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LETTERS TO THE EDITOR

anisotropy of the surface conductivity of metal at
low temperatures and the non-tensorial anisotropy
of the penetration depth of the electromagnetic
field in superconductor, as arrived at in references
1-3, does not have sufficient experimental basis.
The phenomena observed can be explained, at least
qualitatively, on the basis of the above mentioned
concept concerning the bond between the two
fundamental oscillations of the coaxial resonator ,
with the aid of the usual tensorial anisotropic con-
ductivity.

In any case, it should be most evident that there
is a need for further and extensive investigations
as to the anisotropy of surface conductivity at low
temperatures before final conclusions as to its
character can be formulated.

Translated by A. Andrews
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The Problem of the Invalidity of One
Statistical Treatment of Quantum Mechanics
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W'IGNER and Szilard ! have proposed a proba-
bility distribution in phase space of a quan-
tum particle
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F(q;p)=ﬂg¢ (q——;)e ”’4»(q+%)dr, (1)
satisfying the time-dependent equation
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Here ¢, p, m are coordinate, momentum and mass of
of the particle; ¥ (gq), its potential energy; A,
Plank’s constant; ¢, the time.

In an extension of this work 2 an interpretation
of Eq. (2) has been given as the equation of a cer-
tain stochastic process of change of coordinate and
momentum of a particle, i. e., a statistical treat-
ment of quantum mechanics. For the validity of
such a treatment it is necessary, in the first place,

that F(g;p), non-negative at a given moment of
time, should remain non-negative at all later mo-

ments,zproof of which was given by Bartlett (see
Moyal ). However, in a recent work ° it was cor-

rectly shown that F in general does not preserve
its sign with the passage of time. From this fol-
lows the conclusion of the invalidity of the quan-
tum mechanical treatment given by Moyal.

It is necessary only to point out Bartlett’s error.
Bartlett supposed that a quantum system possesses
a cyclic coordinate 6 (it is obvious that it is
always possible formally to incorporate into a giv-
en system an additional cyclic degree of freedom).
He takes the general solution of the time-depend-
ent equation for such a system in the form

F(q,8;p, 8= 2 e tUF, (q;p, 9), @)
»

where g and w are the cyclic momentum and fre-
quency; and F , certain constant functions.

It is clear that if F > 0 at a certain ¢ and arbi-
trary 6, it will still be > 0 at an arbitrary time.
The error lies in the fact that the general solution
of the time-dependent equation is

Flq,0;p, g) = Yy e*F"OF,  (q;p, 2). *)
Pybe2

Therefore Bartlett’s discussion necessarily applies
only to a narrow class of solutions which actually
preserve sign.

St

Translated by B. Leaf
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IN calculating the statistical weights of

various states, Fermil applied the law of con-
servation of energy in exact form, but the law of
conservation of momentum only in approximate
form. The purpose of the present work is the exact
application of the law of conservation of momentum
for two limiting cases: the non-relativistic limit
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and the relativistic limit.
The statistical weight S, of a state for n parti-
cles with zero spin is glven by the expression

Sn= ( sﬁ:/ E > doﬁéf()) ’ (1)

where V is the spatial volume and Q the volume in
momentum space*. Our problem then reduces to the
calculation of

dQ, dE,= W, (E,).

We first calculate W (Eo’ - ), taking into ac-
count that the total momentum P of the system is

different from zero. In the non-relativistic case we
can write
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where T is the total kinetic energy of the system.
Making use of the integral representation of the
5 function, we write Eq. (2) in the form
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We evaluate the integral
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Beginning with spherical coordinates and integra-
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ting over the angular variables, we obtain

oo
I == 2 g xexp {i[tx + ax?]} dx 4
T
mls i(1 4i)exp {—it?/4a}

vz o'l ’
=1/'r3+13+73 ,

We substitute Eq. (4) in (3) and again integrate
over the angular variables in spherical coordinates:
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This equation can easily be generalized to the case
in which the particles possess different masses
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Further, we compute the function W, (£ @ Po ) for
the relativistic limit. By analogy to (3) we can

Wn (Eo, po) =

write
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+ T2 + Tspy + TP} dp,,dpydpz]".

