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INFLUENCE OF DC ELECTRIC FIELD
ON THE HYSTERESIS OF LIGHT-INDUCED
FRÉEDERICKSZ TRANSITION IN A NEMATIC CELLPACS 61.30.Cz, 61.30.Gd

The influence of an external dc electric field on the hysteresis of the light-induced Fréedericksz
transition in a nematic liquid crystal cell in the field of a light beam with a finite diameter
has been studied. The external electric field orientations perpendicular to the cell surface and
along it, in the direction of the incident light polarization, are considered. The dependences
of the Fréedericksz transition thresholds for the increasing and decreasing intensities of the
incident light on the electric field strength and the transversal light beam size are obtained
numerically. The values of transversal light beam size and electric field strength, for which
the Fréedericksz transition has a hysteretic character, are found. The hysteresis loop width is
shown to increase if the dc electric field perpendicular to the cell surface grows. At the same
time, the hysteresis loop width decreases, if the electric field is oriented along the cell surface.
K e yw o r d s: nematic liquid crystals, light-induced Fréedericksz transition, hysteresis.

1. Introduction

The rapid development of the liquid crystal (LC)
physics within the last decades gave rise to a wide
application of LCs in display technologies and hi-tech
electron-optical devices [1,2]. A high LC sensitivity to
external electric, magnetic, and light fields makes it
possible to substantially change the orientational or-
dering in the mesophase and, hence, the electro- and
magneto-optical properties of specimens [3–9]. The
optical nonlinearity of LCs opened prospects for their
wide application in photonics [10].

In particular, a threshold orientational instability
of the director can arise in an LC cell under the light
field action, the so-called light-induced Fréedericksz
transition (LIFT) [11]. An important characteristic
of the LIFT is the threshold value 𝐼th for the in-
cident light intensity, above which the LC director
smoothly transits from the homogeneous state into
an inhomogeneous one or vice versa, if the light in-
tensity decreases below it. The theory of LIFT in
nematic liquid crystals (NLCs) has been developed
by a number of authors [12–15]. However, it was
found in some works [13, 16, 17] that, under cer-
tain conditions, the threshold value 𝐼th of direc-
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tor orientational instability obtained, when the in-
cident light intensity grows, can differ from the cor-
responding value 𝐼 ′th obtained, when the light inten-
sity decreases. The director transition from the ho-
mogeneous state into an inhomogeneous one and vice
versa, when the light intensity attains the threshold
values, occurs in a jump-like manner, i.e. the LIFT
is accompanied by a hysteresis. For the first time,
the hysteresis of the LIFT was experimentally ob-
served in an NLC cell in the field of a linearly po-
larized light beam and in the presence of an addi-
tional dc magnetic field [18]. The LIFT hysteresis in
the field of a linearly polarized light, which could be
controlled by a quasi-static electric field, was stud-
ied experimentally in both homeotropic [19–21] and
planar-oriented NLCs [22–24]. The LIFT hysteresis
under crossed electric and magnetic fields was con-
sidered in work [25]. Note that additional external dc
fields do not create a hysteresis of the LIFT, but
only expand the region of its existence, which al-
lows the hysteresis to be registered experimentally. In
work [26], the optical multistability of NLCs at the
LIFT was predicted for the first time; later, it was
studied both experimentally and theoretically [27–
29]. The LIFT in the presence of a hysteresis in NLCs
doped with dendrimers was studied experimentally
in work [30].
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The influence of the finite transverse size of a light
beam on the LIFT threshold – however, in the ab-
sence of a hysteresis – was theoretically studied in
the NLC cell with both infinite [13, 15] and finite [31]
energies of the director anchoring at the surface. The
finite transverse size of a light beam was taken into
account, while experimentally studying the LIFT hys-
teresis [18,20–23]. The influence of the shape and the
finite transverse light beam size on parameters of the
LIFT hysteresis in an NLC cell with an infinitely rigid
surface anchoring, but in the absence of external dc
fields, was studied theoretically in works [32,33]. The
influence of a finite energy of anchoring of NLCs with
the cell surface on parameters of the LIFT hystere-
sis was studied theoretically in the fields of both an
infinitely wide light beam [16, 34] and a light beam
with a finite width.

