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Construction of Solution of ( A q = * ) 
1) I-dimension 

Consider an L~f1n1te plane neutron source perpendicular to 

r·he z axis. 

~., . .-----1 q = q(E) :: slowing down 
density of neutrons 

--.--~ 

'"z 

----The slowing down density of 'neutrons for a point source is: 

q = q(E) = slowing down density of neutrons. Since q = q(z,i(), 

D A q = q. If Ddt ~ d I: so that ~ q = dq/ d At: • Also q = q (z, "'t); q = ~; 
~2 

and q" :: ~~. The equation then becomes: q'l = q 

M:sume q (z, -;;') = ceaz + b t" , where a and b are constants and 
. . - -

.£ is a const,ant c = cea.) 

but 

qf = ace8.Z + b't 

q' I .. - a2ceaz + b ~ 

q :: beaz + b'C 

2 
a = b 

Substituting back into the assumed solution,. o' : 

q(z,r) = ce~" ~ Of *#M£'h):~ 
.. ,"Sn!t S ~7~o - • " ~:-::-.!:& 

f[ "j outs.mtttp.~"Tl:/iiIa J I m,~ 

,.., s I m"lil~' ._as '-

Construction of Solution of ( A q = * ) 
1) l-dimension 

Consider ~~ h~finite plane neutron source perpendicular to 

t·he z axis. 

q :: q (E) :: slo'Vrl.ng down 
density of neutrons 

The slowing down density of-neutrons for a point source is: 

'l = 'l(E) ::: slowing dOl'm density of neutrons. Since q = q(z, 1:'), 

DAq = q. If Ddt:.: d ~ so that A q ::: dqjd At:. Also q ::: q(z, '"'C); q :: ~ ~ 

and 'lH - .!J~ - aZ2" The equation then becomes: G.! I = q 

A~:sum@ q (z, Z') where .f: and.E are constants and 

.£ is a const,ant c = c(a) 

q' 
az ... b "t 

:: ace 

q'l = a2
ce 

a.z + b"" 

but ct 
b"'" :: beaz + " 

• 2 ::: b . " a 
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To connect this solution vvith a Fourier Series, let a = iw 

where i =,r:r and w = parameter, therefore, a2 = -vf-; the solution becomes: 

iwz - "'?---r q(z, "t') = c(w)e , 
where constant c now is expressed as a function of the parameter Wo 

Since we are not interested in the previous history of the 

neutrons, let us choose z = 0 at the infinite plane source. Then c(w) 

must be chosen to fit this boundary condition. 

From the expression of the limiting form extending over the 

infinite plane of Fourier's Series, we get the Fourier Integral 

1 +00 

q(z, 0) = ::H>4# f eiwz c{w) dw 
-a> 

+CD 

( ) 1 / ( ) .. iwz c w = .1""X'iff q z, 0 e dz '-::-. 

-00 

Where q (3) is finite and continuous and single valued for all values of 

z or if discorrl:,inuous, must have only a finite number of maxima a.11.d 

minima in the neighborhood of any given point (see Byerly, IIFourier's 

Series and Spherical Hj3.rmonics!l, Chapt. II). 

The general expression of the slowing down density for a point 

source over the infinite plane then becomes: 

l' Q) , 

q(z, "'t) = ~ f eiwz - w'Z'( c(w) dw 
-co 

+00 

q( z, 1:) = ~ L eiwz - w
2

-;; 

.,. 00 

d 1 I . , W72'fi q(z!) e-~WZ dz' 

-co ---- - ....... -=-r .. ~····~ .... l.I1. ........... ..., .LU, ... """,,,,~ ................ £ ...... u ......... ''''; t,· \.~ l.t..W.tt.vt.l.ul 
U";;;i"Udlb' is - e 

-~~ A .. t W S ij 'l q1 rdf T~_ ----Z!--'m : -~, ~~JI ~,.<g6AM ...,1 ally Manner to an 
£ _ i 

\ 
~ 
" 
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To connect this solution vv1th a Fourier Series, let a = iw 

where i =v:l and w = parameter, therefore, a2 = -w2; the solution becomes: 

q(z,"t') :: c(w)eiWZ - .,,;z~ , 
where constant c now is expressed as a function of the parameter Wo 

Since we are not interested in the previous history of the 

neutrons, let us choose z = 0 at the infinite plane source. ,Then c(w) 

must be chosen to fit this boundary conditionu 

From the expression of the limiting form extending over the 

infinite plane of Fourier's Series, we get the Fourier Integral 

1 ... 00 

q(z, 0) = '72'W f eiwz c(w) dw 
-co 

+<D 

c(w) :: ~ I q(z, 0) e*~iwz dz 
. - <D 

where q (z) is finite and continuous and single valued for all values of 

z or if discorrtinuous, must have only a finite number of maxima and 

minima in the neighborhood of any given point (see Byerly, IIFourier's 

Series and Spherical Hfl,rmonics", Chapt. II). 

