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Dielectric and optical methods to investigate the response of surface-stabilized ferroelectric
liquid crystals (SSFLCs) of the chevron structure are examined and compared in the case of
the azimuthal mode of collective relaxation processes. It is found that the variation of an
effective (averaged over the chevron cell volume) dielectric permittivity tensor under the
influence of a weak alternating external electric field is approximately equivalent to the
transformation of this tensor as a consequence of the rotation of the laboratory frame around
the axis perpendicular to the smectic plane about a small angle. Then, using an analytic
solution of the equation of motion describing the azimuthal rotation of molecules, it is shown
that both of the analysed approaches to calculate and measure the response of SSFLCs yield
consistent results for these rotational dynamic processes. This allows the calculation of the
spontaneous polarization of the unit volume of chevron slabs, provided that the pretilted
azimuthal angle (in the absence of an applied electric field) within the smectic plane is known.
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1. Introduction

Dielectric and optical response methods are the main
approaches in the investigation of ferroelectric modes in
liquid crystals [1-3]. In general, however, these methods
are not equivalent, at least for some finite ranges of
frequencies of an applied electric field. In particular,
optical measurement results exhibit the existence of
ionic currents at much lower field frequencies than the
corresponding dielectric experimental results [3]. Thus,
in contrast to the optical method, the dielectric method
is capable of detecting such currents at relatively large
field frequencies. Furthermore, the degree of possible
coincidence of experimental data obtained by using the
two methods for the same response modes depends on
specific molecular alignment geometries of liquid-
crystal systems. The problem of the consistency of
dielectric and optical responses has been studied in
detail, both experimentally and theoretically, in the case
of systems with helical ordering [1, 2]. As has been
demonstrated, the coincidence of the optical with the
dielectric response approximately takes place for
Goldstone and soft modes corresponding to small
helical structure deformations, induced by a weak
alternating field. This is due to the occurrence of the
uniaxial symmetry of the effective permittivity tensor
averaged over the sample volume, in the absence of the
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applied field, and also due to the equivalence of a weak
field induced inclination of the optical axis to a rotation
of the laboratory frame around the axis parallel to the
smectic plane and to boundary plates, about a small
angle. In the case of surface-stabilized ferroelectric
liquid crystals (SSFLCs) with chevron structure, the
correspondence between both types of dielectric
response has not yet been analysed completely.
Several experimental results have been reported, and
these display good consistency for a wide range of field
frequencies, apart from a low-frequency region for
which ionic currents have a strong affect only on the
dielectric response [3].

In this paper, the optical response associated with
azimuthal excitations of molecules caused by weak
electric fields in ferroelectric cells with the chevron
structure is studied theoretically and experimentally. In
contrast to systems with helical structure, the effective
permittivity tensor (averaged over the entire sample
volume) does not have a uniaxial symmetry for
chevron-like SSFLCs in the absence of the external
electric field, even in the limit case when smectic layers
are not slanted (i.e. when they are perpendicular to
boundary plates). However, it is found here that,
similarly to systems with helical structures, a modifica-
tion of this effective tensor resulting from a distortion of
the molecular configuration under the influence of a
weak applied electric field can nearly be identified with
a transformation resulting from a slight rotation of the
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laboratory frame around one axis, normal to the
smectic plane. This immediately implies the correspon-
dence of general functional forms of the frequency
dependence of both responses of chevron SSFLCs. The
correspondence is also verified by the dependence of the
optical response on the diclectric response, determined
experimentally for a wide range of field frequencies. It is
also shown that the ratio of the dielectric response
function to the optical response function involves only
the local spontaneous polarization (per unit volume of a
chevron slab), the unperturbed (in the absence of the
electric field) azimuthal angle in the smectic plane and
the amplitude of the modulation of passing light.

2. Chevron alignment geometry and the azimuthal
molecular dynamics

Thin ferroelectric liquid crystal (FLC) systems stabilized
by relatively strong interactions with boundary plates
can form smectic layers with uniform chevroned
structures [4-6]. A schematic illustration of such
systems is presented in figure 1, where the molecular
ordering is shown in two planes. Collective motions of
molecules in chevron cells are usually investigated by
analysing fluctuations of the azimuthal angle ¢ in the
smectic plane (X-Y), along the X axis (normal to
boundary surfaces). In the presence of an external
electric field, applied along the X axis and sinusoidally
alternating with the frequency o, fluctuations of the
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Figure 1. Molecular configuration in unform chevron cells
(only one smectic layer in each of the chevron slabs is
illustrated). In (a), the smectic layer plane (X-7Y) is shown; the
symbols—and + denote projections of the local polarization Pg
and the director ¢ on the plane (X-Y). In (b), the chevron plane
(X-2) is presented; here, the symbols — and >— denote
projections of Pg and the director # on the plane (X-Z). The
pretilt values (in the absence of the external electric field) of the
azimuthal angle ¢ are +¢y and —¢o in the upper and lower
chevron slabs, respectively. The smectic layers are inclined
about the angle 6.

