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Within the framework of the two-sublattice Mitsui model, taking into account the piezoelectric interaction
with the shear strain,, a dynamic dielectric response of Rochelle salt is considered. Experimentally observed
phenomena of crystal clamping by high-frequency electric field, piezoelectric resonance, and microwave dis-
persion are described. Ultrasound velocity and attenuation are calculated, and peculiarities of their temperature
dependence at the Curie points are described. Existence of a cutoff frequency in the frequency dependence of
attenuation is shown.
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I. INTRODUCTION approached within stochastic Glauber dynaficsr the

. . loch equations methdt?
Crystals of Rochelle salt have been attracting the mteres'% The conventional Mitsui model does not take into account

of physicists due to their practical applications and, from &y,q hiezoelectric coupling with shear straip This leads to
fundamental point of view, due to the curious character ofygjitatively incorrect results yielded by the model for the
their ferroelectric behavior. In contrast to most of the knowntemperature behavior of microwave relaxation times and dy-
ferroelectrics, in Rochelle salt the ferroelectric phase existfamic permittivity near the Curie pointd® The origin of
only in a narrow temperature interval between two secondsuych a discrepancy—a fundamental drawback of the conven-
order phase transitions at 255 and 297 K. Spontaneous péonal model—is that the model does not distinguish free and
larization is directed along tha axis and accompanied by clamped crystals and is not able to reproduce the effect of
the spontaneous shear straip The ferroelectric phase is crystal clamping by high-frequency electric fieldr me-
monoclinic (C%); both paraelectric phases are orthorhombicchanical stregs

(D3). Thus Rochelle salt crystals are noncentrosymmetric A recently proposed modification of the Mitsui motel
and piezoelectric in all phases, which essentially affects theif@kes into account the piezoelectric effects. It allows one to
dielectric response. calculate, depending on what is necessanyserved in ex-

In the frequency dependence of the dielectric permittivityPeriment, susceptibilities of either the free or clamped crys-
of Rochelle salt, the three following dispersion regions ard@ Thus, setting the clamped crystal regime, we were able to
observedsee, e.g., Ref.)1(i) domain-related dispersion be- OPtain a correct temperature behavior of the microwave di-
low 1kHz, present only in the ferroelectric ph&sg(ii) mi- electric response of Rochelle salt, which was in both quali-
crowave relaxational dispersion, afid) piezoelectric reso- tative and quantitative agreement with experimieng., Ref.

nance in the 19-10" Hz region, depending on sample 12)Salsfo nehar thedCllme po_:jnts._ ¢ dielectri :
dimensions and temperature. Below the resonances the di; o far the model consideration of dielectric response in

. o ' . ochelle salt has been restricted to the static limit and to the
electric permittivity of a free crystal is measured, whereas

above the resonances the crystal is effectively clamped. Ancrowave: region. Attempts to explore the piezoelectric

. . . resonance phenomenon within a model that does not take
concise explanation of the clamping effect and the reso-

nances is given by the following formula, obtained bym'[o account the piezoelectric coupling are pointless. It seems

. thus natural to extend the model with piezoelectric
g/lalljf”eﬁ in 1940 for the 1 cm long 45X cuts of Rochelle coupling! onto the entire frequency range from the static

limit (in the ferroelectric phase from about 1 KHp THz
N o)\, frequencies, including as well the piezoelectric resonance re-
X = Xiree T (1 —:tang/ 015572, gion. For a coupled dynamics of the shear strain
g,—pseudospin system, the standard methods of description
where ;e iS the free-crystal permittivityV is the sound of the lattice strain dynamié% based on Newtonian equa-
velocity, andd;,, s}, are the corresponding piezomodule andtions of motion will be combined with the Glauber approach
compliance. Applicability of this formula, however, is lim- to pseudospin dynamics. We shall calculate dynamic dielec-
ited to the MHz region, since it does not reproduce the midric, piezoelectric, and elastic characteristics of Rochelle salt.
crowave dynamics of the permittivity. Evolution of the dielectric permittivity from the static free
The behavior of Rochelle salt is usually described withincrystal value via the piezoelectric resonances to the clamped
a two-sublattice Ising model with an asymmetric double-wellcrystal value and to the microwave relaxation will be de-
potential (Mitsui modeP). Usually it suffices to use the scribed. Within the same approach we shall derive expres-
mean-field approximation. Dynamic dielectric response issions for ultrasound velocity and attenuati@or a certain
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geometry of sound propagatipand explore their tempera-

