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Surface Anchoring and Twisting of Thin Nematic
Layers Influenced by Thermal Fluctuations

V. A. Belyakov
L. D. Landau Institute for Theoretical Physics, Moscow,
Russia and Department of Mathematics, University of Strathclyde,
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W. Kuczynski
Institute of Molecular Physics, Polish Academy of Sciences,
Poznan, Poland

Twisting of planar nematic layers is investigated for a finite strength of the surface
anchoring by rotating the cell plate. The measurements of the director twisting are
performed by measuring the rotation of polarization plane of light. Smooth and
jump-wise changes of twisting variations were observed. The calculations similar
to those in [1,2] performed for two different model anchoring potentials reveal that
for thick samples the both potentials give almost the same results. For thin sam-
ples the calculation results for these potentials differ significantly. It is shown that
the measurements allow the determination of the anchoring strength and may be
used for the reconstruction of the shape of the actual surface anchoring potential.
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INTRODUCTION

The recent investigations of the temperature pitch variations in
planar cholesteric layers and of the influence of finite surface anchor-
ing and thermodynamical fluctuations on these variations [1,2] have

This work was supported by the Centre of Excellence for Magnetic and Molecular
Materials for Future Electronics within the European Commission Contract
No. G5MA-CT-2002-04049. The fruitful discussions of the work results with M. A. Osipov
and I. W. Stewart and partial support of the work by the UK EPSRC Grant
GR=S34311=01 and by the RFBR grant N 03-02-16173 are greatly appreciated also by
V.A.B.

Address correspondence to V. A. Belyakov, L. D. Landau Institute for Theoretical
Physics, Kosygin str.2, 117334 Moscow, Russia. E-mail: bel@landau.ac.ru

Mol. Cryst. Liq. Cryst., Vol. 438, pp. 123=[1687]–140=[1704], 2005

Copyright # Taylor & Francis Inc.

ISSN: 1542-1406 print=1563-5287 online

DOI: 10.1080/15421400590957017

123=[1687]

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

06
 2

2 
A

ug
us

t 2
01

2 



revealed some effects interesting for the physics of liquid crystals (LC)
and for the practical LC applications. As it was known quite long ago,
the temperature evolution of the cholesteric LC (CLC) structure [3,4]
in samples with finite surface anchoring energy may be continuous at
some ranges of the temperature with jump-wise changes at the defi-
nite temperature points, with a strong hysteresis when changing the
temperature in opposite directions [4]. Similar problems arise in the
case of nematics if they are twisted due to the action of external forces.
Examination of the corresponding problem for nematics is important
as for the physics of surface anchoring so for the numerous applica-
tions of the nematics because just twisted nematic cells are widely
used in LC devices.

Below twisting of thin planar nematic layers is investigated for a
finite strength of the surface anchoring forces: (a) for pure nematics
by rotating the cell glass plate and (b) for cholesterics close to the helix
inversion point by changing the temperature. The measurements of
the director twisting are performed by measuring the polarization
plane rotation of light transmitted by the sample. The experimental
results are interpreted in the framework of the approach developed
in Reference [1,2]. The corresponding calculations are performed for
two different model anchoring potentials. Some peculiarities of the
studied phenomena for the mechanical twist are revealed.

GENERAL EQUATIONS

Examine the behavior of the director distribution in a planar nematic
layer of finite thickness and finite strength of anchoring at one of its
surfaces and infinite at another (see Fig. 1) under rotation of the cell
glass plate. At the process under consideration smooth and jump-wise
changes of the director field in the layer are possible. At the beginning
we restrict below the analysis of the corresponding variations of the
director configuration in the layer by the assumptions that the mech-
anism of possible jump-wise changes of the director configuration is

FIGURE 1 Schematic drawing of the layer in the case of unidentical
anchoring at the layer surfaces.
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connected with overcoming by the director of the anchoring barrier at
the layer surface.

Following [1–3] we write the free energy of the layer in the form

Fðu0Þ ¼ WsðuÞ þ ðK22=2dÞðu0 þ uÞ2; ð1Þ

where WsðuÞ is the surface anchoring potential, u is the angle of devi-
ation of the director orientation at the surface of the layer with finite
anchoring from the rotating alignment direction (i.e., the easy direc-
tion which is rotated together with the plate), u0 is the rotation angle
of the cell glass plate (so u0 þ u is the resulting angle of the director
twisting over the layer thickness), K22 is the twist Frank modulus
and d is the sample thickness. We assume for the definiteness that
the initial undistorted state of the nematic cell corresponds to
u ¼ u0 ¼ 0.

