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Influence of the finiteness of nematic director anchoring energy on hysteresis of
light-induced Fredeericksz transition under the light beam with bounded cross size was
considered. Values of Freedericksz transition threshold and the director deviation angle
jumps with increasing and decreasing of incident light intensity were numerically obtained
in dependence on the director anchoring energy magnitude and the light beam cross size.
Possible regions of the light beam widths and anchoring energy values at which the
Freedericksz transition is accompanied by hysteresis were determined.

PaCCMOTpeHO BJINAHNE KOHEYHOCTHU 9HEPIruM CIHeIlJIEHUA AUPEeKTOopa HeMaTHuKa Ha TI'ucTe-
pe3uc CBETOMHAYIMPOBAHHOI'O Ilepexonma cheﬂepI/IKca B CBETOBOM IIy4yKe€ C OI'PaHUYEHHBIM
IIoIIepeYyHbIM pasMepoM. YucaeHHO IIOJITy4Y€eHBbI 3HaAYEeHUSA IIOPOTOB IIepexonga cheﬂepI/IKca n
CKAQ4YKOB yIvla OTKJIOHEHHUS AUPEKTOopa IIPU BO3PACTaAaHUU U y61)IBaHI/II/I HMHTEHCHUBHOCTHU IIajga-
IOIIlero cBeTa B 3aBUCHMOCTHU OT BE€JIMYWHBI 9HEPIruU CIEIlJIEHUA AUPEKTOpa U IIOIIepedYHOoro
pasMepa CBETOBOI'O IIy4YKa. OHpeﬂeHeHBI obJsacTu AOIMYCTUMBIX HIIWUPHUH CBETOBBIX IIYYKOB N
3HAUeHuit 9HEepruu CIeIlJIeHUd, IIPU KOTOPHBIX IIepexon (DpeaepI/IKca COIIPOBOKOaeTCda Tucre-
pe3ucoM.

1. Introduction

It is of wide knowledge that in the cells of nematic liquid crystals (NLCs) the external light fields
can cause the threshold reorientation of director — the light induced Freedericksz transition (LIFT) [1, 2],
which has been widely used recently in a variety of opto-electronic devices. This phenomenon and the
prospects of its applications have been discussed by a number of researchers [3-15].

In spite of the fact that the light induced director reorientation in NLCs is a bulk effect, its main
characteristics, such as threshold field and the degree of director reorientation depend essentially on the
strength and type of interaction between the nematic and the cell surface. So, the influence of the cell
surface may be as significant as to cause Freedericksz transition which can be either spontaneous, or
stimulated by changing surface conditions [16-18]. One of the most important parameters affecting the
director is its anchoring energy with the surface. It has been shown in [19] that anchoring energy can be
different at different deviations of the director from its easy axis both in azimuthal and polar directions.
According to the experiments, the values of polar anchoring energy are in the range 107> — 1 erg/cm?, and
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the values of azimuthal anchoring energy — 107° —10~ ! erg/cm? |20, 21], which depends essentially on the
direction of director’s easy axis and the temperature. In particular, the polar and azimuthal anchoring
energies for cell surfaces treated by polyimide with planar orientation of director’s easy axis have been
reported to equal (0.6 —2.2)-10~? erg/cm? and (1.5 —5.0) - 10~ 2 erg/cm? accordingly [22]. The methods
of cell surface treatment yielding the desired values of anchoring energy are described in ref. [23-36]. The
molecular structure of various polymer surfactants used to treat cell surface and to polarize liquid crystal
molecules has also been found to influence the energy and the results have been discussed in [37-40] and
[41] respectively.

In certain conditions, the threshold of director reorientation I, found at increasing incident light
intensity in NLCs differs from the threshold value I, at decreasing incident light intensity, i.e. LIFT
is accompanied with hysteresis [1, 42, 43]. In this case, once the light intensity reaches its threshold
values the director jumps from homogeneous to inhomogeneous state and visa versa, LIFT being the
phase transition of the first order. LIFT hysteresis was observed experimentally in additional external
magnetic [44] and quasistatic electrical fields in homeotropically [45] and planarly [46] oriented NLC
cells. The optical multistability of the NLC cell in the field of linearly polarized radiation was reported
in [8, 47]. The LIFT of the first order was experimentally studied in the nematic doped by dendrimer [48].