ture and frequency behavior. 5:,3(
Experimentally sound attenuation in Rochelle salt has

been studied since the 1948's” In accordance with the andJK are the Fourier transforms df, andK,y, atk=0.

Landau and Khalatnikov predictidfi,an anomalous increase ~ Equations for polarization and strain are

of attenuation associated with the shear strajnwas re-

vealed near the Curie points. So far the theoretical descrip- 04= 05284 el4E1+ zﬂ‘g

tion of this phenomenon has been restricted to that proposed

by the Landau approach based on expansions of thermody- (2.2

namic potential in the order parametet? In the present My

paper the model calculations of attenuation will be per- Py = elea* Xid E1+?§

formed.

-K
0'+A>,

The other calculated static characteristics are the piezomod-

ule
Il. THERMODYNAMICS OF THE SYSTEM
. . _(9P1) _ o Egﬂiﬁ%
Let us present here the main results for the equilibrium S L faéo), (2.3
thermodynamics of Rochelle salt obtained within the modi- 4R
fied Mitsui modefi* Calculations are performed with the gielectric permittivity of a free crystal

Hamiltonian

2
11:1+4w<a—P1> :sg$+4wﬁ(“1) to(&,0), (2.4)
1

(7'4

H = NUseei~ EEqum)—“‘“ AE(E‘E—%‘@)

qq ff'=1 2 2 a \ 2 compliance
2 2
T de 2By
~(mE - 20 2 2 . 2. Sia= <—4) =S+ ()T hl60), (25
q f=1 2 d04/ g, v
Here and elastic constant at constant field
doy 2B
v cE :(—) =ct0 - ¢ ,O). 2.6
Useed™ 505282_092484& 2)(11E2 47\ dey E 44 v 1(£:0) 2.8
is a “seed” energy of the crystal lattice which forms theThe following notations are used:
asymmetric double-well potential for the pseudospins. f(£.0) = ®3 f(0) =
Ryq (1) =Ryq(22=J4y and Ryq(12=Ryq(2)=Kyy are o) = hlde A ot
constants of interaction between pseudospins belonging to
the same and to different sublattices, respectively. The pa- M=1-8-062 \=2é0,
rameterA describes the asymmetry of the double-well poten-
tial; w4 is the effective dipole moment. The last term is the B3 5
internal field created by the piezoelectric coupling with the p=1 ——7\1 BZ (7\ -\),
shear straire,.
Introducing the parameters of ferroelectric and antiferro-
electric ordering =N+ ,3 ()\2 A2,
1 1
&= 5(<Uql> + <0'q2>)1 o= E(<0'ql> - <(TC|2>)1 o i dO ~ 6_5)4 L+4
S =g =g e71=1+4mx7l,
Cs4 Cs4

within the mean-field approximation, we obtain the thermo-

dynamic potential of the systéfn _
y P y Xii= X+ eldls i = pg - 2ydd,

g J+K J-K 2In2
ﬁ = Useed+ 4 §2 + 4 0'2_ ,8 — 2[31//‘21352
v
1 v+ 6 y—90 - .
- ’Eln costhoshT — V044, Values of the model parameters providing the best descrip-

tion of these characteristics are given in Table I.