The general expression of the slowing dovY.n density for a point 

source over the infinite plane then becomes: 

. l' ro . 

( "t) - 1 I iwz - vl-t: ) q z, - -::rz.;; J e e(w dw 

q(z, 't)= 

-co 

CD 

i 
2_ 

wz - VI I. e . 

4,1 _ I 

.,. 00 

dw 7~1f I q(ZI) e-im ' dz i 

-00 
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where 21 ~Zr is the independent variable for which q = q(z,) is 

expressed in terms of the parameter w~ Simplifying and combing: 

, +00 +00 

q (21, 't") = 2l
'/r' ( q(Zf) dZ'! eiw(z - Zl) - vl-,,; dw 

":-00 :'00 

which is independent of the original source. 

To get exp [- [..;. - iw (21'- 21 9») 1 into the form of the 

Gaussian function to facilitate integration, \w must complete the square 

[~{z~~.:l] 2 of the two terms of the exponent. Add and subtract ~ 

- [r.,2or - iw(. - z' >] .. [i(~ 9fl t t Cz ;; 1?~ 1 
where i 2 = (.,; _1)2 = -1 

[ 
-l .. r:;; i(z - zt '] 2 • .ll; - 21' )~ 1 or - w ,~ - 2...r=" ' 

Ill;; 47. 

let - A = [Vl'f~ _ i( Z - Z I )] 2 
? "tI';;r 

then teo 
q(z, "'t').= 2~ j e-(z - zt )2/4"r q(zl} dz t 

-00 

This :l;.atter integral is of the form of 

-00 

f -a2X?- dx - 1I1f e ... --
a 

- 00 

+ CD f e-A dw 
-aD 

A = x?- = [wYf _ i..L~~JJ 2 ; ,x = [w i'f- if~ fi'l:!l ] 

where a = 1, 

2xdx = 2 L-wrt _1.C z - ~!lJ" -if dw 
2 V't" 

dx = fidw 

• 0 ·0 

00 

1 f -A ;liP V¥ e dW=~ 
"'00 "2:" 

'" 

- 3-

where z -:-iI' z! is the independent variable for which q = q ( Z t) is' 

expressed in terms of the parameter wo Simplifying and combing: 

+00 +00 

q (z, ''t'') = 2111" ( q(zt) dZ'! ei1'1(z - zt) - vl-1: dw - .... -00 -co 

which is independent of the original source. 

To get ex.p [- [v? - iw (z'- z')] 1 into the form of the 

Gaussian function to facilitate integration, we must complete the square 

of the two terms of the exponent. Add and subtract [i(~ W:J.] 2 

-fp-r -iw(. - .'>] ... [i(~ #'If T (. ;; ~ll 
where 12 = (,("_1)2 = -1 

or _ [[wfi _ i(~ :;;'ly+ ~ ;; ~)21 
let A=[Vlfi_i(z-ZI)]2 

2 'V'Y 

then jt co 2 
q(z, --r) ,= 2~ e-(z - Zf) /4~ q(ZI) dz t 

-00 

This ~atter integral is of the form of 

-0) . f -a 2..x?- dx - '7I1f e -~. 
a 

-00 

A = ex?- = [W-vT - i'~ :vi'l J 2 l ,x = [w -f'f- i(~ n~ ] 

where a = 1, 

.1 

• • 

2.xdx :: 2 L-vnff - i( z - ~ !jJ--if dw 2vy 
dx = fldw 

• ~. • 0"'" 

CD % If -A --V¥ e dw - 'VC--
... 00 
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teo 
q(z, «) = ?~! e-(z - 211 )2/4 q(z!) dz' 

