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First-Collision Probability of an
Infinite Rectangular Cylinder

The first-collision probability for a medium of
arbitrary convex shape containing neutrons born
isotropically is given' by

Po=1-@mnfas [(1-e™* ) niae, (1)

where the notation is that of Ref. 1 except that all
distances are in units of mean free paths. For any
point g on the surface of the infinite cylinder, the
intersection of a plane constructed through § and
n;i with the cylinder is a rectangle, as shown in
Fig. 1. The distance fg is denoted by A, B is the
distance ef, and ¢ is the angular coordinate in the
surface containing point g. In the plane efg,
Qn=p and integration over py gives

P = 1-(470)* [dS [{1/2 - Es[A] - Es[B] +

+ E3[(A® + B®?*]}d¢ , (2)
where E,(x) are the tabulated exponential func-
tions'

n-2 -x/
E,(x) = fol y e gy, (3)

Simplifying Eq. (2), the first-collision probability
for an infinite cylinder of rectangular cross sec-
tion with side lengths a; and a, is

Pc =-1+ Ml’z + M2,1 + Qc(al) + QC(aZ) . (4)

In Eq. (4), Q@(a;) is the first-collision probability
for a slab’ of thickness a; and M; ; is defined as

M; ;= (zmaraz)”} j:i dx j;iﬂ {E, [x/cos ¢] -

- Ea[W(x/cos ¢)* +a;*|}d9 ,4,j=1,2.

(5)

Numerical evaluation of Eq. (4) was performed
for a; =a>=a and results are shown in Fig. 2.
The differences in first-collision probabilities
between the square cylinder and various approxi-
mations® are defined as

D, =R, (Zaw_%) - P.(a)
Dz = Pc(a) - Rc(a)
D3 =P.(a) - [Qc(a)], (6)
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where P (a) is the first-collision probability for
the square cylinder and R.(a) is the probability
for a circular cylinder of diameter a (Ref. 1). The
differences are minimal in the symmetric situa-
tion considered and are also shown in Fig. 2. It is
seen that for a < 4.0, the best approximation is
that of equal volumes of square and circular
cylinders. For a > 4.0, the first-collision proba-
bility of a square cylinder should be approximated
by squaring the slab probability.
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Fig, 1, Cylinder Geometry
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Fig. 2, First-Collision Probability and Probability

Differences for Square Cylinder



