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A parametric transformation of acoustic signal in a ferroelectric liquid crystal (FLC)
cell with uniform planar orientation has been obtained for the first time. Two types of
mechanical vibration types were excited in the FLC sample, namely, strong pumping and
weal signal ones. The spectrum of the sample electric response comprises the lines of
combination frequencies. Dependence of the combination vibration frequencies on the
pumping signal parameters has been studied.

Bnepebie mosyueHbl ImapaMeTpuvyecKue NpeodpasoBaHusA aKYCTUYECKOTO CHUIHAJIA B dAuell-
Keé CerHeTosjIeKTpuyuecKoro Kugroro kpucrania (COMKK) ¢ ogHoposHON miIaHapHOil opueHTAa-
nueii. B o6pasme CIOMKK BosOy:xmanucek ABa TUIA MEXaHMUYECKUX KOoJebaHuii: MOIIHBbIE Ha-
Kauku u caabble nmH(pOpMAIMOHHLBIE. B CIeKTpe 3JeKTPUUECKOr0o OTKJIMKA obpasma obHapy-
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The theory of nonlinear dynamies in
smectic liquid crystals (SLC) has been pro-
posed by Brand and Pleiner [1]. According
to those authors, the nonlinearity is due to
the relationship between the translational
fluctuations along the normal to the smectic
layers and the rotational fluctuations of the
director in the plan thereof, that is, a
strain of the layer thickness is accompanied
by a wavelike mode. Later, the same
authors have considered the case of strong
straining in SLC and in ferroelectric liquid
crystals (FLC) [2]. In FLC, there is a helical
structure, and its straining is referred to as
a large-scale one. The large-scale straining
contributes little to the straining energy.
However, at large strains, the relation be-
tween the wave vector of the layer peri-
odicity and that of the helical structure
may result in a nonlinearity of the dynamic
properties. Carlsson et el. [3, 4] have used
another approach. They postulated that the
interlayer spacing and inclination angle in
smectic layers remain constant at any
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strains. In this case, the wavelike straining
mode is accompanied by violations of the
director field in the layer plan and arising
flows that define the nonlinear dynamic
properties of the liquid crystal.

It is just the nonlinear electromechanical
response observable in some liquid crystals
[5] that is among experimental evidences of
the FLC dynamic nonlinearity. Later, in the
course of investigation of electromechanical
transformation regularities in various
phases of the liquid crystal, an anharmon-
ism was revealed in the dynamic response of
a FLC in the SmC” phase. The anharmonism
causes multiple harmonics in the electrome-
chanical response signal when a monochro-
matic alternating electric field is applied to
the sample [6]. It is just the nonlinearity
that is the most probable reason for the
anharmonism. Consideration of literature
data shows that the nonlinear dynamics in
SLC and FLC was not studied systematically
to date. The studies of nonlinear electrome-
chanical transformation in FLC are of a
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practical interest, because the materials
showing nonlinear dynamic properties make
it possible to transform parametrically an
acoustic signal.

Three mixtures were used in the experi-
ments. Each mixture consisted of an achiral
smectic C (matrix) and a chiral dopant (CD).

Mixture I (achiral smectic I, CD I
24.75 % mass). The phase transition se-
quence and temperatures are as follows:

I > 80.5 —» two-phase region I,
SmA® > 77.5 > SmA" > 54 —» SmC" - Cr.

The main macroscopic parameters of the
composition at AT = 20°C, where
AT = Tgma —»SMC™ - T, ,,,: Spontaneous po-
larization —-27.6 nC/em=, inclination angle
of molecules in smectic layer 21°, rotation
viscosity 0.3 Poise.

Mixture II (achiral smectic II, CD II
14 % mass). The phase transition sequence
and temperatures:

I1>87>BP »>86.4—>N — 74 >
- 8SmC”* - Cr.

The main macroscopic parameters of the
composition at AT = 20°C: spontaneous po-
larization —50 nC/ecm?2, inclination angle of
molecules in smectic layer 28°, rotation vis-
cosity 0.51 Poise.

Mixture III (achiral smectic III, CD III
15.46 % mass, after mercury lamp irradia-
tion for 1 h). The composition was in the
photostationary state [7]. The phase transi-
tion sequence and temperatures:

I—>106 >N — 66 > SmA" >
- 59 - SmC" — Cr.

The main macroscopic parameters of the
composition at AT = 20°C: spontaneous po-
larization 28 nC/cm2, inclination angle of
molecules in smectic layer 29.8°, rotation
viscosity 0.48 Poise.

The FLC was placed in a cell consisting
of two plane-parallel glasses with transpar-
ent ITO electrodes. The plate area was at
least 5 ecm2. The cell thickness was set by
spacers and amounted from 24 to 33 um.
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Planar boundary conditions were formed in
the cell. To study the FLC nonlinear proper-
ties, a sinusoidal voltage was applied to the
liquid crystal sample via an amplifier. The
sound emitted was detected by a micro-
phone, digitized, and processed using a PC.
From the amplitude-frequency response of
the FLC sample, the mechanical resonance
frequency was determined that depends on
the mobile plate mass and the viscoelastic
properties of the FLC. The further studies
were carried out at frequencies close to the
resonance one. The setup used to obtain the
parametric transformation is presented
schematically in Fig. 1.