In this work, a possibility to control the hysteresis
of the LIFT in the field of a light beam with a finite
transverse size by applying a dc electric field to the
NLC cell is considered theoretically.

2. Equations for the Director
and Their Solution

Let us consider a plane-parallel NLC cell, which is
confined between the planes 𝑧 = 0 and 𝑧 = 𝐿,
with the initially homogeneous and homeotropic di-
rector orientation along the axis 𝑂𝑧. The NLC an-
choring with the cell surface is considered to be in-
finitely rigid. The cell is embedded into an exter-
nal uniform dc electric field with the strength vec-
tor E0 = (𝐸0, 0, 0) directed along the axis 𝑂𝑥. A
monochromatic light wave linearly polarized along
the axis 𝑂𝑥 falls on the cell along the axis 𝑂𝑧. The
electric field of the wave has the form

E =
1

2

[︀
E(r)𝑒−𝑖𝜔𝑡 +E*(r)𝑒𝑖𝜔𝑡

]︀
.

For definiteness, let the incident light beam be con-
fined along the axis 𝑂𝑦, and let the intensity distri-
bution in its transverse cross-section be described by
the function

𝐼(𝑦) = 𝐼0 Θ(𝑎− |𝑦|), (1)

where Θ(𝑥) = 1 at 𝑥 > 0 and 0 at 𝑥 < 0, and 2𝑎 is
the light beam width.

The free energy of an NLC cell can be written in
the form

𝐹 = 𝐹el + 𝐹𝐸 + 𝐹 0
𝐸 , (2)

where

𝐹el =
1

2

∫︁
𝑉

{︁
𝐾1 (divn )2 +𝐾2 (n · rotn )2 +

+𝐾3 [n× rotn ]2
}︁
𝑑𝑉,

is the Frank elastic energy and

𝐹𝐸 = − 1

16𝜋

∫︁
𝑉

𝜀𝑖𝑗𝐸𝑖𝐸
*
𝑗 𝑑𝑉,

𝐹 0
𝐸 = − 𝜀0𝑎

8𝜋

∫︁
𝑉

(nE0)
2
𝑑𝑉,

are anisotropic contributions to the NLC free en-
ergy by the electric field of a light wave [15] and
the dc electric field [1], respectively; n is the direc-
tor; 𝐾1, 𝐾2, and 𝐾3 are the NLC elastic constants;
𝜀𝑖𝑗 = 𝜀⊥𝛿𝑖𝑗 + 𝜀𝑎𝑛𝑖𝑛𝑗 and 𝜀𝑎 = 𝜀‖ − 𝜀⊥ > 0 are the
tensor and the anisotropy, respectively, of the NLC
dielectric permittivity at the frequency of an incident
light; 𝜀0𝑎 = 𝜀0‖ − 𝜀0⊥ > 0 is the anisotropy of the static
dielectric permittivity; and 𝜀‖, 𝜀⊥, 𝜀0‖, and 𝜀0⊥ are
the principal values of corresponding dielectric ten-
sors for a homogeneous nematic in the parallel and
perpendicular directions with respect to the director.

Only planar deformations of the NLC director near
the orientational instability threshold [15] will be con-
sidered. In this case, owing to the uniformity along
the axis 𝑂𝑥, the director in the NLC bulk in the
Cartesian coordinates has the form

n = e𝑥 · sin𝜙(𝑦, 𝑧) + e𝑧 · cos𝜙(𝑦, 𝑧), (3)

where 𝜙 is the angle of the director deviation from
its initial homogeneous direction along the axis
𝑂𝑧. Minimizing the free energy (2) of the NLC cell
by varying the angle 𝜙, we obtain the following sta-
tionary equation:

(1− 𝑘 sin2 𝜙)
𝜕2𝜙

𝜕𝑧2
+𝑚

𝜕2𝜙

𝜕𝑦2
− 𝑘 sin𝜙 cos𝜙

(︂
𝜕𝜙

𝜕𝑧

)︂2
+

+
𝜋2

𝐿2

𝐼0
𝐼Fr

𝜀
3/2
‖ sin𝜙 cos𝜙

(𝜀⊥ + 𝜀𝑎 cos2 𝜙)3/2
×

×Θ(𝑎− |𝑦|) + 𝜋2

𝐿2

𝐸2
0

𝐸2
0Fr

sin𝜙 cos𝜙 = 0, (4)

where

𝐼Fr =
8𝜋3𝜀‖𝐾3

𝜀𝑎𝜀⊥𝐿2
, 𝐸0Fr =

√︃
4𝜋3𝐾3

𝜀0𝑎𝐿
2
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are the Fréedericksz transition thresholds in the field
of a uniform, infinitely wide light beam [13] and in
the dc electric field [25, 36], respectively, provided an
infinitely rigid NLC anchoring with the cell surface;
𝑘 = (𝐾3 − 𝐾1)/𝐾3; and 𝑚 = 𝐾2/𝐾3. Equation (4)
involves the solutions of Maxwell’s equations for the
electric field of an incident light wave and the dc elec-
tric field in the nematic volume. In particular, in the
geometric optics approximation, the electric field of a
light beam has the form [32]

𝐸𝑥(𝑦, 𝑧) = 𝐼1/2(𝑦)

(︂
𝜀𝑧𝑧
𝜀‖

)︂1/4
×

× exp

⎡⎣𝑖𝜔
𝑐

√
𝜀⊥𝜀‖

𝑧∫︁
0

𝜀−1/2
𝑧𝑧 𝑑𝑧′

⎤⎦, (5)

𝐸𝑧(𝑦, 𝑧) = −𝜀𝑧𝑥
𝜀𝑧𝑧

𝐸𝑥(𝑦, 𝑧),

where 𝜀𝑧𝑧 = 𝜀⊥ + 𝜀𝑎 cos
2 𝜙, and 𝜀𝑧𝑥 = 𝜀𝑎 cos𝜙 sin𝜙.

From the electrostatics equations and taking the con-
tinuity of the tangential components of the dc electric
field across the cell surface into consideretion, it fol-
lows that 𝐸0𝑥 = 𝐸0.

Equation (4) together with the boundary condi-
tions 𝜙(𝑧 = 0, 𝐿) = 0 corresponding to the infinitely
rigid anchoring of an NLC at the cell surface are
considered in a vicinity of the director orientational
instability threshold. Therefore, deformations of the
director field are assumed to be small. The director
deviation angle 𝜙 and the incident light intensity 𝐼0
are expanded in series in the small parameter [32],
namely, the maximum of the director deviation an-
gle 𝜙𝑚 = 𝜙(𝑦 = 0, 𝑧 = 𝐿/2). This maximum is
reached at the cell midpoint and the center of the
light beam. Since the direction of a director deviation
is governed by director fluctuations only and does not
depend on the incident light intensity 𝐼0, the expan-
sion for the intensity 𝐼0 has the form

𝐼0
𝐼Fr

= 𝜌+ 𝜎𝜙2
𝑚 + 𝜏𝜙4

𝑚 + 𝑜(𝜙4
𝑚), (6)

where the unknown expansion coefficients 𝜌, 𝜎, and 𝜏
are determined by the light beam shape and depend
on the dc electric field strength.

Since the signs of the angles 𝜙 and 𝜙𝑚 are identical,
the solution of Eq. (4) is sought in the form of a series
expansion in odd powers of 𝜙𝑚:

𝜙(𝑦, 𝑧) = 𝐴(𝑦, 𝑧)𝜙𝑚 +𝐵(𝑦, 𝑧)𝜙3
𝑚 +

+𝐶(𝑦, 𝑧)𝜙5
𝑚 + 𝑜(𝜙5

𝑚). (7)

Here, the unknown expansion coefficients 𝐴(𝑦, 𝑧),
𝐵(𝑦, 𝑧), and 𝐶(𝑦, 𝑧) satisfy the condition of infinitely
rigid NLC anchoring with the cell surface,

𝐴(𝑦; 𝑧 = 0, 𝐿) = 𝐵(𝑦; 𝑧 = 0, 𝐿) =

= 𝐶(𝑦; 𝑧 = 0, 𝐿) = 0 (8)

and the conditions following from the definition of the
director deviation angle maximum,

𝐴(𝑦 = 0, 𝑧 = 𝐿/2) = 1,

𝐵(𝑦 = 0, 𝑧 = 𝐿/2) = 𝐶(𝑦 = 0, 𝑧 = 𝐿/2) = 0.
(9)

