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TH: TRANSPORT APPROXIMATIQY
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i
One-velocity ueutron diffusion problems involving anisotropio

scatbering aTe considerably simplified if one apvlies the so-called
Transport \pproximation. The latter consists in replacing, in the

forraulae for;isotropic scattering, the scatlering cross saction
q whereveré_it occurs by the corresponding transpori.: cross soction
G to be de%‘ined below.
; |
The accpracy of the Transport Approximation has rot been

thoroughly imvestigateds In this Report it will be checked against
]

eract 'ﬁneory! in the simpls problem of calculating the critical

radius of = ‘i:ara sphere in the case o linear anisotropy. The

conaparison o‘f‘ approximate and exact tl.eory in this spsecial case will
|

give an indi%:ation of the aerror to be expected in similar problems,
but good agré:)emont in this case does not of course justify the

Transport Apf)roximation in general.,

i
: hotation

|
‘ie consider the processses of scattering, sbsorption, and fission

and denote the corrasponding cross sectious by q' » & , and 0; R
i
letting 0;: g.* G » g R & = the number of neutrons emorging

per fission and A e mober of nuclei per cr®e e assume that
the fission 'peutrma are ejechsd isotropically, and that the

scattered mptro}xs 4TeTse according to the scattering law:

- et et A o s - - - - -

This Report is based .n a sct of rotss by G. Placzek.




| |
- 3

w0 /‘f//ajrf’ /f,)’é/,‘?&)f.{;«;/f@/*,...,;7

where i(= #s48, and 8 the angle of deflection. In this Report, we
restrict theidiscussion to linear scattering, in which case (1)

reduces to:

(2) = —*’//*J//%/

whers //é/ 5 . We shall refer to /é‘as the '"transport" and
define {(‘ ab follows:

(3) J,-’:f///%)

|
l

For the isotropic case we have //;—— Jand &= g'. From (2) we
I

also have:

W =, [Apede <4

Exact Theory

In the e:;xact theory,we work with the following parameters:
!
og=gh
: T VI
/’7 e = /f/ = —g;-v‘f‘
= e—= . L.
'é ' e & % 'é
where é is the effective transport obtained by combining isotropic
fission with amsotrogic scattering, In addition,the parameter /f‘

a function oi‘ ¢ and £, is obtained from the equation:
|

(6) ' ndZ»w@ f-—//« 7 - mcénz(/__
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Three gener}al methods are available for the calculation of the
critical radius & of a bare sphere, The accuracy of these methods
has been investigated in a number of 1A Reports. The error in the

t
Endpoint Method'/increases from § to about 0,2 9, as. @ goes from 1 to

3, and for c.’-‘-'k* the error is 2,1 %. The error in the Serber-Wilson

2 .
MethodJ increases rapidly from O to about 4 & as ¢ goes from 1 to

1.2. The error , then stays nearly constant at about 4 & in the

. 2
€ -interval (1.2,00 ). The error in the Iterative Method Jwith a

quadratic trial function decreases from about 2% to 0%as & goes
from 1,2 to O, For & -values very close to 1,the method breaks

down,

The Endpoint Method

Using this method we have:

(7) 7'4";("23-

The quantity £#=4E4)is obtained from equation (6), and Z =2 /% 4/
for £=0 from LAMS-806:

@ C5B0)= )5 lts0) = Il it et

where the notation of LAMS-806 is used on the right hand side.

For £#Z fthe formla for Z, is given in B.Davison: Memorandum IV,y
Formula (3.23), lbut‘, computation using this was not attempted because

of the considerable labor involved.,

The Serber-¥ilson Method .
Using this method,JZ is obtained as the solution of the
equation: ;
: oo R XE
(9) Il (apph)) = = 0 —K,. dndr

A
yLA-Z‘? 2 4-23Y yM‘?‘?O 4 Montreal, June 11, 1946.




where the function .&5@7/ is tabulated in AM-509.
This method hae not been used $ince it is not aceurate engugh
for the purpose of this Report,

The Iterativo! Method.

This met%hod gives U2 as the solution of the following matrix
eqation, where X~ denctes 7q :
' . - .
/J - X =/ /.1 -~
/(B o/*))/ B i =44/

0) 1y~ - :0
’ FIEIFEh )], S/E-Bbor E S ga)]

where the functions /,; r and @' are defined and tabulated in LA-990.

Transgort Appraximation.

In the Transport Approximation we work with the following

paramsters: . .

Fm= g1~ 5V

) E=rf=
4= 0

where 0(,/o</—‘:/, is defined in (5).

6—-%_ / P c—7
/=% /-5

The Endpoint Method
L = —-—;;/ T = <, "/

|
The Serber-Wilson Method

3) DL PRIk fe O | L= AL




The Iterativ; Method
) -l F/F-EBT|_
L [4-50)], 475 '

Expansions for <& Close to Unity.