The parameters of LIFT hysteresis in case of unlimited light beams depend on how large the anchoring
energy is between the nematic and the cell surface [42, 49]. However, if the beam cross section is smaller
than the cell width, one can assume that the thresholds of director reorientation and the width of
hysteresis loop should depend more strongly on the values of anchoring energy between the director
and the cell surface than for the light beams of unlimited width. Studies of this kind reported for the
case of unlimited light beams were aimed at analyzing the dependence of LIFT threshold on the finite
values of the nematic anchoring energy [1, 50, 51]. However, they all were performed without taking into
account LIFT hysteresis, which was also studied in the beam of finite cross section, but only for the cell
with infinitely rigid boundary conditions on the surface [52].

To sum up, the influence of the value of energy anchoring the nematic and the cell surface on the LIFT
hysteresis has been studied in infinitely wide light beams as well as in light beams with finite cross section.
The latter study was limited for the cells with infinitely rigid boundary conditions. In our work we shall
analyze how the finiteness of the energy anchoring the nematic and the cell surface influences the LIFT
hysteresis parameters in the field of light beams with limited width. For simplicity we shall consider the
case of beams limited by one dimension.

2. The equations describing NLC director

Let us assume that we have a flat parallel NLC cell plane-parallel restricted by the planes z = 0
and z = L with initial homeotropic director orientation. The monochromatic light wave that is polarized
linearly along Oz is incident normally on the cell in the direction of Oz axis. To avoid ambiguity we shall
assume that the incident beam is limited along Oy axis and its intensity distributed throughout its cross
section is described by the function

I(y) = Ib©(a — |y, (1)

where ©(¢) =1, if t > 0 and ©(t) =0, if t <0, 2a is the width of the light beam.
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The free energy of NLC cell in the field of incident light wave can be described as follows:

F=Fg+ g+ Iy,
1
Fa = 5/{1(1 (divn)® + Ko (n-rotn)” + Ks [ x rotm]”} dV,
1%

1 *
FE = _E/EijEiEj d‘/7

J
FS:—%/(ne)%lS.
S

In this set of equations F; is the Frank elastic energy, F'g is the contribution of incident light electric field
into the free energy of NLC [50], Fls is the nematic surface free energy taken as the Rapini potential [53],
n is the director, K, K2, K3 are the nematic elastic constants, £;; = €19d;; + £4n;n; is the tensor of
the nematic dielectric permittivity at the incident light frequency, ¢, = ¢ —,. > 0, g, £, are the
respective parallel and perpendicular to the director tensor components of the homogeneous nematic
dielectric permittivity, W is the energy anchoring the nematic with the cell surface, e is the unit vector
of the director’s easy orientation axis on the cell surfaces (e || Oz).

We shall restrict ourselves to the analysis of only planar distributions of the director [50]. Therefore,
since the system is homogeneous along the axis Oz we shall derive the expression describing the director
in the bulk NLC in the following way

n=e; 'Sin(p(y7z)+e2 'COSQD(:% Z)? <3>

where e,, e, are the unit vectors of Descartes coordinate system, ¢ is the angle of the director deviation
from the initial homogeneous direction along Oz axis.