azimuthal angle are described by the following dynamic
field equation [7]

39 o

FEZRNY
where y=y4/K and A=PgE with vy, K, Pg and E
denoting the azimuthal viscosity, the twist elastic
constant, the local spontaneous polarization and the
amplitude of the applied electric field, respectively.
Clearly, boundary conditions taken to solve (1) should
properly reflect the behaviour of molecules both at
border surfaces and at the interface plane (see figure 1)
[8-10]. This, however, involves using additional mate-
rial constants that are, in general, unknown. To remedy
the resulting intricacy, their number has been reduced
by assuming that polar anchoring interactions can be
ignored and by assuming that the azimuthal orientation
of molecules at the interface plane does not depend on
the applied electric field [7, 11]. Evidently, the first
assumption is rather uncontrollable, while the second is
even unphysical. Therefore, the solution for ¢ will be
applied below in a form derived with the use of more
realistic boundary conditions [12]. These conditions
employ both non-polar and polar anchoring surface
interactions and allow the molecules at the interface
plane to follow the external electric field. Anchoring
energies of molecules at sample surfaces (at x=+d/2
with d being the cell thickness) are taken here in a
standard form [8, 10, 13]

= Asin ¢ cos wt, (1)

Wi ($)=—y cos’ (o) yrc08(p L),  (2)

where the convention that + and — refer to upper and
lower chevron slabs, respectively, is used, y; and y, are
the non-polar and polar surface energy strengths,
respectively, and +¢, denotes values of the pretilted
azimuthal angle (in the upper and lower chevron slabs,
respectively), in the absence of the applied electric field
(see figure 1). Then, the boundary conditions for the
angle ¢ at sample surfaces are determined near its zero-
field equilibrium values by [12]

2y, <x:i;{>zivi {m <x=i§>i¢o} (3)

where Vi :2/11 + /lz with )Nl :VI/K and )Q:')/z/K.
Moreover, for weak applied fields and for strong
surface anchoring interactions, one can assume that
molecular orientations at border plates and at the
interface plane are identical [9, 10]. Then, one has

. (3) 0.0 @

An additional requirement that should be imposed on ¢
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is that its form derived in the presence of the external
alternating electric field should approach a static form
as the field frequency tends to zero. Under the above
constraints, the solution to (1) can be obtained
separately for each of the chevron slabs in the following
approximate form [12]

b4 (x, )~ Fho+by +bi x+Fy(x)cos(wt—B), (5)

with
A ., d d
F=—551n(+¢0+b$)cosﬁi (2vi2x_x2)’ (6)
where
boi=$blié, ()
2
pE—»2 Us 8
N (®)
and
0
p. =arctan | ——|. )
: ()

The parameters b, and b, can be related to each other
by minimizing the interface energy Wi with respect to
by for fixed by, or vice versa. This energy increase is
associated with the discontinuity of the average
azimuthal angle at the interface plane. For weak
external fields, one obtains [12]

1 1
880W1/p§z 5 (07 +by ) — i (biby)>. (10)

Minimizing W; with respect to by yields

2bt
by ~ — % (11)
2—(b5)
Then, using (7) and (8), one finds
yox Ut (12)

I—dv,’

The above approximate relation enables one to reduce
the number of anchoring interaction parameters in the
description of fluctuations of ¢.

It follows from (5) and (6) that, as a consequence of
the asymmetry of the boundary conditions (3), solutions
to the dynamic equation (1) are different for the upper
and lower slabs of chevron cells. This implies that the
motion of molecules in chevron samples for weak
applied fields undergoes two relaxation processes, with
different relaxation times. It is also remarkable that, by
means of (3), the long time average of ¢(x, t) displays a

non-uniform  distribution, ¢ (x)=F¢o+by +bi x.
Such a distribution of ¢, (x) through SSFLC samples
can be interpreted as a dynamic splay of molecular
configuration arising from a reaction of the dynamical
viscosity interactions to the action of the applied
alternating electric field [12].