Under rotation of the cell glass plate, i.e. increasing of u0, the modu-
lus of angle u (at the beginning of the plate rotation the angle u is
negative) is also smoothly increasing. However for u0 > p=2 an abrupt
changing of u may occur. There is even the statement [3] that uþ u0,
i.e., the director rotation angle, cannot be larger than p=2. We shall not
accept the mentioned limitation on uþ u0 and consequently on u0

keeping in mind that if even the limitation holds for an unstabilized
layer, the layer may be stabilized by the external field (for example,
in the case of negative dielectric anisotropy by the field applied per-
pendicular to the layer surface).

The angle u may be found from the conditions of minimum of the
free energy (1) what gives the following equations for u:

. . . @WsðuÞ=@uþ ðK22=dÞðuþ u0Þ ¼ 0 ð2Þ

The analysis of the Eq. (2) shows that a smooth changing of the direc-
tor deviation angle u is possible while the modulus u is less than some
critical angle uc. Upon achieving by u of the critical value uc a jump-
like change of the pitch occurs and the transition to a new configur-
ation of the director in the layer differing by one in the number of
the director half-turns N in the layer occurs. For example, at infinitely
strong anchoring at the both surfaces, in our assumption on stability
of the planar texture of the cell under rotation of glass plate, the direc-
tor twist angle (or the number of half-turns N) is just the same as the
angle u0 and formally may be arbitrary large. At finite strength of
anchoring the maximum director twist angle (and consequently, N)
is limited by the strength of anchoring. In reality, of course, even at
infinitely strong anchoring the maximum director twist angle is also
limited because the corresponding states of the layer with the large

Surface Anchoring and Twisting of Nematic Layers 125=[1689]
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twist angle and consequently with large energy are metastable and
there are processes, which result in transitions of the system to the
ground state with N� 1.

In our case of a stabilized layer and a finite strength of anchoring at
one of the surfaces said above means that it is possible to reach only
some finite value of Nc (angle of director twist in the layer) by rotating
the cell glass. Further rotation of the plate does not allow increasing
this limiting value Nc and will result only in a sequence of jump-wise
(decreasing) and smooth (increasing) variations of N around Nc.

The critical angle uc is determined by the solution of Eq. (2), which
also satisfies the following relation

@2WsðuÞ=@2uþK22=d ¼ 0: ð3Þ

As it is known [1,2] the value of critical angle in the general case is
dependent on the shape of anchoring potential and the anchoring
strength at both surfaces. So the explicit expressions for uc shall be
given below for each model potential used in calculations.

The value of the cell glass plate rotation angle at the jump point u0c

is determined by the expression

. . .u0c ¼ ½@WsðuÞ=@u�u¼uc=ðK22=dÞ � uc: ð4Þ

The angle between alignment direction and director just after the
jump uj is determined by the solution of the following equation

@WsðuÞ=@uþ ðK22=dÞ½uþ u0c � p� ¼ 0: ð5Þ

As it was shown [1,2] the variations of the director twist (pitch) in
the layer and, in particular, the hysteresis are determined by the
dimensionless parameter Sd ¼ K22=Wd, where W is the depth of the
anchoring potential. This behavior is rather universal because it is
not directly dependent on the sample thickness. It means that for
every specific form of the anchoring potential expressions (1–5) may
be transformed to the form, which includes the parameters of the
problem d, K22, W only in the combination, which reduces to the
dimensionless parameter Sd.

At the next section the given above general expressions will be
applied to the specific model anchoring potentials.

MODEL ANCHORING POTENTIALS

To obtain some qualitative predictions one has to assume a specific
form of the anchoring potential. We shall use below very popular

126=[1690] V. A. Belyakov and W. Kuczynski
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Rapini-Papoular (R-P) anchoring model potential [3,5]

WsðuÞ ¼ �ðW=2Þ cos2 u; ð6Þ

for which the critical angle uc ¼ p=4 for an identical anchoring at the
both surfaces of the layer.

The performed analysis [1,2] shows that essential features of the
director temperature variations are directly dependent on the shape
of anchoring potential. It is quite naturally for our problem to perform
similar calculations for a potential differing from the Rapini-Papoular
model anchoring potential.

