Nonlinear surface acoustic waves in dilute parametric dielectrics

G.T. Adamshvili

Tbilisi State University
(Submitted 3 March 1989)
Zh. Eksp. Teor. Fiz. 97, 235-245 (January 1990)

A theory of nonlinear surface acoustic waves in solid dielectrics containing paramagnetic
impurities is constructed. Waves are considered that are formed under conditions where the
effects of anharmonic lattice vibrations and dispersive and coherent interactions between the
wave momentum and impurities are important. It is shown that, under the conditions in which
the momentum envelope has an area ® < 1, nonlinear waves are formed in the shape of double
solitons. The formation of a nonlinear acoustic wave as a result of anharmonism, dispersion, and
attenuation is studied. The conditions for the experimental observation of the predicted nonlinear

phenomena are discussed.

1.INTRODUCTION

Surface acoustic waves (SAW) can propagate along the
interfaces of different media. At sufficiently low amplitudes
of these waves, their properties can be described adequately
within the framework of linear SAW theory, which has been
developed in great detail.! With increase in amplitude, non-
linear effects become important. These effects are especially
pronounced for high-frequency SAW with o ~ 10°-10'° Hz.
Among nonlinear phenomena, the greatest interest attaches
to those which lead to the formation of solitons: Theoretical
investigations of the properties of SAW solitons have been
carried out, for example, in Refs. 2 and 3, while experimental
observations are reported in Ref. 4.

The investigations of the properties of nonlinear SAW
in dielectrics follow two trends. In the first the solitons are
formed under conditions of nonlinear coherent interaction
of SAW with paramagnetic impurities contained in the me-
dium, i.e., under the conditions of acoustic self-induced
transparency (SIT). In the second the nonlinear waves are
formed as a result of effects connected with anharmonic lat-
tice vibration and dispersion. In the case of acoustic SIT, at
sufficiently large values of the coefficient of resonant acous-
tic absorption a,~ G *n.k, the following condition is neces-
sary for the observation of a soliton (or double soliton): the
area of the SAW pulse envelope must be ® >7 or <1,
where ® ~ GTku, G being the constant of spin-phonon cou-
pling, n, the concentration of the parametric impurity, £ the
wave number, 7" the pulse length, and u the value of the
strain vector.’

From the inequalities given above, it is evident that for
high-frequency SAW, in the case of typical values such as
k~10°-10° cm~', T~1075-10"" s, and large values of
G ~10%-10% cm ~ ! /unit strain (such values are realized, for
example, for the impurities V3 +, Fe?* and Ni** in the
MgO crystal®®), the conditions of formation of nonliner
SAW are easily satisfied at rather low values of the strain
vector. At small values of u, the anharmonic effects lattice
vibrations are insignificant and can be neglected. In solids,
however, the concentration of paramagnetic impurities and
the constants of spin-phonon coupling change over quite
wide limits.® Moreover, in certain situations (see, for exam-
ple, Ref. 7), if the direction of propagation of the wave
makes an angle ¢ #0 with the external constant magnetic
field, then the coefficient of resonant acoustic absorption is

o~ G*nok cos 9,
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and the area of the momentum envelope is
O~GTkucos.

Therefore, in the general case, the quantity GTk cos <} can
turn out to be rather small, and for satisfaction of the in-
equalities given above it is necessary to apply pulses for
which u is no longer small. In this case, the anharmonic
effects which, together with the dispersion, produce nonlin-
ear SAW, become important. Consequently, we arrive at a
physically interesting situation—two completely different
mechanisms of formation of nonlinear SAW can be effective
simultaneously. In this case, the picture of the nonlinear
wave process becomes very complicated and there is not an-
swer yet to the question as to what sort of laws govern the
formation of nonlinear SAW. It is precisely this question
that we shall consider in this paper.