3. Theoretical determination of dielectric and optical
responses

The contribution to the dielectric susceptibility y(w)
that originates in the azimuthal molecular fluctuations
can approximately be characterized by ¢(x, 7). Then,
using the relations (5)—(9) and (12), one finds [12]

1(w)=¢(w)+¢"(w)tan(wi), (13)

with the dielectric permittivity and the dielectric loss
permittivity given by

¢ (w)=B(cos* B, +cos” B_), (14)

¢'(w)=B(tan p cos’ B, +tanf_cos* f_) (15)

where
= 4:: ‘%stinz $o» (16)
Bi=tan(wr.), (17)
and
T4 = % (18)

Accordingly, the dielectric response of chevron SSFLCs
is determined by two Debye processes, each of which
describes azimuthal motions of molecules in a respective
chevron arm. Relaxation times (7, and 7_) associated
with these processes are, in general, different as a
consequence of the asymmetry of anchoring interac-
tions at the border surfaces of chevron systems.

The optical response of liquid crystals is usually
derived by analysing a field induced distortion of the
local dielectric permittivity tensor &, i, j=x, y, z, in the
laboratory frame (associated with a liquid-crystal
sample and reflecting its macroscopic symmetry) [1].
This tensor can be determined by transforming the
permittivity tensor e,,,, m, n=1, 2, 3, defined in the
molecular frame (reflecting molecular symmetry, i.e.
being determined by the principal axes of ¢,,). As
SSFLCs with chevron structure are, in general, biaxial
media, the tensor ¢, is assumed here to have a biaxial
symmetry, i.e. &,,,=¢&,0,,,» With &7#&7¢3. The orienta-
tion of the local dielectric permittivity ellipsoid (or the
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molecular frame) in the laboratory frame is described
for systems with chevron geometry by three angles: by
the smectic tilt 0, by the azimuthal angle ¢’ between the
¢ director and the Y axis (see figure 1) and by the layer
smectic tilt 6. The angle ¢ is always less than 6 and, in
typical cases, takes values from the range 10°-20°. Thus,
in the analysis of the optical response of chevron
samples, the slant of smectic layers can approximately
be ignored by setting =0. Then, the director ¢ lies in
the smectic plane and, hence, ¢'=¢. In this approxima-
tion, the permittivity tensor € can be expressed by ¢
applying a double similarity transformation
e=TyTpeTy 'T; ', where T, and T, are the Jacobi
matrices for rotations of the laboratory frame around
the X axis about the angle 6 and around the Z axis
about the angle ¢, respectively (note that ¢=¢, and
¢=¢_ for upper and lower chevron slabs). Then, one
easily finds

B =e1+ (6o +epsin® 0)sin® ¢,

1
/\i _/\i _ . 2 .
=8 = 5 (¢4+epsin” 0)sin2¢ .,

1
~+ ~+ . .
e =¢.=—¢,sin20sin¢g
-T2 - (19)
Eyiyzsl + (ea+ e sin’ 0)cos* ¢,
1
/\i _/\i _ .
&z =&, = 5 Sin 20cos ¢y,

2t =g+ cos’ 0,

where Elji refer to upper and lower sample arms,
e,~&—¢; and g,=&—¢. Obviously, the permittivity
tensors ¥ depend on x through the azimuthal angles
¢+ =¢ . (x, t). However, when the applied electric field is
absent, ¢ =+ ¢, and these tensors are space indepen-
dent. Thus, according to (19), the unperturbed (by the
external electric field) dielectric permittivity tensor & is
given for the entire chevron cell by

C1 0 0
=10 ¢ « (20)
0 C4 C3

where
¢ =261 +2(eq+ 8 sin’ 6?)sin2 do»
e =2¢e1+2(ea+ ¢ sin? 0)cos? ¢, an
¢3="2¢ + 2¢), cos> 0,
c4=¢p sin® 0 cos do-

It can easily be verified that, similarly to the zero-field

local permittivity tensor ¢, the unperturbed, diagona-
lized effective tensor &° has, in general, biaxial
symmetry. In the presence of the applied electric field,
the dielectric permittivity of systems with chevron
structure can be characterized by an effective permittiv-
ity tensor ¢, averaged over both of the chevron slabs.
Consequently, putting

pr=Fdo+A4¢, (22)

where field-induced terms A¢ . also include components
responsible for the dynamic splay. Inserting ¢, into
(19), for weak fields one obtains

¢ cs<A¢py  cc{Ad)

e=| c5{4¢> &) 4 (23)
ce{A¢) c4 3

where
5= %(62—61), (24)
: 25
Co= 56‘4, (25)

and
2 (0 5 [d/2

(A$)= Ejd/z AP _(x, 1)dx+ EL A¢ ., (x, r)dx. (26)

It can be seen from (20) and (23) that a weak alternating
external electric field causes a slight variation of the
dielectric permittivity tensor.