The second used here model potential (called below B-potential) is
given by the expression (see Fig. 2)

WsðuÞ ¼ �Wcos2u=2þW=2; if �p=2 < u < p=2; ð7Þ

and continued periodically to juj > p=2, according to the relation
WsðuÞ ¼ Wsðu� pÞ. The behavior of the potential (7) is similar to the
case of the R-P potential for small u, however, it differs essentially
from R-P close to u ¼ p=2. In particular, for the case of an identical
anchoring at the both surfaces the critical angle uc for this potential
does not depend on the strength of anchoring (parameter Sd) and is
equal to p=2.

Because there are too many parameters in the general case of the
anchoring differing at the two surfaces we shall present below in

FIGURE 2 Rapini-Papoular (R-P) and B-anchoring potentials.
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details a specific case, namely, infinitely strong anchoring at one
surface and finite anchoring at the second surface of a layer.

Infinitely Strong Anchoring at One Surface

Let us apply the given above general expressions to the specific case of
infinitely strong anchoring at one of the layer surface and finite
anchoring at other surface described by the potential Ws(u). The
expressions for the free energy given by Eqs. (1,2) and others reduce
to the following expressions for R-P-potential.

For the free energy one gets from (2):

FðTÞ=W ¼ ½�cos2 uþ Sdðuþ u0Þ2�=2; ð8Þ

where the dimensionless parameter Sd ¼ K22=Wd was already men-
tioned above.

The angle of director deviation u from the rotating alignment
direction is determined by the following expression

sin 2uþ 2 Sdðuþ u0Þ ¼ 0 ð9Þ

and the critical angle uc is determined by the relationship

cos 2uc þ Sd ¼ 0; ð10Þ

i.e.,

uc ¼ ½arc cosð�SdÞ�=2:

The Eq. (10) and calculations show that the critical angle uc is
dependent on the parameter Sd contrary to the case of identical
anchoring at the both surfaces [1,2].

The value of the cell glass plate rotation angle u0c corresponding to
the jump point is determined from (10) by the following formula

u0c ¼ uc þ ðsin 2ucÞ=2Sd ð11Þ

Solution of Eq. (10) exists only for Sd < 1. It means that for weak
anchoring (or thin layers) jump-wise changes of director configuration
in the layer may be absent. However it should be mentioned
that because the Eq. (10) for critical angle was obtained for Rapini-
Papoular anchoring model potential the last statement is model
dependent. So, experimental investigations of the jump-wise changes
of director configuration in the layer may be used for determination
of the real shape of the anchoring potential and its deviations from
Rapini-Papoular anchoring model potential.

128=[1692] V. A. Belyakov and W. Kuczynski
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The value of uj, i.e., the angle between alignment direction and
director just after the jump, is determined by the solution of the follow-
ing equation:

. . . sin 2uj þ 2Sd½uj � ½arc cosð�SdÞ�=2þ ðsin 2ucÞ=2Sd � p� ¼ 0; ð12Þ

The expressions for the free energy given by Eqs. (1,2) and follow-
ing from them formulas reduce to the following expressions for
B-potential.

For the free energy one gets from (2):

FðTÞ=W ¼ ½�2cos2ðu=2Þ þ 1þ Sdðuþ u0Þ2�=2: ð13Þ

The angle of director deviation u is determined by the following
expressions

sinuþ 2Sdðuþ u0Þ ¼ 0 ð14Þ

The critical angle uc for B-potential remains to be p=2 as in the case
of identical anchoring at both surfaces.

The value of the cell glass plate rotation angle at the jump point u0c

is determined from (14) by the following formula

u0ðTcÞ ¼ p=2þ 1 ð2SdÞ ð15Þ

The value of uj, i.e., the angle between alignment direction and
director just after the jump, is determined by the solution of the follow-
ing equation:

. . . sinuj þ 2Sd½uj þ 1=ð2SdÞ � p=2� ¼ 0; ð16Þ

The given above values of the angles of the director deviation from
the rotating alignment direction just before and after the jump and the
corresponding value of the cell glass plate rotation angle may be used
for the solution of the dynamical problem related to the pitch jump
because these values completely determine the initial and final state
in the problem to be solved (see [7]).