2.DERIVATION OF EQUATIONS

It is known that SAW propagating along a free surface
of a solid or along the boundary of a solid with other media
have different forms and are distinguished from one another
by boundary conditions characterizing the wave process on
the boundaries in the media.! We shall consider the follow-
ing case in detail: the propagation of a Rayleigh wave along a
free plane boundary of a nonmetallic diamagnetic solid con-
taining a small concentration of paramagnetic impurities
with electron spins J and nuclear spins /. For simplicity, we
shall assume that J = I = 1/2. We shall also assume that the
solid medium occupies the half-space x, <0. We consider
the case in which a Rayleigh-wave pulse with duration
T<«T,,, frequency w, , and wave vector k propagates with
the positive x; direction along the surface of the half-space
(T, , are the longitudinal and transverse relaxation times).
An external, constant magnetic field H, is applied to this
same direction. Upon satisfaction of the condition
w, = w; + w;, the Rayleigh wave can induce resonance
transitions in the electron-nuclear spin system (@, and o,
are the Zeeman frequencies of the electron and nuclear
spins).? Using an expansion in the coherent states of the
acoustic field, the components of the strain vector of the
Rayleigh wave can be represented in the following form>**:

uy(r, 1) = Zkl i [ax (8) Fa_i* (2) ]Bf) (r),

where the function
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takes into account the transverse structure of the field and is
determined from physical considerations, namely the condi-
tion of the stresses on the free surface of the medium and the
Bose creation and annihilation operators a*, and a, of the
Rayleigh modes, while the quantities

%z,t(k) = [kz_mkz/c:t]‘h

determining the rate of damping of the wave along the x,
axis; ¢; and ¢, are the velocities of the longitudinal and trans-
verse acoustic waves, us = #i/2pw, NV, p is the density of
the medium, N, is the number of sites in the lattice, Vis the
volume of the medium. In what follows, we shall assume that
fi=V=n,=1.

The dispersion relation is given by the equation
o’=c’k*(1—A), A=(hk)?, (1)

where c is the velocity of linear SAW and 4 is a quantity of
the order of the lattice constant.

The Hamiltonian of the investigated model has the
form

H=H,+H,+H+H,+H,, 2)
where
2=, —wI*

corresponds to the Zeeman interaction with the magnetic
field,

H,=A Z Il
is the Hamiltonian of the hyperfine interaction,
H, = Emk (ax*ax+'/2)
x
is the Hamiltonian of the system of phonons,

H,= 2 Oy ki (ata—t) (akv+afk,)

KKk
x(ak"+atk")6k+k’+k",o

is the Hamiltonian of phonon-phonon interaction, the vertex
function of three-phonon interaction is

Drxrxr-=(2p) ™ (0r00r 01r) ™"

(9 (%) (m)

0Bx  OPxr 0Pk
X c mn d )
].)Zk skt 32i 3.7:; 0.7:,. r

tmn

where the coefficients c;y,,,, are known as the third-order
elastic constant,’ 4 is the constant of hyperfine interaction,

H,='/,L(e*S-+e~S+)
is the Hamiltonian of spin-phonon interaction in the rotat-
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expluc(k)z] }, =12,

exp[x,(k)z,], j=3

I
ing-wave approximation, where

L=A MBHOquz/émkv

e*=T2i 2 kpracte™ =y (z,),
k

i (Il) =B|(:) e_thx,’

F,,,, is the component of the tensor of the SAW spin-phonon
interaction,u g is the Bohr magneton, ¢,, =4 (e* +¢£7 ) is
the component of the SAW strain tensor, and
St=Jf +I7F.

The equation of motion for the operator quantities a ¥
and g, are easily obtained by using the Hamiltonian (2):

Lu k.
id-k+=—ﬁ)ka—k+—32 Oy k- A Ax-xti —‘sz_ e~"nst,
"

3)
Ly k.
idx=0xax+3 Zo_k,k"k_k'Ak'Ak_k'—i %‘ e~ S,

k

where the dot denotes differentiation with respect to time
and 4, =a, +a,.

