the sum in (5) can be replaced by an integral, as a result of which we get

1+Viye ’

a

(7
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where V(wn) is the coefficient of reflection of the plane wave from a half-space bounded by
a rough plane [1].

We note that formula (7) can be obtained by calculating <wn(§)> as a result of succes-
sive reflections of a normal wave with an effective reflection coefficient Vv(y) {2,3]. It
is seen from the foregoing that such a method is suitable only for sufficiently broad wave-
guides (ak >> 1), it being necessary that the correlation radius of the roughnesses be small
compared with the length of the cycle (L << An).

Owing to the approximate character of the effective boundary conditions (3), formula
(7) describes the damping of the average field only at distances satisfying the inequalities
L(keoh/at)qg << 1 in the case when k! << 1 and L((kc)u/a]sinhwn << 1 if kt >> 1. We see
that if (o/l)2 << 1 (when kf << 1) or (kzo)2 << 1 (when kf >> 1) these distances greatly
exceed the length L ..~ (Im Sqn)'1 whitin which the average field attenuates.

[1] F. G. Bass, Izv. Vuzov, Radiofizika 4, 476 (1961).
(2] Yu. P. Iysanov, Akust. Zh. 12, 489 (1966) [Sov. Phys.-Acoust. 12, 425 (1967)].
(31 c¢. S. Clay, J. Acoust. Soc. Amer. 36, 833 (196L).
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Nee and Prange [1l] have shown that a quantum resonance can be observed in investigations
of the high-frequency properties of conductors in weak magnetic fields (Larmor radius r
larger than the electron mean free path 2). This resonance is due to electrons that remain
practically trapped in a narrow skin layer of thickness © as a result of specular colli-
sions with the surface of the sample. The distance between the quantized energy levels of
such electrons turns out to be large enough to resolve the resonant impedance peaks even in
a weak magnetic field. This is how Nee and Prange explain the impedance oscillations ob-
served in 1960 by Khaikin in bulky samples of bismuth and tin [2].

In a weak magnetic field parallel to the surface of such a plate (of thickness d << I)
there can occur also a classical resonance effect, connected with the fact that the electron
specularly reflected from the opposite surface of the plate can frequently fall into the skin
layer. The electron thus moves along an open periodic orbit and interacts in resonant fashion
with the electromagnetic wave, if the latter is launched in the skin layer at the same phase,
i.e., the period of motion of the electron Tx satisfies the condition

aﬂk(pz) = 2nn. (1)
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Here  1is the frequency of the electromagnetic field, n is an integer, P, is the
projection of the electron momentum on the direction of the constant magnetic field, and
the cholice of the remaining coordinate axes is clear from the figure.

To observe the resonance it is necessary that the electron whose period TK is ex-
tremal with respect to p, enter many times in the skin layer during the mean free path
time to, i.e.,

aT
Ty (P )<<ty —A o =0
apz Py™P,

(2)

The period of the electron motion Th’ which is equal to the difference between the roots
of the eguation

Px(Pz'A) "P':‘"(Px) = —
[ o4

is determined in a weak magnetic field essentially by the characteristics of the electron at

the point of the stationary phase (at the point on the orbit where vy = 0), i.e.,

Brid

T)‘(Pg ) = ‘/ ’ (3)
VOX

where ro is the radius of curvature of the trajectory, p, = pg at the stationary-phase

point, Vo is the electron velocity at the same point, e 1is the electron charge, ¢ is

the speed of light, and X\ is the time of motion of the electron in the magnetic field.
Using (3), we obtain the following expression for the frequencies at which resonance
takes place

eH 12 Vox e Hr
=qan e 3 pg= ——I—.
w=n (c'd ) (\/ZPOF extr? 70 c (1)

This resonance effect recalls the cyclotron resonance of Azbel' and Kaner [3] and dif-
fers from it only in the mechanism whereby the electron is returned to the skin layer. In a
bulky sample cyclotron resonance is possible only in strong magnetic fields r << [, and in
a thin plate the frequent return of th? electrons to the skin layer is enhanced by their

specular reflection from the surface y = d. The criterion for the "strong" magnetic field
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is therefore different. Taking (3) into account, condition (2) for a thin film becomes
r << 13/q, (5)

i.e., the limitation on the magnetic field intensity is less stringent than in bulky samples,
and cyclotron resonance is possible also in weak magnetic fields r > (.