CALCULATION RESULTS

Below are given the calculation results for the case of infinitely strong
anchoring at one of the layer surface and finite anchoring at other
surface described by the potential Ws(u) of two shapes, R-P and
B-potential.

At Figures 3, 4 the director twist angle versus plate rotation angle is
presented. The Figures 3, 4 reveal qualitative difference for these two

Surface Anchoring and Twisting of Nematic Layers 129=[1693]
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potentials in the distribution of twisting of the director in the layer
caused by a plate rotation. For a strong anchoring (small Sd) the direc-
tor twist angle versus plate rotation angle are almost the same for
both the R-P and B-potentials. However for a weak anchoring (large
Sd) there is a difference between R-P and B-potentials (compare
Figs. 3, 4). For the R-P-potential the changes of the director twist

FIGURE 4 Director twist angle versus the plate rotation angle for B-potential
(Sd ¼ 0.1, 1, 10).

FIGURE 3 Director twist angle versus the plate rotation angle for R-P-
potential (Sd ¼ 0.1, 1, 10).
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angle under the plate rotation at any angle may be completely smooth
for a weak anchoring (large Sd) and include jump-wise changes for
strong anchoring (small Sd) similar to those ones for B-potential. In
the case of B-potential the jump-wise changes of the director twist
angle are present at any strength of anchoring while for the R-P-
potential at the large Sd > 1 the changes of the director twist angle
under the plate rotation at any angle are smooth. It means that for
B-potential a bistability reveals itself at any strength of anchoring
while for the R-P-potential it appears only for a sufficiently strong
anchoring.

The Figures 3, 4 show also that for the B-potential for any strength
of the anchoring and for R-P-potential for sufficiently strong anchoring
(Sd < 1) hysteresis of the jump point for opposite direction of the plate
rotation exists. If one denotes by uþ

0j and u�
0j the plate rotation angle

corresponding to the director twist jump for the plate rotation in the
initial and the opposite direction, respectively, the corresponding hys-
teresis in the value of u0 is equal to uþ

0j � u�
0j ¼ 1=Sd for B-potential

and uþ
0j � u�

0j ¼ 2uc þ ðsin 2ucÞ=Sd � p for R-P-potential̃. Because for
R-P-potential p=4 < uc < p=2 the hysteresis for it is less than the hys-
teresis for B-potential at the same Sd and reduces to zero for Sd ¼ 1.
The absence of the hysteresis for R-P-potential at weak anchoring
(Sd > 1) constitutes a qualitative difference between R-P and B-
potentials.

Note, that presented above discussion relates to the cases when the
thermal fluctuations may be neglected, i.e., for sufficiently thin sam-
ples [2]. How the thermal fluctuations influence the presented above
picture will be discussed in the next section.

DIRECTOR TWISTING INFLUENCED BY FLUCTUATIONS

The expressions given in the previous section connect thermodynamic
equilibrium values of the parameters. However, close to the points of
the director twist angle jumps the thermodynamic fluctuations in
the bulk of layer may be essential. It means that the fluctuations
can change the position of the transition points. For example, the hys-
teresis can decrease and even completely disappear because of the
fluctuations. In terms of the height of the surface anchoring potential
between two configurations related to the transition, it means that, if
in the previous section we assume that at the jump point the height of
the barrier B has to be equal to zero for occurring the transition, in a
model taking into account fluctuations [2] the transition may occur at
B 6¼ 0, but differing from 0 by qkBT, where T is the temperature, kB the
Boltzman constant, and q some phenomenological coefficient to be

Surface Anchoring and Twisting of Nematic Layers 131=[1695]
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determined experimentally. That means that the thermodynamic fluc-
tuations of the energy of the LC make possible for the system to over-
come the barrier, even if the equilibrium energy of the system is below
the barrier. The calculated in the previous section transition (jump)
points were determined by the shape of anchoring potential and by
the value of dimensionless parameter Sd and were not directly depen-
dent on the layer thickness. On the other hand, the thermal fluctua-
tions result in a direct dependence of the jump points on the sample
thickness in direct analogy with the temperature variations of the
pitch in planar layers of chiral LC [2].