Similarly, for the spin operators S;7 and
S§%=1(Ji—1I7) we have the equation
SiT =iﬁ)oS(+_iL8+S|z, Siz=l/ziL( EZ+S.-_—£S,-+) , (4)

where w, = w; + w;. It is assumed here that T, , — oo.

It should be noted that the obtained Eqgs. (3) and (4)
remain valid, apart from notation, even in the case in which
the SAW excites only electron spins of the paramagnetic
impurities with J = 1. Generally speaking, Egs. (3) and (4)
are quantum-mechanical and, as a consequence, the dynami-
cal laws following from them are very complicated. How-
ever, the investigation of the corresponding classical equa-
tions is sufficient for our purposes. The transition to them is
carried out under the assumption that the quantum correla-
tions between spins and phonons are negligible. In this ap-
proximation, the mean of the products of operators is equal
to the product of the means, i.e., (S *%eT) = (S £*)(eF),
(the semiclassical approximation). Moreover, we take it
into account the soliton (double soliton) SAW is a nonlinear
wave, corresponding to the state in which a macroscopically
large number of surface phonons is excited and, consequent-
ly, the quantum fluctuations can be neglected. Using the
well-known properties of coherent states>®°:

1
aklak>=ak|ak>, n—y |ak>(ak|dzak=1,

| {ag}y =[] | @

q

) laklz‘) S (o)™ k | 7y

|ak>:eXP(' 2 - (nk!)l/’

np,=0
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<ak'ﬁk>=exp(ak’ﬁk— D) 2

Nk ' nk>=nk ' nk),
1
-;—j d?ouf (') exp (ouPu’— | ax |2) =F (Bx")

d*ax=d(Re ax)d (Im ax),
and considering the remarks that have been made, we obtain
from the set of equations (3) and (4) the following set of
classical equations of motion for the acoustic field:

ii-—k‘=_(0ka—k._3 : m—k,k',k—k'gk’gk—k’
k'

Lk
i =EE e,

(5)
Luk
iik=(0k(lk+32 O i k-xr A Ao —i ;k e~ s (S-),
.
and for the variables N= (Si) and B * = (S *):
t=i@B*—iLu*N,
(6)

N='/,iL(u*B~—u~B"),

where u* = (¢*), 4, = a, +a*,, |a,) is the vector of
the coherent state of the kth mode of the surface phonons,
the symbol {a, } denotes the set of all amplitudes a, . In
what follows, we shall for simplicity use the notation x = x,
and z = x,.

3.DOUBLE SOLITON SAW

Using the method of slowly changing profile, we can
materially simplify the set of equations (5) and(6). For this
purpose, we represent the function U= 4 (4 + u~ ) inthe
form

U=Y,ZE, %)
1

where Z, = exp[il(kz — w,t) ], E, are the slowly changing
complex amplitudes of the acoustic wave, and / runs through
thevalues + 1, + 2... . To guarantee the reality of the quan-
tity U, we set E, = E* ,. We note that such a representation
of the solution of a nonlinear wave equation has been widely
used in the theory of nonlinear waves.'®

Taking it into account that the carrier frequency of the
acoustic wave w, is at resonance with paramagnetic impuri-
ties that have two energy levels in the considered simplest
case, we can represent the mean value of the magnetization
of the paramagnetic impurities in the form

<= Y\ B2
1

This expression, together with (7), allows us to write down
the set of equations (6) in terms of the slow variables

Bii=(0x—00) B, —2iNO_,, N=i(0_,B_,—0,.B,,), (8)

where

t

{ E dt

mlh

@1=
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is the area of the momentum envelope of the SAW. Here we
have used in approximation of a rotating wave, which con-
sists in the discarding of terms that oscillate with the fre-
quencies 2Q, , 3¢y ,... .