Minimizing the free energy (2) by the angle ¢ and solving Maxwell’s equations for the electric field
of the incident light wave in geometrical optics approximation we shall obtain the following stationary
equation describing the director

9> 9> o\’
(1- k sin? 4'0)8—;20 + ma—yf — ksinpcos ¢ <8—5> +
(4)
72 I Eﬁ sin ¢ cos ¢ o 0
L2 Ip, (51 4 cqcos? @)3/2(c ) + 24 cos? p,)1/2 (a=1lyh =0,
and its boundary conditions
a
{(1 ~ ksin? ‘p)a_i n % sin 24 =
5 (5)
{(1 — ksin? ‘p)a_i . % sin 24 o
Ks— K K WL 873 K.
In this set of equations & = ¥, m = —2, e=— Ip, = STEI2s is the value of LIFT threshold
K3 K3 Ks £.e L2

in the field of homogeneous light beam of infinite width in the case of infinitely rigid anchoring of director
with the cell surface [1], s = ¢(y; 2 = 0, L) is the deviation angle of the director on the cell surfaces.
We shall assume the deviation angles of the director to be small near the threshold of orientational
instablity. Let us denote the maximal possible deviation angle of the director inside the cell in the center
of the light beam by ¢y, i.€. ¢ = @y =0,z = L/2). It is evident that ¢, values depend on the values
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of Iy. Let us analyze the inverse function Iy(¢y,,), which is unambiguous, and because of the small ¢,,
angle, we shall present it by the following series

Io=1Ip, (p+ogr, +7om +olen)), (6)

where p, o, 7 are the expansion coefficients. When expanding (6) we have taken into account that
Io(—m) = Io(wm), since the sign of the deviation angle ¢ is determined by the director fluctuations and
has no effect on the threshold intensity.

Equation (4) can also be solved by serial expansion over small ¢,,:

oy, 2) = Aly, 2)em + Bly, 2)@5, + Cly, 2)¢h, + o(],), (7)

where A, B, C' are unknown expansion coefficients. Series (7) contains only the odd powers of ¢,,,, since
the change of sign for ¢, should result in the change of the sign for ¢.

According to the maximal angle ¢, defined above, the expansion coefficients (7) should satisfy the
following conditions in the middle of the cell in the center of light beam

Aly=0,2=1L/2)=1, Bly=0,z=1L/2)=Cly=0,2=L/2) =0, (8)
and because of the problem symmetry (by y and z coordinates) they should also satisfy the conditions

A(y7 Z) :A(y7L_Z)7 B(y72) :B(y7L_Z)7 C(y7z) :C(y7L_Z)7
(9)
A(—y72) - A(y72)7 B(_y7 Z) - B(y72), C(_y7 Z) - C(y7z)

By substituting expansions (6), (7) into expressions (4), (5) and assuming the coefficients to equal
zero at ¢, of corresponding power, we shall obtain the following linear differential equations with the
boundary conditions to determine the unknown functions A(y, z), B(y, z) and C(y, z) with the accuracy
of the small terms of the order of 5

2
T
£
554, -0 m

2
T
B/ + mBgy + 7 pBO(a—y|) =

(12)
2
i

= kAPAL 4 RAZA = 5 (paA® + oA+ ppiAAT) O(a— Jyl),
’ £ ’ 2 ¢
B,——B = |kA%A, — A3 13
[ = L L:O { = 3L Lo (13)
i i 7T2 2D 124
Cl+mCy, + ﬁpC@(a —ly|) = kA*B/, + 2kABA],—
k 4 A1 2 2 2 43 I/
— AL + RAZB — SRAZA® 4 2kALB A~
(14)

2
12 (SpaAQB + pBA° + 0B+ caA® + TAYL

+ 2pB1AAsBs + pBiBAL + pB1aAP AL + pBrAAYL + 081 AAY) O(a — y),
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’ £ ’ ’ k ’ £ 2 ¢
C ——c] — |kABA. + kA?B. — S A4l oS A2py 245 15
o - 16, { S S R R TH A B (15)
3, 2 15 &2 3¢ 2 le 3¢e2 le
H = _-_2_Z = —&_ 24 - = -2 = 2 __2 A5 = A =0
ore @ ZEH 3’ p 8 g2 ZEH + 15’ P 28H7 po 8 g2 GEH7 o (9,2 )

I
Bs = B(y,z = 0), by prime marks of A, B, C functions we denote partial derivatives with respect

to corresponding arguments.