In view of expansions (6) and (7), let us rewrite
Eq. (4) to an accuracy order of the 𝜙5

𝑚-terms in-
clusive. By equating the coefficients in front of the
powers of 𝜙𝑚 to zero, we obtain the following sys-
tem of differential equations for the functions 𝐴(𝑦, 𝑧),
𝐵(𝑦, 𝑧), and 𝐶(𝑦, 𝑧):

𝐴′′
𝑧𝑧 +𝑚𝐴′′

𝑦𝑦 +
𝜋2

𝐿2

(︀
𝜌Θ(𝑎− |𝑦|) + 𝜌0

)︀
𝐴 = 0, (10)

𝐵′′
𝑧𝑧 +𝑚𝐵′′

𝑦𝑦 +
𝜋2

𝐿2

(︀
𝜌Θ(𝑎− |𝑦|) + 𝜌0

)︀
𝐵 =

= 𝑘𝐴2𝐴′′
𝑧𝑧 + 𝑘𝐴′2

𝑧 𝐴− 𝜋2

𝐿2

[︁
(𝜌𝛼𝐴3 + 𝜎𝐴)×

×Θ(𝑎− |𝑦|)− 2

3
𝜌0𝐴

3
]︁
, (11)

𝐶 ′′
𝑧𝑧 +𝑚𝐶 ′′

𝑦𝑦 +
𝜋2

𝐿2

(︀
𝜌Θ(𝑎− |𝑦|) + 𝜌0

)︀
𝐶 =

𝑘𝐴2𝐵′′
𝑧𝑧 + 2𝑘𝐴𝐵𝐴′′

𝑧𝑧 −
𝑘

3
𝐴4𝐴′′

𝑧𝑧 +

+ 𝑘𝐴′2
𝑧 𝐵 − 2

3
𝑘𝐴′2

𝑧 𝐴
3 + 2𝑘𝐴′

𝑧𝐵
′
𝑧𝐴−

− 𝜋2

𝐿2

[︂(︀
3𝜌𝛼𝐴2𝐵 + 𝜌𝛽𝐴5 + 𝜎𝐵 + 𝜎𝛼𝐴3 +

+ 𝜏𝐴
)︀
Θ(𝑎− |𝑦|)− 2𝜌0𝐴

2𝐵 +
2

15
𝜌0𝐴

5

]︂
. (12)

Here, 𝑢 = 𝜀𝑎
𝜀‖

, 𝛼 = 3
2𝑢− 2

3 , 𝛽 = 15
8 𝑢2 − 3

2𝑢+ 2
15 , 𝜌0 =

=
𝐸2

0

𝐸2
0Fr

, and the primed 𝐴, 𝐵, and 𝐶 functions mean
their differentiation with respect to the corresponding
coordinates.

From the condition that the solution of system
(10)–(12) should satisfy Eqs. (8) and (9), we deter-
mine the coefficients 𝜌, 𝜎, and 𝜏 in expansion (6).
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They depend on the NLC cell parameters, the shape
and the transverse size of an incident light beam, and
the external electric field strength. From expansion
(6), to an accuracy order of the 𝜙4

𝑚-terms, we obtain

𝜙2
𝑚 =

1

2𝜏

[︃
−𝜎 ±

√︃
𝜎2 + 4𝜏

(︂
𝐼0
𝐼Fr

− 𝜌

)︂]︃
. (13)

From whence, it follows that, if 𝜎 > 0, the LIFT
occurs without the hysteresis. When the incident
light intensity 𝐼0 achieves the orientational instabil-
ity threshold 𝐼th = 𝜌𝐼Fr, the system smoothly transits
from the homogeneous state with 𝜙𝑚 = 0 into an in-
homogeneous one with 𝜙𝑚 ̸= 0, and vice versa (see
works [16, 32]).