In the interaction of an acoustic wave with a resonantly
absorbing medium, the most significant effects are usually
observed at exact resonance. Therefore, for simplicity, we
consider Eq. (8) at exact resonance @, = w, and the sim-
plest initial condition, when all the paramagnetic impurities
are initially in the ground states, i.e., N;;;; = — 4.

For the determination of the explicit form of the quanti-
tyB* + B~ , weexpand the quantities ®,, B,, and N a per-
turbation-theory series in the small nonlinearity parameter
£

o o

0, = Z e0,', B, =E e*B,®, N=2 e*N@),

a=1 a=1 a=0

Substituting these expansions in the set of equations (8), we
obtain

B++B"=i71022 e, YZA,,

I o=t

where

t

(1,2) (1,2) (3) (3) S (1) A (1)
Pzt =04, Pzt =04 F2 58-;:1 04 6., dt’,

Al=61,—1""61,+1-

Taking this expression into account, it is easy to transform
Eq. (5) into

:Zk=—(okzlk°-6(okz| (D-k,k',k—k'lk'gk—k'
X’

_ -;—Lukkmknoe"'“

XZZ, epi'YZ,A,. 9
1]

Q=1

We multiply this equation by the quantity iku, expy, (0)
and sum over k. As a result, we obtain the following expres-
sion on the interface of the media at x = 0:

1

4o ij(Z,, 2,) U(z—324,t)

U +-21— j W (z,) U(2—2,,t)dz, +
7T

X U(z2—21—2,, 1) dz, dz,
+ 21—2 Linkowmoe(0) Xy Dy 650 9Z,A=0,  (10)
k l a=1

where
U= 2 ikpA ey (0), W (z,) =Z e,
¥ k

P(zy,2,)= Z Py, x.expli(kiztk.z.)],

Kk,
6ikl(‘)k¢p'kl
ko (ky—k,) Pks bk —ka

Py, = Dy, 5 k1=K

The nonlinear equation (10) describes a nonlinear wave pro-
cess in a bounded elastic medium containing paramagnetic
impurities. Substituting (7) in (10), we obtain the following
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equation for the quantities ¥{® (z,t) = O{® (x = 0,z,¢):

ZZ °Z, {W (@ 21lmk‘P' ‘“’—zB,—II’ (@)

I a=1

+ii;l(u) [F“ \_P-(ﬂ-) W(a )
' a'=1
(@)’ y
i @ 0¥,y @) 7 @ @ 0%
—T t,z'T I (Fll +Fll )‘Ft -1 9z
Qz
+0(k2)]+132 ‘“’A,}=O, (11)
where
1 8m, 1 a’m,’
W;ﬂﬁ)k['—lzﬁ)k ) Bl =_k_ 6l ’ ] 2k2 6l2 ]
2 2 9
Fz,l —szkzk, Fl(,‘l)"_"—L_“a—l‘Plkl'kq
g _2 0 p . L*nok?
1. L al, 1k,l"ky - - Sp

For further analysis of this equation, we make use of the
perturbative reduction method, developed in Ref. 11, ac-
cording to which the quantity ¥{*(z,¢) can be represented
in the form

W, (3, 1) = Z Ya(2 )0 (6,0), (12)
where
Y, <exp[in(Qz—Qt)], T=e?(Qz—At),
T=e""'t, A=Quv v~0R/30,

the quantity g is subject to determination. Such a representa-
tion allows us to separate from W{® the still more slowly
changing quantity @ |%’(£,7). Consequently, it is assumed
that the quantities Q, Q and ¢ |2 satisfy the inequalities
(@) (@) (@) @)
0u>Q, k>0, |§1n [<€Qun |, [0¢1n/02|<Q|@un |-
The “stretchable’” variables ¢ and 7, and also the quan-
tity g, are chosen such that between the nonlinear effects and
the dispersion and absorption effects there can arise an inter-
action of exactly the same order and unambiguously deter-
mined by the solvable set of equations (11). In this case, with
the help of the standard procedure of Refs. 11 and 12, we
show that this condition is satisfied at ¢ = 1. Substituting
Egs. (12) in Eq. (11), and calculating the derivatives Yo,
(@, Y@, W@ /3z and 3 *¥{* /2% we obtain the nonlin-
ear wave equation

