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In this paper we will treat the problem of the mean free path in an infinite
layer of matter limited by a plane on which g neutrons pro unit of square
enter in a direction perpendicular to the surface since the time — « and
the law of distribution in space and velocity for these neutrons.

We introduce a probability a(v) of collision and a probability w(v) of
not to be captured.

If we follow a neutron entering at the time £, it will suffer collisions at
the times ¢ ¢,...t,. Now we wish to know the mean distance from the
surface at the time £.

Now if v, is the original velocity and vy v, ... v, the velocity after the
impacts, cos #; cos ¥ ... cos &, the cos of the angle of the path with the
axis of x, the projection of the path on this direction amounts to:

vo (—&) + vy cos & (t,—1) + . .. vacos D, (t—t,). . . (1)

If we indicate the direction of the path after the collision by the angle v, of
the new path with the old and by an azimuth ¢, of the plane through the
last path and the x axis with a fixed plane through the axis of x, we have:

cos ¥, = cos ¥, cos p, + sin &, sin Y, cos @,.
With the help of the quantities introduced we can express the probability
of the path described by the formula

1 .
27 q et W% g, dE w, sind, cos®, dd e =% a, w, cosy, siny, dy, dp,

.o e =T 1 sin v, cos v, dy, de,

From this formule we can find the total number of neutrons which
suffered n collisions at the time f. It amounts to
vy v

N oA (od (wE)ds (wE)ds  [(w(E)d
=2l 22 [ A4 L (2h
v £ §

1 n

which is identical with the formula given in paper III (p. 1051) if we
introduce ¢ instead of v.
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Determining the total path described by the neutron under consideration,
we have to multiply expression (1) with expression (2) and to integrate

for all possible values of the angles and the times. In this way we find n
parts arising from the separate terms of (1). The first is:

Yo N
n

2]

51 dé, 01 w, cos? ¥, sin¥, d,
via(v)
33 2n fv dvf f — vy dvy.
0

In order to find the general form, it is good still to determine the third term.

We find

qwojvdvfwndfnj [f‘f w; smwzcoszwzdlpz
2
az

Yo

fwl sin y, cos? y, dw,:l.

§1

the second

qwo vdv

or

For the part between the brackets we can write

17

f vt dé&, f £ sin y; cos? dw—— w252 dfzf =
. a,

2 1

q wo *o dv w,, d&, A w, &, d&; L g,
o v3 e T dfl 1t

S1 1

or

The contribution of v, cos ¥, (f,+1 — £,) to the total path can be found

v

With the help of the formula given we can deduce S, for a path with
n collisions. The mean free path is given by:

= S«
2 N,
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where the sum ought to be taken for all values of n from zero to infinite.
It is easily seen that we get an infinite series of which the first term is

q
o Vo
Formula (2) enables us to calculate the distribution of the neutrons
in space and velocity. With its help we can find the number of neutrons
present between x and x + dx having suffered a given number of collisions
and showing a velocity given in magnitude and direction.
For the group which has suffered no collisions we find, if we put the
condition

x<vo(t—§)<x-{—du

_ %
L ¢ wdx.

Vo
Let us consider next the group which suffered only one collision. We have
to take the sum of

sin ¥ cos ¢ d

q agwy e—(tl—f)‘xo d§ e_(t—fl)al 2

with the condition that

x < vg (t,—8) + vy cos? # (t—t;) < x + dx.

We then have to eliminate £ to take da instead of d¢ and have to integrate
Vo
. Xx—uvgy cos® Ot ,
with respect to t; from B to £. In this way we get for the
ry cos

number under consideration

qawo 4 sin ¥ cos 9 df

%x — m)
2, a,—aq cos? &

_ e_ vycos? P + e w

which formula is valid for # from 0 to 14; for 4 from ~721 to iz the number

is zero.

We will further calculate the distribution function for those neutrons.
which suffered two collisions.

In order to obtain this number we have to integrate the form

sin ¥ cos ¥ d¢
——72 a

siny cos p do

—(t—&) oo d —(t,—tp) oty
Qg Wy € V1 e
q o Wy E 4

Wy e~ =)

with the condition that
x < vo (t;—E&) -+ vy cos B, (t,—t;) + v, cos I, (t—t;) < x + dx.
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We eliminate ¢ and integrate with respect to #; from

v, cos ¥ X v, cos ¥
=t 1— 2 2)— + -2 2 ¢
v, cos % vycosy ' v, cos

to ¢.
The result must further be integrated from

t,—=t ——J—C——tol‘_t
R v, cos B 2>

In this way we get

sin 9, cos ¢, d¥, o w sin y cosy dy do
. _

g w,
q G Wy p” 1 =
250 B 1.
1 1 (e v e v,cosﬂ.z) _—
a,—ag vy €os ¥y a;—ag v, cos Py,
Vo Vo
1 1 _ oy x - Og X
e vycos Py —e vycos Py
a;—a, vy cos ¥, a,—a, v, cos ¥,
Vo Uy

In order to get the definitive result we ought to bear in mind that
cos g = cos &, cos y + sin 4, sin y cos .

v, = vy cos By

v, = v, cos ¥, cos .

As we wish to find the distribution function for Ny (xy &3 vs), we ought
to integrate for such values of #; and v that

v, < vy cos ¥y cos p < vy, + dv,

w having values between 0 and /5.

The quantities ay, @y and w, are functions of vy vy. The calculation can
therefore only be performed if we are aequainted with these functions.

As we can proceed in the same way for any of the numbers N, (x, 9 v)
we have in principle solved the problem of the distribution law.

Deducing the distribution function, we can also apply the method of
paper (III).

Putting Ny (x) dx for the number of neutrons between x and x + dx
which suffered no collision, we get the equation

RLA)

0=—ay N, (x)— ~dx
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‘1'he solution is
%,
N, (x) = q e %
Vo

For the number of neutrons which suffered only one collision we get

_ AN (x0) | @, 5.
0=—a, (v) N (x.v) vcosﬂﬁ +Vo cosde .
The solution is
= N q cos ¥ —:—;’x

Ni(mo)=Ae "7 4 -
0

(a (v)—aqg cos? 9) €

The constant A can be determined by the condition that for x=0, N (xv)

is zero for all values of ¥ between 0 andg so that we get
_ o (v)x _ %
N, o) = — 1287 s | o),

vo(a (v) —ay cos?P)

The same result was attained by our first method. It is possible to
calculate N, (x, %) for any value of n by the same procedure.

We get

dN (x, 9, v)

0=—a(v) N, (x, %, v)—vcos? dx

+

‘Jf f N, (x; 3, vy) a; w, cos y sin v dy do sin &, d¥, dv,

where
cos ¥, — cos ¥, cos p + sin ¥, sin y cos ¢

and integrate for ¢#; from 0 to /s, for ¢ from 0 to 2z and for v from 0
to 7/5.

The quantity a; is a function of v, v, =uv, cos ¥, a, a function of v,
vy =v, cos ¥4 cos .