Let 𝜎 < 0. Then the LIFT is accompanied by the
hysteresis. In particular, if the incident light inten-
sity 𝐼0 increases from zero and achieves the value of
𝐼th, the system, according to Eq. (13) [16, 32], tran-
sits in a jump-like manner from the homogeneous
state with 𝜙𝑚 = 0 into an inhomogeneous one with
𝜙𝑚 = =

√︀
−𝜎

𝜏 . On the other hand, if the intensity
𝐼0 decreases from values higher than 𝐼th, the sys-
tem returns into the initial homogeneous state from
the state with 𝜙𝑚 =

√︀
− 𝜎

2𝜏 at the light intensity
𝐼 ′th = 𝐼th − 𝐼Fr 𝜎

2/(4𝜏) < 𝐼th (see Eq. (13) and works
[16,32]). The width of the hysteresis loop amounts to
Δ𝐼th = 𝐼Fr 𝜎

2/(4𝜏) > 0.
Hence, the parameters 𝜌, 𝜎, and 𝜏 determine the

threshold character of the LIFT (the presence or
the absence of hysteresis) and the hysteresis parame-
ters, namely, the threshold values, the hysteresis loop
width, and the jump magnitude for the director devi-
ation angle maximum, when the incident light inten-
sity achieves the threshold values.

For a non-trivial solution 𝐴(𝑦, 𝑧) of Eq. (10) to ex-
ist, which would be finite at 𝑦 → ±∞, continuous at
𝑦 = ±𝑎, and satisfying conditions (8) and (9), the
following equation for the determination of the pa-
rameter 𝜌 is obtained:

𝜉 tan 𝜉 = 𝑞𝑎, (14)

where 𝑞 =
𝜋

𝐿
√
𝑚

, and 𝜉 = 𝑞𝑎
√
𝜌+ 𝜌0 − 1.

From Eq. (11), in which 𝐴(𝑦, 𝑧) is the solution of
Eq. (10), and taking conditions (8) and (9) into ac-
count, we find the parameter 𝜎:

𝜎 = − 3

16

(︀
2𝑘 + 3𝛼𝜌− 2𝜌0

)︀
−

− (16(𝑘 − 𝜌0)𝑠
2 cos3 𝜉 − (2𝑘 + 3𝛼𝜌− 2𝜌0)×

× (cos 3𝜉−3𝑠 sin 3𝜉))/(64(𝜉 sin 𝜉 + 𝑠 sin 𝜉 + 𝑠𝜉 cos 𝜉)),

(15)
where 𝑠 =

√︁
𝜌+𝜌0−1
1−𝜌0

.
An explicit form for the parameter 𝜏 is too cum-

bersome, and it is not presented here.

3. Hysteresis of Light-Induced
Fréedericksz Transition

3.1. Electric field
parallel to the cell surface

Let us consider the case where the external dc electric
field is oriented along the cell surface and, simultane-
ously, in the direction of the incident light polariza-
tion vector. The dependences of the LIFT threshold
values for the increasing, 𝐼th = 𝜌𝐼Fr, and decreas-
ing, 𝐼 ′th =

[︀
𝜌− 𝜎2/(4𝜏)

]︀
𝐼Fr, incident light intensities

on the light beam half-width 𝑎 calculated for vari-
ous dc electric field strengths 𝐸0’s are depicted in
Fig. 1, a. For calculations, we used the NLC param-
eter values close to typical ones: 𝑘 = 0.8, 𝑚 = 0.3,
𝜀‖ = 3.06, and 𝜀⊥ = 2.37 [1], As the beam width
increases, the magnitudes of both thresholds, 𝐼th
and 𝐼 ′th, monotonically decrease at all electric field
strengths 𝐸0. But the difference Δ𝐼th = 𝐼th − 𝐼 ′th
between the threshold values, i.e. the hysteresis loop
width, depends non-monotonically on the transverse
size 2𝑎 of a light beam (see Fig. 1, b), as the inten-
sity increases or decreases. When 𝑎 grows, the value
of Δ𝐼th first increases from 0 for a narrow beam to
a certain maximum. Then it decreases to a certain
nonzero value for an infinitely wide (𝑎 → ∞) beam.

Hence, the hysteresis loop as a function of the
light beam width has a maximum. This maximum
is reached for light beams with the transverse size
of an order of the thickness of a few cells. For the
NLC parameters indicated above, the correspond-
ing half-width of the incident light beam amounts to
𝑎 ≈ 3𝐿. With the growth of the external electric field
strength 𝐸0, the position of the hysteresis loop width
maximum weakly shifts toward wider light beams.

