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The interaction between longitudinal acoustic pulses and electrons is studied under conditions in
which the time of flight through the pulse region by resonant particles exceeds the relaxation time.
The system is described by the equations of elasticity theory and the kinetic equations. The

electron distribution functions and the resonant particle densities are found in the compression
region (potential well) and in the rarefaction region (potential barrier), the deformation-potential
constant being assumed to be positive. The elasticity-theory equation can be reduced by the

method of slowly varying profile to a first-order partial differential equation [see (11)]. The latter
equation is employed to investigate the evolution of a simple-shape pulse analytically in the case
of short times. It is shown that the deformation amplitude varies according to a power law under
nonlinear conditions, when the condition (1) is satisfied. This is in accordance with Eq. (31). The
deformation does not vary in the region of the potential well. The nonlinear attenuation of a pulse
that is a combination of compression and rarefaction regions is studied numerically. The different
nature of the evolution of the forward and back fronts of the u(x,? ) lattice displacement pulse can
be predicted from the results of analytic and numerical calculations. In particular, the sign of the
deformation-potential constant can be determined by studying experimentally the attenuation of

acoustic pulses under nonlinear conditions.

§1. INTRODUCTION

The evolution of acoustic pulses in metals is determined
by their interaction with the conduction electrons. Depend-
ing on the pulse amplitude, two different regimes of this in-
teraction can be distinguished. If the time of flight of the
resonance electrons in the region of the pulse L is greater
than the electron relaxation time 7, and the electron velocity
changes insignificantly in the time between collisions, a lin-
ear regime is realized. In this case, when the electron inter-
acting with the pulse does not scatter within the time of in-
teraction and changes its velocity significantly, a nonlinear
regime exists." The condition for the realization of the non-
linear regime of interaction can be written in the form

7=(Vi/m)™, 1)

where ¥ is the characteristic velocity of the particle in the
region of the pulse (in a system of coordinates that moves
with the pulse), v, is the amplitude of the potential energy of
the electron, m is the mass of the electron. If the acoustic
pulse forms a potential well, then, upon satisfaction of condi-
tion (1), the resonance particles are divided in natural fash-
ion into trapped and untrapped, and in the case of a potential
barrier, between reflected and untrapped.

We now consider qualitatively the picture of the inter-
action of an acoustic pulse with resonant particles. First, we
shall discuss the character of the electron distribution func-
tion. We shall assume that, in scales of the order of the di-
mensions of the pulse L, collisions are unimportant and the
distribution function of the traveling particles is an equilibri-
um one. In the case of a potential barrier, the reflected parti-
cles have a velocity in the range (w — ¥, w + ), where wis the
velocity of sound. In collisions with the pulse, the velocity of
the electron in a system of coordinates moving with the ve-
locity w, the sign changes at distances of the order of L from

a=L/’ﬁTp< 1,
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the center of the pulse. Here the particle distribution func-
tion f(v%, v, )is equal to fo( — v;,v,), wherev, =v, —wand
Solvs,v, ) is the equilibrium distribution function. This fact is
illustrated in Figs. 1c,d, on which are drawn the distribution
functions of particles incident on the potential barrier from
the right and from the left. Since the number of electrons
moving counter to the pulse is greater than the number of
electrons overtaking it, an inevitable concentration of reso-
nant particles is formed in front of the potential well, while
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FIG. 1. The lattice displacement %(x) (a), the potential energy ¥ (x) (b) and
the electron distribution function, integrated over the transverse velocity,
in front of the pulse (c) and behind it (d) for a rarefaction pulse. In the
drawings e, f, g, the displacement u(x), the potential energy ¥ (x) and the
distribution function, respectively, are shown for a compression pulse
(A, is assumed to be positive).
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FIG. 2. Concentration of the resonant electrons in the field of the pulse
V(x)= — A, (x|x|/L?e~ "L (curve 1). At distances of the order L /a,
the concentration falls off as a consequence of electron collisions. The
dashed curves show the shift of the lattice u {curve 2) and the potential
energy V= A,, (du/dx) (curve 3).

the concentration behind the pulse is below the equilibrium
value. The characteristic profile of the concentration of reso-
nant particles is shown in Fig. 2. The electrical neutrality of
the metal here is assured by the nonresonant particles. It is
not difficult to establish the fact that in this case, too, the
total energy of the particles scattered by the barrier in-
creases. Therefore, in the case of a pulse that forms the po-
tential barrier (Figs. 1 a,b), exchange of energy between the
reflected particles and the lattice leads to a finite damping
even in a extremely nonlinear regime (@ = 0).

