥N,0o/a ‘
No. of events occurring in A per second=
n v Nyo

O = atomic cress section
NJ = macroscopic cross section

nx velacity -

No. of events occurring in 1 cc per second = = -
‘ digtance between events

nv
w
o a A= -ﬁ%} A 2 "mean free path”

@oo travelling x without process = éxfkjl@eb, kinetic theory, p. 41.

3 g . [ 3 <y 2
Can speak of 'Y for each process under discussioun. c%ota1;295
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Bo Fick's law {Loeb, kinetic theory of gases,

Z

Assme 8 linsar distribution of
nv, nv = (va)*s. Such distribution iz zufl-
ficiently generel becausse if diffusion theory
is to be eapplicable, gradient must not vary
in‘distance of order of A, ctherwise would
be lookiny at individual particles.

rd

el g

To calculate flow through ds in xy

plans,
. number of particles sv:artlng £light per sec/d{ng (&3 ) dtT

number of particles starting flight per sac/cc in right di-

rections=
ny ds cos 8

number of particles starting fllght per sec/cc surviving &

nv ds C€oOS8 ___;9;__“ *r/)\ ax : .

A awrt ‘
dT = r& sin® d d&dr 2 =1 cos 9

“‘d'E

o

.” o mnumber of particles striking from abcve =

v - A ‘
ds T}/Z 2% on A

S e sinBcos©de. d ¢dr(vn)
ar o o 0 - = ©
- /2 v o
(m)’ 4 ds /° [ [ re ‘*“I’/}L sin 90002 eds d(pdr
411’7\. ; 0 0 O
= ‘ln"'o“ © R 29 « ‘.L' + L—-—)-v ~>:\20 2. (-e»_;l',% dsz[&-{-ﬂﬁl'}. ds
41\ 2 4w s |4 6 "

From below, [}E;Q - i%ﬁ"}i] ds
%

. » Flow from above to bslow is

1
F = number of particles/em?/sec = - '% (V'ﬂ)"l "Fick's Law"
. - i

Por constent v, define D = ~-§E 5

P = «Dnt
Note: This can be/ g;ex}eralized I‘g\»r‘cransfer of property g to amount of
' . R £ v " . RS
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Consider small element Ux dy dz 1.
Number 'm:;*’&aring face At x = X TRvax
s m lyﬁdy dz
Humber lesving face st x + dx' = - m% %EL), %-q-('jy ydz =
%
- J}S. § din.,%”} X g,y dg 4 mw(ng‘) dy d%é
301 dx
- . Net flow 1nto volume elsment is
. 5‘ & o -
+ AL gﬁin + -C”“im’) » d=lov dx dy dz = + A4 nv dx dy dz
5 1d=xf d g% dz@ ' E :

Net production in perticles per cc per se¢c is g; production in
dx dy dz is (per sec) .

q dx dy dz
Hence - {
dn N A .
2 e nv o+
gt "% -

Luplecian in varicus coordinate systens:

cylindrical cyl. ﬁﬁmetllb "gm_;h ?:?"'"d’z
sphexrical o _ el
spheric. symmetric &%Z" + _% ,6%-

1. Diffusion in absorbing medium

Suppose 0O, = atomic absorption cross section _
a _ 3 1
nN v = number absorbed per second/cm t%‘\}crav o

Te= llfetlme" sA= “N%“ = "m.f.p. for capture"
Ja

Hence in steady s’ca‘teg

A - - \‘
o PR Tazo

P

x
Any = ®Wnv + w?i’--q =0

where K= V3 e N l/é}wa is the reulprocal of the
"diffusion 1en§,¥h’ L.,

Note that D = _%g AV = _N(‘T’g
) Al
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In spherical coordinates, radial symmetry,

2 : .
dn . . =R . s Bqexfn=o
dre r dr Av

q = o0 except at r = 03 / 4Wr2 g(r) dr = Q

{t

Solutiocn of equation C.1 is
s

'n = A -§= satisfies homag. egqn. except at o.

To determine A, we mﬁsf have total absorbed = total
produced

)
= 5 ‘n’ m:av!.‘.
a1 mav”\; / r e iy dr = 'g“h.:_h:gﬁz— e e ()
G

A e -..ﬁéi.:. -.-Qb e e n = .2('..«2;;.-= =:~- g’—:—m.m;- = e-—Qn. n_g‘i{i.;,
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