By using the method of separation of variables we derive the solutions of equation (10) for the region
inside the light beam, |y| < a, and the region outside, |y| > a, that satisfy symmetry conditions (9) and
boundary condition (11). Meeting the requirement that these solutions and their first-order derivatives
should be continuous at the boundaries of these regions (y = +a) and that the solution should satisfy
condition (8), we obtain

cos(q1y) cos {ul (g - %H , if |yl <a,
Aly,z) = (16)
cos(gra) exp(=da(ly] — @) eos |1 (5 = )], 1 ol >

p =i

where g1 = % , G1 = %, i
m m

q1
expansion coefficient p (6) is determined from the equation q; tg(g1a) = 1.
Now we substitute the expression found for A(y, z) (16) into system (12), (13). Restricting the solution
of the system by y — oo and satisfying conditions (8), (9), we obtain the explicit expression for B(y, z)
function as well as the unknown expansion coefficient o (6) in the following form

s the smallest solution of the equation 7y tg(7uy/2) = €, and

2ml? ’ o
o= 251 [Glisinato—y) +acosala— )] dyt
0
(17)
+q1/G(y)eXp[—t§1(y— a)] dy /((imsin(qm)+Sin(q1a)+q1a008(q1a))~
In the expression
) L
7Tl,L1 2 4 12 I 1’7
Gly) = : /(kAAZZ+kAAz—VZZ—mV -
) mL(7p1 + sin(mp)) ) vy (18)
7T2 T iv4
—ﬁp(aAS + B1AAL +V)O(a— |y|)) cos {ul (5 - f)] dz,
the function V = V(y, ) has the following form
€ 2 S (TH1\ . (TZ
Viy,2) = p (’f - g) cos (T) sin (f) 9(y), (19)
where
cos®(q1y), if |yl <a,
g9(y) = (20)

cos®(gra) exp[=3q1(|y| — )], if |y| > a.

Solving systems (14), (15) in the similar way by taking into account the explicit forms of
functions A(y, z) and B(y, z) we obtain the value of 7, the expression for which will not be considered
here because of space limitation.
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Fig. 1. The dependences of the LIFT threshold I, /Ir, (a) with the increase (solid lines), and decrease
(dashed lines) of intensity for hysteresis loop width Al /Ip, (b) on a/L ratio. e=0.5 (1), 1 (2), 2 (9),
3 (4),5 (5),10 (6), 20 (7).

3. Freedericksz transition in light beams

Taking into account the addends to the order of ¢} including in serial expansion (6), we find the
solution of biquadratic equation obtained for ¢,,

o2 = [_a +\/o? t 47 (Io/ Iy — p)} / (27), (21)

were p, o, T parameters found above depend on the cross section of incident light beam, the magnitude of
the anchoring energy binding the nematic with the cell surface, the cell thickness and NLC parameters.

On condition that o > 0, when the intensity Iy of the incident light reaches the threshold of orientation
instability I;r, = plp, the system continuously turns from homogeneous into inhomogeneous state, with
the hysteresis being absent. This was the case considered both for the cells with infinite and finite
anchoring energies [50, 51]. We shall analyze the case when o < 0.

In case of infinitely wide light beams [42] when LIFT reaches the threshold Iy = I the system,
according to equation (21), jumps from homogeneous (¢,, = 0) into inhomogeneous state with ¢, =
v/ —oc /7. When the intensity Iy of incident light decreases from the region of large I, values the system
jumps back from inhomogeneous state with ¢, = /—0c/(27) to initial homogeneous state at smaller
threshold values Iy = I}, < I,. The magnitude of the threshold for this inverse transition is derived,
similarly to the way reported in [42], from the condition of non-negativeness of radical expression in (21)
and consequently is equal to I}, = Ir, (p—0?/(47)). The difference between the threshold values of
direct and inverse transitions represents the width of hysteresis loop Alyy, = Iy, — I}, = Ip, 0?/(47) > 0.
The expressions describing the parameters p, o, 7 have been obtained in the previous section and in
general case only their numerical values can be found.