This dependence of the jump points on the sample thickness is con-
nected with the fact that the anchoring energy is proportional to the
area of the layer surface and does not depend on the thickness of
the layer. In contrast, the bulk fluctuations of the energy Ef, are pro-
portional to the square root of the volume [6], i.e., the ratio of Ef to the
surface anchoring energy for a fixed cell area is proportional to the
square root of the cell thickness d. It is why for some thickness of
the layer the fluctuations of energy may exceed the surface anchoring
barrier and just beginning from this thickness the hysteresis disap-
pears. At smaller thickness the hysteresis remains, however, it
decreases due to the fluctuations.

To estimate the thickness which corresponds to the disappearance
of the hysteresis we performed calculations of the surface anchoring
barrier for the plate rotation angle u0 ¼ p=2 at which the free energies
of the two director configurations under consideration are equal. To
perform these calculations one needs to know the director twist angle
at the plate rotation angle u0 ¼ p=2. So, at Figures 5, 6 calculated
depending on the Sd of value the mentioned angle. Whereas for
B-potential the equilibrium value of the director twist angle at the
plate rotation angle u0 ¼ p=2 is dependent on Sd for all values of this
parameter, a similar dependence for RP potential holds only for Sd < 1
and the director twist angle is identically zero for Sd > 1 at the plate
rotation angle u0 ¼ p=2. It means that for R-P-potential the hysteresis
is absent independently of the fluctuations if Sd > 1. This indepen-
dence of the director twist angle on the value of Sd at Sd > 1 (or on
the layer thickness at small thicknesses) and correspondingly absence
of the hysteresis looks as a some artifact of the specific shape of
R-P-potential at u close to p=2 and consequently seems to be not very
convincing from the physical point of view. For B-potential the hyster-
esis is present for all values of Sd if it is not suppressed by the fluctua-
tions. So, experimental studies of the hysteresis in the pitch jumps
may be used for distinguishing of the anchoring potential shapes.

132=[1696] V. A. Belyakov and W. Kuczynski
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EXPERIMENTAL

Sample Preparation

To check the theory presented above we prepared the measuring cell
consisted of two glass plates. The plates, after careful cleaning, were
unidirectional rubbed on a filter paper or velvet patch. This pro-
cedure secured a homogeneous, planar orientation of the nematic
layer. The anchoring energy depended on the rubbing intensity and
on the kind of material used for rubbing. When strong anchoring
was needed, the plate was rubbed strongly or covered with a thin
layer of polyvinyl alcohol (PVA) before rubbing. Gentle rubbing gave
rather weak anchoring. The experiments were performed with the
liquid crystal 1-(trans-4-hexyloxycyclohexyl)-4-isothiocyanatobenzene
(abbreviated 6CHBT here). The nematic phase in this material has
a large temperature range, including room temperature (from 12�C
up to 42�C). After introducing the nematic liquid crystal 6CHBT
between the plates, one of them has been rotated by an angle uo. This
rotation caused the twisting of the nematic director within the
sample by an angle h.

FIGURE 5 Director twist angle at the plate rotation angle p=2 versus Sd (a),
the layer thickness (b), and barrier between two possible ground state director
configurations versus Sd (c), the layer thickness (d) for R-P-potential.
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Method of Measurement

As was mentioned above the twisting at the surface exists in a very
thin layer, few molecular dimensions thick, i.e., much less than the
wavelength of the visible light. Thus, the measurement of this twisting
using optical method is hardly possible. On the other hand, such a thin
layer does not influence the propagation of light. However, the optical
methods may be effective for measurement of the twisting in the bulk
h, and consequently, the angle of director deviation from the alignment
direction at the surfaceu can be determined as u ¼ h� uo if one assumes
that the strength of anchoring is infinite at one of the layer surfaces.
Note, that because the plate rotation angle u0 always exceeds the
director twist angle h the angles u and uo are always of an opposite sign.

As the measurements show the twist in the bulk is not large – it
does not exceed 180� in a sample several mm thick. Therefore we can