The dc electric field evidently favors the reorien-
tation of the NLC director. Therefore, irrespective
of the transverse light beam size, the magnitudes of
both thresholds, 𝐼th and 𝐼 ′th, decrease, when the elec-
tric field strength 𝐸0 grows, and vanish, when the
strength achieves the Fréedericksz transition thresh-
old, 𝐸0 = 𝐸0Fr. The hysteresis loop of the LIFT
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gets narrower monotonically with the growth of the
electric field strength 𝐸0. At a certain critical value
𝐸*

0 6 𝐸0Fr, which depends on the NLC parameters
and the light beam width, the hysteresis disappears
(Fig. 2). If the dc electric field strength falls within
the interval 𝐸*

0 6 𝐸0 6 𝐸0Fr, the LIFT occurs with-
out the hysteresis.

As one can see from Fig. 1, b, the LIFT is ac-
companied by the hysteresis if the half-width 𝑎 of
the incident light beam exceeds the critical value 𝑎th
(this is the value of 𝑎, which corresponds to 𝜎 = 0),
i.e. 𝑎 > 𝑎th. In the light beam with 𝑎 < 𝑎th, the LIFT
occurs without the hysteresis. The dependence of the
critical value of the light beam half-width 𝑎th on the
electric field strength 𝐸0 is depicted in Fig. 3, a. One
can see that there exists another critical value for the
electric field strength,

𝐸**
0 = 𝐸0Fr

√︃
4𝜀‖

9𝜀𝑎
(𝑘 − 1) + 1,

which corresponds to 𝜎 = 0 as 𝑎 → ∞. If 𝐸0 < 𝐸**
0 ,

the LIFT is accompanied by the hysteresis in light
beams with the half-width 𝑎 > 𝑎th. If the electric field
strength 𝐸0 > 𝐸**

0 , the LIFT hysteresis is absent in
light beams with arbitrary transverse sizes. When the
parameter 𝑘 grows, the region of the LIFT hystere-
sis existence expands with respect to both the elec-
tric field strength 𝐸0 and the transverse light beam
size 2𝑎.

The finite width of the incident light beam sub-
stantially affects not only the magnitudes of LIFT
hysteresis parameters, but also the conditions of hys-
teresis existence, similarly to the case of the dc elec-
tric field absence, 𝐸0 = 0 [32, 33]. For a fixed ra-
tio 𝑎/𝐿, the LIFT is accompanied by the hysteresis
(𝜎 < 0) in the intervals of parameters 𝑘th < 𝑘 < 1 and
0 < 𝑚 < 𝑚th. If 𝑘 < 𝑘th and 𝑚 > 𝑚th, the LIFT oc-
curs without the hysteresis (𝜎 > 0). The dependences
of the critical parameter values 𝑘th and 𝑚th (these are
𝑘- and 𝑚-values, which correspond to 𝜎 = 0) on the
transverse light beam size are qualitatively similar to
those obtained in the absence of an external electric
field E0 [32, 33].

The intervals of 𝑘- and 𝑚-values, where the LIFT
hysteresis exists, grow with the increase of the trans-
verse light beam size irrespective of the applied elec-
tric field strength 𝐸0. The dependences of the crit-
ical value of parameter 𝑚th on the dc electric field
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Fig. 1. LIFT threshold 𝐼th at the increasing (solid curves) and
decreasing (dashed curves) electric field strengths (a) and the
hysteresis loop width Δ𝐼th versus the transverse light beam
size for various 𝐸0/𝐸0Fr = 0.05 (1), 0.25 (2), 0.4 (3), and
0.55 (4) (b)
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Fig. 2. Dependences of the LIFT hysteresis loop width Δ𝐼th
on the electric field strength 𝐸0 directed along the cell sur-
face. 𝑎/𝐿 = 0.5 (1), 0.75 (2), 1 (3), and 5 (4)
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Fig. 3. The critical light beam half-width 𝑎th versus the
strength 𝐸0 of electric field directed along (a) and perpendicu-
larly (b) to the cell surface. 𝑚 = 0.3; 𝑘 = 0.5 (1), 0.52 (2), 0.6
(3), 0.7 (4), 0.8 (5), 0.9 (6), and 1 (7)

strength 𝐸0 are depicted in Fig. 4, a for various trans-
verse light beam sizes. The region of the allowed val-
ues of parameter 𝑚, at which the LIFT is accompa-
nied by the hysteresis (0 < 𝑚 < 𝑚th), gets narrower,
when the electric field strength 𝐸0 increases, and, at
𝐸0 ≥ 𝐸*

