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A theory of electron absorption (EA) and amplification (EAM) of ultrasound in semiconductors with an 
arbitrary degree of degeneracy in a transverse magnetic field is developed. The case is considered of 
sufficiently low frequencies, when interaction between the electrons and sound can be described "clas
sically" in terms of variable fields created by the wave, and when the hydrodynamic expression is 
used for the electron current density. Expressions for the EA and EAM coefficients, and also the cor
responding corrections to the sound velocity, are obtained for the case in which the sound moves in the 
direction of the drawing electric field as well as in the Hall direction. It is demonstrated that the con
dition for sound amplification in degenerate semiconductors has the form (Vd •q)/q > Vs in all cases, 
where q and Vs are respectively the wave vector and the sound velocity, and vd is a certain effective 
drift velocity, which may differ from the mean electron drift Vd in magnitude as well as in direction. 
In particular, in a quantized magnetic field, Vd may be antiparallel to Vd, i.e., sound amplification by 
an oppositely moving electron beam should be possible. It is also shown that the magnitude of vci as a 
function of the magnetic field strength may undergo "giant" quantum oscillations, even under condi
tions when the ordinary Shubnikov electric conductivity oscillations are small. A physical explanation 
of the predicted effects is presented. 

1. THE effect of a magnetic field on the EA and EAM of 
ultrasound in semiconductors in the "hydrodynamic" 
case ql << 1 ( l is the mean free path of the electron) 
has been considered in a number of researches. In [ 1 - 3 l, 

the EA coefficient of ultrasound has been found for a 
transverse unquantized magnetic field in semiconduc
tors with an arbitrary degree of degeneracy and an ar
bitrary dependence of the relaxation time of the momen
tum of the electrons T(€) on their energy €, In [4 - 7 l, the 
EA and EAM coefficients are calculated for ultrasound 
in a transverse unquantized magnetic field in semicon
ductors under the assumption that the relaxation time of 
the momentum of electrons T does not depend on their 
energy. The EA of ultrasound in a Hall current was 
considered in [8 J for the same conditions, and the EA 
of ultrasound in both drift and Hall current in a layered 
medium in c 9 J. The fundamental results of c 4 - 7 J (and 
also C9 l) is that the Maxwell relaxation time increases 
significantly in a strong magnetic field, when WHT >> 1 
(wH is the cyclotron frequency), while the drift veloc
ity of the electrons (and consequently the threshold of 
sound amplification) does not depend on the magnetic 
field. This leads to the result that a smaller drift ve
locity is needed to obtain optimal amRlification than in 
the absence of a magnetic field. In c OJ the results of 
c4 - 8 J were generalized to the case of an arbitrary de
pendence T (€). 

However, under real experimental conditions, when 
one can observe a marked decrease in the drift velocity 
for optimal amplification c 11' 12 J (InSb samples at low 
temperatures in magnetic fields of the order of tens of 
kOe) the quantizing of the energy of the electrons in the 
magnetic field can be substantial. The theory of EA of 
ultrasound in a quantizing magnetic field in semiconduc
tors, which is also valid in the hydrodynamic case ql 
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<< 1, was developed in c 13 J. However, only the case of 
a longitudinal magnetic field is considered, and specific 
calculations are carried out for ql >> 1, wT >> 1 (w is 
the frequency of the wave) applicable to "gigantic" 
quantum oscillations of Gurevich, Skobov, and Firsov 
(GSF).C 14J 

In the present research, we consider the EA of ultra
sound in a transverse, generally quantized magnetic 
field both by the drift and the Hall currents and by the 
"partial" internal currents, which flow in the Hall di
rection with the Hall contacts disconnected. A physical 
explanation will be given for a number of interesting 
features of sound amplification associated with the T(€) 
dependence, and also with the presence of the quantizing 
magnetic field. 

2. In the present work, we shall assume the sound 
wavelength to be sufficiently large in comparison with 
the de Broglie wavelength .\e of the electron (q.\e << 1), 
so that the interaction of the sound with the electrons 
can be described "classically," by representing the 
sound wave as some external field. 1> Also, only the hy
drodynamic case q l << 1, w T << 1 will be considered, 
when the observation of the cyclotron and geometric 
resonances in sound absorption (see for example, the 
review[ 15 l) and also of the gigantic oscillations of 
GSF[ 14 l is impossible. Moreover, we shall completely 
neglect the heating of the electron gas by the sound wave, 
assuming the symmetric part of the distribution func
tion (or the diagonal part of the density matrix) to be a 
Fermi distribution with temperature T equal to the lat-

OJn qunatizing magnetic fields, when the region of localization of 
the electron becomes smaller than Ae, this approximation will be even 
better satisfied. 
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tice temperature 2> and with a chemical potential de
pending on the time and coordinates with the frequency 
of the wave (the latter is connected with the periodic 
change in the electron concentration in the field of the 
wave, see £17 l). Under these conditions, a phenomeno
logical expression can be used for the electron current 
density. This expression contains the static electrical 
conductivity and the diffusion coefficient corresponding 
to the local electron concentration. 