Fig. la shows the dependence of threshold values of LIFT at the increasing Iy /Ip, and
decreasing I;,/Ip, in the incident light intensity on the dimensionless half-width of light beam a/L
for several values of anchoring energy ¢, calculated for NLC parameters k = 0.6, m = 0.3, £ = 3.06,
£, = 2.37 which are close to the typical ones reported in [21, 54]. It is seen, that for all values of ¢ the
value of both thresholds decreases monotoncally with the increase of a/L ratio. In the extreme case of
infinitely wide light beam (a/L — o0) the threshold value Iy, becomes constant and depends only on the
anchoring energy e with the increase in intensity Iz, = Ip,(/7)? [51], where u is the smallest positive
root of equation tg = 2z /(u? —£?). As the anchoring energy & grows the threshold LIFT values increase
monotonously with the increase Iy, and decrease I, in the incident light intensity, and in the extreme
case of absolutely rigid anchoring £ — oo they become constant [52].
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Fig. 2. The dependences of the critical light beam half-width a¢,/L on the value of anchoring energy &
at m = Ka/K3 = 0.3. k= (K3 — K1)/K3=0.550 (1), 0.575 (2), 0.6 (3), 0.625 (4), 0.65 (5), 0.675 (6),
0.7 (7).

The dependence of hysteresis loop width Aly, on a/L ratio is nonmonotonic for all values of ¢ (see
Fig. 1b). As the beam cross section becomes larger, Al first increases from 0 to a certain maximum value
(corresponding to the light beam with the half-width of about the cell’s thickness), and then decreases
until in the extreme case of infinitely wide beam it becomes constant. As the anchoring energy grows
the maxima on Al (a/L) curves shift to the region of larger values of a/L. For example, in the NLC
cell (with k& = 0.6, m = 0.3, ¢ = 3.06, ¢, = 2.37 — the parameters’ values which have been given
above [21, 54]) of thickness L = 250 pm the maximum width of LIFT hysteresis loop at € = 1 (curve 2on
Fig. 1) corresponding to incident light beam of half-width a = 1.45L is equal to 1.64 W/cm?, the LIFT
threshold value being equal to 26.58 W/cm? when the intensity increases. It should be noted that in
the experiments reported in [44] the threshold value was 130 — 170 W/cm? in the 5CB cell of 380 um
thickness exposed to the field of argon laser beam (A = 514.5nm) with the cross section of 0.9 mm
(a/L = 1.18). In the experiments reported [45] the 254 m thick cell from nematic mixture of ROTN-200
was radiated by light beam (of argon laser as well) with diameter 0.3mm (a/L = 0.6). The obtained
threshold value was about 280 W/em?. In both reported experiments [44, 45] the hysteresis loop width
did not exceed 4 W/cm?, the anchoring of the director with the cell surface being assumed to be infinitely
rigid.

As seen from Fig. 1b, for each given value of ¢ there is a finite critical value of the light beam half-
width a;p(k, m, e) (i.e. the value of a corresponds to ¢ = 0). However, in the light beams with a < ay,
the LIFT is not accompanied with hysteresis, while in the beams with a > a4, it is. Fig. 2 shows the
critical values of the light beam half-width a:, versus the anchoring energy ¢ for different values of
parameter k at the fixed values of m. As seen for Fig. 2, the critical values of a4, gradually grow with
the growth of ¢ for & < 0.6. At k& = 0.6 this dependence becomes less monotonous and reaches practically
constant value at € 2 30. As the parameter k is growing the critical values of a;;, gradually decrease.
The calculations show that the critical values of light beam half-width a;; increase as the parameter m
increases. Thus, for all the values of anchoring energy = the increase of & parameter and decrease of m
extend the range of LIFT hysteresis occurrence by the widths of incident light beam.