Lo{Ser

—Z e* Xlz (Pz I';n—n (Pl n' ]+ leAzpl +0(8‘)}

a'l'n’

[ (Wl n+8]t na +ie %1 na;; +e? h1 n0¢ )(p(a)

(13)

where
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Wi, n=—inQ[W,—n (2loxQ—B,Q) —n*Q*+Cin*Q* +iR*A,,
Ji, v =—QugW+4nQQudo—BinQ (R+Qu,) +

+3n2920UE_Cln202 (2Q+Qv€) ’ ( 14)

H:.n=[-2loxv+Bv,—3nQus—Cin(Q+2Qv,) ] @7,
h, "=W’_4nl(‘)k9+nQBz_SYLZQz-i-C,nZQZ’

Xt =F Q' (n—n')+0 (Q/k),
t
p.'=2ie’Q Z (n—n'—n
(a)

To determine the values of @ ;5’, we set equal to zero the
terms corresponding to like powers of £. As a result, we ob-
tain a chain of equations: in first order in £

”) jY-n(pl n—n'—-n' (Pflr: (—’l)n dt

Wz,nCPz(,:;)= 01 (15)
in second order in €

(2) 1) E n,n' (1) )
Wz,n(P:,n + Jl,natcpl,n - X, Q=" n—n"QP1' n’

=0 (16)
'n’
and in third order in ¢
(2
Wl n(Ptn +J, ,n c(Pz n)
n,n' (1) (2)
+(’f%lnatt +hl ,,6 )(Pln —Xu, ((Pl U n=n"Qin’
+(Pl(i)l' n—n'(Pl(ix)' )
—2th— Z (n=n' =) Qi n o @ (17)

It follows from Eq. (1) that in dispersive media
Wo= W, =0and W, ,, =0. Consequently, according
to Eq. (15), only the following terms of all the quantities
@, differ from zero: @ §)@ ‘P, -, and ¢},  ,. Here, the
connection between the quantities {2 and Q, at fixed values of

! and n, is determined from the relations
1 (2l0xQ—B,Q) +Q*—C,Q*+nR*A /Q=0.

Taking into account that F,,,, = F§!) = F§2) =0, we get at
I=0from (17) d . ¢ §}) = 0. In what follows, we shall also
be interested in solutions of (17) that vanishes at { - + .
Consequently, under the stated conditions, we obtain

@ §.) = 0. We consider below in detail the situation in which

In = /yn, = — 1. In this case, we have
(Piil)-f-l:'eoy (18)
20xQ+n,B,Q—Q*+C,,Q*—R*/Q=0. (19)

Substituting the expressions (14) and (19), we easily see
that the following relations hold:

ot w1=0, ot 21==QQ" [0 (1+RQ) —C,) =%03,
B, =29 (0x—Q+R2/2Q%) =2Qu, (20)
vg=—(n.B,;, +2QC),) [20..

From Eq. (16) we obtain the connection between ¢ ) —,
and ¢ (3)2 F2!

W:z $2¢12)+Z X:zz:: ((P:i)xt) : (21)
Substituting Eqs. (18)-(21) in Eq. (17) we obtain after sim-
ple transformations an equation for the quantities
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535 =E&Q L 1,71°

Fi(0:tve0:) ExTp0::"E T qE . |E2|*=0, (22)
where
1 (R* 2

P=——ﬁ—27 q=»—(——+—92),

2a.Q a ‘Q 1 (23)
_CZ— thz,ti _ z|mk||lk—mk|

Lk ) Lym — |lkl Lhymhy
RZ

n=3ck*A — o

Thus, we have reduced the set of equations (15)—-(17)
to a single equation for the unknown function & | (z,2). If we
now go over in the latter equation to the variables
Yy =2z —v,tand ¢, the equation takes on the form

$iat§:+P0w2§¢+‘I§:|§¢|2=0- (24)

This is the well known nonlinear Schrédinger equation
(NSE)'*!*, Under conditions when the quantities p and ¢
are positive in the nonlinear equation (22) it is convenient to
carry out the following change of variables: v = ¢'/? £ _,
z=p'"?X + v,t. Then we obtain the NSE in the following
form

i0,v+61x”v+v | v I 2=().