-(l) 

q(zt) = ~ function which equais 0 at the source and equals 1 for all 

values of 21· away from the source. The slowing down density for a point 

source then becomes: 

q(z, "'C) =,.. .. ~ e- f< z - z, )2/4 "'CJ 

for I-dimension q(z, -t:) = 2 ~ e - [(z - z,)2/4 "'" J 

. where there are Q point soUrces per ~. 2 • 

2) Calculation of the s16vr.lng down 'density for 3-dimensions 

q = q{x, y, z, ~) 

c = c(lS) where if is a vector parameter iri. 3 dimensional space • 

, 'tCO 

c(w) = (~) 3J (- ) -it·~r . , 2tr q r, 0 e dit 
-(l) 

and therefore ' 

~ I~ ~)'S r+~9 Y!/! ~(WJ=l~iFj£.3(~o)e-L dw 

be.(;~ ....... 5..c;. . ' __ • +iI!'P ;;4';>' ' I' " ....J", )( . (.4M-

c.{,;j'J = ~ L 11 (x; 0; ~ ~i 4 cl,.)J( 1:tr _",,'t(~$ 9o;e &.~q L,l!.( wil
)] 

, -r~ , 

[C(w~= ~ i~(o.-ill ~ V<i<'1odw~ .. ' 

~. J. .1(xJ. ~~ 0) 1...(01;; ~ ~Pl ~~ 0)::. t(t; V 
~:::-~..vK+-.JWq.1-7r~ ,.' 
j),:;;; L X + J'!l1> (1 ~ r::-"2: 

~\'\ -4-

--!\~ 

teo 

q(z, «) = 2 ~! e-(z - z! )2/4 q(z~) dza 

- <D 

q(zt) = ~ function which equals 0 at the source and equals 1 for all 

values of '1.. 1 away from the source. The slowing down density for a point 

source then becomes: 

for l-dimension 

. where there are Q point soUrce.s per em. 2 • 

2) Calculation of the slov'li.ng down density for 3-dimensions 

q = q(x, y, '1.., "l') 

, 
V 

c = c(lt) where If is a vector parameter in 3 dimensional space. 

'. 
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, 3 + (l) 

and since q(if', 0) = (*) f eiw? c(w)dw 

-co 

*
ttn I": Ift.- ~ I :3.. . ....1i9 - W V' 'l: I ;; """" . • I'i.- I . 

, 4> 1- _ t 1.)) f\,. • ~. - t. VJ :-V 1r(n..)-:'('fH) e dw~l %(r..ije ch. 
-0 -~ 

where:; ...-;.t. is the independent variable for which q = q(;~) is expressed 

in terms of the parameter w. 

Simplifying and comb::i.ning , 

't (~ 1:" ) 4-:!i /.I+;(;t-) clttj; r ... ~"P_~.) -d :: 
-t:r? -t)tI 

which is independent of the original source. Now to get the 

r -[';'1: - iW( iI - i't U J ~' 

into the form of the Gaussian function t~: facilitate integration, we 

must complete the square of the two terms of the exponent as in the 

I-dimensional case. Then 

( 
1 )3/+ 00 

2 q(~ 1:) = 2" ~ e-(r-1") /4"( q(r"i) d;1 

-00 

and ,since q(rt) = ~ function which equals 0 at the source and equals 1 

for all vaues of l' away from the' source, the slowing down density 

becomes for a point source 

q(r,r) =(2~ ')3 e-Cr-1t )/4"'t: 

and where there are Q point sources per cm. 3 

~------~=----=--~--------~--~~--~=--------------~~. 

q(1,1:') = .9.. - e -(1'-1" )2/4~ 
(2 ..fiFi:)3 

- 5 -

where r ~;t is the independent variable f~r which q = q(:~'e) is expressed 

in terms of the parameter w. 

, Simplifying and combi.ning , ., . ..".. 

't(~ 1:' J,{-:f.ilJ+;(;t·) cI,tj;r_~-~')-d ~ 
-en -(;;II 

which is independent of the original source. Now to get the 

r -[..? 't - iW( It - 1t U J 
into the form of the Gaussian function t9, fayilitate integration, we 

v; 

must complete the square of the two terms of the exponent as in the 

I-dimensional case. Then 

and ,since q(i?I) = 6 function which equals 0 at the source and equals 1 .. ' 

for all vaues of rt away from the source, the slowing down density 

becomes for a point source 

(
""I> ..,...) _ / I _\3 -Cr-1' )/4 "7:: 

q r, &0 -\.2r,r~ J e 

and where there are Q point sources per cm. 3 

= .9.... _ e -(r-r' )2/4't: 

(2 -liFt:) 3 . 
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