where
Il. VIBRATIONS OF X CUTS OF ROCHELLE SALT

7:B<ﬂ§_2¢484+M1E1) In this section we shall consider vibrations of a thin
’ square platd X | of Rochelle salt crystal cut in th€l00)
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TABLE |. Theory parameters used for Rochelle séRef. Iy I,
12). e2=—-=0, &=——=0,
ay 9z
Jikg  Kikg Alkg ulkg  c50 d2, p%ty the expression£3.2) for i=2,3reduce to two equations,
K dyn/cn?  esu/dyn
Py _ eom , 2008
797.36 1468.83 737.33 -760 1X40° 1.9x10°% 0.363 Pz ~haam 2 v 9z’
v=0.52191+0.00018T-190] x 1072t cn?. , , (3.3
w1=[2.52+0.0066297 -T)] X 10"18 esu cm. I3 _ g0 M3 208

a2 M2 Ty
plane (X cut) induced by time-dependent electric fielf]
=E;gexpliwgt) or shear stressry=o,49explio,t). Those
fields give rise to the shear straip. For the sake of simplic-
ity we shall neglect the diagonal straias(i=1,2,3, which,
in fact, are also created in the ferroelectric phase due to , ~ . . . Omy O7y
nonzero components of elastic constants teesor £+ &, 0T0toy eTestenTest— T oy

Dynamics of the pseudospin subsystem will be described . )

within the Glauber approach, where the kinetic equations foFquations(3.1) and(3.3) can be expanded in terms of these
the time-dependent averagésind o have the fornkt deviations up to the linear terms. For the fluctuation parts we
obtain the following system of equations:

At small deviations from the equilibrium the dynamic
variables¢, o, ande, can be presented as sums of the equi-
librium values and of the fluctuational deviations

d 1 1 1
_ad_gzg—i{tanhi(w 6)+tanh§(7— )], d I | It
t ‘ad_ft*‘alft"'azat*‘am — t— | =apk,
3.1 t gz ay
d 1{tanhl( +9) tanhl( 5)]
—a—o=0-= Y - Y-o)|. d It I
dt 2 2 2 - aaa't + blgt + bZO-t + b01|:6,_22t + T;t:| = bozE]_,

Here « is the parameter setting the scale of the dynamic

processes in the pseudospin subsystem. The best description P 2 2 O (3.4
of microwave permittivity® is obtained ain=1.7X10713s, p% = Egﬂ n ﬂ_t,
It should be noted that Eq3.1) formally are relations of the at 7 v Jz
form ,
NS p T - ol T, 20k
at - Nag ot ay v oy
({=¢&,0 are the dynamic variables of the syste@,is its with
thermodynamic potentialA is a certain constantThis ki- J+K K-J
netic equation is usually used for description of the order- y=-1+8 4 A1, a2:,8—4 A2,

parameter dynamics and sound attenuation in ferroelectric
crystalst>19with the phenomenological thermodynamic po-

tential G presented as a series expansion in the order param- ag1 =~ By, 8gp=- 'B—'U“l)\l,
eter. In our case, the model thermodynamic pote(@a) is 2
used.

Dynamics of the strairz, will be described by the stan- b = J+ K)\ b= -1 J+ K)\
dard method, using classicaNewtonian) equations of 1=-8 4 "% 2T B 4 2
motion' of an elementary volume

P 9o By
—727' => K (3.2 Bo1= Bhaha  bor= ="\,
ot e OXg 2

wherep=1.767 g/cr is the crystal densityy, are the dis- Al further consideration will be based on syste&).
placements of an elementary volume along the agisnd ~_ Solving the first two equations 8.4) at 77, = 73 =0 (re-
o are components of the mechanical stress tensor. We ne§ime of a mechanically clamped crystaive find

to determine the displacemenig and 73, giving the shear 2
strain &=, C exp(—t/7) + Fi(awp) Eygexpliwgt),
=
_0m, 0m |
f4T 0 Ty where
Taking into account Eq2.2) for o»3=0,, as well as the fact Fu(aw) = lawhy + @3
that the diagonal strains are assumed equal to zero, ! (iaw)?®+ (ilaw)@ + @,