At distances of the order L /a = 7,, where electron
collisions become important, the distribution function re-
laxes to local equilibrium, while the concentration of reso-
nant particles falls off exponentially, as is shown in Fig. 2.
Here the momentum of the electron system is transferred to
the lattice and an addition deformation appears on the scale
of order L /a>L.

The distribution function of the resonant electrons in
the field of the potential well, which is integrated over the
transverse velocity, just as in the case of a monochromatic
wave (see Ref. 2), has the form of a dome in the zeroth ap-
proximation in a (Fig. 1g). The concentration of resonant
electrons is proportional to the small parameter a. There-
fore, in the field of the potential well (Figs. 1e,f), upon satis-
faction of condition (1), the exchange of energy between elec-
trons and lattice takes place more slowly by a factor a than in
the linear regime, and the damping is small. The same situa-
tion occurs in the case of a monochromatic wave.

In the present work, we have investigated the evolution
of a pulse of longitudinal sound. A quantitative study is car-
ried out with the help of a set of equations that includes the
equation of elasticity theory and the kinetic equation. In the
second section, we find the electron distribution functions in
the fields of a potential barrier and of a potential well in an
approximation of zeroth order in a, and also the concentra-
tion of the electrons, which determines the force acting on
the lattice. The equation of elasticity theory is reduced, by
the method of slowly changing profile, to a partial differen-
tial equation of first order. The evolution of the pulse is in-
vestigated analytically with the aid of this equation for times
satisfying the condition ¢ < L /C,, where Cy~w(w/vr), and
v is the Fermi velocity. It is shown that at short times, the
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amplitude decay follows a power law with an exponent de-
termined by the behavior of the initial profile of the pulse
near the maximum [see Eqgs. (28) and (30)]. If the pulse is
asymmetric at ¢ = 0, then the point of the maximum (in the
system of coordinates connected with the pulse) shifts in the
direction of a more gentle slope [see (27)]. It must be noted
that the behavior of the amplitude in the nonlinear regime
differs from the decay law in the linear regime, when, ac-
cording to (35) and (36), the amplitude falls off according to a
linear law. The latter assertion is valid for pulses described
by sufficiently smooth functions. The equation that de-
scribes the evolution of the pulse has also been solved nu-
merically. The corresponding graphs (Fig. 3) and discussion
are given in Sec. 4.

2. BASIC EQUATIONS. ELECTRON DISTRIBUTION
FUNCTION AND THE CONCENTRATION OF RESONANT
PARTICLES

The complete set of equations describing the propaga-
tion of an acoustic pulse in'metals consist of the equation of
elasticity theory, the kinetic equation, and the condition of
electric neutrality:

0*u,

dca
il 6z,j o h),Au(p)g(p,rt), (2a)
of af de Of f— fo(ﬁo(P)+63)
W-*-v_a—r_a_rb—p_—_———_—r, y (Zb)
Q+e| ——1f(p,r,t)= (2¢)

(2 ﬁ)’