This equation has the soliton solution

v(X,t)=2"%K sech[ K (X—v,t)] exp{ i [%X —(l;—" — K? )t] } ,
(25)

where K and v, are the amplitude and velocity of the soli-
ton*!3.

Substituting the solution (25) in (12), we obtain for the
quantity ¥ _

2 \%
1lf_1=Re{YH(—) Ksech{K[z—,,—(—l‘)—/g—-l—v,)t]}
q p" p"
N R Ugls vl
Xexp(z[mz—(zp,h+——4—-—K2)t])}. (26)

The latter solution is a double soliton of the breather type.
The appearance in Eq. (26) of the factor exp[i(Qz — Qt)]
indicates the formation of periodic (slow in comparison with
expli(kz — w, t) ]} beats in coordinates and time, with char-
acteristic parameters Q and (2, as a result of which the soli-
ton solution (25) is transformed into the breather solution
(26). It should be noted that for plane waves a solution of
type (26) has been obtained in Ref. 12 for the sine-Gordon
equation, and interpreted as a bound state of a soliton and an
antisoliton. The solution (26) describes a quasimonochro-
matic wave with wave number Kk, frequency o, , and slowly
varying amplitude having the form of a breather.

4.CONCLUSION

A quasimonochromatic pulse is usually characterized
by a central frequency w, (or a corresponding wave number
k) and a width o, — o (or a corresponding width in wave-
number space k — k). In the propagation of the pulse in a
dispersive medium, its shape will not remain unchanged—
the width of the pulse will increase during propagation if
9%w, /3k ?#0. This is due to the fact that waves of different

135 Sov. Phys. JETP 70 (1), January 1990

length 277k ~' propagate in a dispersive wave with different
velocities. Along with the dispersion, the absorption pro-
cesses also lead to broadening of the profile. In the NSE,
both these effects are taken into account through the term
pd’,& . , withterms proportional to the quantity A responsi-
ble for the dispersion, while terms containing R ? are respon-
sible for the absorption. It should be noted that the reso-
nance absorption of sound by the spin system leads to
dispersion of the acoustic wave.®

On the other hand, the nonlinearity effects produced by
the anharmonic lattice vibrations, and the nonlinear coher-
ent interaction of the wave with the paramagnetic impuri-
ties, lead to a progressive initial pulse profile deformation
that increases with increase of ¢. In the NSE, the nonlinear
effects are taken into account by the term ¢&, |£, |, with
the contribution of the anharmonic oscillations taken into
account by the term 2.%°?/y while the term R 2/ is respon-
sible for the interaction of the pulse with the impurities. As a
result of the competition between the nonlinearity, which
increases the curvature of the profile of the pulse, and the
dispersion and absorption that cause the profile to spread
out, the shape of the nonlinear wave is stabilized—a breather
state is formed. The conditions of balance between these ef-
fects is the simplest case, when a pulse of rectangular shape
of amplitude H and width A is introduced into the medium,
ie.,

0= H, 0<z<A,
£(z,0)= 0, z<<0, z>A,

can be represented by the following relations®:

HA~(2plq)", 4HT(pq/2) ~A.

In other words, these equations reflect the connection
between the effects of dispersion, anharmonism, and coher-
ent interaction of the field with a nonlinear absorbing medi-
um.