134108-3



MOINA, LEVITSKII, AND ZACHEK PHYSICAL REVIEW B 71, 134108(2005

e ~ eXPlikgz), 73 ~ explikgy),

and similarly for,,, 73,, We find the dispersion law for the

J
Fl(o) = fl(gi O'), P1 = 2 - %)\1

The relaxation times are vibrations
— —
1 . Vpwg Vpw,
15= 5 L= @1 F Vgl - ke = k= === (3.9
T2 ®1+ Vo1~ 4gs]. (3.5 T =/———, —_— )
1,2 2a[ 1 1 2] N CE4(C¥(1)E) T N 054(61/&)0-)
1 exhibits critical slowing down and, has only weak pe- The boundary conditions are set as follows:

culiarities at the transition points. However, both of these
times remain finite at the transition points, which is in accor-
dance with experimental data.

The corresponding dynamic dielectric permittivity of a £4,(0,0) = £4,(0,1) = £4,(1,0) = g4,(1,1) = &g,
mechanically clamped crystal'is

£4£(0,0) = 4e(0,1) = £4e(1,0) = £4¢(1,1) = &g,

The values ofege and gy, are determined fronf2.2), using
o Bu? o o relations(3.8) betweene,z and &g, and betweer,, and ¢,
efw) =gl + 47TEF1(aw), 11 =1+ 4myq;.

BratlsSuq
(3.6) d(1)4_ —MFl(awE)
E0E = Eio,

It can be presented as a sum of two Debye terms, where the 1-AF(awg)
contribution related tor, is different from zero only in the
ferroelectric phase and even then it is several orders smaller Sgo
than the one related tg (see Ref. 11 for details €= 7 e /. 040

1 - AF]_(CY(DE)

Hereafter, we shall not impose any artificial conditions for
the displacements,, »s. We shall look for solutions of the With these boundary conditions we find that
system(3.4) in the form of harmonic waves

E
&= &y, Dexpliogt) + £,(y,2expliogt), 4e(y.2) = 7| coskez + coskey
0= oely,2expliwgt) + o, (y,2expliw, ), - tan%(sm key +sinke2) |.

Eq = 84E(ya Z)EX[Xi wEt) + 84a(y,2)eXF(iwgt), (3.7 and similarly f0r84g(y’ 2).
Using Egs.(2.2) and(3.8), we can find polarization

Mot = nZE(Z)eXF(i wEt) + nZ(T(Z)eXF(i wo't)i . .
Pl(y,Z, t) = PlE(ylZ)qulet) + Pla’(ylz)equwot)y

73t = Nae(Y)expliwgt) + 73,(y)explio,t). where

The first two equations of3.4) give

P Pie(y,2) = [e& - Filawg) |e4e(y,2)
£(y,2) = - BuuF1(awp)eae(y,2) + %Fl(awa Eso,

<0 ,3/-”%
+ X11+ ZFl(a’wE) ElOa

(3.8
go'(yvz) == B‘//4Fl(awa')84a'(yiz) .
Taking into account3.7) and(3.8), from the two last equa- | o Bumiy |
tions of (3.4), it follows that P1,(y,2) = | €14 — Filaw,) |e44(Y,2).
_ Caalawg) P _ Calawe) Prae Observable dynamic characteristics of the system: dielectric
"2E = pliwg)2 922’ "IsE = pliwg)? ay? susceptibility at constant stresg{;(wg), piezomodule

di4(w,), and elastic compliance at constant figfg(w,,), are

~E ~E 2 expressed as appropriate derivatives from the integrals over
¢ & C d R .
Mg = Mﬁ, Mg = Mig”, the sample volume of polarization or strain

pliw,)* 97 pliw,)? dy o

19
where Xi(wg) = 5 — f dy f dzPe(y,2),
1“9E10)0 "Jo
2B

T:Z(aw) = CEE - Fi(aw).

