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We consider a new mechanism of transmitting sound signals in a metal. This
mechanism is connected with formation of a system of sound-ficld spikes due to
the deformation interaction and to the specific dynamics of the electrons in the
magnetic field.

PACS numbers: 72.55.+s

It is well known that the penetration of a high-frequency electromagnetic
field into a metal can be stimulated by applying a magnetic field H parallel to
the sample surface, The specific character of the dynamics of the electrons in
the magnetic field leads to the appearance of the so-called anomalous penetra-
tion mechanism, 7 as a result of which characteristic field spikes are producec
at depths that are multiples of double the cyclotron radius R. A similar effect
takes place also for electronic transport of the field of a sound wave. Under
stationary conditions, owing to the acoustic “transparency” of the metal, this
effect leads only to small corrections against the background of the unperturbec
sound waves. " In the case of pulsed sound, it becomes possible to produce a
dynamic spike picture in the sample. In this paper we present the theory of
this phenomenon and propose its use for stimulated transmission of acoustic
signals in conductors, Fil’, Burma, and Bezugly{ B3] have observed an anom-
alous penetration, which appears to be connected with the effect discussed
here, of a sound pulse in a metallic plate in a magnetic field.

A sound pulse moving in a metal is a qualitative analog of the skin layer cha-
racteristic of the high-frequency electromagnetic field, but moving into the in-
terior of the metal with the speed of sound. Owing to the deformation interac-
tion, the energy of the sound field is transported by the electron over circular
orbits in a magnetic field, and the sound packet is reproduced in the form of
spikes located at distances that are multiples of 2R away from the main pulse,
and forming a system of “sound precursors,’” which propagate in synchronism
with the main sound signal (see the figure). Thus, in a magnetic field parallel
to the surface of the sample, a new mechanism is provided for the propagation
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a sound pulse over a chain of electron trajectories, with a characteristic
:locity of the order of the Fermi velocity.
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The propagation of sound in a metal is described by the equations of elasti-
ity, in the form™! (we confine ourselves for simplicity to longitudinal
scillations)

. ,r 1
u(x’t)_s u (x:t):7f(x’l)‘ i (1)

‘he x axis is directed into the interior of the metal (x >0), f is a force that de~
ends on H and is exerted by the electrons on the lattice

f(x,t)=—fdrp/\_a£_ X, ; (2)

de

there 9fy/ % is the nonequilibrium increment to the distribution function of the
lectrons, fjis the Fermi function, and A is the strain potential (we assume
he strain potential to be isotropic, Ay(p) = A(p)d;,, and the electron dispersion
aw quadratic). The presence of the electron force f leads to the onset of a
pecific law of dispersion of the sound oscillations in a magnetic field. % The
‘electronic” renormalization of the elastic moduli, which does not depend on
he magnetic field, is included in the speed of sound s.

Equation (1) should be supplemented by boundary conditions, which we choose
n the form

w0, ) =g(t), ule, ) =0; u(-oe, x> 0)=0, uf-o,x>0)=0,
(3)
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If the electron force f is equal to zero, then the solution of the problem (1),
.3) takes the form

2
(kx = )

(@ 150 " (4)

u(x,t) =u, cos(kx—a)ot)e

where st; has the meaning of the spatial width of the sound pulse, and v, the
meaning of the oscillation frequency. At f =0, the form of the solution depends
on the relation between the parameters wy, £y, and @ (Q=¢H/mc). We consider
the case when
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w,t, >> 1, Q >> 1, (

The first inequality of (5) corresponds to the case when the width of the pulse
is much larger than the wavelength of the sound, while the second corresponds
to the condition when the change of the pulse amplitude during the time of evo-
Iution of the electron in the magnetic field is small, The solution u{x,f} can be
represented in the form

ulx, t)= X u (x,t), kR>>1 (i
n

which constitutes, at Q7> 1, an expansion in powers of the parameter Q1/
(BR)Y/ 2 (o o=Sk, T is the electron relaxation time), which we assume to be sma
U,(x,t) has the meaning of a sound spike located at a distance 2nR from the
main signal, The expression for the first spike in the case ¢ >2R/s is (far fron
the acoustic cyclotron resonance(®? [y —nQ| > 1);

so=1
\/ﬂ— A)z_i_ iri—_(_ﬂi)f_/_(-);)[pl(x_zR)_Fz(x'FZR)]:
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¢, = are co$ ——————— ¢, = 7/4.
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The distribution of the acoustic field in the interior of the metal x> 2R, in a
coordinate system connected with the main pulse, is shown schematically in
the figure. We note that the amplitudes of the spikes increase linearly with
time, this being due to the transfer of energy from the main pulse to the spike,
At t 2 R/)\s, the dissipative processes in the electronic system become signifi-
cant and the growth of the amplitude gives way to exponential damping. The
ratio of the maximum amplitude of the precursor to the main signal is deter-
mined by the strain potential A at the point p,=0, v,=0
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which makes it possible in principle to determine experimentally the local val-~
ues of A(p) by measuring the considered effect,

We are deeply grateful to I. O, Kulik and E.A. Kaner for useful discussions
and interest in the work, We are also grateful to V.D, Fil’ for reporting the
results of preliminary experiments and for numerous discussions which have
called our attention to this problem.

DWe note that the acoustic analog of the electromagnetic skin layer are Rayleig
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und waves localized near the surface of the metal. The anomalous penetra-
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