The four field-induced elements of ¢ are off-diagonal,
symmetric. In general, such a modification of the
unperturbed permittivity tensor % is not equivalent to
a transformation of this tensor as a result of a rotation of
the laboratory frame around one of its axes. Such an
equivalence takes place only if the factors ¢s and ¢¢ in (23)
are specifically related to the elements of %, e.g. in the
manner just determined by (24) and (25). This can easily
be checked by rotating the laboratory frame around the Z
axis about a small angle { (in the case of weak electric
fields). Then, the corresponding transformed permittivity
tensor g= 72" T ! with T, being the respective rotation
matrix, can be written in the form

c1 (c2—c1)l el
xR (Cz—CI)C (&) C4 . (27)

Thus, assuming that 'z and Zare equal, using relations (24)
and (25) yields the relation

1

(=5 <. (28)
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Consequently, by means of (23)—(25) and (27), a variation
of the dielectric permittivity tensor due to a weak field-
induced distortion of the molecular configuration in
chevron cells can be identified with a transformation of
the unperturbed permittivity tensor, as a consequence of a
rotation of the coordination frame around the axis normal
to the smectic plane about the angle (.

It is clear that the field-generated distortion of
configurations of molecules in chevron samples reflects
on their optical properties. In particular, the external
alternating electric field gives rise to an additional
inclination of the light ray passing these systems and
causes a modulation of the intensity of the passing light.
For small amplitudes of the applied electric field, the
inclination of the light ray can be described by the angle
{, while the ratio of the amplitude of the modulation of
the light intensity (after passing a system) to the external
electric field is [2]

d¢ <44

Av=Br oy = BaEny

(29)

with the coefficient By depending on experimental
conditions and E(f)=FEcos(wt). The average field-
generated contribution <A¢> to the azimuthal angle
can be calculated using (26), (22), (5)—(8), (12) and (16)
to give

PSEd
4V+KB

{Ap>= sin ¢y [¢' (w)cos(wt) +&" (w)sin(wr)]. (30)

Inserting the above equation into (29), one obtains the

light intensity modulation

_ B.Psd
- 8v,KB

L sindy[e' (w) +&" (w)tan(wr)].  (31)
Thus, the dielectric and optical responses of chevron
SSFLCs, characterized respectively by the dynamic
dielectric susceptibility y(w) (13) and by the light
intensity modulation 4y (31), for collective azimuthal
fluctuations of molecules induced by weak sinusoidal
electric fields exhibit the same general form of
dependence on the field frequency. Consequently, the
above theoretical results derived for the dielectric and
optical responses are consistent, at least in the case of
cooperative molecular processes studied here. Using
(16), one can write the ratio of both of the responses in
the form
x(w) _ 2Pgsing,

= ) 2
14L SolgL (3 )

As the quantities y, Ay and By can be measured, the last
relation presents an opportunity to determine the local
spontaneous polarization if the pretilt value of the
azimuthal angle is known, or vice versa.

4. Experimental results

The consistency of the dielectric and optical responses
found theoretically in the previous section is to be
verified experimentally, especially because the theore-
tical results are approximate. For this purpose we used
the mixture Felix 015/100 from Clariant, which pos-
sesses ferroelectric properties in a broad range of
temperature, including room temperature. This material
was introduced in its isotropic phase into measuring
cells of thickness 5 um, made by Linkam (UK), and into
cells of thickness 12 um, made by EHC (Japan). Both
kinds of measuring cell possess semitransparent ITO
(indium tin oxide) electrodes, which enabled simulta-
neous dielectric and optical experiments to be per-
formed. The electrodes were coated with polymer layers
which secured homogeneous alignment of molecules
while in the smectic A phase. In this phase (at
temperatures between 72°C and 82°C) the molecules
are, on average, parallel to the electrodes and the
smectic layers are perpendicular to them. In the smectic
C* phase, owing to the tilting of molecules with respect
to the layer normal, the thickness of smectic layers
decreases and the alignment changes in the way shown
schematically in figure 1.

