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The induction oscillations that develop in a conductor upon propagation of a low-frequency sound
wave through it are considered. It is shown that in a quantizing magnetic field (the distance between
the Landau levels is greater than the temperature), this induction change leads to sound absorplion
which is of the same order of magnitude as the value of induction damping of the sound.”! The
vsuillatory dependence of the sound absorption mechanism on the magnetic field leads to oscilla-
tiong in the absorption coefficient with a relative amplitude of the order of or greater than unity,
provided that the induction absorption is dominant. It is shown that the latter condition exists in
compensaied metals, or in metals whose Fermi surface possesses a layer of open trajectories.

TI—IE absorption of ultrasound in a metal in a quantizing

magnetic field (#°T < hf2, @ = eB/mec is the cyclotron
frequency, B the magnetic induction) is considered in
the present work for the condition that the length of the
free path of the conduction elecirons [ satisfies the
inequality <%, and k+B =D, where 2mx = 2r/k is the
sound wavelength. The damping of the sound in a strong
magnetic field has been considered previcusly a num-
ber of times; here we have studied two absorption
mechanisms: deformation and induction.[***! The de-
formation mechanism determines the sound absorption
in the absence of 2 magnetic field. Physically, it is
connected with the retardation in establishment of the
equilibrium distribution of the conduction electrons, the
dispersion law for which has the form
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in the field of the sound wave u. Here Ajk{p) is the
deformation potential, ujk = ¥»(8uj/8xyx + Bu/9x;) is
the deformation tensor. This retardation, which is duc
to the finile velocity of sound, leads to dissipation of
energy.

In addition to the direct deformalion mechanism,
the electric ficld, which develops in the conductor upon
passage of the sound field through it, also contributes
to the sound zbsorption. This field is found from the
Maxwell equations. Fstimates show that the contribu-
tion to the absorption from the electrie field is, in any
case, not larger than the direct contribution from the
deformation mechanism, The induction mechanism of
sound absorption arises in a magnetic field. It is as-
saciated with Lhe ¢lectric field G =u x B/c, which is
induced when sound passes through a deformed con-
ductor moving in a magnetic field. Here the absorption
and the electric ficld are determined by the total elec-
tric fleld & =E + G {sce!®), and the field E satisfies
the Maxwell equations:
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For what follows, it will be vonvenient for us to
wrile down Maxwell’s equations for the field #. This
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is not difficull lu do if we take it into account that®
rrJLG=1Tmt[uBJ-. ric-;?{(l’-v}u — Biivu}.
By using the latter relation, we get
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It is then seen that the inductive absorption of sound in
the case k-B = 0 corresponds to a ‘‘change’’ in the
induction by the amount 6Bing ~ Bijluik.

In the preceding discussion it was assumed that the
induction B remalins constant, However, being & self-
consistent magnetic field, the induction ““feels’’ the
change in the dispersion law of conduction electrons,
i.e., a dependence of the induction on the titme appears,
This leads to the appearance of an induced electric
tfield and, al the same timc, to additional sound absorp-
tion. This is the physical reason of the new induction
mechanism of sound absorption,

We now estimate the corresponding value of the
change in induction. Both the Fermi energy €, and the
form of the Ferml surface change in the field of the
sound wave, As will be shown below, both these factors
lead to induction changes of the same order of magni-
tude. Therefore, we shall eslimale here, for simplicity,
only the effect of the change of the Fermi energy. From
the rondition of electrical neutrality, it is easy to ob-
tain the result that (with accuracy up to (KQ/<q)?)

&€y = AjKujk, where
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is the value of Aj averaged over the Fermi surface.
We then pet for 6B
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The largest values ol the magnetic moment and its
derivative occur in those regions of the magnetie field
and temperature where they are determined by the
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de Haas—van Alphen effect (7*T < HQ)NL[* As a con-
sequence of the oscillatory dependence of the magnetic
field on the Fermi energy, we get
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and if 47y ~ 1, then the contribution to the absorption
from the mechanism considered is of the order of the
valuc of the induction absorption. In this conncction,
we shall assume in what follows that the induction
mechanism of sound absorption is dominant.

It is clear from what has been pointed out that for
an exact solution of the problem it is necessary to
compule the induction B in the [ield of the sound wave
and to substitute the resultant expression in the Max-
well equation for the determination of the electric field
&, In the case in which the induclion absorplion of
sound is dominant, jgef in the Maxwell equations can
be set egual to zero, and the value of the energy dis-
sipated per unit time is
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The coeificient of sound zbsorption is thus equal to

1
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where s 1§ the group velocity of sound, w the sound
frequency, and p the densily.

We now proceed to the quantitative solution of the
problem,

2, MAGNETIC MOMENT IN THE FIELD OF THE
SOUND WAVE

The ealculation of the magnetic moment requires a
knowledge of the energy levels of the electron, which
we shall determine in the quasiclassical upproxima-
tion, For this purpose, we first consider the classical
motion of the concuction electron, Let 2z 1 B and y il k,
and let the vector potential A be written in the form
Ay =Az =0, Ay =~ [B(3 }dy’. Then the classical
maotion is reduced to the one-dimensional motion of a
particle with u Hamilionian
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and the energy levels are determined in the guasiclas-
sical approximation from the condition

(j- Py dy = 2anh,

By using the fact that Py = py and dy = dpg/ec B(y),
we have
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The condition KR <€ 1 allows us to take B(y) outside
the integral sign, Finally, we get the relation
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for the determination of the energy levels,

Further calculations of the magnetic moment are
made in standard fashion (see the work of I. M, Lif-
shitz and A, M. Kosevich(*]), As a result, we obtain the
following expression:

M= LM“‘ {Ciﬁ()!: }

where SY(u) is the area of the extremal crass section

of the Fermi surface In pz, and MK is the magnetic

moment computed in!®!, W¢ now describe the quantity

S2(u) in more detail. For this purpose, we represent
in the form py = pt®(e,, py) + pi’, where p'® sat-
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isfies the equation &,- Gufpy : Pz, Px). Then we get

for p' the expression vypg,“ = AfkUik — 0€(p), whence
8% = 5%(¢€;) ~ oS% where &5 = —8%Bypusy, — Kﬁ"uu‘
(38%9¢), Ajk = Ajk — rik, AX i5 the mean value of A
over the perimeter of the extiremal cross section, Thus
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3. SQUND ABSORPTION COEFFICIENT

We shall first transform the sound absorption coef-
ficient. From jy = 0, which is equivalent to the vondi-
tion of electrical neutrality, we have &y = -tyg Ejg/cryy.
We then have for j, and T
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For simplicity, we shall assume in what follows that
the magnetic field is applied along one of the axes of
the crystal., Then hg = hy = &z = 0 and only the com-
ponent with &y in the sum in Eq. {1) remains, We
write the expression for curl & = —1/¢ x 3/8t [ B(1
+ div u)] in the following fashion:
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After substitution of the explicit expression for 65%,
the final set of equations, from which the field & is
determined, has the form
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Solving this system, we get the [(ollowing resuil for &4
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Substituting this expression in Eq. (1
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We now procced to the analysis ol the sound absorp-
tion coefficient for diffcrent cases.

First, we note that for 4ay ~ 1, both componenls in
ayl (see (2)) are generally of Lhe same order, From
the oscillatory dependence on the mugnetic field of the
second component, the absorption coeflicient at its
minimum ean be much smaller than its value at maxi-
mum for a longitudinal wave, and the minimum value of
the absorption coefficient is exactly equal to zero in
the case of a transverse sound wave. Thus, gigantic
pscillations of the sound absorption cocificient can
develop. In this case, the minimum value of the absorp-
tion Is determined by the deformation mechanism, and
the relative amplitude of the oscillations is Tl

Let us consider the value of the ratio riﬁgx;rdef

in more detail. In the case of a normal metal (case a}),
Tdaf ~ Ne®7/ps® andT ~ 0, ~ ne’r/m. For a com-
pensaled mctal {case b)), T'gef ~ n€ew’7/ps’ and @

~ o4{R/1)® (since ng =ny)l, where R is the radius of
the electronic orbit. I, for a given direction of the
magnetic field on the Fermi surface there Is a layer of
open trajeclories, and the number of electrons on open
trajcctories Is of the order of the number of electrons
on closed trajectories {cuse t)), then Tdef ~ neogw/ps’y
and @ ~ ¢ R/1)?. Using these formulas, it is easy to
obtain
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It is not difficult to establish the fact for a normal
metal we always have (k8)* 3> 1 and e’/ et

~ (k&) (kRY = 1 inthe region of interest to us.

In cases b) and ¢), we can have both {kd,)® <1 and
alsa (k8,)? > L because of the small value of &
~ oo(R/TF.

f (kbo)° < 1, then I'{ng*/Tger ~ 1/(k1)* > 1 and
PE&"X,/Fdef ~ 1/%kl > 1 for cases b)and c), respec-
tively; in the opposite limiting case, [h4"/Fgef < 1.
Thus, in compensated metals and in metals whose
Fermi surface has a layer of open trajectories, strony
oscillations of the ultrasonic absorption coefficient
arise:

T /g < U M

We now consider the effect of the value of 4 on the
oscillations of the sound absorption coefficient. From
the condition of thermodynamic stability of a uniformly
magnetized state, it follows that p > 0, L.e., 4wy = 1.
Herc, as in the liguid-vapor case, one can show that a
system of critical points arises (pecause of the

ind Tgei-

periodicity of the magnetic ficld), These points (Til,
B{l") are defined by the condition!!

dng (By, To)=1, 4&%(1@, By)=10.

Under conditions sufficiently close to the critical point,
the value of 4 begins to increase, and ite maximum
value for a given lemperaturc is pmax ~ (8T/To)™",
where AT = T — T, > 0, while the width of the induc-
tion range, where U is significantly different from
unity,”] is
2B ~ BAQYAL
o T

We now assume that (ké,)* 2> 1 and the tempera-
ture satisfies the condition AT/ Tq < 2/{k8,)°. Then,
as is easy to see from Eq. (3), the absorption caoeffi-
cient in the reglon close to the critieal point increases
by a factor (k&y¢)%/4. Thus, in the indicated tempera-
ture interval, a narrowing (AB € BHAif2/ €y is the
period of the oscillalions) of the absorption peak is
superimposed on the considered oscillations.

4, DISCUSSION OF THE RESULTS

The experimental observation of strong oscillations
of the sound absorption coefficient Tmax/Tmin < 1 in
a quantized magnetic field (k+B =0)allows us to con-
clude that the induction absorgtion is of the order of
the deformation absorption in any casc. The presence
of gigantic oscillations of the sound absorption should
mean that the dominant mechanism of abserplion is the
induction mechanism, We recall that if the induction
mechanism of absorption is actually dominant, then
the gigantic sound absorption oscillations arise for
transverse polarization of the sound wave, In this case,
the amplitude of the gigantie oscillations gives the
value of the inductive sound absorption, while the mini-
mum value of the absorption ccefficient is identical
with the value of the deformation sound absorption.

The author is grateful to M, Ya. Azbel’ and V. L.
Gurevich for uselul discussions,
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