Letter to the Editor

A Direct Calculation of the Time-Dependent Spatial
Moments of the One-Speed Neutron

Transport Model

Barnett,' in a recent Letter to the Editor in reply to
comments made by Cohen,? asked if time-dependent spatial
moments could be obtained directly from the Case and
Zweifel® solution to the one-speed transport equation in
plane geometry. In this Letter, I will show that from this
solution spatial moments in plane geometry as well as in
spherical and cylindrical geometry can be found. Some
numerical results facilitating the moments calculation will
also be given,

In Ref. 4, I have shown that the Case and Zweifel solu-
tion for an isotropic plane source® and isotropic scattering
is equivalent to
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The n’th term in Eq. (1) represents the angular flux of
neutrons ¢,, (x,u, ) that have undergone # collisions,
Integrating Eq. (1) over u gives the scalar flux,
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Equatlon (9) on p. 186 of Ref. 3 is halved and integrated over
po for this source.
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The method of evaluating ¢P’( x,t) is outlined in Ref, 6, The
v’th time-dependent spatial moment in plane geometry is
therefore
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or since ¢>Pl(x,t) is even in x,
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for k=0,1,,.. . In deriving this expression, use was
made of the relation of Ref, 4,
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From a recursion relation given in Ref, (6), we have
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and it can be shown (see Ref. 4, Chap. 5) that the initial
values to be used in Eq. (5a) are
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Thus, Egs. (6) constitute a simple recursion relatloni the
solutlon of which can be inserted into Eq. (3) to yield Gz,,(t)
In spherical geometry, we have’
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and the v’th spherical spatial moment,
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when v = 2k, it is evident that
s !
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Specifically for & =1, @212 can be found (from the re-
cursion relation) to be
oris 2 (12+3)
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when this expression is substituted into Eq. (3), we find
Barnett’s result® for the second spatial moment, Perform-
ing the integration in Eq. (6) when v = (2& + 1) [with the aid
of Eq. (4)] leads to the expression
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for the odd spherical spatial moments, where®
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The starting function for the recursion relation, Q,’,’;i, can
be evaluated using the methods given in Ref. (6). The
values of Q;‘;{ for n=1 to 50 are given in Table I, thus
allowing the implementation of the recursion relation.

The ‘‘transport equation approach’ of Cohen® can give
the odd spherical spatial moments [Eq. (6) for v = (2k +1)]
only if the expression for the plane angular flux distribu-
tion (at x = 0) is known.

The spatial moments in cylindrical geometry are easily
obtained by noting that
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Then inserting this expression into
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Kholin® has solved the time-dependent transport equation
with anisotropic scattering; from his solution it is possible

coW = Gl . (10)
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TABLE I
Quyforn=1,2,...,50tobe used in Eq. (9)
n Qnti n Qh
1 1.386294E + 00 26 3.126896E - 20
2 1.127655E + 00 27 2.274539E - 21
3 6.503772E - 01 28 1.596451E - 22
4 2.987723E - 01 29 1.082519E - 23
5 1.861706E - 01 30 7.099588E - 25
6 3.276664E - 02 31 4,508332E - 26
i 8.758002E - 03 32 2.774738E - 27
8 2.064478E - 03 33 1.656774E - 28
9 4.352716E - 04 34 9.605659E - 30
10 8.301056E - 05 35 5.412263E - 31
11 1.445150E - 05 36 2.965947E - 32
12 2.314273E - 06 317 1.582002E - 33
13 3.431152E - 07 38 8.218999E - 35
14 4.735751E - 08 39 4,161907E - 36
15 6.114197E - 09 40 2.055446E - 37
16 T7.414964E - 10 41 9,906601E - 39
17 8.4T8138E - 11 42 4,662307E - 40
18 9.169335E - 12 43 2.143755E - 41
19 9.407947E - 13 44 9.635564E - 43
20 9.181586E - 14 45 4,235T12E - 44
21 8.543640E - 15 46 1.821935E - 45
22 7.596486E - 16 47 7.671803E - 47
23 6.466768E - 17 48 3.163827E - 48
24 5.280254E - 18 49 1.278390E - 49
25 4,142289E - 19 50 5.063223E - 51

to determine the plane spatial moments for any order of
scattering. As the order of scattering increases, the mo-
ments become more difficult to calculate and Cohen’s
method® is far easier to use. For other than plane geom-
etry, however, one has no choice but to determine the
moments using the full distribution,
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