The dependences of the hysteresis loop width Al calculated versus anchoring energy e for
different a/L ratios are given in Fig. 3. As seen from the figure, the hysteresis loop is maximal at the
anchoring energy for a/L < 10. At a/L = 10 the hysteresis loop width practically does not depend
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Fig. 3. The dependences of the hysteresis loop width Al /Ip, on the value of anchoring energy e.
a/L=0.3 (1),0.4 (2),0.5 (9,2 (4,4 (5),7 (6),10 (7),15 (8). k=0.6. m =0.3.

on the anchoring energy. As Fig. 3 shows, there are the following critical values of the beam half-

width a{™™ | a7 which depend on the NLC cell parameters: at a > a'r'™ the hysteresis is present,

(min)
h

while at a < a; it is absent at any values of the anchoring energy. For the NLC parameters given

above the calculated a{l"™™ = 0.24L, a{™* = 047L. For every given value a\/"™ < a < a{7**) (see
Fig. 3) there exists a finite grow (critical) value of the anchoring energy e, (k, m, a/L) (the value ¢ of
corresponding to ¢ = 0), so that at ¢ < &4, the LIFT is accompanied with hysteresis (¢ < 0), and
at & > g, the LIFT is possible only without hysteresis (o > 0). As the beam width grows the critical
value of &;, gradually increases and in the beams with a > aEZ“””) approaches infinity. This behavior of
the hysteresis loop width dependence on the anchoring energy values is accounted for by counteraction of
two factors — the beam width and the anchoring energy whose small values require respective large and
small threshold values of the director orientation instability.

The results of the study can be used to select NLC cell parameters as well as the parameters
of the incident light beam to provide the optimal conditions of investigating LIFT hysteresis. For
instance, in the MBBA cell whose surfaces are covered by Langmuir-Blodgett monolayers containing
fatty acids the polar anchoring energy for homeotropic orientation of the director’s easy axis can be equal
to 41073 erg/cm” [38]. MBBA parameters at the temperature 26°C are k = 0.48, m = 0.5 [55, 56]. As the
calculations show, in this 30 um cell of the NLC the LIFT hysteresis can be observed at the wavelength
A= 6328 nm (g, = 2.37, g = 3.06 [54]) in the light beams with the half-width exceeding 0.015 mm.
The maximal hysteresis loop 5.78 W/cm? is obtained in the light beam with 0.13 mm half-width. With
the increase in incident light intensity the value of LIFT threshold is equal to 3080 W /cm?.

Fig. 4 shows the jumps in maximal deviation angles Ay, of the director when the light intensity
reaches its threshold values I, and I, given as the function of the anchoring energy e. The
dependences Ap,,(c) correlate with the dependence of the hysteresis loop width on «.

4. Conclusions

Thus, the finiteness of the energy anchoring the NLC with the cell surface influences essentially not
only the threshold values of LIFT (hysteresis loop width), but also the permissible values of the incident
light beam cross section. The dependence of hysteresis loop on the value of the anchoring energy is
nonmonotonic in the light beams with a/L < 10, the maximal hysteresis loop width being reached at
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the anchoring energy values £ ~ 1. In the light beams with a/L = 10 the hysteresis loop width grows
weakly with the increase of the anchoring energy. As the calculations show, the hysteresis loop has the
maximum for the light beam width in all anchoring energy values. The range of widths at which the LIFT
is accompanied with hysteresis increases with the growth of parameter k£ and decrease in the values of m.

A(pm
0,30

0,25

0,20

0,15

0,10 n 1 n 1 n 1 n 1 n
3 6 9 12 15

£

Fig. 4. The jumps Ay, of the maximal deviation angles of the director with (1) the increase and (2)

the decrease of intensity as the function of € for the light beam with a/L =1, k = 0.6, m = 0.3.

5. Acknowledgement

The authors express gratitude to prof. I.P.Pinkevich for useful observations in the discussion of the

results.

© 0N e o W =

e el e el e

366

References

B.Ya. Zel’dovich, N.V. Tabiryan, Yu.S. Chilingaryan, Zh. Eksp. Teor. Fiz., 81, 72 (1981).
S.D. Durbin, S.M. Arakelian, Y.R. Shen, Phys. Rev. Lett., 47 19 (1981).

