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where 1/1(10;, 1/1(0) are vave functions of the free

molecule @ V), o,

the free field, and N is the number of photons.
Substltutmg (1 4) in (12) multiplying first by

(N) are wave functions of

1//(0) then by 1/1( )’ , and integrating, we get two

equations. The condltlon of their consistency
gives:

81,2 =8 + &) + 1, V(é’im — P+ |V, I

Transitions of the system molecule + field with
radiation of quanta of energy €, — 82 = hQO are

thus possible. It is also not difficult to demons-
trate that the matrix element of the dipole moment
correspondmg to the trans1t10n at the frequency
Q, is proportional to ,u22 p.l 1

Let us note that the measurements of the
frequency Q offer the possibility of the experi-
mental determination of the matrix elen:ent |V1 2\,
which is proportional to the product of the dipole
moment and the magnitude of the field intensity F.
Such measurements offer a method for the precise
determination of the field intensity of frequency w,
if the matrix element |7, ,| is known. If conversly,
the field intensity of frequency w is known with
sufficient precision, it is possible to determine

f, , precisely.
Let us evaluate the order of magnitude of

possible frequenc1es Qy~ | By ol F/h Let Iy ol

~10¥se andﬁ = 1cgs unit = 300 v/cm;

then Q ~ 10 sec’!. If, however, F =10 cgs
units, then Q,=1 0! Osec!. By changing the field
intensity at the frequency ® , we can change the
frequency (}, which presents some convenience in

the experime ntal handling of the problem.
In conclusion, let us note that radiation at the

frequency Q will be observed only for molecules
whose dipole moments 7, and f#,, differ from
zero.
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1.2 an expression was

I N previous publications
obtained for the surface impedance of metal in
the case of anomalous skin effect*. It was then
assumed that the integral of collisions can be
written with the help of the relaxation time 7 in the

form:

@f108)g,=(f— S/~

)

where f is the electron distribution function, f (e)
is the Fermi equilibrium distribution function.

Introduction of the relaxation time can be
rigorously established only at high temperatures
(T > @, O the Debye temperatwre). At lower
temperatures, the collision integral, in general,
cannot be written in form (1), and one must consider
an arbitrary collision integral. Inthe present
contribution it is proved that the formula for
impedance, obtained in reference 1, is valid for an
arbitrary collision integral . Let us note that the
left-hand member of (1) is not assumed to be small
in comparison with o[ (w~— frequency of external
field).

The complete system of equations has the form:

a2 12) (@)
dz?

4 2e? . M * %
_‘%9(2‘;;?&”“ [ (z; m)—d(z; —n)]dS,*;
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nzanl:(z, W i n) (

=£ (z)nB—E.xﬂx'*' y y’
bz M), o =0,

$ ©; n,, n,, n,) =qqi(0; n., ny,-—-nz); n,>0
n=v/v, v=Ve(p). (4)
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tiere - e (5[0/5 €)Y exp (i wt) is an addition to
the equilibriun: distribution function of distribution
fo(é); E‘x(z) exp ({wt) - are the components of the

" electric field inside the metal; L= 11‘1['(8/56)5t
viwl] is operator of the free path length (/ — unit
operator)*; €, s, v are the energy, quasi-momentum
and velocity of electrons. The parameter g in (4)
characterizes reflection of electrons from the
surface of metal (g = 0 corresponds to diffuse and
g =1 to specular reflection). Integration with
respect to 45_ in (2) and below is carried out for
all niomenta on the Fernii surface €(p) = €os

n,2 0.

Axis OZ coincides with the direction of internal
normal to the surface of metal.

Writing equation (3) separately for ¢ (z; n) and
Y(z;~n) and eliminating ¥(z; n) + (z; -n), we will
obtain an equation for the function ¥ _(z; n)
=(z; n) — Y(z;~n)*+, which determines this current
density
L TR T

0z ni ’l; -

) }f‘n},_ . (5)

In this equation the fact that the main contribution
to the cwrrent density in the anomalous skin effect
comes from electrons with small n, has been taken
into account (see references 1,2). Therefore we
may consider that the operator L, acts on functions
whose values are taken on the curve n= 0 on the
the Fermi surface.

Continuing functions £_(z) and _(z; n), as
even functions, into the region of negative z, and
going over to Fourier transforms, we find:

o 2 dicy 202 (6)
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o]
where gk(t) = [E (z) exp(-itz)dz is the Fourier

transform of the component of the electric field
(o =%, ¥).