To determine the main physical parame-
ters defining the FLC nonlinear properties,
liguid crystals with various sequences of
phase transitions have been studied. When
examining a composition with the phase se-
quence |I-N"-SmC"-Cr where the transition
into the SmC” phase is a first order one
(Fig. 2, curve 1), the mechanical vibration
amplitude (A) dependence on the electric
field strength (E) was found to be slightly
nonlinear. A low stability of mechanical vi-
bration is typical of that composition, too.
In liquid erystals with the phase sequence
[-SMA-SmMC™-Cr (second order transition
into the SmC” phase), the nonlinearity is
more pronounced (Fig. 2, curve 2). The
highest nonlinearity, however, is observed
in the mixture III (second order transition
into the SmC” phase). Within a wide tem-
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Fig. 1. Experimental setup.

perature range (30° to 4° from the phase
transition), sections where a lowering elec-
tric field strength resulted in an increasing
mechanical transformation amplitude were
observed in the field dependences of electro-
mechanical response (Fig. 2, curve 8). This
effect remains still unexplained.

According to the preliminary data, the
highest electromechanical transformation ef-
ficiency is observed in FLC with large inclina-
tion angles of molecules in the smectic layer.

A parametrical transformation of sound
has been obtained for the first time (mix-
ture IIT). Along with the pumping and sig-
nal lines, combination frequencies are ob-
served in the spectrum. Those correspond to
the difference and sum of the initial fre-
quencies (Fig. 3). Similar spectra can be
also obtained using a trivial modulation of
a high-frequency signal with a low-fre-
quency one. For the parametrical transfor-
mation, the amplitudes of combination fre-
quencies are not equal to each other; more-
over, the amplitudes (4) of combination
frequencies depend on the pumping vibra-

A a. u. a)

0.10F
0.08 |-
0.06

0.04F

0.02F

0.00 l‘
0

2 4 6 8 10 12 14 f kHZ

Aa.u.
12 ‘
10 e
in
.
8 "
9 ee o°
6 .
o1
4 .2
43
2
0 1 1
5 E,Vpum

Fig. 2. Dependence of mechanical vibration
amplitude (4) on the electric field strength
(E) for wvarious compositions: Mixture I,
AT = 68.6°C (1); Mixture II, AT = 34°C (2);
Mixture III, AT = 31°C (3).

tion parameters (amplitude and frequency)
[8]. These dependences were studied. By
varying the pumping vibration parameters,
an output signal can be obtained that com-
prises in its spectrum combination frequen-
cies corresponding to the difference of the
initial ones (Fig. 8b), to the sum thereof or
both the combination frequencies simultane-
ously (Fig. 3a). The differential and sum
frequency lines are different in amplitudes,
that is typical of the parametrical transfor-
mation but not of the modulation. A de-
pendence of the amplitude (4) of combina-
tion frequencies on the pumping vibration
intensity is also observed (Fig. 4), that con-
firms also the presence of the parametrical
transformation.

Thus, the work has been shown that FLC
where the SmA —» SmC phase transition is
of the second order exhibit a more pro-
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Fig. 3. Output signal spectra comprising the combination frequencies corresponding to the differ-
ence and sum of the initial ones (a) and only that corresponding to the difference (b). Mixture III,

AT = 39°C.
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Fig. 4. Dependence of the differential fre-
quency amplitude (A) on the pumping signal
exciter voltage (U,). Mixture III, AT=39°C.

nounced nonlinear electromechanical re-
sponse as compared to the substances with
first order SmC phase transition. Using a
FLC with nonlinear electromechanical re-
sponse as the active substance in an acous-
tic mixer, the parametrical transformation
of an acoustic signal has been obtained for
the first time.

Authors are thankful to Dr.V.V.Vash-

chenko who has synthesized the materials
used in this work.
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Heainilini eJeKTpoMexaHiuHI IepeTBOPEHHSI
Y CerHeTOEJeKTPUYHHUX PIIKHX KpHCTAaJIaX

O.11.®edopako, K.B.Ilonosa, JI.A.Kymynas,
O.B.Ilanamap, I1.11.IIImugantox, B.Il.Cemunosxicenko

Bnepiie orpuMaHo mmapaMerpuvHi IepeTBOPEeHHSA AKYCTHYHOrO CHUTHAJY yV KOMipIiii cerhe-
ToeneKTpuuHOro pigzxoro Kpucrana (CEPK), mo mae omHOpigHy mnaanapHy opiexTariio.
V spasky CEPK s6ymyBanucd nBa THUOM MEXaHIUHMX KOJMBAaHb: IIOTYMKHI HakKaukuy, Ta
caabki imdopmarnitiai. ¥V cueKTpi eleKTPOOINTUYHOrO BiAryKy 3Haligeno JiHil kombGiHamiiHux
yacror. [ocaimskeHo sajemHicTh aMIUIiTyaum KoMOiHamifHMX dYacTOT KOJMBaHb Bix mapa-

MeTpPiB cHUrHaJy HAKAUKH.
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