We have introduced the following notation here: u; is the
projection of the lattice displacement vector, o;; is the stress
tensor, #;, is the strain tensor, p is thedensity, e is the charge
on the electron. The total energy of the electron in the de-
formed crystal is

e(p, r, t) =g, (p)+de,

where £, p) is the energy of the electron in the undeformed
metal, A, =A, — A, (the bar denotes averaging over the
Fermi surface), Q = en(1 — div u) is the charge per unit vol-
ume of the strained lattice, n, is the equilibrium concentra-
tion of the electrons, g( p,7,t ) is the correction to the distribu-
tion function, which is sought in the form f=fy(e, + ¢)
+ g(p,r,¢). The electron concentration n(r), which is deter-
mined by the locally equilibrium part of the distribution
function fy(e, + O¢), cancels the charge of the lattice Q.
Therefore, the equation of electrical neutrality (2c) reduces
to the condition

de= (Aa-i-p.-vk) Uiu_xihuﬂu

_f (om h)3 g(p,r,1)=0. (2d)

The solution for g, obtained from the set of equations
(2a) and (2b), does not satisfy the condition (2d)—the integral
on the left side of (2d) is proportional to (w/vg)A,, (Fu/dx).
This means that charge compensation does not occur and
therefore a nonadiabatic electric field should appear, which
assures the compensation of the charge as a result of the
redistribution of the nonresonant particles. This field (as is
shown in Sec. 4) has the order
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The distribution function g can be represented in the
formg = g, + g, with account taken of the field e®,. Here g
is the distribution function of the resonant particles, g, is the
distribution function of the nonresonant particles, which is
proportional to e®, (see Sec. 4). In view of the smallness of
the field e®, in comparison with the deformation potential
A, (0u/dx), the term with g; and e®, can be omitted in the
kinetic equation in determination of the distribution func-
tion of the resonant particles.
The equation for g{ p,7,t ) =g, follows from (2b):

d
EE-{_ og 8( 6u)g+i

ot oz oz \ “ozl 9p. s
, 7] ou
=—fo (G_L)E‘(Auby) . (3)

In the argument of f;, we neglect the energy of longitudinal
motion of the electrons in comparison with the transverse,
and also the term p;v, in the expression for 8¢, which is
possible in the case w/vy €1 and A, (Ju/dx)<er. The pulse
propagates along an axis of symmetry of high order, parallel
to the x axis. Transforming to dimensionless variables
&= (x—wt)/L, s= (v, —w)/V and assuming that the de-
pendence of u onx and ¢ hastheformu = u(x — wt ), we write
down Egq. (3) in the form

dg 9V,o0g

ALY
"Bt ot os

“=%8 o

fo' (ey), (4)

where V, = V (£,,,t ) is the extremal value of the function
V(§, t)=Au(0u/ox),

£,, istheextremum point of thefunction V, = V (§,t)/V,. We

seek as a solution for (4) the function

Vw _, ,ds
g(B, v 0) = =1/ (1) | d¥ = em, (5)

where 7 is the time of motion along the trajectory d7 = d§ /s,
E =5%/2 + V,(£) is an integral of the motion. With the help
of (5), we can obtain expressions in different orders in a (a<1
is the strong nonlinearity condition) for the distribution
function of untrapped, trapped, and reflected particles in the
region of resonant velocities.

In the case of a potential barrier, the distribution func-
tion of the untrapped particles g, and reflected particles
&rer in zero order in a is determined by the simple expression

g=Vogifo'<a¢>[s—s<—m>1, s(—w) = = [s*+2V,(8) ]*,

(6)

while the integral |s|>[2(1 — V(£))]"/? corresponds to the
untrapped particles, and |s|<[2(1 — ¥,(£))]"/? to the reflect-
ed; the plus sign corresponds to particles incident on the
barrier from the left, while the minus sign applies to particles
incident from the right.

The distribution function in the case of a potential well
has the following form for trapped and untrapped particles:
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g0 =Vefo' (e1) [—s+at], lsI<[2V.i(®)1%, ()
v

g —Volf () l— (=) taE-B)], IsI=[2V.(®)]1",
° 8)
where
=T 2 - v
wK (%) xw? 2 !

E=nF (82, x)/K(x);

F and K are the incomplete and complete elliptic integrals of
the first kind. By determining the complete distribution
function with the help of Egs. (7) and (8), and integrating it
over the velocities of transverse motion, we can establish the
fact that it has the form of a bell in the region of trapped
particles, just as in the case of the monochromatic wave,?
while in the region of untrapped particles it rapidly ap-
proaches the equilibrium function.