To find the correlation between the optical and
dielectric responses, both measurements were carried
out simultaneously using the experimental setup shown
schematically in figure 2. The sample was placed in a
thermostatic chamber, the temperature of which was
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Figure2. Schematic diagram of the experimental setup for
simultaneous dielectric and optical measurements.
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controlled using the temperature controller TC 89000-
15 made by Digi-Sense with an accuracy better than
0.1 K. The electric permittivity has been measured using
the impedance analyser HP 4192A. The measuring
voltage of 0.5V rms was also the source of electro-optic
phenomena. The thermostatic chamber with the sample
was fixed to the microscope turntable and placed
between crossed polarizers. The intensity of light
passing the system polarizer-sample—analyser was
registered by a photodiode connected with the pre-
amplifier. The output of the preamplifier was sent to the
lock-in amplifier SR 850 (from Stanford Research,
USA). The lock-in amplifier was synchronized with the
same voltage that was applied to the sample. The
applied measuring instruments allowed for simulta-
neous measurement of electric permittivity and the
depth of light modulation in the frequency range
SHz<f<100kHz (f=w/2x). To determine the optic axis
deviation it was necessary to find the coefficient By (29).
It was determined using the calibration procedure
described in [14]. This procedure consists in measuring
the change in light intensity after introducing small
rotations of the microscope turntable.

Exemplary results are shown in figures 3-8. Figure 3
presents the frequency dependence of real and imagin-
ary parts of ferroelectric contributions to the dielectric
susceptibility, y’, %", and the frequency dependence of
the real and imaginary parts of a field induced deviation
of the optic axis, A'y, A".. The measurement was
performed for the Felix mixture in a cell of thickness
Sum, at 30°C. As figure 3 illustrates, both the dielectric
(x', y") and electro-optic (A'y, A"y) responses are very
similar within a range of medium frequencies. Note that

L]
40 [ Temg {15
N
RIYYYR
L] :AA
30 | .':A -
L7
R 410 >
x .A %
20 A ©
—
geééeﬁe ] 5 —
o 4t <
10 o it
205 " " eﬁ
AAEEEEEJ&J&EEE [ ] N ﬁeee
By
ot Yotz o

10 100 1k 10k 100k
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Figure3. Frequency dependence of the ferroelectric compo-
nent of the complex dielectric susceptibility y (squares) and the
light modulation depth A (triangles) for a sample of the
mixture Felix 15-100 of thickness 5 um, at a temperature 30°C.
Full symbols and open symbols represent, respectively, real
and imaginary parts of the measured quantities.

50 . . .
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Figure4. Diagram of the correlation between the complex
dielectric susceptibility y and the complex deviation of the
optic axis Ay for the experimental data shown in figure 3. For
the sake of clarity, negative values are attributed to the
imaginary component of the optical response. The measuring
frequencies (in Hertz) are shown near some measuring points.

this observation concerns real as well as imaginary parts
of the studied response functions. The resulting
correlation of measurement data is even more visible
in figure 4, where the real and imaginary parts of the
dielectric response are plotted as functions of corre-
sponding parts of the electro-optical response. As
shown in figure 4, the dependence of y on Ap,
determined experimentally (both for their real and
imaginary parts), exhibits a linear form for an
intermediate frequency range (roughly given by
1 kHz<f<4kHz). This clearly demonstrates that the

60 [Ty

[ J30
AAAA. .
40 | AAA‘:... i 20‘7
“‘: :ll >
X 2
L ko)
20 | o, . {10~
‘o %y EEEBBHEBE <
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Figure5. Frequency dependence of the real (full symbols)
and imaginary (open symbols) parts of the dielectric suscept-
ibility (squares) and optic axis deviation (triangles) for the
Felix sample of thickness 5 um, at a temperature of 50°C.
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Figure6. Correlation diagram of dielectric and optical data
shown in figure 5.

experimental approaches to study dielectric and optical
responses of these systems are equivalent within a
medium frequency range (dependent on the specific
properties of particular samples), for which fluctuations
of azimuthal orientations of molecules dominate the
response of chevron liquid-crystal systems to a weak
alternating electric field [12]. According to (32), such an
equivalence also takes place in the case of the theoretical
description of the dielectric and optical responses
connected with collective azimuthal motions of mole-
cules in chevron SSFLCs. It is worth noting that the
proportionality coefficients connecting the real and
imaginary parts of both responses (or the slopes of lines
in the plot at medium frequencies) are the same, in
agreement with the results of the presented theory.
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Figure 7. Dielectric susceptibility and optic axis deviation for
the Felix sample of 12 um thickness, at 60°C. The symbols are
the same as those used in figures 3 and 5.
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Figure8. Correlation diagram for the measurement results
presented in figure 7.

