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ABSTRACT

The inverse problem for multigroup transport
theory is solved for the cases of plane and spherical

symmetry.

INTRODUCTION

In two recent papers,’’? the inverse problem based on
the one-speed neutron transport equation was solved by two
very different methods. Also, in regard to time-dependent
one-group theory, two authors®* have reported results
from which the solution to the inverse problem can be
deduced. Here we solve the inverse problem based on the
multigroup model.

A traditional problem in neutron transport theory con-
sists of specifying the physical parameters and boundary
conditions and then seeking to establish the angular flux.
Here for the inverse problem we intend to determine the
scattering-fission law by expressing the transfer matrices
in terms of the flux, which is presumed deducible from
experimentation.

ANALYSIS

We consider an infinite subcritical® medium defined by

uaa—x ¥(x,p) + TW(x,u) = i (21; 1) Py(p)c,
x [, W@ Piudu + o (1)

Here W¥(x,u) is an n X n matrix, the columns of which are
the angular fluxes, I is the diagonal total cross-section
matrix, and the elements of the transfer matrices C; are
the I’th angular components of the transfer cross sections
for fission and scattering. From Eq. (1) it is clear that
the @’th column of ¥(x,u) is the angular flux vector corre-
sponding to an inhomogeneous source only in the o’th
group.

If we multiply Eq. (1) by P;(u) and integrate over W, we
find

(21 + DA (x) = 5(x)60,1 - (I+ 1)¥}y,(x) - ¥j_,(x) (2)
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where
Al = 2 - CI

and

¥(x) = [ %W Py (wdu

If we multiply Eq. (2), for I = 0, by x*%, @=0, 1, 2, . .

and integrate over x, we can write
0
W f_ol 22 Wo(x)dx = 04,01 + (20) f_m 22N (x)dx
which, for a = 0, yields

At =2 [ Wolx)ax
From Eq. (2) we see that
¥i(x) = - 347" [2¥ix) + ¥i(x)]
which can be used in Eq. (5) to obtain

AcM;, - £ a(2a - 1A Mz -2

= 2a2a- A7 [ 2 Wdx
where the moments of the flux are denoted by

M, = [,” 2% (x)dx
We can solve Eq. (8) for a = 1 to obtain

A7 =380 [[7 ¥ Wole)dxao

(3)

(4)

L]

(5)

(6)

(7)

(8)

(9)

(10)

It is clear that we can continue the process of using
Eq. (2) in Eq. (8) and integrating by parts to find all of the
A; in terms of moments of the flux. To be specific, we list

As' =2M, (11a)
AT! =34,M;A, (11b)
CA7 =2 A AMAA, - T4 (11¢)
A7 = 353 8:8,80MsAcA A, - 15 A:M.AoA, A,
- 2A7'Ma804,4, - 24T (11q)

and

A7 = 5355 Bs828180MsAoA A28, - T AsAz MeAoA Az A,

% A;AT'MiAcA A A

15 (274, + 28A.)A7'A7AT'M; A0A; A4

- 75 (274, + 28A0)A7'A7'AT" (274, + 284, . (lle)

It is clear from Eqs. (11) that we can obtain the desired
matrices C; from the total cross sections, even moments
of the flux matrices and the C, matrices for ¢ =0, 1, 2,
Lo, -1, :

)
Since we have the point-to-plane transformation,

¥o,r) = -5 W) (12)

Egs. (11) can readily be converted to the spherical case by
noting that

2m ©
Ma = m j; r""'zio,p,(r)dr . - (13)
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