The concentration of resonant particles is found by inte-
gration of the distribution function g. Thus, for the potential
barrier, and with the help of (6), we have

miw

n, (E,t)=sgn (E—Em)?ﬁ;

Vo4 (Vo—V)*
"2

= +(Vo(Vo=V)) "] . (9)

X[Vln

It must be noted that a contribution to (9) is also made by the
reflected particles, the integral of the function g over the
range of velocities corresponding to the untrapped particles
is equal to zero. The concentration n,, in accord with (9),
vanishes at the point of the maximum of the function V' (,¢)
and has the value + m*wV,/7*#* at £~ + oo. At the point
where V (£,t) = 0.305V,(t ), the concentration is an extremal
one, and n,,,, = 1.1997n,( + «). With the help of (7) and
(8), it is not difficult to establish the fact that in the case of a
potential well, the concentration of resonant particles is
equal to zero in zeroth order in a. It is not possible to carry
out integration over the velocities in general form in the lin-
ear approximation in a, or to obtain an expression for the
concentration in the field of a potential well of the type (9).
For this reason, we limit ourselves in what follows to the
calculation of the concentration in the principal (zeroth) or-
derina.

If the acoustic pulse consists of a region of compression
and rarefaction, i.e., a well and a barrier located one after the
other, then the calculations of the concentration are carried
out according to the scheme given above. Here the formula
(9) for the concentration of resonant particles is valid both in
the region of the potential barrier and in the region of the
potential well if we replace ¥ '/2 by (— ¥)'/? in the region
where ¥ <0. In the region of the well there is an additional
minimum concentration of the reflected particles n,, which
is connected, of course, with the increase in the velocity of
the reflected particles incident on the well. A typical profile
of the concentration of resonant electrons for potentials in
the form of a well and a barrier is shown in Fig. 2.
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3. EVOLUTION OF THE PULSE

The expression found in the previous section for the
concentration of electrons allows us to investigate the evolu-
tion of the pulse. As follows from Zq. (2a), the force exerted
by the electrons on the lattice is determined only by the reso-
nant electrons. Setting A, ( p) = A = const for all resonant
particles, we rewrite (2a) in the form

d*u 0*u

oV or p 0z’
where n, is determined by Eq. (9). Equation (10) describes
the nonlinear collisionless damping of acoustic pulses.
Thanks to the smallness of this damping in the parameter w/
v, the solution of (10) can be carried out in the approxima-
tion of slowly changing profile.> We shall seek a solution in
the form of a pulse traveling in the positive direction of the x
axis and one slowly changing its shape, i.e.,

(10)

u(x—th t/) =u (gi t’)’

where the function u(¢,¢ ') depends weakly on ¢, § = x — wtis
the accompanying coordinate, ¢’ is the ‘“‘slowed” time.
Transforming to the variables £, # and neglecting terms pro-
portional to d *u/dt %, we reduce the order of Eq. (10):

(11)

(here and below the prime on ¢ is omitted). Introducing the
additional notation

A on
- 12
(&0, Vel =5 57 (12)
we can easily represent (11) » the form
v v
—t = 13
S T V)G =0, (13)

Setting V' (¢,t) = Vy(t )V,(€,.t ) here, we rewrite (13) in the fol-
lowing form:

av, av, 1 0V,

LALS 4+ —2v,=0, 14
5 TC &) Gt == Vi=0 (14
where
1+(1-V,)" 1
c(Vy)= —om)Lo -
V) =sga@-twC [l g, (19
ComSpy A (15a)
8 8;2

A feature of this nonlinear equation is that it contains two
unknown functions: V;(£,t) and V,(t), which can be found
from (14) with the initial conditions

V (Lo, t=0)=V,(0)@ (L), t=C at t=0,

where @(¢ ) is the shape of the pulse at ¢ = 0, and the bound-
ary condition

Vi (Cm, t) =1.