An exact calculation leads to the same results. The complete system of eguations of
the problem consists of Maxwell's equations and the Boltzmann kinetic equation. In place of
the boundary condition on the surface y = d (the condiction for specular reflection of the
electrons) it is possible to introduce a fictitious Fermi surface, the intersections of which
with the plane , = const are open periodic trajectories. Since only the electrons that
do not collide with the surface y = O play any role in the resonance, it is possible to
continue the electric field and the current in even fashion into the region y < 0, after
which the problem is easily solved by the Fourier method. We present the final expression
for the resonant part of the impedance:

2]y =205 A gl - expl-(io s — )TV N, 6, 8= 00,2, (6)
t
0

where ZZB is the impedance in the absence of a magnetic field, A _~v. Vv /v2 is a con-

[+7¢] Oa 0B’ O
stant factor, and g 1is the parameter of the specularity of the electron reflection from the

surface of the sample. The impedance is minimal when H = Hres’ where

H - 2P9, sz,d
res V2'
0ox

1 (7)
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”
and the form of the resonance curve is determined not only by the mean free path of the elec-
tron, but also by the thickness of the sample and the parameter of the specularity of the

electron scattering:

res zo A ——— . 176
2,8 =~ Z,gA.p09, + Vryd/l +iA) ;
(8)
H-H
q‘ - ,__q; A = res .
H res

The resonant peaks are periodic in the variable H—l/2 and are most intense when the
high-frequency electric field is polarized along the x axis. Knowing Hres we can deter-
mine the extremal value of the quantity va/N/ig, and from the smearing of the resonance
curve ve can estimate the paremeter of the specularity of the scattering of the electrons by
the surface of the sample, If several resonance peaks can be resolved, then the parameter gq
as a function of the electron scattering angle 29 = (d/ro)l/e.

To observe cyclotron resonance in a thin plate, just as in a bulky sample, it is neces-
sary to have high electromaegnetic field frequencies, amo >> 1, and strict parallelism of the
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magnetic field and the surface of the plate (the field inclination must not exceed ©/t)
The thickness of the plate should oscillate within the same range of &/f, and the lower sur-
face of the plate y = 4 must be sufficiently smooth to ensure specular reflection of the
electrons.

If the electron free path is ! =~ 0.1 - 1 cm, then, for example in a bismuth plate
4~ 10—3 cm thick, one can expect cyclotron resonance at microwave frequencies in magnetic
fields H =2 0.01 - 1 Oe. The Khaikin oscillations are also observed in the same region of
magnetic fields if the electrons are specularly scattered from the surface y = 0. In a thin
plate with only one surface that scatters the electrons specularly, each of these effeets can
be observed separately by reversing the roles of the plate surfaces.

There is no doubt whatever that electrons in semimetals are scattered practically spec-
ularly from the surface of the sample [4].

In metals, the surface of the sample scatters specularly at least the "resonance” elec-
trons, since their scattering angle is small, but this suffices for the observation of cyclo-
tron resonance in a weak magnetic field.

(1] T. W. Nee and R. E. Prange, Phys. Lett. 254, 582 (1967).

(2] M. S. Khaikin, Zh. Eksp. Teor. Fiz. 39, 212 (1960) [Sov. Phys.-JETP 12, 152 (1961)].
[3] M. Ya. Azbel' and E. A. Kener, ibid. 32, 896 (1957) [S, 730 (1957)].

[¥] M. S. Khaikin and V. S. Edel'man, ibid. 47, 878 (1964) [20, 587 (1965)].
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In plasma diagnostics by the method of scattering of laser emission from free electrons,
the plasma parameters are determined by analyzing the density distribution of the scattering
spectrum. The density of the spectrum is proportional to the scattering cross section o
and to the solid angle AR in which the scattered light is gathered.

The laser emission frequency usually greatly exceeds the collision frequency of the
charged particles of a laboratory plasma. Therefore the weak scattering of the electrons in
the Coulomb field of the ions prevails in the interaction between the electrons and the ions.
In this case, the scattering cross section for the electron component (in a plane perpendic-
ular to the electric vector of a plane-polarized wave) is proportional to the function

Fa(x) {13:

Vr‘a(x) = s (1 )
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