For simplicity, the direction of the wave vector q is 
so chosen that the sound propagation is described as a 
one-dimensional problem. We direct the x axis of our 
system of coordinates along q, and the z axis along the 
magnetic field H, which is assumed to be perpendicular 
to q. With reference to the pulling field E0 (the sample 
is connected to the voltage source), we shall consider 
two situations: (a) E0 II x and (b) E0 11 y. In the Hall di
rection, the sample can either be open circuited (the 
corresponding quantities will be identified below with 
the subscript 0) or short circuited (subscript s) in 
both cases. 

In accord with what has been said above, the set of 
fundamental equations has the form (see £ 3 ' 17 l) 

a'u a•u aE. an 
pdi'=c ax'+~a;-+Aa;, (1) 

aE, = 4ne (n _ n,) + 4n~ a•~' 
ax 8o Eo ax 

(2) 

(3) 

. ( A a'u) an J,=a,. e.---a, +a.,E.-eD,.-, '· e X ax (4) 

. (E'' Aa'u) an 1. =-a,. • ·---a , + a,.E. + eD •• -. e x ax (5) 

Here p, c, {3, € 0 and A are respectively the density, 
elastic modulus, piezomodulus, dielectric permittivity 
and the deformation potential constant for the crystal 
under study, u is the mechanical displacement in the 
wave, Ex and Ey are the components of the total local 
electric field, e < 0, n and no are the charge, local 
and•equilibrium concentrations of electrons, respec
tively, jx and jy the components of the electric current 
density, and axx. ax}'j Dxx. Dxy the corresponding com
ponents of the electrical conductivity and diffusion coef
ficient tensors, which depend on H. In the case of de
generate semiconductors, and also in quantizing mag
netic fields, the diffusion coefficient generally depends 
on n, while the dependence a(n) does not reduce to 
simple proportionality (see £ 18l ). 

Let us first consider the case (a) (E0 llx, sound am
plification by the drift current of the electrons). For 
the reasons already discussed in £4 - 9 l, we shall neglect 
the transverse field and current variables (including the 
Hall current). In accord with this, we linearize the 
problem by setting n =no + n~, Ex = E0 + E~, Ey = EH, 
where ~ and E~ are quantities of first order of small
ness in the amplitude of the sound wave, and EH is the 
Hall field. 

2lThis approximation for InSb at low temperatures, under the con
ditions of sound amplification, is less substantiated (see [ 16 ] ). However, 
in the case of most interest to us in the present research, normly, of a 
strongly degenerate semiconductor, it is insignificant. 

In zeroth order, we find the Hall field EH. It is equal 
to zero if the sample is short-circuited in the Hall di
rection, and equal to E0 a~/a~ if the sample is open
circuited (a~ = axx(no), a~1 = axy(no) and so forth). In 
the first order in the sound amplitude, we find the dis
persion equation of the wave, whence we obtain the fol
lowing expression for the coefficient of EA (EAM) of 
sound and the corrections to its velocity: 

(6) 

Llv, 1 T) Lw'TM'(1- qv .. /qv,)'+ q'rn'(1 + q'rn') J- x(1 + q'r,;') 
v, 2 w'-rM'(1 qv .. /qv,)'+(1 + q'rD')' 

(7) 

Here 71 and x are respectively the constants of elec
tromechanical coupling through the piezoeffect and the 
deformation potential, TM :: € 0/ 47Ta~i and rn 
={€ 0 D~i/47Ta~i} 1/ 2 are the Maxwell relaxation time 
and the Debye radius in the magnetic field, Vs is the 
sound velocity and v't-1 some effective drift velocity. In 
the given case (E0 II x) 

(8) 

where vd is the observed mean value of the electron 
drift velocity, defined as Vd =j<0 Veno, and ra is a cor
rection factor (see u 8 l ). In the case of shorted Hall 
contacts, 

dln a:> 
r.===ro,= dlnno' (9) 

and in the case of an open circuit 
(0)2 (0)2 

_ f dln(a,. +a._ ) 
r" = re~o = ----:-::---...:...-'... 