Analogously to what was done in references 1,2
it can be shown that the asymptotic expression for
the surface impedance, in the limiting case of the
anomalous skin effect, is obtained by replacing the
integrals in (6) by their asymptotic expressions for
large ¢. In the process the operator L drops out.
In fact, fog lar§e t, since operators L and
[1+ t2nz2L2] "% commute,

Sﬂa (7 + en32) L dS,

A A
~t K (g, =/2) '

0 0

{ S dx{I + ¢L271L } n, (?)
0

M . w
= {arctgxLi 1 {p) = 5 ng (9)-

Bere K( ¢, ?) - Gauss curvature of the Fermi
surface; « ,d - angles of a spherical coordinate
system in the velocity space: n = (sin ¢ cos ¢;
sin ¢ sin ¢; cos ¥);

v n. (9) = cos p; n, (p) = sin g;

dSy = sin 9 d9 dp | K (p, 9).

In a similar way one can calculate the asymptotic
value of the second integral in Eq. (6).
As aresult we arrive at the following integral

equation for 8‘,((5):

on
il g, s @)
0

£ i Gntej ) (B, /1) ’
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where B_ is the principal value of the tensor

Ny (9) g (@) d9 ®)
K(9, ™ /2)

83 an
e
Bag=3 (27h)? S

0
and the axes X and Y are chosen along its
principal axes.

The integral equation (7) is independent of the
form of the collision integral and, in particular,
coincides with the equation that was obtained when
we introduced the relaxation time 7. Therefore we
may use immediately the results of the previous
work! and write down the surface impedance Z _ in
the limiting cases of diffuse (g = 0) and specular
(g = 1) reflections of electrons from the surface of
the metal:

bmie Ey (0 9
Zy=R,+iX,=— ’;‘2“’_()
£, (0)
— mw? \!'s e
(vs5g) a+iva =0
2\1/s —
\%(V?Z—%—)' A+iV3); g=1.
X,IR,=V3. (10)

Examination of the integral equation (7) shows
that formulas (9) and (10) for the surface
impedance are valid with accuracy to within a
small numerical factor of the order of unity, for
arbitrary linear relation between y/(0; n.,n., nz)
and ¥(0; n
vacuum.

Thus, in the region of the anomalous skin-effect
dependence of the surface impedance upon
frequency (Z_~ 0?/3), its independence of
temperature, and relation (10) are all valid not
only for arbitrary law of dispersion of electrons € = ¢(p),
but also for arbitrary collision integral and any rela-
tion ¢ (0; ny, 7y, nl=Q¢O;n,n,-n)atthe
boundary metal-vacuum.

© My —nz) on the boundary meta)i -

y,

In conclusion the authors wish to avail them-

selves of this opportunity to thank I. M. Lifshitz
for the discussion of their results.

*

Anomalous skin effect occurs at high frequencies and
low temperatures, when the mean free path of electrons
is large compared with the depth of penetration of the
field into metal.

* * . .
Here use is made of the spherical symmetry of Fermi
surface.
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+ . .
All operators operate on functions in momentum
spacé.

**1In so doing we consider that the collision operator
has a center of symmetry.
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THIS letter deals with some conclusions which
can be drawn from the theoretical analysis of
the internal Compton effect.

In the interual Compton effect, a nucleus jumps
from an excited to the ground state, with the re-
sult that the atom is ionized and a gamma ray
radiated. The emission of an electron and a gamma
ray when the nucleus de-excites itself is due to
the interaction of the electron with the nucleus
and the electromagnetic field: i.e., it is a third
order effect. This is presumably why the effect
has not been observed till recently. It was in
1953 that Brown and Stump ! saw a continuous spec-
trum accompanying internal conversion.

The internal Compton effect was analyzed in
reference 1 by use of nonrelativistic perturbation
theory, i.e., with the restriction that the energy
difference between the excited and ground states
was much less than the electron rest energy. In
the perturbation theory approach, the internal
Compton effect is of third order and considered to
take place in the following steps: a virtual gamma
ray emitted by the nucleus is scattered from the
atomic electrons and as aresult a real gamma ray
is radiated and an electron ionized.

The initial state (1) of the system consists of
an excited nucleus, an electron in its ground state
and no quanta. In the final state (2) the nucleus
is in its ground state, the electron is in an ex-
cited (ionized) state and a gamma ray has been
emitted. The perturbation was taken to be the
nonrelativistic interaction between a charged