The change in the shape of the pulse is connected with the
singularities of the function C (V). As follows from (15), the
function C (¥(¢, )) has a singularity at the maximum point,
i.e., at ¥,(£,.,t) =1 and at V,(¢,¢ )—0. Near the maximum
Vi(.t), we can set

(16a)

(16b)
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C(Vi(5,t))=—sgn (E—Cn) Co[1-Vi (5, )] 7%, (17)

and near ¥, =0, the singularity is a logarithmic one,
C(V,)= — 1/2C, In V.. If the derivative d¥,/d¢ of the po-
tential is finite at the point §, where V,(§,t) = 0, then the
force acting on the lattice dn, /3§ = C (V,V,)(dV /), tends
to infinity. The origin of the mentioned singularities of the
function C (V) is discussed below. At V({,t) = 0.305 we
have C(V,) =0.

We now find the solution of (14) in the region > &, ().
The characteristics of this equation are determined by inte-

gration of the set of ordinary differential equations

_ dg _ vV, dv, (18)
c(V,) (0Vy/0t) V,

With account of the initial conditions (16a), we obtain the
solution of (18) in the form

dt

V1V0=Vo(0)q)(§o)1 (19)
N AOL) 2
E‘!dt C( Vo(t' )+c°’ (20
or, by virtue of the relation V' (§,t) = V¥,
V (g, t)=V:(0)9(To), (21)
o V(L)
;=;[ dt C(W) + 2, (22)

Further, eliminating &, from the set (21) and (22), we obtain,

at§>4,,(2):

‘ Vgt
A [ e e )
Similarly, in the region § < ¢, (¢):
t V(¢
V@)=V [t+] dt’c(_—__V(g,f(gt’)), t,))] 24

Setting{ = &, (¢) in (23) and (24), and equating these expres-
sions, we obtain

¢[;m<t>—§dt'c(vi§§ﬁ%ﬁ%)]

=q>[;,,,(t)+ j dt’C(——————VI:éi"('t(f))::,)) )] .

With the help of (23) or (24) and (25), we can determine the
dependence of the amplitude of the pulse on the time at small
values of the time ¢, and also the law of motion of the maxi-
mum §,, (¢). For this purpose, we assume that, near the maxi-
mum, the expansion of the function ¢({ ) in a series has the
form

@ (5)=1—p(T/L)*— (L/L)".

Representing the function @(& ) in (25) in the form (26), we
obtain

(25)

(26)

tn() =1, Va),8)

2p V(En(t),t)

According to (27), the point of the maximum of symmetric
pulse does not shift with the time. Substituting ¢,, (¢) in Eq.

A(t)=J’dt’C( ) 27)
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(23)or (23)at £ =&, (¢ ), we find, by taking (17) into account,
the law of change of the amplitude in the principal approxi-
mation in ¢:

V(En(t), t)=V:(0) (1—2C8"t/L). (28)

It should be noted that (28) was obtained without account of
the cubic term in (26). Account of the latter would have led
the appearance of terms in (28) of higher order of smallness
in ¢. If the pulse is symmetric and the function ¢(¢ ) close to
the maximum has the form

¢ (R)=1-B(/L)™, (29)

wheren = 1,2,3,..., then, with the aid of (17) and (23), we can
show that the amplitude of the pulse changes with time ac-
cording to power law of the form

V (0, t) =V,(0) (1—at*). (30)
Here
1 1\1C1” o
—_ 1/2n _ = —_— 1
¢ [B B(v’2)vL I (31)

where B is the beta function.