2 dlnn0 

(10) 

The scalar product vd ·q is positive, when E0 is anti
parallel to q (e < O) and changes sign upon change in 
sign of E0 • 

In the case (b) (E0 II y), proceeding in similar fashion, 
we also obtain expressions (6) and (7) for ae and 
tlvs/Vs where, however, the velocity Vd has a different 
form: 

(11)* 

Here h is a unit vector in the direction of the magnetic 
field and the correction factor ~ is equal to 

(12) 

in the case of shorted Hall contacts, and 

(13) 

in the case of open circuit. As is seen from (6), the 
criterion for sound amplification (change of sign of ae) 
has the form 

v.-q/q > v,. (14) 

Thus we have su.cceeded in expressing the sought
after quantities (ae' and tlvs/vs) in terms of the static 
characteristics of the crystal. We again emphasize that, 
since the explicit form of the components of the tensors 
of electrical conductivity and the diffusion coefficients, 
and also the coupling between them, has nowhere been 
used, Eqs. (6)-(14) are valid for any powerful and, in 
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particular, quantizing magnetic fields. Finally, we note 
that the acousto-electric effects considered form a class 
of kinetic phenomena which are determined not only by 
the kinetic coefficients, but also by their derivatives 
with respect to the concentration of the electrons (i.e., 
with respect to the Fermi energy in the degenerate 
case). As we see, this leads to a number of interesting 
features of these effects in degenerate semiconductors, 
for example, to a significant increase in the amplitude 
of the Shubnikov oscillations of the corresponding quan
tities in the quantizing field, to the possibility of sound 
amplification in an opposing stream of electrons and so 
on. 

3. We first consider the case of classical (nonquan
tizing) magnetic fields. In this case, as is well known, 

<•>_ e•n, ( 't ) 
o., --;;- 11 + Cila1't1 ' 

(15) 

where m is the effective mass of the electron, WH the 
cyclotron frequency, and the symbol ( ... ) denotes the 
usual averaging in the theory of kinetic coefficients. For 
nondegenerate semiconductor ras = rao = 1, rbs 
= a~y/a~ .• rbo = O, and we quickly obtain all the results 
of [4-t~, 101. 

In the case of a degenerate semiconductor in the 
presence of the T(E) dependence, as is easy to see from 
(9), (10), (12), (13), and (15), the correction factors ras 
and rao generally differ from unity, and rbo is not equal 
to zero. In the following, we limit ourselves to the con
sideration of the cases (as) - E0 II x, the Hall contacts 
shorted, and (bO) - E0 II y, the Hall contacts open, when 
the effects considered below are most clearly evident. 
For these cases we get, for T(E),.., ev, 

. 2 1-ooa"t1 

r., = 1 + - v -:-:--=-=-
3 1+ooa"t1 ' 

2 Cila't 
r.,=sv 1+ooa''t' 

(for H = 0, Eq. (16) gives the result of [ 181), 

(16) 

Thus, the effective drift velocity vci, which enters 
into the criterion for sound amplification (14), differs 
essentially both in direction and in absolute value, from 
the observed mean drift velocity of the electrons vd. 
For example, in the case (bO), the electron drift is gen
erally absent in the direction of propagation of the 
sound (the drift velocity Vd l q). Nevertheless, elec
tron amplification of the sound can take place if the re
laxation time of the momentum of the electrons depends 
on the energy (v* 0). Here, depending on the scattering 
mechanism (different sign of v and, consequently of rb0 ), 

the sound can be amplified, being propagated in the di
rection of the Hall field EH or antiparallel to it.31 

In the case (as) for WHT >> 1 and impurity scatter
ing (v = %>, ras ..... 0, i.e., amplification of sound be
comes impossible. In principle, in the case (as), the 
factor ras can be negative upon suitable selection of the 
scattering mechanism (i.e., of the value and sign of v). 
Here it is necessary that da'01/~ < 0, i.e., that the 
local electrical conductivity fall off at small changes of 
the concentration with increase in the concentration (for 

3) A similar result was obtained in [ 19] for the case q/ > l.(for a non
degenerate semiconductor). 