Closer inspection of figure 4 shows that in the region
of relatively low frequencies (below 1 kHz) the dielectric
and electro-optic data slightly differ. The deviation
from the linear shape of the function y(A4), visible in
figures 3 and 4 at low field frequencies (roughly less
than 50Hz), can be explained by the fact that, in
contrast to the dielectric response, the optical response
is nearly unaffected by ionic currents induced by low-
frequency electric fields [3, 11, 15, 16]. The discrepancy
between dielectric and optical data caused by ionic
currents is more pronounced at higher temperatures,
when the concentration and mobility of ions consider-
ably increase. This effect is demonstrated in figures 5
and 6, where the data obtained for the same sample as
in figures 3 and 4, but at the temperature 50°C, are
plotted. In turn, the deviation from the linearity of
7(Ap) in a high-frequency region (see figures 3—6) can be
attributed to rotations of molecules around their
symmetry axes. As is well known, such rotational
motions of molecules are uncorrelated and, therefore,
affect only the dielectric response of FLCs, especially at
high field frequencies [15].

It is also remarkable that another discrepancy
between measurement results obtained for dielectric
and optical responses of chevron samples may arise at
relatively low frequencies, for which the contribution to
the dielectric response of SSFLCs due to the dynamics
of zigzag defects is significant [12]. Such a discrepancy is
seen in figures 4 and 6, especially in the diagram
referring to the dielectric loss permittivity, for
S0Hz<f<1kHz. This inconsistency can easily be
explained taking into account that, in contrast to the
response of liquid crystals recorded by the dielectric
method, the response recorded by the electro-optic
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approach comes only from some fragments of studied
systems. Indeed, sample areas illuminated by light
beams used in the optical method are usually smaller
than areas of bounding plates of chevron cells and
smaller than areas of electrodes to which the voltage is
applied. Then, since zigzag defects form macroscopi-
cally large objects randomly distributed over chevron
samples, the dielectric and optical responses of these
samples are affected by the zigzag defects with different,
in general, extent.

Similar results have been obtained for the Felix
mixture in a cell of thickness 12 um (see figures 7 and 8).
For this system, there also exists a region of field
frequencies, for which the dielectric and optical
responses are consistent. However, the discrepancy
between dielectric and optical data in a region of
relatively low frequencies, between 80 Hz and 300 Hz,
has a completely different character than in the case of
the former sample. This confirms the supposition that
the discrepancy seen in figures 5 and 6 within some
range of low frequencies, greater than frequencies for
which ionic currents give main contributions to the
dielectric response, is connected with different averaging
of the dielectric and optical responses and with the
random formation and distribution of defects in
chevron systems.

5. Conclusions

The question of the consistency of dielectric and optical
methods in studying the response of SSFLCs of the
uniform chevron structure has been tested in the case of
collective molecular fluctuations induced by a weak
external electric field alternating sinusoidally. The
consistency of these approaches has been shown both
theoretically and experimentally. However, it must be
stressed that the theoretical analysis carried out in this
paper has only an approximate character.
Approximations applied to analyse the cooperative
molecular dynamics have been based mainly on the
assumption that surface anchoring interactions are very
strong in comparison with intermolecular couplings and
with molecular interactions at the interface of chevron
slabs (i.e. couplings between molecules adjacent to the
chevron plane, from opposite sides of this plane).
Another assumption that has been taken here is that
the slope of smectic layers in the chevron slabs is very

small and can be neglected. This assumption is
justifiable when the local polarization takes large
values. Then, the applied electric field (alternating or
constant) can straighten the smectic layers leading to the
quasi-bookshelf structure [6]. Consequently, a good
agreement between dielectric and optical response
results obtained experimentally may be a consequence
of large values of the local polarization in studied
samples. Finally, note that the analysis of the con-
sistency and/or inconsistencies between dielectric and
optical responses of chevron SSFLCs (and other liquid-
crystal systems) can serve as a tool for determining the
significance of various field-induced dynamic processes
in particular field frequency regions.
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