We now evaluate L,, the integral contained in
square brackets:

i
Io=—2""\ xexp{i
2 ! ~S¢, p{i[tx+| x|} ds @
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8'+ is the derivative of the & ; function. Finally,

Iy = — 8rmity [ (72 — ‘rf)

)

After substituting in Eq. (7) and integration over
the angle variables, we get

(— 8mi)®

W, (B, Py) = e
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xexp {—iPy.}
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We introduce the new variables y=7 +x, z= ™ %

and carry out the calculation at the point y =x'=0,

obtaining the following after some simple transfor-

mations:
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We now consider some applications of the
formulas just developed. Frequently the phenome-
na which accompany particle collisions are
studied in the center of mass coordinate system.
In this case we must set F) = 0. Then we have

(2;1.7!)./‘ (n—1)

12
Wa (B0, 0) = 351,57, (n—1) —1 ! a2

70 (n=1)—1]
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in the limiting non-relativistic case, while in the
limiting relativistic case we have

W, (£ 0) = (—;})n_l Ejn—4 (13)
(n—1)/2 C 3n—2 (n— 279
x plot—a—n—
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An important characteristic of the collision is
the probability w, (E,, p) that one particular
particle, created in a collision in which n parti-
cles are formed with a total energy E,, has a mo-
mentum in the range p, p+dp. If we limit ourselves
to statistical factors alone, then, omitting the
multiplying factor (V /8a2% )™, we can write the
probability in the form

2
w, (Ey, p)dp = bmpw,,_| [(T — 57) , p] dp  (14)
(non-relativistic case) and
@, (B, p)dp = 4mp*w,,_; [(E,—p), pldp (14)
(relativistic case).
Making use of Egs. (5) and (11) we obtain
4 (272’2 (n—2) p?
w, (E()y p) = T::(/ nt) -
(n—1)"2[3/3(n —2) —1]! (13)
npt 0l (n—2)—1l
< [r -y ] ap

(non-relativistic case).
If the particles have different masses,

. y‘n-l >1/2 )
it g, (16)
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Finally,
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T \n—2 n—3 .
w, (Eo, pydp =2r(5) 1 (Be—20)"p (17
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(relativistic case)
It should be observed that after the completion

of the present work, the paper of Lepore and Stuart2
appeared in which similar problems were investiga-
ted.

}‘;anslated by R. T. Beyer
1 E. Fermi, Prog. Theor. Phys. 5, 570 (1950)

2 J.V. Lepore and R. N. Stuart, Phys. Rev. 94, 1724
(1954)

* If the particles are identical, then the right side of
Eq. (1) reduces to n!

The Fermi Distribution at Absolute Zero,
Taking into Account the Interaction of
Electrons with Zero Point Vibrations
of the Lattice

V. L. BoncHBRUEVICH
Moscow Electrotechnical Institute of Communication
(Submitted to JETP editor October 6, 1954)
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THE method of Green’s function developed in con-

nection with problems of relativistic quantum
field theory! can also be used in a number of other
problems. In particular, the investigation of the
distribution function for an electron gas which takes
into account the interaction of the electrons with
phonons is of considerable interest.
The Green’s function is

i

Gogr (%, 9) = 755 <T s () Ui (9) S} o- (1)

Here S denotes the S matrix, x= {x, %, }, s, s' are
spin indices, L/Js(x) is the wave function of the e-
lectronic field in the representation of the inter-
action. The Green’s function (1), being decomposed
into an arbitrary complete set of functions ¢) (x)
qS’;\: (y) characterizes the electron distribution for
x < Yy» and the hole distribution for x>, in
the terms of the parameter A.

The S matrix is given by the usual expression
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S=Texp{iSL(x)dx}, 7))

where L is the Lagrangian of the interaction (in a
system of units in which # = ¢ =1, ¢ = speed of
sound). For a system of electrons interacting with
acoustic vibrations 2,

L= {g¥; () b, (8) + p ()} @ (2); o =04 (x)/ 050, (3)

where g is a coupling constant and p (x) is the
““external charge density’’,

1

A0 =55

S —la;f—l [bg exp {ifx —i|f]|xy} )

+bgexp {—ifx+i|T]x}],

b%, b, are the Bose operators of ‘“creation’’ and
““annthilation’’ of phonons.

Integration over f is confined to the Debye limiting
value of f;. The equation for the Green's
function can easily be found (for example, by the
method given by Anderson3 ). It has the form

Gs,s,(x’ y)= iKs,s,(x:J’) ®)
_— igg dzK (x,2) Gy, (2, ) a(?)

— S dzdx'K, s (x,2) AEyg, (2, X') Gy (X, 9).

Here the summation is carried out over the iterated
spin indices;

a(z)=i S F(z,2) o (2')dzZ". ©)

The functions K * (x,y) and F (x,y) are the pro-
pagation functions of the ‘‘free’’ electron and
phonon fields; E is the analog of the mass opera-
tor

AE (2, %) 0

3a(Z) i N "
5 (2) F@,2)Gggn (2, x")

X [3G i (2", x') / 8a (2)]-
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We have for the functions K¢’ and F (under the
condition of complete degeneracy of the electron
gas)

Ky g, (2, 3) = <T (g, (2) b5, 0o ®
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