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PILE THEORY LECTURE NOTES 

... *' It: 

Au Mo Weinberg 

April 13 and 15 9 1943 

"'* * 
1Q Elementarl Diffusion Theorl 

Ao Definition of cross section: 

Consider a 'beam of particles of valod ty v which strikes 
a thin slab of material. of area k. 

N\wber of particles entering A and 
passing per seo = n v A. n = beam density e 

numberlocv . 

",/1 
.",,' ; 

I 1\ L ---1/ .~ 

a I then 
Noo 

If each atom presents a t~lrget area 

of events occurring 
n v A x N"A a/A 

in A per second..., 

Ha 
N 

~ noo of atoms in A 
... ,atoms/c",c v 

Noo of events occurring 
n v NAa 

in.A per second= 

0" '" atomic cross sectj,arf, 

NO w macroscopic cross section 

nx 
~ No" of events occurring in 1 co per s'econd 

distance between events 
nv r-

'. 

58 A !!; "mean free path '. 

~o travelling x 
Can speak 01' ~ 

II. 

without process £ e~/hJLoeb, kinetic theory, po 
for each process under discussion,,' 0total ",ZOi 
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PILE THEORY LECTURE NOTES 

Au MQ Weinberg 

April 13 and I5 s 1943 

10 Elementar~ Diffusio~Theorl 

Ao Definition of cross section: 

Consider a beam of particles of veloCity v which strikes 
a thin slab of material. of area A-.. 

Nlwber of particles entering A and 
passing per sec = n v A. n c beam density e 

number 7 co v , 

C1 I then 
No., 

If each atom presents a t~;rget area 

of events occurring in A per second.., 

Ne. "" no. of atoms in A 
N .. ,atoms/coco 

n v A x WA a/A 
of events occurring in A per second= 
n v NAa 

a '" atomic cross sect:i.ol~ 

NO w macroscopic cross section 

No., of events occurrinG in 1 cc peT s'econd "" 
dist~nce bet¥:ean events 

" 

A ~ "mean free path" 

~Oo travelling x without process"" s.:x/i.. J Loeb, kinetic theory, p" 41" 
Can speak 01' f for each process under discussion,,' 0totalf.i:Zai 

.. 



IIIP . 
,'-

tit 

e
\ 
:,. 

--';;. 

• 
'\ ) 

.! ( . 

=2= 

Do Fiok~s law (Loeblj kine·l.;ic theory of gases 9 po 224) 

_ z 

A-:'S)ffifj '1 li.Y:eal'" distribution of' 
nVE! nv (v.a) ij fo. Such dj.striollt5or. is 81.1.:t~ 

v/dt 

ficiently general because if diffusion '~~heory 
is to be applicable» gradient must not va;r:y 
in' distance of ordel~ of A" oth0!"tvis€) .' ',\-/~--be lookinG at indiyidual particlE'JI:>" 

p lanEi 9 

x.' 
To calculate f'low thro\ic;h ds in ~! 

number of particles starting flight per sec/J/ "" (~V) dt 

number of particles starting flight per sac/cc in right di~ 
rections'" 

'~"'<t ". d 
A 4 TI' r2 '. 

number of particles starting 

JlL 
A 41'1' 

d t "" r2 sine dq> d9dr 

flight per s~c/cc surviving ~ 

e,"",r/A. dt: 

Z .., r cos a 
.) 

" number of particles striking f'rom above '" 

4f(}~ 

1'1' /2 2ff' 00 =it4. 
/ / / e sin (:;) cos e de d 9dr(vn)o 
000 

, tr/2 2n' co . . 
"'" Syn1 ds / .1 1 re=r/A sin SGOS2 adS d cp dr 

41'1'i\· 0 0 0 

I "l\ <'O+~'jV·f l 

r. vno_ "A", 21'( " .1...' -+ ivn2' " A 2" 2 1"(" (+~ ljdS'" ~+~ 'AJ ds L 41"!'A . . 2. 4TfA 3 1 4 6. 

l~ota : 

Fr~m below" ~T ~l 'A]' ds 

o~o Flow from above to below is 

I.~_~' n~be~ar:iCles/cm2/s-~(~ =-~-t -<4 ItFickls Law" 

For constant vD defineD = ~=~ 9 
3 

]i"" -Dn Q 

'!'his can be generalized f'artransfer of property g to amount of 
~ . .' ,.,.?.I~,:; __ cCO • }. f .~,~" f. :. _<_, 

'

e· 

.\ ) 
.! t· 

Bo Fick"s law (Loab y kine'cia theory of gases 9 po 224) 

A r.S.m:lO 9. 1 i T',ear dist.ri bution' of' 
nvp nv !e (vn) ~ f.o Such dJ.stribl,tior. iG s:'1f·~ 
fliciantly general because if diffusion '~~heory 
is to be applicable, gradient must not Vf1.!'Y 
in' distance of order' of A", oths!,"(lfi8(1 ';'lould 
be lookinG at indi-yidual particles" 

To calculate flow thro1.;lch dE; in }':;! 

number of particles starting flight par sec/df "" «'\,.V) dt 

.number oi~ particles starting flight per sec/co in right di= 

lifota~ 

reotions>;e 
·ds cos~~ dt 

A 411 r2 ' 
number of particles starting flight per s~c/cc surviving = 

J1~ • d~ co;.JL e=r/A. d 1: 
A 4Tl'r 

d t "" r2 sine dQ d9dr z "" r cos 9 

number of particles striking from above "" 

11' /2 2'1( 00 =~ 
I / I e sine cos e de d 9 dr (vn)o 
000 

.A" (vn) ~ 
3 . 