) Oig(wy) = 35— dYJ dzPy,(y,2),
Assuming the plane-wave form ofg, 1“d040) 0
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IV. SOUND PROPAGATION IN ROCHELLE SALT

Suw,) = —m dy f dze4,(Y,2). (90° Z CUTS)

Pulsed ultrasonics provide a powerful and convenient tool
Thus for the investigation of mechanical and piezoelectric proper-
ties of crystals. The ultrasound wavelength is usually much

efi(w) =1+ 4my{y(w), ; . .
t X1 smaller than the sample dimensions. Therefore the dynamical

(3.10

R(w) - 1 Bl variables(displacements, order parameter, etiepend only
Xi'l(w):w—[xig’f ilpl(aw)] on the spatial coordinate which is the direction of sound
R(w) 2 propagation.
1 ,3( ) Within the presented above approach one can readily
) Folaw) |, calculate the characteristics of ultrasound propagation in
R( ) 2v Rochelle salt. From the point of view of the developed
. ,81//2 model, one should consider the transverse sound wave,
E — E0\ 24P Y4 which propagates in the so-called @tuts of Rochelle salt
= —F 3.1 ) . )
Sad @) R( ){ +(Sa) Z(Qw)} 3.1 (thin bars cut along001]) and is polarized along010].
Among dn;/ 9%; the only nonzero derivative 87,/ dz, there-
1 SEu! B fore, instead 0f3.4) we have
diy(w) = | dy= "= Fylaw) (,  (3.12
R(w) v d
—a_Gtagitaotage,=0,
where dt
F o) = iaw\y + @3 d
29)= (iaw)?+iaw[@;— AN]+[@r— Aps]’ - ad_t0t+ D1 & + Do + bpes =0, 4.1
F,(0) =1f,(¢0),
20 =f¢0) Py _ 50&27]21 240§
P T T
1 2 « v 9z
—— = —tan_. . .
Rlw) kI 2 One can easily verify that for the systdeh 1) the frequency

... .. dependence of the wave vector
Let us analyze the above results. In the static lifuit P B

—0, R(w)— 1] from (3.10 we obtain the static permittivity \J'pwg
of a free crystal(2.4); in the high-frequency limif R(w) Ky =
—oo] we get a dynamic permittivity3.6) of a mechanically
clamped crystal, exhibiting relaxational dispersion in the mi-coincides with that obtained in the previous section disper-
crowave region. Thus, E¢3.10 explicitly describes the ef- sion law of (100) plate vibrations(3.9).
fect of crystal clamping by high-frequency electric field. This expression gives the ultrasound velocity
Elastic compliances;,(w) and piezomoduled;,(w) in the =w/Rek] and the contribution of the ordering subsystem
high-frequency limit turn to zero, which is also a manifesta-into ultrasound attenuation for a 9@ cut of Rochelle salt
tion of the clamping effect. Av— 0 EQgs.(3.11) and(3.12 »%=—Im[k]. Background contributions into observed attenu-
transform intosé'f4 (2.5 anddy, (2.3. ation (inherent to pulsed method: beam spreading, pulse dis-
In the intermediate frequency region, the calculated chartortion, etc) will be described by a constant frequency and
acteristics have a resonance dispersion with numerous peatemperature-independent tergg, such that

at frequencies where R&(w,)]=0 or Rék,l/2]=m(2n —E
+1)/2. Frequency variation df,(w) is perceptible only in V(w) = Re 1 /M, (4.2)
the region of the microwave dispersion of the dielectric sus- p
ceptibility. Below this regiorts,(w) is practically frequency _
independent and coincides with the static elastic consfgnt Vpw
Since the resonance frequencies are expected to be in the (@) = 2o~ Im [ hE(aw)]' (4.3
10*-10" Hz range, depending on temperature and sample
dimensions, we can neglect the frequency dependence of At low frequencies, whenwr; <1 and REC;(aw)]
7354(a)) and reduce an equation for the resonance frequenci%lm[&i(aw)] (up to about~100 MHz, maybe except the
to vicinity of the transition poinft in a quadratic with respect to
T approximation we have
_m(2n+1)

wn = — (313) 1+iwr
! P Calaw) = i+ (=) T
Resonance frequencies are inversely proportional to sample @
dimensions. Universakample independeris the frequency (the Debye contribution related to the relaxation timeis
constant Zrwgl. neglectegl Thence we obtain the approximate formulas for

T KE
VCyylaw,,)
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€4y €11

1000 50
750 40} « . .