0 , the hysteresis disappears. If the electric
field strength 𝐸0 increases, the interval of 𝑘-values,
where the LIFT hysteresis exists (𝑘th < 𝑘 < 1), also
gets narrower irrespective of the transverse light
beam size.

Hence, the growth of the dc electric field strength
𝐸0 in the case where the field is oriented along the cell
surface and in the direction of the incident light polar-
ization vector gives rise to a reduction of the thresh-
old magnitudes 𝐼th and 𝐼 ′th, and the LIFT hysteresis
loop width Δ𝐼th. At a certain strength value, the hys-

0,00 0,03 0,06 0,09 0,12
0

2

4

6

E
0
/E

0Fr

m
th

 

 

 

3

4

5

6

a

0,0 0,2 0,4 0,6 0,8 1,0
0

2

4

6

8

E
0
/E

0Fr

 

 

1

23456

m
th

b
Fig. 4. The critical value for the parameter 𝑚 versus the
strength 𝐸0 of the dc electric field directed along (a) and per-
pendicularly (b) to the cell surface. 𝑘 = 0.5; 𝑎/𝐿 = 0.5 (1),
1 (2), 2.5 (3), 5 (4), 7.5 (5), and 10 (6)

teresis disappears. The intervals of allowed values for
the light beam half-width 𝑎 and the NLC parameters
𝑘 and 𝑚, at which the LIFT is accompanied by the
hysteresis become narrower with the increase of the
electric field strength 𝐸0.

3.2. Electric field
perpendicular to the cell surface

Let the external dc electric field 𝐸0 be oriented along
the homogeneous NLC director, i.e. perpendicularly
to the cell surface. The variational equation for the
director deviation angle 𝜙 looks like Eq. (4), in which
the sign plus in front of the last term on the left-hand
side is changed to the sign minus. The solution of the
new equation for the director is sought in the form of
the series expansions (6) and (7), similarly to the case
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where the dc electric field strength 𝐸0 was oriented
along the cell surface.

According to the results of numerical calculations,
the dc electric field 𝐸0 oriented perpendicularly to
the cell surface does not affect the qualitative char-
acter of the dependences of the LIFT thresholds 𝐼th
and 𝐼 ′th, and the LIFT hysteresis loop width Δ𝐼th
on the transverse light beam size, as was in the
case E0 ‖ 𝑂𝑥. With the increase of the electric field
strength 𝐸0, the magnitudes of both LIFT thresholds
𝐼th and 𝐼 ′th, and the LIFT hysteresis loop width Δ𝐼th
monotonically grow (Fig. 5), since the electric field
stabilizes the initial director orientation. The hystere-
sis loop width as a function of the light beam width
has a maximum, as was in the case E0 ‖ 𝑂𝑥. The
maximum position shifts toward narrower light beams
with the increase of the 𝐸0-strength values.

For the sake of comparison, Fig. 5 also demon-
strates the hysteresis loop widths Δ𝐼th experimen-
tally measured for various NLCs in incident light
beams with finite transverse sizes, which were taken
from works [18, 20–22]. In order to broaden the LIFT
hysteresis loop, the cited authors applied external dc
electric [20–22] and magnetic [18] fields along the di-
rection of the homogeneous NLC director. According
to calculations, the electric field, which is equivalent
to the magnetic one used in work [18], amounts to
𝐸0 = 1.35𝐸0Fr. In works [18, 20–22], the NLC an-
choring at the cell surface was considered infinitely
rigid. The measurement accuracy of the hysteresis
loop width amounted to ±10%. In general, the re-
sults of theoretical calculations give a satisfactory
agreement with experimental data. A certain differ-
ence between the experimentally measured and cal-
culated values of the dc electric field strength 𝐸0 is
explained by the fact that, although the reorientation
of the NLC director was considered in works [18, 20–
22] to be planar, actually, the light beams confined
in two dimensions and with a non-uniform intensity
distribution over their transverse cross-sections were
used in the experiment.

