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Cailculstion of the Multiplicghicn Factor

The discussion thus fsr in this series hag been largaly

shenomenological (and somewhat formal) insofar as the multipl 1cat1on
f .ctor k has been assumed ss a given datum. In the remeining lecturss
we shall review the definition o;t the riwltiplication factor, and we
sha

ha’l show how it can be calculated, at least approximately; in socme
sumple cages.
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The multiplication factor for an infinive medium, k, is defined
as the numcer of SLON neutirons produced per slow neutron absorbad awyrhvre
‘1 the medivi, t has already been expressed as the product of fo
‘A ~ factors,

= yépl
. wners
*L = thermal ubllization = Iraction of thermal nevbrons sosorbed in metal
y = number of fast neulrons produced by thermal Tissicn per thernel
! neviron absorbed in the neta 1
L & = fast fission multiplicatiocn = total number of fast neutrons
produced per fast neutrons cresated 'y thermal fissicn,

p = fraction of neutrons which escape vescnance absorption and
thus become thermal.

The caleculation of £,£€, and p in a homogeneous Jn.}d,ur'e will iliuvstrate
most of the importent princinles involved in estimating k, and we shall
turn Lo a discussion of auen systens first.
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Homogeneous iixtures

1) The thermal utilization, I
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As has already been pointed cub| CL-574 {3 ;ithe thermal
utilization T is

P thermel neubrons absorbed in wmetal : -9 "dag
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where o refers to the metal and 1 refers to the moderator atoms associasted
with the metal. If the moderator is a compound, ﬁél is the abscrption
cross-gection per molecule of moderator; e.g. for CHop, Gal 2 ””d + 0,
The thernal ubilization can be written in terms of the molecular ratio of
metal to moderator, N, = N/Wy 5 as

£l - Ty, /(N Top * Tay)

2) The contribution of fast fission, £

The phenonenon of fast fission occurs with about the same
cross—-section in both 238 and 235, the 238 threshold being about 900 KeV.
However because the 238 is 140 times as plentiful as 235, fast fission
occurs much more frequently in 238 than in 235. In the discussion which
follows we shall assume, for want of tetter evidence that ¥, the number
of neutrons produced per fission of 238, is the same as the number
produced peyr thermsal flelon of 235. ‘

The multiplication due to fast fisslon is a multiple procass;
that is, fast neutrons produced in the original fi?Slon creale second
genesration fast neutrons which create third generstion neutrons, and so
on. It is therefore vecessary to sun the contriuticns to the process

from all generations in order to compute the tobal nwsber of fast neutrons
arising from an original thermal fission.

Suppose the probability that a fast neulron escape from the

iuwm before it makes & collision is p; for an infinite medium, or in
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d

Tact eny medium which is large in all dimensions compared with the mean
frez pach, p is unity. We can calculate in terms of p the total nuunber
of neubtrons arising from one original fast neutron {created by thermal
fissicn) as a result of the cascading of fast fissions. After one

L3

collision there will be:

(1 - p} neubtrons escaped from medium

Cf. : . . 0

?F; p neutrons slowed below the fast fission threshold

'L)Tf' + .

somSeememeel o fast neutrons capable of producing further

@ fast fission
In taese expressions F; 1is the cross-section for inelastic

scatiering (%rom‘above to Lelow the fast fission threshold), a., "
f.21.5 x 107=4) is the elastic scattering cross-section, G (20.4 x 10728
is the fast fission zross—section for neubrons whose energy distribution is
chab Lf fisslon ne

vtrons, 0" is the total cross-section (¢ = a  + Ty o+ Q'i.),
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¢ the nunber oi neuntrons produced Deg fast ion (= 2.2). The
ic scattering is pavtly (2.4 x 107 ) made up of true inelastic
ring in he 238 nucleus, a process in which a 238 nucleus is raised
i ercitsd state by collision with a high energy neutron; and partly
tie scaL,er.m;_, by any light atom associated with the U in the

vthe slastic scattering causing sufficient- energy transfer to
scabtsred neutron veliow the fast fission threshold.
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p fast neutrons capable of producing fast -fission

after the Tirst cellision will glve rise, after two collisicns to
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The voral. sfgsd number of rneutrons due to the fast fission processais ¢
the sum of all the slowed or escaped neutrons; hence
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Dor an iaflinite homogenesous mediun, p = 1, and we have
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If the ratio of wranium to moderator atoms per c.c. is N, we
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may rewrite the expression for € as



(y-1) 7;
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where we nave denoted the true inelastic cross-section per atom of 233
oy @3, and the slowing dovn® inelsstic cross-section per atom of the

moderator by & 4 .
L

To determine tre appropriate . to use for a moderaltor whose
=l " 4

N . N v s
seabtering cross-section is G Ve use tlie relation
Gu . i . .
o= = nuaber of collisions with moderator atom reguired
“ ip to reduce energy of neutron below the fission threshold
he fast fission

Lif the average fission neutron has energy 2 eV, and if
d to reduce the

threshold is 900 KeV, the mumbsr of collisions reguire
energy of the nautren below 300 KeV is
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where o8 T average logarithmic energy loss per collision. Hence
&, = == o
i 80 TH ¢

pirovided, of course, that T, so determined is less than en’

LM et
the case of H, &= 1 and &¢/°80 = 1.25, we take ﬂ}\{f d . .
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