I'Flak i sLaw" 
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Consider small element ~ dy dE 
Numbs);' nntoring fllce at x'.., 

, J. \ '\ d lnv' , 
".A. "".~l-.!=,~,~dy dz 

3 d x /' 

L--J tl. \1"4·· 
~~ -) 

1-~X+4'" 

";r ' =] • f' t J." . d(nv) re :/:;., d !lllflloer .E!s.vl.ng '!;1,ce f.. J( -I u.A "'.. ;3 "(l;-~" V:4+...urIY .Z "" 

rl _9,(n,~J x dy 
;) .... d Z; 

d~ ... Jt,(nv) dx dv da: ') ~ 
d ;1(2 ~ 

Net i'10r ~ volume element is] . 
}. ( nv ) J nv . 2 nv' .. + ~~ tJ."">=,,,-, ~ .cf~~~J ... d.~~_ dx dy dz '" + .1;...6 nv dx dy dz 
3 _ d x2 d 1'" dz" . . 3 

Net production :in particles per cc par sec is q. production in 
dx dy dz is (per sec) 

q dx ~Y dz 

Hence 
_ = A 

~
n" '-'{ 

d t ~ -3' f:.. nv ~ ~.1 

La~lacian in various coordinate syster:18 g 

cylindrical' 
spherical '; 
spheric sywl1stric ~ 

dWi" 

• dZ, 2 
cyL symmetr~c ~+_l. 1:t ... ..til'\' 

dt-2 r or dzG 

~ ~ .§1:-

L Diffusion 'in absorbing modium 

, 

" 

l~ 

i 

Consider small element ~ dy dz 
lJUlnbE'n~ fmtoring face at x' til 

",.1.. r.LilJy':J...,1,'dy dz 
3 d x /' 

ii'llluber ~.es,ving face f<t :it: -I' J.x u ~. 

I
r -9,(l'J.;~d x dy d!'.: + .d: (nv) dx dv dzl 

;) .... d z; d ;x:2 ~] 

" ' 
Nat flow into volume element is 

+.A.. Irll~i> + c'Ll~~) ... <::f 0ly l ctx" dy dz "" -I A.3 6. nv dx dy dz 
3 _ d x2 d jf'G dz2 J 

Net production in parti(;les per cc par sec is q. production in 
dx dy dz is (per sec) 

q dx dy dz .. 

Hence 

Lu~lacian in various coordinate syster:ls ~ 

cylindrical' 
spherica2 ~ 
spheric .. symmetric sf~ 

dii'-

Diffusion 'in a.bsorbillg modium 

Suppose 0a ~ atomic absorption cross section 
nN,\v :: number absorbed per,second/cm3 fNQlv, "" 1.. 

1: "" ~lifetime'ta.l\."" ---A- '" "me f" p~ for capture" L 
" liJa. 

Hence in steady state;; 

( '~ A nv ~. * .... q I'! 0\\ 
~.., r . , I D. ny" ... 1!,2nv ... t q I ""'0 

where X= ~ fill, N V.3oo'; is the reciprocal of the 
"diffusion lenr;i!hn $ Lo r 

Note that D ~, t AV '" .. llka IS 
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In spherical coordinates l ra.dial syml'uatryo 

-~~ -I- ~- + .....;L q'!ax 2 
11 "" 0 

dr2 r dr A v 
q Ie 0 except at reo·; /4il' r2 q(r) dr Etl Q 

Solution of equB.tion C" 1 is 

,n = A ..§..:"'lUr 
r 

satisfies homago eqno except a.t 00 

To determine A, we must have total absorbed ~ total 
produoed 

'00 

4Tl' :rbavA: j r 

1Il2 00 A':;t __ ..e.~ 0 

NOaY 4 Tr 

. -.. . A'T( N::i",-vA. "" (l e='- dr ,,' ~""'~'~':~ -.;. 

}(.z- $,?==~ '" .., n ~ -~--
C 0 Noa.v 41T r 

"JL 
4TrD r 

..t .' 

.. 
\ • 

• 

C,.l In spherical coordinates I radial symn'latryv 

-~~ + ~- + ...,;i... q 2 
""X n "" 0 

dr2 r dr AV 
'-" 

q "" 0 except at r e OJ .! 411' r2 q(r) dr a; Q 

Solution of equs.tion C" 1 is 

:n satisfies homago eqno except at 00 

To determine A~ we must have total absorbed ~ total 
produced 

'00 

411' N1avA: I r 

liz °0 A""-~- Q 

NOav 411' 

.. 
•• 