H = 0, it is required that v < -% here). In accord with 
(14) and Eqs. (8), (9), this would mean that for sound 
amplification, it is necessary to reverse the direction 
of the electron drift; that is, we would have the interest
ing effect of sound amplification by an opposing stream 
of electrons. However, for the well-known mechanisms 
of scattering, this does not result-for them ras 2:: 0. It 
is shown that the possibility of sound amplification by 
an opposing stream of electrons appears in the case of 
quantizing magnetic fields (see below). 

4. In the case of quantizing fields, we use the re
sults of the classical work of Adams and Holstein,[ 20 l 

in which the components of the electrical conductivity 
tensor are expressed in terms of the density of states 
in the magnetic field and the corresponding constants, 
which characterize the scattering mechanism. 41 These 
expressions were obtained in the Born approximation 
upon satisfaction of the inequality t >> T (for a degen
erate semiconductor, t is the Fermi level, T the tem
perature in energy units) and liwH >> T, wHT >> 1 
(the Landau quantization condition). 

1) The quasiclassical case li WH << t (below the 
Fermi level there are many Landau zones). According 
to [201 

(18) 

and does not depend on the scattering mechanism. For 
a~ an explicit expression is obtained in [ 201 only for 
the scattering from acoustic phonons in the interaction 
through the deformation potential. Limiting ourselves 
to this case, we have 

(o) 5 3 ' 
(ol o .. l g, (K•)] 

0.,=-- 1+--+-,- ' 
Cila't 2 g, 2 g, 

(19) 

where ~ and g1 are the "smooth" and "oscillating" 
parts of the density of states g = ~ + g1, which, in the 
case under consideration (liwH << t), can be written 
approximately in the form 

1 (2m)''• Co=-- ~'I· 
2:n;' li' . ' 

(20) 

!:_ = ( liooa )'''( _1 -)'II+ t). 
g, ~ ZfB 

Here o = t/liwH- (Nmax + %) and Nmax is the num
ber of saturated Landau zones, the bottom of which is 
still found below the Fermi level. Following [ 201 , we 
shall assume that Omin :s; o :s; 1, Omin = (wH-.-c)- 1 

<< 1, where Tc is some characteristic time of the or
der of (or smaller than) the relaxation time of the mo
mentum of the electrons. 

4lThe main shortcoming of [20] is the appearance of non-physical 
divergences in the expressions obtained for the intersection of the 
Landau levels with the Fermi level. In this same work, however, it is 
shown that these divergences can be avoided by assigning a finite width 
to the bottom of the Landau zone, say -'fi/T. In subsequent works on 
this theme (see, for example, [21•22] ), the divergences are removed by 
various self-consistent methods. However, the expressions obtained in 
these works for the components of the electrical conductivity tensor 
are very cumbersome, while the formulas of [20] are comparatively 
simple; furthermore, with account of the finite width of the levels, the 
basic dependences are described with qualitative correctness. Therefore, 
we limit ourselves in the present work to the use of the expressions of 
Adams and Holstein [ 20] keeping in mind the qualitative nature of the 
description of the phenomena. 
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All the sought-after quantities-r, vc! and so on-are 
considered as functions of the magnetic field in the lim
its of a single oscillation Omin :S o :S 1, because all the 
oscillations are identical in approximations (20), (21). 
In order to emphasize the features of the considered 
phenomena, in quantizin§ magnetic fields, we consider 
the case (liwHII;ll 2 o~{n << 1, when the ordinary Shub
nikov oscillations of the kinetic coefficients themselves 
can be neglected, 

With the help of Eqs. (9), (13), (18)-(21), we obtain 
the result that the factors ras and rbo change within 
the following limits over the range of a single period: 

5 ( 6 ) '!. -Y• 5 ( 6 ) 'k 
-f2.1ioox .llm;.:;;;;;r.,:;;;;;-6 liooB ' (22) 

5 ( 6 ) '" 6.;;:: 5 { 6 ) "' 1 - -- --:;;::r.,:;;;;;- -- --
12 liooH Wn"t" __, 6 lioon OOn"t" ' 

i.e., o-1/ 2 >> 1. Thus ras• rbo and the effective drift 
velocity vc! (and, consequently, the threshold electric 
field for sound amplification), can undergo "gigantic" 
quantum oscillations with increase in the magnetic 
field. Here, as has already been said, the quantum os
cillations of the electrical conductivity in our case, and 
consequently, of the drift velocities, are quite imper
ceptible. Physically, such a difference in the amplitude 
of the oscillations of the velocities vd and v'd is asso
ciated with the fact that the former is determined by the 
electrical conductivity itself, a~i, and the latter by its 
derivative with respect to the concentration (i.e., with 
respect to the Fermi energy). Inasmuch as the density 
of states depends strongly on the energy near the bot
tom of the Landau zone, the derivative (d/dt)(gd~So) in 
a degenerate semiconductor can be large in absolute 
value, which also explains (see (19)) the "gigantic" os
cillations of da~/dno and, consequently, of the velocity 
v~ (i.e., the sound amplification threshold). 