O et FIG. 1. Frequency dependence of dielectric
soor 30 N permittivity of Rochelle salt at 289 K. Solid line:
250} ) sl Eq.(3.10. O: Dynamic permittivity of a clamped

peccececee crystal(3.6). W: Static permittivity of a free crys-
- 1o tal. Lines and symbols: A theory.
o O posspeoorensrosororstebboiewe?’ | |
10 10* 10° 107 10° 10" v (Hy) 10 10° 10° 107 10° 10''v(Hz)
low-frequency sound velocity and attenuation The piezomoduled;(w), the frequency dependence of
E B0 2_\p2 which is depicted in Fig. 2, as well as the elastic compliance
V2=\2 EM’ ) = 2o+ w2y, Sq(w), show a resonance dispersion in the-400” Hz re-
pl+ao’r 2v3 gion, turn to zero above the resonances and to their static
values below them.
5 ci? Figures 3 and 4 illustrate the temperature dependences of
Vo=—". dynamic permittivity at different frequencies. The tempera-

p ture curves of the dynamic piezomodule and compliance are
In this approximation the sound velocity is hardly frequencysimilar. Below the frequency of the first resonance peak, the
dependent, whereas attenuation is proportional to the squatemperature variation of dynamic permittivity essentially co-
of frequency. incides with that of the static permittivity of a free crystal.
Near the resonance frequencies, the sharp peaks in the tem-
perature curve of permittivity appear, the number of which
V. NUMERICAL ANALYSIS increases with increase of frequency, whereas the magnitudes
. . decrease. Upon further increase of frequency, numerous
No additional theory parameters should be determinedosonance peaks of small amplitude arise around the curve of
apart from those found in Ref. 11 and given in Table I. We¢jamped permittivity. At even higher frequencies the peaks

have, however, to specify the sample dimensions, which d&gisappear, and the typical smooth curve of the clamped per-
termine the positions of the resonance peaks. mittivity is observed.

A. Dynamic response of Rochelle salt B. Sound attenuation

First let us consider the calculated dielectric susceptibility, In Fig. 5 we show the temperature dependence of ultra-
piezomodule, and elastic compliance of>acut of Rochelle  sound attenuation for the transverse wave propagating in the
salt. A square plate with dimensions<l cn? is assumed.  90° Z cut of Rochelle salt. Near the Curie points a sharp

Figure 1 shows the frequency dependence of dynamiicrease of attenuation is obtained, in accordance with the
permittivity of Rochelle salt in the ferroelectric phase. TheLandau and Khalatnikov theot.A qualitative agreement
obtained evolution of the permittivity is analogous to thewith experiment is obtained. The experimental attenuation in
experimental oné,except for the domain-related dispersion the ferroelectric phase strongly exceeds the theoretical one;
below 1 kHz. Similar behavior is observed also in thethis should be attributed to domain effects.
paraelectric phases. At— 0 the static permittivity of a free A certain quantitative discrepancy between theory and ex-
crystal is obtained; in the region 3010’ Hz a resonance periment takes place in the paraelectric phases as well. The
dispersion is observed. Magnitudes of the resonance peakiseoretical values are usually smaller than the experimental
decrease upon increase of frequency. Above the resonanceses. This should be explained by the existence of additional
crystals get clamped by a high-frequency field, and the persound absorption mechanisms which are not taken into ac-
mittivity of a clamped crystal exhibits a relaxational disper- count by the proposed model. Another factor is the possible

sion in the microwave region. nonlinearity that could occur during the experimental mea-
so00 %ha (10° esw/oyn) 100,414 (10" esw/dyn)
4000¢ ® 4,0 75t
2000% — dy()