A. Vella, B. Piccirillo, E. Santamato, Phys. Rev., E 65, 031706 (2002).

G. D’Alessandro, A.A. Wheeler, Phys. Rev., A 67, 023816 (2003).

B. Piccirillo, A. Vella, A. Setaro, E. Santamato, Phys. Rev., E 73, 062701 (2006).

Xiang Ying, Tao Li, Lin Jie et al., Phys. Lett., A 357, 159 (2006).

E. Brasselet, A. Lherbier, L.J. Dube, J. Opt. Soc. Am., B 23, Nel (2006).

V. llyina, S.J. Cox, T.J. Sluckin, Opt. Commun., 260, 474 (2006).

G. Demeter, D.O. Krimer, Phys. Rep., 448, 133 (2007).

E. Brasselet, B. Piccirillo, E. Santamato, Phys. Rev., E 78 031703 (2008).

. U.A. Laudyn, A.E. Miroshnichenko, W. Krolikowski et al., Appl. Phys. Lett., 92, 203304 (2008).
. A.E. Miroshnichenko, E. Brasselet, Y.S. Kivshar, Phys. Rev., A 78, 053823 (2008).

. A.E. Miroshnichenko, E. Brasselet, Y.S. Kivshar, Appl. Phys. Lett., 92, 253306 (2008).

. D.O. Krimer, Phys. Rev., E 79, 030702(R) (2009).

. E. Petrescu, E. Bena, J. Magn. Magn. Mater., 321, 2757 (2009).

. AN. Chuvyrov, Kristallografiya, 25, 188 (1980).

. AM. Blinov, A.A. Sonin, Zh. Eksp. Teor. Fiz., 87,476 (1984).

. V.G. Nazarenko, O.D. Lavrentovich, Phys. Rev., E 49, 990 (1994).

Functional materials, 18, 3, 2011



M.F. Ledney, A.S. Tarnavskyy / Hysteresis of light ...

