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For sufficiently large p,, Eq. (5) can be calculated
in the same way as was done by Ekstein®, obtaining

(o) = (), (1) [T—%-—b_%] iodp.

Po

(6)

From the definition of 5 and p it follows that the ex-
pression in square brackets in Eq. (6) vanishes. It
is not difficult to show that nonzero neutron en-
ergies also give a finite result.

Thus when using wave functions for real mole-
cules in the calculation according to Eq. (1), we ob-
tain a finite result. This conclusion contradicts
that of Ekstein, since he mistakenly omitted the
factor a in the exponent of Eq. (1) and stated that
k., = ip, rather than the correct expression
ky =ipVp/p,.

The results of Breit and Zilsel are correct be-
cause an artificial (mathematically nonrigorous)
method was used to eliminate the divergent part of
the integral, which in turn, is due to the idealiza-
tion of the problem being considered.
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T HE STATE OF A GAS is completely described
by the particle-distribution function in the
phase space f(r, v, t); therefore the problem of fluc-
tuations in gases leads to the study of the correla
tion characteristics of the distribution function.
Ordinarily one understands by f the statistically-
average density of the particles in the phase space
which, naturally, cannot fluctuate. Speaking of the
fluctuations of the distribution function we must,
however, bear in mind the “true” density
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F(r, v, t)=28(r—ri)8(v-—vi),

where the summation is carried out with respect to
all particles. We shall consider the density F to be
arandom quantity which only on the average coin-
cides with f.
The function F satisfies the equation
oF
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where m is the mass of a molecule, and U is the po-
tential energy of the interaction of the molecules

among themselves. In an ideal gas we may neglect
the interaction of the particles and obtain then from

(D Fe, v, t) =F(r = v(t —¢t5), v, t,) whence

<Cp(l', v, t)‘?(ru» Vo, tO)>

=f(r, v, )3 (r—v(f —tg) —ry) 8 (Vv —vy), (2)
where ¢=F — f and the angular brackets denote the
averaging.

Our problem consists in finding the correlation of
(2) with allowance for the collisions. If the gas is
not very dense, we may confine ourselves only to
the accounting of paired collisions, and then the
right half of Eq. (1) may be approximately repre-
sented in the form of the collision term S(F, F):

S(F, F) = & (F(r, V', ) F(r1, vy 1)

3)
— F(r, v, {) F(r, vi, 1)} |V —v; | pdp dy dv,, (

where p is the collision parameter, pdpdyx is an
element of the surface which is perpendicular to the
relative velocity v — v, and passes through the point
r, r, is the coordinate of this element, v’ and v, are
the velocities of the particles before the impact
which are transformed after the collision into v, v,.
It is approximately assumed here that the collision
occurs at that instant when both particles intersect
the surface which is perpendicular to their relative
velocity.

If we average (1) using the collision term in the
form of (3) and neglect the correlation of the par-
ticles before the collision and the difference be-
tween r and r,, we shall obtain the ordinary
Boltzmann e quation

of

T o= e v, it v

4)
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Taking (4) into consideration, we transform (1)
into the form

(09 /0t) + (VV) o + Ap =g, (5)

where A is an operator determined by the expression
Ag==S5(f, ) = S(q, f) and ¢ = S(yp, ¢). Since
use of a distribution function makes sense only
where one deals with sufficiently large volumes
containing many particles, we must assume the func-
tion ¢ to be a small quantity. Therefore, we may
approximately use in g, which is a quantity of the
second order of smallness with respect to ¢, the
correlation (2) whence we obtain

<q(r, v, £) q(ro, Vo, to) >
=(A+A")f(r, v, )8 (r—ro)3(v—0)d(f —Lo), (6)

where A* is the operator acting upon the velocity v,.
Let us denote by G the Green function for Eq. (5),
i.e., the operator by whose action on the source we

can obtain the solution of this equation. Then we
obtain from (5) and (6):

<q>(r, v, t)<?(fo» Vo, t0)>

=GG*(A+A*)f(r, v, £)8(r—ro) 8 (v—vo) 3 (¢ —to),
(7

where G* is the operator acting upon r,, v,, .

Eq. (7) also furnishes a solution for our problem.
If we put, approximately, A = 1/, where T is the
average time between collisions and assume that f
is not a function of r and ¢, then (7) takes the form

<Q(rv v, t)(P(rO’ VO’ IO)>
= eI vy 8 (r—rg— v (t —10) 3 (V—Vo). (8)

However, for a more exact consideration of the prob-
lem and also in the non-stationary case, we must
solve Eq. (5), that is, a linearized kinetic equation
with a random source.

The physical sense of this equation is evident.
Actually, every act of collision leads to two par-
ticles being withdrawn from the initial density and
to two particles with different velocities appearing
in their place at that same point in the space. Eq.
(5) also describes the further development of such a
random disturbance of the distribution function.

Egq. (5) is, with respect to form, entirely analo-
gous to the Maxwell equations with random sources '
used in the theory of electric fluctuations. This is
not surprising, since in the case of thermodynamic
equilibrium, e quations of this type can be obtained
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by starting from the general theory of fluctuations?+3.

The kinetic derivation of the formulae (5) and (6)
considered here possesses, in addition to greater
clarity, the advantage that it is correct also in the
non-stationary case.

It must be noted that according to (7) the parti-
cles are found to be only slightly correlated before
collision. The correlation arises from such chains
of collisions where two impinging particles collide
with two others and these latter collide with one
another. Since four particles participate in this
chain and we have even neglected triple collisions,
we may neglect the correlation of the particles be-
fore the collision resulting from (7).

I should like to express my deep gratitude to
Academician M. A. Leontovich fordiscussing this
report with me.
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HE FEW STUDIES that have been made so far

on the effect of fast neutron irradiation on the
elastic properties of metals and alloys show either
that the effect is entirely absent or that it is exceed-
ingly small. The modulus of elasticity, as far as we
know, has been studied only in austenite steel and
in copper. Neither case showed any change in the
modulus of elasticity for a total flux of 10" neu-
trons/cm? '. The shear modulus was studied in new
tron-irradiated copper, and the residual change at
room temperature was not greater than 1% 1.



