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Letters to

A Theorem Concerning the Slowing-
Down Equation

The number of collisions required to thermalize
neutrons by elastic collisions in a non-absorbing
medium has been obtained by DeMarcus (1959)',
This derivation is based on a source distribution
which will give the asymptotic value of the collision
density for all lethargies in the special case of
isotropic neutron scattering. The derivation of the
source function for small values of the lethargy,
as used by DeMarcus, is given in Volume HI of the
Reactor Handbook (1962)°. The following theorem
proves a relationship between the source and any
scattering kernel for the collision density to be
constant for all lethargies.

Theovem: Let F(u), S(x) and K(u) be single-
valued functions of # and let € be a positive
constant. The integral equation:
S{u) + fou Klu-u"YF(u'Ydu' o <u<e
(1)
u
S(u) + fu_c

defined for all u =0, with fcE K(u)du=1, hasa

F(u) =
Ku-uF(udu' u = ¢

solution which is a constant C for all #, if and
only if S(x) and K(u) are connected by the rela-
tionship

c( - f”K(u')du') O=u=c¢e
S(u) = ° (2)

0 U= €

Proof; Applying the Laplace Transform to (1) and
using the convolution theorem leads to:
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F(u) dp, (3)

where §(p) and I_((p) are the Laplace transforms
of S(u) and K(u).

The Laplace transform of S(u) can be found
from (2), and is
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Substitution for S(p) in (3) then gives:
F(u) =C for all u=0.

Conversely, if it is assumed that F(u#) = C, then
(1) gives:

S +C [TK(u')du'  0=u= e
0
C:
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0
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For isotropic scattering in a single nuclear spe-
cies, the kernel K(#) is given by:

Ku)=e¢“/(1-aq)

where « is related to the mass number of the nu-
clear species and ¢ = In 1/a is the maximum
lethargy gain per collision,

The solution of the slowing-down equation will
then be a constant, C, if

c [1-?};(1-{”)]
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0 U =€

For unit source fooos(u)du =1, giving C =1/¢ ,

where £, the first moment of the kernel, is equal
to 1+alna/(1-0a).

The source distribution given in (4) is that used
by DeMarcus.
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