4. NUMERICAL SOLUTION. DISCUSSION OF THE RESULTS

The evolution of a pulse of complex shape has been
studied by the method of numerical integration of Eq. (11).
Graphs are shown in Fig. 3 that reflect the evolution of a
pulse of the form ¥ (x) = — A |x|x exp( — |x|). As is seen
from the drawing, in the region of a potential barrier the
evolution takes place in the same way as in the case of a
solitary pulse: the point of the maximum shifts in the direc-
tion of gentler slope, the deformation in the region of the
maximum decreases and at x > x;, where x, is determined by
the condition ¥ (x,t ) = 0.305¥,(t ),and an increase occurs in
the deformation. The character of the evolution in the region
in which the transition from a potential well to a potential
barrier takes place is determined by the singularity of the
right side of (11) at ¥ = 0. If the derivative ¥ /dx is finite at
this point, then dn,/dx has a logarithmic singularity [see
(15)]. The latter, as has already been noted, is connected with
the discontinuity of the electron distribution function on the
boundary of the region of velocities of the reflected and
trapped particles. Because of the singularity of the function
dn,/dvat V= 0, a rapid increase in the deformation, i.e.,
V (x,t ) takes place in the transitional region from well to bar-
rier. Because of this, as is seen from Fig. 3, an additional

maximum appears near the point x = 0. In the solution of
Eq. (11), the formation of a group of trapped particles in the
region between the principal maximum V!, and the addi-
tional maximum V2 has been taken into account. It can be
shown that the concentration of resonant particles to the left

of the additional maximum, where F’'< ¥ 2., has the form

% _m'w VA O o [V (VR V) )"
nr( )_J..‘Tf;-'i—‘ [ maz( max’ )] max max )

(Vo) "+ (Vines— V) *
+V1nl WOy (v V)™ I} (32)

As follows from Eq. (32), the function
C(V, Vi, Vid)dn,/3V
y@

{2 acquires a root singularity with the appearance of the
additional maximum at ¥ = V... This can in turn lead to
the formation of a new maximum. Thus, within the damping
time of the pulse, several maxima can be formed on the curve
V(&,t). Asisseen from thedrawing, V' ({,z ) changes compara-
tively slowly in the region of the potential well, while the
point of the minimum remains practically unchanged for
small time intervals.

The electron collisions eliminate the singularity of the
right side of Eq. (11). Actually, close to the separatrix, the
times of motion to the point of return of the trapped and
untrapped particles tend to infinity according to the same
law. Since the character of the motion of the trapped and
untrapped particles is the same, the distribution function,
which is determined by Eq. (5), is continuous in velocity
space. The width of the transition region is determined from
the condition of equality of the time of motion of the elec-
trons 7 (E ) and the collision time 7, . Therefore, the value of
the singularity at the points ¥ = 0and ¥ = V2., and, corre-
spondingly, the number of maxima that can be formed in the
damping time are determined by the shape of the potential
and the relaxation time 7, .

It should be noted that the singularities of the evolution
of a pulse of longitudinal sound that are discussed here and
alsoin Sec. 3 are characteristic only for the nonlinear regime.
In the linear regime, when the parameter @ is much greater
than unity, the wave equations in the collisionless (v 7, »L )
and the collision (vz7, €L ) regimes takes the form

— 12

w
at* dx*

*u d*u dz’ du
wf (33)

r—2z' 8z’’’

FIG. 3. Evolution of the deformation du/dx =V /
A,, for apulse given at the initial instant of time by
the function — x|x|e ~!*!, where x is measured in
units of L and ¢ in units of L /C.
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0%u 0*u °u

ot ox* (34)

Using the Fourier representation, we can show that the
asymptotes of the solutions of the linear equations (33) and
(34) at small ¢ are,

du(z’,0)

Cit dz’
u(a, ) =ue—wt,0)~——f o———m,  (35)
r - t
u(z, ) =u(z—wt, 0)+Cntvit_w (36)

a 2

respectively. A comparison of Egs. (35) and (36) with formu-
las (28), (29), and (30), and with the results of computer calcu-
lations, shows a substantial difference in the character of the
damping of the pulse in the nonlinear and linear regimes.

