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ABSTRACT
The distinetion is emphasized between the concepts of "net multiplication”,
referring to the number Of neutrons escaping from a subcritical active assembly,
and of "total multiplication”, referring to the number of neutromns produced
in the assembly., The dependence of thess quantities #n source distribution is

discussed,
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THE DEFINITION OF “NEUTRON MULTIPLICATION®

In the descriptibn of the behavior of subcritical assemblies of active
material, the "multiplication® of the system is s concept widely, but not un- .
ambiguously, used. There are at least two common ussges; to avoid future confusion,
we propose that these be designated as "net multiplication®™ and "total multi-
plication”,

The net multiplication, N, is the number of neutrons which escape
(permanently) from the active material when a single neutron is introduced as
the primary source. According to this definition, N is the net number of
neutrons produced in the active materiel, allowing for both production and capture,
and including the source neutron in the count of neutrons produced. If the

introduction of one nsutron results in the production of QT fissions,
= 1+ Q,f(\) =l-cl)

where, as usual, \J is the number of neutrons emitted after a fisasion, and ol
is the ratio of capture cross section to fission cross gection, Experiments in
which the counting rates of a detector with and without active material present
are compared, are designed to measure the net multiplication.

The total muliiplication, T, 1is the totel number of neutrons produced
in the aetive material when a single neutron is introduced as a source, The

source nautron is to be included in the count. In terms of the number of fissionms,

Tz 14Q \)o

Thus (N-1)/(T-1) = (V<-leos)/y) o The total multiplication, T, is

also equal to the number of fissioms prodneed, in the agtive material when a single
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fission serves as a source of neutrons, The source fission is to be included,

The multiplicetion of a suberitical assembly depends, of courge, on the
position in the active material at which the source of neutrons is introduced.
To complete the specification, we propose that the type of source distribution
be indicated by a subscript, e.g., N, and T, for a central source, N,
and Ti for a source with the pormal mode distribution, Nu and Tu for a
uniformly distributed source. In the notation of the Chicago Laboratory,

T, = 1/(1-k)o

For the purpose of determining é critical mass by extrapolation of mule-
tiplication measurements, the use of No has the considerable advantage that
the plot of 1/N, egainst sphere radius ie very nearly a straight line down to
quite small spherg radii. The l/T; curve is concave upwards, while the l/Nn

curve is concave downwards,

11,
In terms of one-velocity neutron diffusion theory, we can find simple
expressions for Nn and T . The integral equation which describes the diffusion

process is

n(r)= j K(re?) {o- (1+€)n(x) + Sir']] av, (1)
core

where o"K(rr®) is the probability per cm® that a neutron produced at r!

will make its next collision in the core at r, n 1s the neutron flux density

2

(neutron density times velocity in cm™ sec“l) in the core, S(r} is the number

of neutrons/emsseo produced by the source, ¢ 1is the transport cross-section
1

in em 7

and f = (\3—1-0U)Q} /o ig,.the neds QuUIbAr of neutrons made per collision,
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To define the normal-mode distribution, we imagine that the properties
of the active material are improved by increasing ), or f, until the
system is just critical., The values required for this will be denoted by

‘QO, foe The integral equation satisfied by the normal-mode distribution

is thus
Nﬂ:(thwf K(rr*)s(r')ax’, (2)
core
For a normal-mode source of S(r) neutrons/cmaseco (1) has a solution of the

form n(r)= AS(r), Substituting this i1 (1), and using (2), we find

A= 1/fo{f -1)}, or
n(e) = S(r)/fio (1‘.0-1‘2

The net number of neutrons prodﬁced by collisions in the core jis thus

J noy ('\“-l-a,)di":fnq‘ 4 O rJ Sav/(L,-1)
core :

i.

and the complete net productiﬁn, including the source, is
1+ £/(£ -t) )J’ Sal = [ sa® /(1-2/2,).
Thus the net multiplication for the normal-mode is
No= 1/(2-2/2,) o (3)

The total number of neutrons produced by fission in the core is

f noL VAT 5 pdeg /,cr (£ -r)} [Sdt’ /N, =V)
core

Sineg ... .. :.. .:. :.. :.‘. I
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from which, adding in the source, we find
Ty = 1/{1=VAY) - (4)

For other shaped distributions, Q(r), the relatioms are in general
more camplicated., However, near criticality, when the multiplicetion is large
compared .to one, only the fraction of the source which contributes to the
normel-mcde need be considered, This fraction is found by expanding Q 1in

normal-modes and retaining ths fundamental term; it may be written

¢

=anﬂ? ° fngt" (5)
deP °Ind‘|§'

NQ/Nn
for N_ 1., 1f n is taken of the form n = sin kr/kr, (5) gives for
the ratio of the multiplications of a central to a normal-mode source

( (sin ka)/ka:)ocos ka
T (sln Skal/oma  °

NN = 2

and for the ratio of a uniform source to a normal-mode source,

o

W [( (sin ka)/ka) - cos ke |-
<
(ka) 1 - (sin 2ke)/2ka

For the usual ¢ore and tamper materials

N/N, ~ 4/3,

N, /N ~s0.975 .
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