19. W. Zhao, C.-X. Wu, M. Iwamoto, Phys. Rev., E 65, 031709 (2002).

20. L.M. Blinov, E.I. Kats, A.A. Sonin, Usp. Fiz. Nauk, 152, 449 (1987).

21. L.M. Blinov, V.G. Chigrinov, Electrooptic Effects in Liquid Crystal Materials, Springer Verlag, New York,
1994.

22. Bing Wen, Charles Rosenblatt, J. Appl. Phys., 89, (2001).

23. A. Sugimura, K. Matsumoto, O.-Y. Zhong-can, M. Iwamoto, Phys. Rev., E 54, 5217 (1996).

24. X.T. Li, D.H. Pei, S. Kobayashi, Y. limura, Jpn. J. Appl. Phys., Part 2 36, 1.432 (1997).

25. F. Yang, J.R. Sambles, G.W. Bradberry, J. Appl. Phys., 85, 728 (1999).

26. D.-S. Seo, J. Appl. Phys., 86, 3594 (1999).

27. Yu.A. Nastishin, R.D. Polak, S.V. Shiyanovskii et al., J. Appl. Phys., 86, 4199 (1999).

28. U. Kithnau, A.G. Petrov, G. Klose, H. Schmiedel, Phys. Rev., E 59, 578 (1999).

29. B.T. Hallam, F. Yang, J.R. Sambles, Liq. Cryst., 26, 657 (1999).

30. F. Yang, J.R. Sambles, Y. Dong, H. Gao, J. Appl. Phys., 87, 2726 (2000).

31. F. Yang, L. Ruan, J.R. Sambles, J. Appl. Phys., 88, 6175 (2000).

32. Y. Reznikov, O. Ostroverkhova, K.D. Singer, Phys. Rev. Lett., 84, 1930 (2000).

33. L.T. Thieghi, R. Barberi, J.J. Bonvent et al., Phys. Rev., E 67, 041701 (2003).

34. X. Nie, Y.-H. Lin, T.X. Wu et al., J. Appl. Phys., 98, 013516 (2005).

35. A.D. Kiselev, V. Chigrinov, D.D. Huang, Phys. Rev., E 72 061703 (2005).

36. J.S. Gwag, J.C. Kim, T.-H. Yoon, S.J. Cho, J. Appl. Phys., 100, 093502 (2006).

37. V.S.U. Fazio, L. Komitov, S.T. Lagerwall, Liq. Cryst., 24, 427 (1998).

38. V.S.U. Fazio, F. Nannelli, L. Komitov, Phys. Rev., E 63, 061712 (2001).

39. L. Komitov, Thin Solid Films, 516, 2639 (2008).

40. A.L. Alexe-Tonescu, G. Barbero, L. Komitov, Phys. Rev., E 80, 021701 (2009).

41. M.A. Osipov, T.J. Sluckin, S.J. Cox, Phys. Rev., E 55, 1 (1997).

42. H.L. Ong, Phys. Rev., A 28, 2393 (1983).

43. H.L. Ong, Phys. Rev., A 31, 3450 (1985).

44. A.J. Karn, SM. Arakelian, Y.R. Shen, H.I.. Ong, Phys. Rev. Lett., 57, 448 (1986).

45. Shu-Hsia Chen, J.J. Wu, Appl. Phys. Lett., 52, 23 (1988).

46. J.J. Wu, Gan-Sing Ong, Shu-Hsia Chen, Appl. Phys. Lett., 53, 21 (1988).

47. G. Abbate, P. Maddalena, L. Marrucci et al., Mol. Cryst. Lig. Cryst., 207,161 (1991).

48. E.A. Babayan, [.A. Budagovsky, S.A. Shvetsov et al., Phys. Rev., E 82 061705 (2010).

49. J.R. Shi, H. Yue, Phys. Rev., E 62, 689 (2000).

50. B.Ya. Zel'dovich, N.V. Tabiryan, Zh. Eksp. Teor. Fiz., 82, 1126 (1982).

51. A.A. Berezovskaya, S.N. Yezhov, M.F. Ledney, I.P. Pinkevych, Functional Materials, 14, 510 (2007).

52. M.F. Ledney, A.S. Tarnavsky, Kristallografiya, 55, 321 (2010).

53. A. Rapini, M. Papolar, J. Phys. Collod., 30, 54 (1969).

54. L.M. Blinov, Electro-Optical and Magneto-Optical Properties of Liquid Crystals, Nauka, Moscow (1978) [in
Russian].

55. P. Pieranski, J. Brochard, E. Guyon, J. Phys. (Paris), 33, 681 (1972).

56. P.G. de Gennes, J. Prost, The Physics of Liquid Crystals, 2 ed., Clarendon Press, Oxford (1993).

I'icrepesunc ceitioingykosanoro nepexoay ®peaepikca
B HEMATHW4YHI# KOMipIli 3 CKIHUE€HHOIO €HEepri€o 3venjeHHs

M. D. Jleonedi, O.C. Taprascovrud

PosragayTo BIWB CKiHUEHHOCTI eHepTii 3UelIeHHs JUPEKTOPa HEMAaTHKa Ha TicTepe3nc CBITIOIH-
IYKOBaHOTO Tlepexoy Dpeepikca B CBITIOBOMY IYIKY 3 0OMeXKEHNM TONEPETHUM po3MipoM. HuceabHO
OTpUMaHi 3HaUeHHS TMOPOTiB Tepexony Ppenepikca i cTpUOKIB KyTa BIIXUJIEHHS AWPEKTOPA TIPH 3POC-
TaHHI 1 CTTaJadHI iIHTEHCUBHOCTI MAMaf0v0ro CBITJa B 3aJeXXHOCTI BiJl BeJWUWHN eHePTil 39ellIeHHS JH-
PeKTOPa i TIOMePeYHOT0 PO3MIPY CBITJIOBOTO MyYKa. BUsHaUeHi 06/aCcTi HOMYCTUMAX MIUPHH CBITIOBUX
MMYYKiB i 3HAUEHL eHePTii 3UellJIeHHsT IPH IKuX mepeXiy Opeaepikca CYIPOBOIKYETHCS TiICTEPE3UCOM.
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