Correspondingly, as is easy to see from (6) and (7), 
the sound absorption coefficient ae and the electron 
correction to its velocity t:.vs/Vs in the presence of a 
constant electric field E0 will also undergo "gigantic" 
quantum oscillations.51 

Furthermore, it is seen from (19)-(21) that the de
rivative da~~/dno <<O over the range of the entire os
cillation Omin :S li :S 1. This leads to the result that 
the correction factor ras is everywhere negative.61 

i.e., there is possible sound amplification by the oppos
ing stream of electrons (sign (Vs .q) < 0). 

Finally, as is seen from (8), (11) and (22), (23), for 
o = Omin in the case (as) and especially in the case (bO), 
the effective drift velocity v d is significantly larger in 
absolute value, not only than the observed drift velocity 
of the electrons, but also than the drift velocity which 
would occur for the given value of the electric field E0 

in the absence of a magnetic field. Thus, there is an 
absolute lowering of the sound amplification threshold 

5lOf, course, it should be kept in mind that the theory just developed 
is valid only if the inequalities lael~ q, IL\. Vsl~ Vs are satisfied, since we 
have restricted ourselves in the solution of the dispersion equation to the 
first terms of the expansion in terms of the electromechanical coupling 
constants 7l and x. 

6l In the region of smearing out of the bottom of the Landau zone 
li < limin• not considered by us, the derivative da~ifdng and ras natu
rally change sign. 

for definite values of the magnetic field. This fact can 
facilitate the observation of the noted oscillations of the 
amplification threshold over the oscillations of the 
sound intensity at the output of the crystal, if the field 
E0 is the slightest bit below threshold. 

2) Essentially quantum case tiwH > 2/a t (all the 
electrons are in the first Landau zone). For a~~. in ac
cord with [20 1, we have the expression (18) as before. 
The very cumbersome and unwieldy expressions for 
a~i for the various scattering mechanisms are given 
in [20 1, It is possible to write them in the form of the 
following single formula: 

a~= '/,('lz)''i'a:/(ooH-r). -'F(B) (H/H.)'f,-•, (24) 

where Hq is the value of the magnetic field, above 
which (below the Fermi level) there remains a single 
Landau zone (i.e., for which tiwH =% t ), (wHT)q 

= WH T IH = Hq; o = (Hq/H)3 has the same meaning as 

in the classical case (for Nmax = 0), and F(o) is some 
positive, slowing changing function in magnitude of the 
order of unity. The explicit form of the expression F(o) 
depends on the scattering mechanism and can easily be 
found from a comparison of Eq. (24) with the corre
sponding formulas (4.8), (5.4) of [201 and Table 3 from 
this same work. 

By using (18) and (24), and the general expressions 
(9), (10) and (12), (13), it is easy to get expressions for 
r and Vd for the different cases. For example, for the 
case (as), we have 

r., = _ 2 ( i-dlnF(II)) • 
dlnO 

(25) 

for all the scattering mechanisms considered in [20 l, it 
is seen that I d ln F(o)/d ln o I << 1. Thus, it is seen 
that even in this quantum limit, sound amplification by 
an opposing electron stream is possible. 

Sound amplification for sound propagating in the Hall 
direction is also possible when the current in this direc
tion is absent (case (bO)). The amplification condition 
in this case is 

(26) 

where VH = cE0/H is the Hall velocity. 
Thus, in contrast with the case of classical magnetic 

fields (see (17)), the sound amplification condition can 
be satisfied here even when the "bare" (in the absence 
of a magnetic field) relaxation time of the momentum of 
the electrons does not depend on the energy (for 11 = 0). 