The dependences of the critical light beam half-
width 𝑎th on the electric field strength 𝐸0 calcu-
lated for various values of parameter 𝑘 are shown in
Fig. 3, b. Now, the interval of allowed values for the
light beam half-width 𝑎, at which the LIFT is accom-
panied by the hysteresis (𝑎 > 𝑎th), broadens with
the growth of the electric field strength 𝐸0, unlike
the case E0 ‖ 𝑂𝑥. The increase of the parameter 𝑘
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Fig. 5. Hysteresis loop width Δ𝐼th versus the half-width
𝑎 of a light beam with 𝐼(𝑦) = 𝐼0Θ(𝑎 − |𝑦|) for 𝐸0/𝐸0Fr =

= 0.975 (1), 1.0 (2), 1.085 (3), and 1.115 (4). 𝑘 = 0.38

and 𝑚 = 0.3. Experimental points: 5CB – A (𝐸0/𝐸0Fr =

= 1.35) [18]; ROTN-200 – B [22], C (𝐸0/𝐸0Fr = 1.57) [20], D
(𝐸0/𝐸0Fr = 1.23) [21]

results in the expansion of the interval for the val-
ues of transverse light beam size, at which the LIFT
hysteresis occurs, irrespective of the orientation and
magnitude of the dc electric field strength.

In Fig. 4, b, the dependences of the critical val-
ues of parameter 𝑚 on the electric field strength 𝐸0

calculated for various transverse sizes of the light
beam are shown. The intervals of the allowed values
for both parameters 𝑚 and 𝑘 of the liquid crystal,
at which the LIFT is accompanied by the hystere-
sis, grow with the increase of the dc electric field
strength 𝐸0, unlike the case where this field was ori-
ented along the cell surface. With the increase of the
transverse light beam size, the 𝑘- and 𝑚-intervals of
the LIFT hysteresis existence expand irrespective of
the orientation and magnitude of the dc electric field
strength.

Hence, as the strength 𝐸0 of the external dc electric
field oriented normally to the cell surface increases,
the LIFT threshold magnitudes 𝐼th and 𝐼 ′th, and the
LIFT hysteresis loop width Δ𝐼th monotonically grow,
and the intervals of the allowed values of light beam
half-width 𝑎 and the NLC parameters 𝑘 and 𝑚 at
which the LIFT is accompanied by the hysteresis get
wider.

The authors express their gratitude to I.P. Pinke-
vych for useful remarks while discussing the results of
this work.
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М.Ф.Ледней, О.С.Тарнавський, В.В.Хiмiч

ВПЛИВ СТАТИЧНОГО ЕЛЕКТРИЧНОГО
ПОЛЯ НА ГIСТЕРЕЗИС СВIТЛОIНДУКОВАНОГО
ПЕРЕХОДУ ФРЕДЕРIКСА В НЕМАТИЧНIЙ КОМIРЦI

Р е з ю м е

Розглянуто вплив величини напруженостi зовнiшнього ста-
тичного електричного поля на гiстерезис свiтлоiндукова-
ного переходу Фредерiкса в комiрцi нематичного рiдкого
кристала в полi свiтлового пучка з обмеженим попереч-
ним розмiром. Розглянутi випадки орiєнтацiї зовнiшнього
електричного поля перпендикулярно поверхнi комiрки та
вздовж цiєї поверхнi в напрямку вектора поляризацiї па-
даючого свiтла. Чисельно отриманi значення порогiв пере-
ходу Фредерiкса при збiльшеннi i зменшеннi iнтенсивностi
падаючого свiтла в залежностi вiд величини напруженостi
електричного поля i поперечного розмiру свiтлового пуч-
ка. Визначенi областi допустимих ширин свiтлового пучка
i значень напруженостi електричного поля, пiд час яких пе-
рехiд Фредерiкса супроводжується гiстерезисом. Показано,
що ширина петлi гiстерезису зростає зi збiльшенням напру-
женостi статичного електричного поля, перпендикулярного
до поверхнi комiрки, i зменшується, якщо електричне поле
напрямлене вздовж поверхнi комiрки.
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