-

Exact Theory:

2 2‘ = o) - o T i -y Jle-D= F
=) -

Transport Approximation:

L] 7 . L - 3y = D7
74 2K o L) 39175 T o -/5’*’/. /
Y il (it - Y

Results

The re;ults of the computations are presented in a graph at

the end of ﬂhis Report and in the following tables:
Table Ia Transport Approximation, ¢# by the Endpoint Method,
Table Ib  Transport Approximation, % by the Tterative Method.
Table IIa  Transport Approx.,éénggfvgjgy the Endpoint Methoq.
Table iIb Transport Approx.,%ﬁaﬁg;f7§;€y the Iterative Method,

=0
Table III Exact Theory, /4 and/;%—%—_// by the Iterative
A=

i Method,




Transport Approximation, Y2 by the Endpoint Method.

Table Ja

{_ -{.0 1 -0.5 0.0 0.5 /.0
4 .00 o | o0 0% 00 o0
05 | 6,408 | 6,800 7.277 7.875 8.657
1| 4329 | L4576 4.873 5.240 5.709
o2 ' | 2,855 . 3.000 3.172 3.379 3.637
oy ; 1.8186 = 1,896l 1.9853 2,0896 2.,2139
8 ] 1.,1069 1.1429 1.1830 1.2280 1.2790
1.0 ; 0.9331 0.9603 0.,9901 1.0232 1,0602
1.2 | 0.8082 ! 0,.8295 0.8527 0,8781 0.9061
1.6 - 6395 .6536 .6688 «6851 7027
1.8 | .5¢96 5914 6041 6175 .6320
2.0 «5301 5402 5509 5622 S5Th2
o < 0000 0000 0000 .0000 - 0000
Table Ib
fo— - ]
Transport Approximation, & by the Iterative Method
I -/o -0.5 0.0 0.5 /. O
; S
ooo, - - - - -
.05 - -~ - - -
ol: | 4.353 4,600 L.895 5.258 5.725
2, | 2,862 3.007 | 3.178 3.385 3.642
ol 1.8209 1.8981 1.9871 2,0910 2.,2154
.6: 1.3696 1.4200 1.4769 1.5420 1.6176
.8| 1.1077 1.1436 1.1838 1.2290 1.2803
1.0 | 0,9336 0.9608 0.9909 1.0242 1.0617
1.2 0.8088 0.8302 0.8535 0.8792 0.9078
1.4 JTLL3 .7316 «7503 7707 7934
1.6 6401 6544, 6697 6864 «TOL7
1.8 .5802 5923 +6050 6190 6340
2-0| .5308 $5412 «5520 .5638 5764
o0 .0000 .0000 .0000 .0000 .0000




Transport Appromtion,% ~/ y the Endpoint Method

Table IIa

~/0 -0 0.4 /. 0
-.1340 -.0742 0.0954 0.2247
~o1254 -.0688 .0863 .1991
"'01228 -.0670 00828 01887
-.1199 -.0651 .0783 «1759
"01176 "00629 00736 01612
-01163 "00617 00706 015%
- 01158 -00610 00685 011561
"'01151 ".0602 00669 oul-l6
"01M8 "00599 00655 01378
"ouLI»B "00592 .06&14 0131+5
-.1139 -.0591 0634 .1318
"01136 "00589 00621 01293
il 1133 - 005 83 00615 . 1269
-.1172 -.0586 .0586 $1172

P __ / |
Transport Approximation, "/)[ﬂi 9 / by the Iterative Method

Table ITb

~/o -0 0.5 /.0
"01218 ".0663 o 00816 o 01865
"01193 "0061&6 00782 01752
"01162 "'00616 00705 015210-
-.1157 -.0611 0687 <1467
-.1157 | -.0608 0672 1429
-.1152 -.0601 0662 « 1400
-q 1152 -00598 00653 01379
"ollLl»9 "0059L|' 006Llr8 01359
-01114-8 "00588 0061&8 0131#2
"01152 -.0587 0061&1 01326
".1165 "00582 00582 .1165




Table IIT
Er—

: Exact Theory, 74 by the Iterative Method

-1.0 -0.5 0.0 .3 7.0

4,333 4,585 4.895 5.276 5.770

2,846 2.997 3.178 3.396 3.678

1.8081 1.8907 1.9871 2.1015 2.2,08
.5 1.3593 1.4140 1.4769 1.5498 1.6364
8 1.0993 1.1388 1.1838 1.2350 1.2946
1.0 0.9269 0.9570 0.9909 1.0290 1.0728
1.2 «8031 «8270 «8535 0.8831 0.9167
l.4 7094 » 7289 «7503 7740 8005
1.6 6359 .6521 6697 .6892 .7108
1.8 5766 #5902 6050 6212 .6393
2.0 5276 5394 «5520 5656 5808
oo 0000 0000 0000 0000 0000

Exact Theory,é@ﬁ&é%?i “{j by the Jterative Method.

-/ 0 - o P /. O
-.1263 -.0697 0.0856 0.1966
"01251+ ".0683 00823 01888
"01.261 "00679 .0806 01787
-.1274 -.0681 0790 .1728
-01.292 -.068[} 00769 01653
"01299 "00683 00763 01629
-.1308 -.0685 .0758 .1606
"01312 "00683 00757 01596
"'01311& "00685 00750 01587
-.1326 -.0685 -0739 1565
"011&10 "00705 00705 omo
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