5. As was shown above, the sound amplification cri
terion (10) differs essentially from the "Cerenkov" con
dition Vd ·q/q > Vs (or its generalization f0Vd •q/q 
> Vs, where fa is some factor that reflects the effect 
of trapping[ 231 ). For an explanation of this, we consider 
the motion of electron bunches under the action of elec
tric and magnetic fields. In case (a), we take the sim
plest situation, in which the magnetic field is absent or 
the Hall contacts are closed-then the "ohmic" part of 
the current in the direction of the x axis is ix 
= axx(n)Ex. We further assume that, as the result of 
fluctuations or any sort of action within the range t:.x 
of an arbitrary Xa• a region of slightly increased elec
tronic concentration instantly appears-the "electron 
bunch," n(Xo) = n0 + t:.n, I t:.n I <<Do· At the first.instant 
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of time, the change in the electric current at the point 
Xo will be 

a (o) 

llj = !!J.o.,.E, = ......!!.:=.... !!J.nE, = e!!J.nv,r • ., an, (27) 

If oa~lon0 > 0, the current in the considered range 
t.x increases, while outside this range, it remains as 
before. This leads to the result that, on the boundary of 
the region t.x, facing in the direction of the electron 
drift, the electrons begin to attach themselves, and to 
flow away from the opposite boundary. Thus, the maxi
mum electron concentration (the electron bunch) under 
the action of the electric field E0 will have a tendency 
to move in the direction of the electron drift. If now 
oa~lollo < 0, then it is easy to show by a similar ar
gument that the electrons will attach themselves on the 
boundary of the region t.x facing in a direction oppo
site to the direction of the electron drift, and the elec
tron bunch will move counter to the electron flow. 

It is seen from (27) that the translation velocity of 
the bunch is initially vdras = Vd and only in the special 
case T(E) = const, ( v = 0, ras = 1) does it coincide with 
the mean drift velocity of the electrons, Vd. Formally, 
all that has been pointeci out follows directly from the 
equation of current continuity: if the effect of diffusion 
is neglected in that equation (the diffusion dissipates 
the bunch uniformly on all sides) and if the front of the 
bunch is assumed to be sufficiently steep in the sense of 
satisfying the inequality (vdTMI t.L) >> 1, where L is 
the thickness of the "front" of the bunch, then t.n is a 

* function only of the "Riemann" coordinate (x- v d t). 
Since both the EA and the EAM of ultrasound for q l 
<< 1 are associated with the formation of a stimulated 
space charge wave and with a phase shift of the maxima 
of the electron density relative to the corresponding 
minima of the electron potential energy in the wave, it 
is quite natural that EA goes over into EAM when 
Vd · qlq > vs, i.e., when the translation velocity of the 
electron bunches under the action of the electric field 
Eo alone becomes comparable with the sound velocity. 
The mean drift velocity of the electrons in this case can 
differ considerably from the sound velocity. In particu
lar, for ras < 0 (the case of a quantizing magnetic 
field), upon satisfaction of the amplification condition, 
it is necessary that the electrons drift toward the 
sound. 

In case (bO), we consider the motion of the electron 
bunch along the x axis. This motion is determined by 
the play of two currents that compensate one another in 
equilibrium-the "Lorentz" current (proportional to 
a~~) and the "ohmic" current, which is produced by the 
Hall field EH (proportional to a~). If the Lorentz cur
rent grows more rapidly than the ohmic one (a~~ as a 
function of n increases more rapidly than a~, i.e., 
(olon0)(a~y Ia~*) > 0) upon increase in the concentration, 
then an analysis similar to that carried out above shows 
that the bunch will move in the direction of the Lorentz 
force. 

If (a lon0)(a~y /a~4) < 0, then the bunch will move in 
the opposite direction. It is easy to show that the veloc
ity of motion of the bunch at the initial instant in the 
given case is vci = [vdh]rbo, i.e., it also coincides with 
the effective drift velocity, which enters into the ampli
fication condition. The sign of the derivative (olono) 
x (a~y I a~*), and consequently, rbo, is determined by 

the scattering mechanism. Thus, depending on the type 
of scattering, the sound will be amplified when traveling 
either in the direction of the Lorentz force or in the op
posite direction. This example, in which the drift of the 
electrons in the direction of the sound propagation is 
generally absent, especially clearly illustrates the fact 
that sound amplification for ql << 1 is connected not 
with the drift of individual electrons but with the motion 
of the electron bunches. Consequently, the sound ampli
fication could be obtained in full if the bunches were 
forced to move with supersonic velocity, not with the 
help of the electric field E0 , but in any fashion. 

The authors thank M. Ya. Azbel', I. P. Zvyagin, 
P. E. Zil'berman, I. B. Levinskii, and E. I. Rashba for 
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