It should be noted that our results and their interpreta-
tion are applicable to pulses with sufficiently smooth enve-
lopes under the condition that the size of the pulse s large in
comparison with the wavelength, i.e., Ak> 1. Moreover, the
length of the breather should be significantly greater than
the characteristic length of change of the periodic “beats:”
AQ> 1. As already mentioned, the quantity A determines
the contribution from the dispersion effects. It should be
noted in this connection that the scheme considered in the
preceding sections has a rather general character and the
results obtained there for Rayleigh waves propagating along
the free surface of a medium are easily transferred to the case
in which a thin layer of another substance is placed on the
surface of the medium. In this system, SAW can also propa-
gate as, for example, Sezawa waves and Love waves.' In this
case, the dispersion relation can be formally represented in
the same form as for the Rayleigh waves with the only differ-
ence being that now, in the relation (1), the meaning of 4
becomes that of a quantity which is determined by the thick-
ness of the film.>!* Thus, we can distinguish between two
situations, “internal dispersion,” i.e., governed by the dis-
crete structure of the medium, and ‘“‘external” i.e., deter-
mined by the presence of a film on the surface of the sub-
strate—‘‘geometric”’ dispersion.

We consider the quantity 2p/q under the conditions
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R?*> Q%A and R 2~Qc%* 2A. Then we get from (23)
% & 207\ -

It is seen from this relation that the quantity 2p/q is always
positive if 7> 0. In the limiting case when the inequality
20.£? &R ?7 is satisfied, effects associated with the anhar-
monic lattice vibrations become unimportant and the prob-
lem reduces to the case considered in Ref. 2 of an acoustic
SIT for SAW. In the other limiting case, under the inequal-
ities 20.2?> R 5 and Q3A > R ?, effects associated with the
interaction of the pulse with the paramagnetic impurities
become small. In this case, the problem reduces to that con-
sidered in Ref. 3. In the intermediate case 202.% > ~ R 25, the
breather SAW is formed under conditions in which the ef-
fects of anharmonism, dispersion, and nonlinear coherent
interaction of the wave with the paramagnetic impurities
exist simultaneously.

The solution of Eq. (22) in the case of “external” dis-
persionis ofinterest when the inequality 22.%>> R 27 holds.
This condition is satisfied in the case of “resonance” between
the dispersion and linear absorption: 3¢’k 2QAX R?, i.e.,
when 7 is a relatively small positive quantity. In this case, the
wave is formed from effects of anharmonism, dispersion,
and linear absorption, due to the interaction of the acoustic
wave with paramagnetic impurities. It should be noted that
this result differs in principle from acoustic SIT (both in the
case ® > 77 and for ® € 1), under the conditions of which the
interaction of the wave with the paramagnetic impurities is
essentially nonlinear. The difference between our present re-
sult and the formation of a nonlinear wave via anharmonism
and dispersion is quite evident here.

For numerical estimates we choose typical values of the
parameters of the acoustic field and the medium. If it is as-
sumed that w, ~10'°Hz, Q@ ~10°Hz, AS1cm, T~10-%-
1077 s, H~10"-10°, n,~10"®" cm™*,  Cyupmn
~10'"'-10'2 dyn/cm?, and h < 10~ % cm, all the conditions
given above are satisfied. This circumstance gives grounds
for hoping that the considered phenomena can be observed
experimentally.
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Thus, it has been shown that nonlinear waves can devel-
op in the form of double solitons in solid dielectrics contain-
ing paramagnetic impurities when a wave propagates under
conditions in which the effects of anharmonism, dispersion,
and coherent interaction of the wave with the paramagnetic
impurities are significant. The explicit form of these waves at
x =0 is given by the relation (26), while the quantity
B (x) expresses the transverse structure. The dispersion
law and the connection between the quantities  and Q are
determined by the expressions (11) and (19), respectively.

In conclusion, we note that the results for SAW atx = 0
given in the present paper can easily be transferred to the
case of plane volume waves. For this purpose, it suffices to
introduce corresponding changes of notation in the formulas
given above.
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