sob FIG. 2. Frequency dependence of the dynamic

0 j piezomodule of Rochelle salt at 289 M. Static

20001 ( 251 piezomodulg2.3). Lines and symbols: A theory.
-4000 |

0

;,t_‘ To’d 10% o Tog_;r(Hz) 1 10 108 107 10° y(Hz)
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FIG. 4. Same in a wide temperature range.
FIG. 3. Temperature dependences of dynamic dielectric permit-
tivity of Rochelle salt(3.10 near the lower transition point at dif-

ferent frequencies. (see Fig. 7, after which the frequency curve of veloci(v)

saturates. The saturation value is temperature independent

_ [-EO
surements, increasing thus the measured value of attenuati&qd equal t0/o=\Caa/p.

(due to generation of higher harmonjics

In the low-frequency rangew = 10° Hz), as expected, at-
tenuation varies proportionally to the square of frequency.
The closer the temperature is to the Curie point, the larger is In this paper we have applied the previously proposed
the rate of this variatioriFig. 6). modification of the two-sublattice Mitsui model with piezo-

An interesting effect is observed at high frequencieseffect to description of a dynamic response of Rochelle salt
Somewhat below the region of the microwave dispersion ofn the entire frequency range from the static lirtlitkHz in
dielectric permittivity, the theory predicts a sharp increase of
attenuation with increase of frequency; after that the satura-
tion is observedFig. 6). Such high values of attenuation at
saturation, in fact, mean absence of sound propagétiata ol
off frequency. One may notice that the position of the cutoff |
frequency is in the region of a fast increase in the imaginary ¢f
part of the dielectric permittivityFig. 6). In the paraelectric af
phases the cutoff frequency decreases with approaching the 2} 4 B
transition point (Fig. 7). Experimental measurements of i T (K R TR, '3;,'5"'}(,()
sound attenuation in Rochelle salt so far have been restricted
to the MHz region. The extension of sound attenuation mea- F|G. 5. Temperature dependence of attenuation for the trans-
surements to higher frequencigsossibly up to the micro- verse wave propagating in the 9@°cut of Rochelle salt near the
wave region is thus of great interest. Curie points atv=5x 10° Hz (solid lines,®, Refs. 14 and 15and

At the frequency of the microwave dispersion of permit- v=10" Hz, (dashed line,O, Ref. 18. Lines: Eq. (4.3 with
tivity, a sharp increase of sound velocity should be observed0.5 cn.

VI. CONCLUSIONS

X (cm") 10X (cm'l)
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108 10 102 y (Hz)

104 105 108 107 108 10° 10" 10" v (Hz)

FIG. 6. Frequency dependence of attenuation at different tem- FIG. 7. Frequency dependences of sound velocity and attenua-
peraturegK). Left: (1) 298, (2) 299, (3) 300, (4) 305. Right: 289 tion at different temperaturg&): (1) 298, (2) 300, (3) 350.
(solid lineg. Dashed line: Imaginary part of dielectric permittivity.

the ferroelectric phaseup to the THz region. Dynamic di- not included in the present model. This is the subject of our
electric, piezoelectric, and elastic characteristics are calcfUrther studies. An existence of a cutoff frequency for sound

lated. Experimentally observed evolution of dynamic permit-Propagation is expected, which frequency position correlates
tivity from the static free crystal value via the piezoelectric With the start of a fast increase in the imaginary part of the
resonances to the clamped crystal value and to the micrdlielectric permittivity. Experimental measurements of sound
wave relaxation is obtained. Within the same approach thattenuation in Rochelle salt in this frequency range have not
sound velocity and attenuation for a transverse wave propaeen performed and are of great interest.

gating in the 90°Z cut are calculated. A qualitative agree-

ment with experiment for sound attenuation is obtained. To ACKNOWLEDGMENT
reach a satisfactory quantitative description of some of the The authors acknowledge support from the State Founda-
experimental data, one should take into account nonlinearon for Fundamental Studies of Ukraine, Project No. 02.07/

processes and/or additional mechanisms of sound attenuati®®310.
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