n="Tx 10‘“ poise, € = 1.7, and an incidence angle 6 = x/6 yields for the threshold inten-
sity I, = cnno/unIDI a value I ~ 8 x 108 w/cme. Such conditions can be realized, for exam-
ple, for liquid nitrogen and a pulsed neodymium-glass laser operating in the free-running
mode (T ~ 1073 sec).
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We show in this paper that the frequency dependence of ultrasound damping in a semi-
conductor has an oscillatory character in the presence of a homogeneous electric field whose
frequency  is much larger than the frequency of the sound. The oscillations are 'gigan-
tic," i.e., their amplitude is of the same order of magnitude as that of the oscillating
quantity itself *. We consider the case when the inequalities g£ >> 1, Qr >> 1, and qQ >> ab
are satisfied (q - wave vector of sound, # and T - mean free path and relaxation time of the
electron, ab - electron plasma frequency). For simplicity we confine ourselves to the case
of an isotropic medium and a parabolic electron dispersion law. The complete system of equa-

tions describing the interaction of the electrons with the longitudinal ultrasonic wave and

with the self-consistent field & is *¥
) ) )
(—+ v +e(EF +6’-.—--sz0.—){ = 0, (l)
ot m dp dp
? A
(—— ~s2 V2)y=— Y[fdip, (2)
a2 P
4.ne
V& =~ —(N-sfd3p), (3)

where u is the displacement in the sound wave, s +the renormalized speed of sound, A the
deformation-potential constant, p the crystal demsity, N the average electron density,

E= EgeStsin Qt the external high-frequency field (& + +0), m the effective mass of the elec-
tron, and € the lattice dielectric constant. In the absence of sound or plasma oscillations

* Tt is assumed that the lattice absorption of the sound is much smaller than the elec-
tron absorption, or.at least of the same order.

** We disregard the plezoelectric effect, since in the frequency region under consider-
ation the main role is usually played by the deformation mechanism of the electron-phonon
interaction.
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(u =8 = 0), the solution of (1) takes the form

14

FO(p,t)=Ffop - § E(t7)dt’),
where fo(f)) is the equilibrium electron distribution function.
We shall seek a solution of the system (1) - (3) in the form f(f), r, t) = f(o)(f), t)
> > > > > >
+ eiq'rf(l)(fJ, t), u(r, t) = eiq'rﬁ(l)(t), and &(F, t) = eiq'réi(l)(t), carrying out the
linearization with respect to the small quantities with index (1). Eliminating & with the
aid of (3), and introducing the new function

’

. t ¢
Fp.1) = oxpls £ di [ dr qE(H)FD (p s of Blt)drs1),

m_“ —-c0 At
we readlly get el
. ) 3
F) dne af (p)
AL LT SN Lbar il L JFdip =
at m ieq? ap
mhgq2h®) s 3 1)t @ge O, ()
ap nse-oc
22 iAq o
(.6 +s2q2) o)) = JFd3p X I"(a)e'"n’. (5)
at [ n= —oc

vhere a = eEOE/er and In is a Bessel function of zero order.

Let us average (4) and (5) over the period of the high-frequency field. Since we are
considering only waves with frequencies mnmch lower than the frequency of this field, to ob-
tain the "abbreviated" equations it is sufficient to replace F and u(l) by their averaged
values, and to retain in the right sides of the equations only the terms with n = 0. As-
suming that the averaged quantities are proportional to exp(-iwt) (w << Q), we get the dis-

persion equation

4ne?  a(3f,/ gp)dip

[1+ J Hw2-s2q?) =
€q? w=- qp/m (6)
A2 q(af,/ap)die
.- —13(a)q? f ———2
p @ - qp /m

It follows therefore that the effect of the high-frequency field is equivalent to a renormal-

*¥¥ guch a method was used by Aliev and Silin [1].
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ization of the constant of the deformation potential A - AIO(a). This seemingly small change
leads to an interesting consequence. In fact, the sound absorption coefficient determined

from the dispersion equation (6) has at sufficiently small damping the value

2 aymto—oy
a= —Img = \/-'.r-A'zlg(a)

m/2 Ng < q2
s 2 ps(kT)3/2

)2, (1)
a? + x?2

where «k is the reciprocal of the screening radius and T the temperature of the crystal.
Consequently, the electronic sound absorption coefficient oscillates at a function of the
parameter a, vanishing at values of a corresponding to the zeroes of the Bessel function.
The most interesting is the dependence of o« on the frequency (or on the wave number) of
the sound. Thus, when q >> g and E I fb we have

Eya

a(q) ~ al} (-——-—""'

so that when a >> 1 we have
eE q
a(q) = const cos ( - —)

i.e., the a(q) dependence has a purely oscillatory character.

The predicted effect can be interpreted physically as a geometrical resonance between
the amplitude of the electric oscillations in the high-frequency field eEO/mn2 and the given
sound wave 2n/q. This phenomenon is analogous to geometrical resonance in a magnetic field
(see, e.g., [2]), but the role of the electron revolution in the Larmor orbit is played in
this case by the electron oscillations in the high-frequency field.

Measurement of the period of the oscillations of the sound damping can be used to de-
termine the effective mass of the electron, and measurement of the amplitude can be used to
separate the lattice and electronic contributions to the sound absorption.

The author is grateful to V. L. Bonch-Bruevich for a discussion of the work.
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ERRATA

Article by E. M. Epshtein, Vol. 7, No. 11

"

In formula (S) on p. 341l and in the line following it, ”In" should be replaced by "Jn.
On p. 342, lines 16-17, "given sound wave 2r/q" should be replaced by "sound wavelength
2u/q."





