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In the solids with the mixed mechanism of the Phase Transition (PT) (order-disorder and
displacements) with the specific value of Courie-Weiss constant C ~ 103if had been observed
rather complicated dependences on temperature and frequencies of thermal and dielectric properties
[1, 2]. Mixed mechanism of phase transition witnesses on the degeneracy of the parameters of
transition (main and accompanying) describing the process.

A widely used adiabatic approximation to describe temperature and frequency depen-
dence of dynamical susceptibility in improper segnetoelectrics in the incommensurate phase in the
soliton regime assumes equivalence to the zero of the effective mass of polarization which corre-
sponds to the high frequency vibrations (i.e., at mP -+ 0 => ujj - too) [3,4]. Such an approxima-
tion is natural for the PT with the displacement type mechanism, where dynamical equations get the
forms alike to the ocillator problem with damping [5], As a motivation of this approximation one
consider order parameter as the displacement of certain sublattice which might vibrate as whole
around the equilibrium position. So, such an approximation is not expected adequately describe
PT with the mixed mechanism of the process.

The presented paper is devoted to the description of the temperature and frequency de-
pendence of the dynamical susceptibility in the incommensurate phase near the incommensurate-
commensurate PT and the used model is based on the theory of three interacting nonlinear oscilla-
tors.

To be concrete we consider the crystal Tl Ga Sei with the symmetry space group C%h

(at ~ 20 °C). In such a crystals happens structural phase transition with the intermediate incom-
mensurate phase, specified by the modulation vector qinc = (5, 6,0.25) [6], It is a standard task
to construct irreducible representations C$h group corresponding to the point <f= (0 ,0 ,1 /4 ) of
Brillouin zone (crystal under consideration belongs to the monoclinic singonia and has the body
centred structure) by the method of induced representations. Then it is easy to see that there are two
irreducible representations related with each other by external automorphism, so we will consider
one of them.

By calculation of Molien functions one may see that there are one of each invariant of
second, fourth and sixth order and two invariants of order eight. Irreducible representation is real
and does not satisfy Lipschitz condition. Degenerated polarizations P\ andP2 transform according
to the one-dimensional irreducible representation An of space group C%h, corresponding to the
centre of Brillouin zone.
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In the terms of invariants of irreducible representations the free energy can be represented

1 f2l">
F = / /(x) dx ,

2KQ JO
(x)dx, (1)

where / (x) is the polar coordinate frame, under the assumption of constant amplitude, might be
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written in the following form:
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where
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Let us represent kinetical equations for the phase p(x,t) and polarizations P\(x,t) and
Pi{x,t) (using the scheme of theory of interacting nonlinear damping oscillators) in the following
forms:
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which by taking into account formulas (1) and (2) will get the forms
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We present solutions of these equation in the following forms (respectively):

Pi(x,t) = P2° + ft (a) e"

(4')

(4")

(4'")

(5')

(5")

(5'")

Linearization of Eqs.(4) and taking into account formulas (5) near the statical solutions
defined by the equations

pfl
% - rPf = 0 (6")

with the solution

where A = (K? , rej) "2 - r2 and

lead to the following equations for the polarizations Pj (1) and P2 (1)

j 2 ? -^ + rP2= Eo - *

-§• + rP, = Eo -

having the solutions

Pi = ^ [(92 -

P2 = y

where

w

92 = — m 2 u j 2 +

V = 5152 -

1
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Taking into account statical equation for the ipa( K)

cos4^o + 87p* sin 8^0 = 0

one gets linearized equation for the 0 ( i ) in the form

(-m,w 2 + tfiw)^(x) = 647p!0(2)cos8(iPo + 32p

+ 6 f t ) p 4 0
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After taking into account (7'), (8"), (Iff) and (10") one obtains the following equation:

dx2 L cos 4p0 , (14)



where
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Denote that conditions @ - 0, e = 0 correspond to the adiabatic approximation and it is rather easy

to prove that

lim /3= 0 and lim e = 0 . (16)

As soon as only approximate solutions can be obtained for Eq.(14) at /? = 0, so by the
Bogolubov-Mitropolsky method we get

ij>{x) = (v4 + Z) cos 4ip0 , (17)

where

- IT - (18)

The period KO of the statical equation for p ( i ) can be defined from equation

-—• + — lp cos 4u> sin -
dx1 K

= 0

and has the form

8 ( 2 ) L
dV

(19)

(20)

where

(21)

(22)

Mean value of the polarization

P =

and so dynamical susceptibility

then can be easily obtained

= lim

(23)

(24)

- r)

where

R\ =
l-R2 G(R)

(1 -R2)S{R)~l

(25)

(26)

Here G(R) and5(i?) are the elh'ptic integrals of first and second order, respectively, 0 < R< 1.
It is necessary to bear that in the incommensurate phase TOI = mpz and 1\ - lp2.

So, the model of the three interacting nonlinear damping oscillators leads to the fre-
quency dependent expression for the oscillators powers. On the presented figures the results on the
frequency dependence of the real and imaginary parts of the dynamical susceptibility are shown
X(w) = X'(w) - tX"(w). In the adiabatic approximation (m? = m° = 7? = 7^ = 0) absorb-
tion curve has the only maxima, but beyond this approximation another maxima appears while by
the approaching to the temperature of incommensurate-commensurate phase transition differently
change their position. Namely such a anamal behaviour of X"(u) was observed in the crystal
Tl Ga Sei [2].. It is important to mention that at the certain values of the parameters of system of
equations of nonlinear interacting damping oscillators imaginary part of dynamical susceptibility
depending on w2 can get negative value. Such a system is not stable and tends to the stability. This
discussion can be considered as an explanation of the memory effect observed in incommensurate
phase in some crystals [7], and possible defects in such a case might play a role violating adiabatic
approximation.
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Fig.l Results of calculations corresponding to the adiabatical approximation, i.e.. effective
masses m?, m\ and coefficients of friction i\, 1% of polarization assumed to be equal to

zero.

Figs.2,3,4 Calculations fulfilled beyond of adiabatic approximation assumptions, som? i 0,

Fig.5 Negative values of the ImX(w).
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