Uptonow, we have assumed that the electrons (with the
exception of the group of electrons with energies E—0 and
E—V_..) do not undergo collisions in momentum space,
i.e., over scales ~ L. The collisions become important at dis-
tances of the order of L /a = 7, from the center of the pulse.
Since the electrons, which react reasonably with the sound,
move almost perpendicularly to the direction of propagation
of the pulse, this distance in metals is much smaller than the
free path length v 7,. With the help of Eq. (3), it is not diffi-
cult to show that, over scales of the order of L /a, where
V =0, the electron distribution function has the form

Vo _, .
£(5,8)=—2=22 1, (e)0 (sB)exp| - (t—sen®) | (37)

(@ (x) is the theta function). The concentration of resonant
particles, obtained by integration of the function (37) over
the momenta, is

Vo
n, (&) =220 B (),
(38)
vV .
F (E)=sgnt S dss exp l—- Si(§ —sgnf) sgn&] .

The time dependence of ¥, and a = (V,/m)"/? is determined
by Egs. (28) and (30). Substituting (38) in (11) and using Eq.
(30), which determines the amplitude of the symmetric pulse
V,(t), we find that at large distances from the center of the
pulse £~L /a,

Vosgnt [ 1% ]
V(,t)= 2}'2~(0) o(0)sgnf —— [ 4 (vl
= (5=0) (E—_L_zﬂt..). (39)

Thus, according to (39), at small times and large distances,
an increase in the deformation takes place. As has already
been noted in the Introduction, this deformation is connect-
ed with the transfer of momentum from the electrons to the
lattice in collisions.

In conclusion, we estimate the value of the nonadiabatic
part of the electric field. We represent the potential of the
longitudinal electric field that accompanies the sound pulse
in the form
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®=(Do+01, (40)

where @, is the adiabatic electric field, which is found from
the condition of compensation of the lattice charge by the
nonresonant electrons, i.e.,

@, is the nonadiabatic part of the field, which determines the
charge compensation of the resonant particles. We represent
the increment to the locally-equilibrium distribution func-
tion in the form

f=fo(eotoe)+g, g=g,tg. (41)

Here g, is the distribution function of the resonant particles,
satisfying Eq. (3). The equation for the distribution function
of the nonresonant particles, linearized with respect to g,
and e®, [which follows from (2b)] in the variables
v, =v, =w and { = x — wt has the form

, 08 1 0(be) dg

*Tor m ot ovs
) ) af.) 1 og
=5z oo wrw Sk T (42

In the case of a strong nonlinearity (a—0) we have for g,, in
accord with (6),

g, =—mw[v.'—v. (=) ] "%,
b (—o0) =k (v,'2+333) " (43)

The distribution function of the resonant particles g, differs
from zero in a narrow range of velocities ¥ near v, = 0.
Therefore, in accord with (42), the distribution function of
the nonresonant particles will have an increment connected
with it only in this region. In the nonresonant region of ve-
locities, where v, ~ vy, we can keep only the first term on the
right side of Eq. (42). On the left side of the equation, we can
neglect the second term. Actually, the ratio of the second
part to the first part has the order

‘0(68) (9g, /vx, 0(8@‘)f, w Vo

- ~—<
ot ov, it T e St

while the ratio of the second term of the left side to the first is

0(8e) g, /v , 08, w V,

~——<1.
at  dvs at Ur €r

Therefore, we obtain the following simple expression for g;:
g1=e®, (9fo/d¢). (44)
Further, substituting (43) and (44) in the equation of electri-

cal neutrality (2d ), we obtain the expression for the nonadia-
batic part of the field:

e(D|=_n’/N(EF)y (45)

where n, is the concentration of resonant particles, deter-
mined in (9), N (¢5) is the density of electron states on the
Fermi surface. As is seen from (45), the nonadiabatic part of
the field is small in comparison with the adiabatic part in the
ration w/vy and is not taken into account in Eq. (3).
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The effects discussed in this paper can be observed at
input intensities of the order of 100 W/cm?at L = 10~3cm
for sufficiently pure samples with 7, = 5X 10~ s. Here the
length L /a = 5X 10~ cm, while the characteristic velocity
of motion of the points of the pulse profile (in a system mov-
ing with the pulse) is C,~ 10> cm-s 1.
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YA theory of nonlinear damping of a monochromatic sound wave was
developed in Ref. 1.
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