FIGURE 6 Director twist angle at the plate rotation angle p=2 versus Sd (a)
and the barrier between two possible ground state director configurations ver-
sus the layer thickness (b), Sd (c) and determination of the layer thickness
above which the hysteresis disappears (d), for B-potential. The thin line at
Figure 6d presents the fluctuation energy versus thickness (calculated with
the same phenomenological constants as in [2]). The intersection point of this
curve with the bold curve for the barrier determines the critical thickness
above which the hysteresis is absent.
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assume that the polarization plane of light propagating perpendicu-
larly to the nematic director adiabatically follows the local optic axis
(director), similarly as in the twisted stack of thin crystalline plates
or in the Schadt-Helfrich cell. In general, the light after passing such
a stack of plates or twisted nematic cell is elliptically polarized. Its
polarization is linear in two cases only: when the polarization plane
on entering the sample is either parallel or perpendicular to the local
optic axis of the first layer. Only in these two cases the light ray does
not split into two rays and propagates as either the extraordinary or
ordinary ray, respectively. Thus, only in the two cases mentioned
above it is possible to obtain extinction of the light using a linear polar-
izer placed behind the sample. The polarization direction of the polar-
izer determines the direction of the local optic axis in the first layer
of the nematic liquid crystal, and the polarization direction of the
analyzer – in the last layer. If the anchoring is finite and identical
at the layer surfaces the both polarization directions are different
from the rubbing direction by the director deviation angle from the
alignment direction at the surface u.

The described method allows for determination of u with an uncer-
tainity of a constant value equal to p. The twisting of director by the
angle h and h� p, h� 2p etc. are undistinguishable. However, when
the measurement starts at u ¼ uo ¼ 0, the angle u can be determined
as function of uo univocally, as long the u-changes are continuous. The
jump in u, when exists, appears as a disinclination line separating
areas, where the director twist differs by p. The disinclination line pre-
sents a kind of director kink or Néel wall. A typical example of the dis-
inclination line, as observed under polarizing microscope, is shown in
Figure 7.

The measuring procedure is as follows:

1) The sample is placed on the rotating table of the polarizing micro-
scope between crossed polarizers. The rubbing directions on both
glass plates are parallel to the polarizer direction. There is no twist
within the sample and the field of view is black. The bottom glass
plate, prepared for rather weak anchoring, is fixed to the table.
The upper plate prepared to get strong anchoring is fixed to the
microscope objective.

2) The lower glass plate is turned by an angle uo. The field of view gets
bright. The extinction can be, in general, achieved after several
adjustments of the position of both the polarizer and analyzer.
The final change in the position of the polarizer determines the
bottom u angle (or via the relation u ¼ h–uo the director twist angle
at the layer thickness h if the anchoring at the second surface is
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infinitely strong). The position of analyzer, respectively, reveals the
director orientation close to the upper surface and, by comparison
with the rubbing direction allows determining the u angle at the
upper glass plate. In the case of strong anchoring at the upper
plate, the analyzer direction is exactly perpendicular to the rubbing
direction and the adjustment of analyzer is not necessary.

RESULTS OF EXPERIMENTS

To check the measuring method described above, we prepared a cell,
which both walls gave strong anchoring. In this case one can expect that
the polarizer rotation is the same as the walls twist. Figure 8 demon-
strates that it is really the case. The rotation of polarizer is identical
with the glass plate rotation in the whole range of measured angles.

Figure 8 demonstrates also that a sudden jump of director position
occurs when the walls rotation uo approaches 180�. For some rotation
angles two areas may simultaneously exist, where director twist dif-
fers by 180�. These areas are separated by a disinclination wall (see
Fig. 7). On turning the plate back a large hysteresis of the director
twist is observed. For rotation in this direction the jump by 180� takes
place close to 0 deg.

FIGURE 7 Disinclination lines separating areas with director twist differing
by 180�. Magnification 90 � , crossed polars, walls twist 180 �.
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In the case of weak anchoring on one surface, the wall rotation
angle uo differs from the director twist in the layer h. A typical result
of measurement is shown in Figure 9. In this case, as well, a linear
dependence h on uo is obtained, however the slope of the straight line
is less than 1. It means, the u angle is nonzero. This result agrees with

FIGURE 8 Director twist as function of the wall twist in the case of strong
anchoring on both walls. Sample thickness 20.5 mm.

FIGURE 9 Director twist as function of the wall rotation in the case of weak
anchoring on one wall and strong anchoring on the other. Sample thickness is
6 mm.
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Eqs. (9) and (14), which predict almost linear u(uo) dependence. The
hysteresis of the twist angle occurs as well as in the case of strong
anchoring. However, both the jump angle and hysteresis are now
smaller (see Fig. 10).

The slope of lines in Figures 9 and 10 can be used for determination
of Sd – parameter for each discussed in former chapter model poten-
tials: Rapini - Papoular (RP) and B – potential. The Sd-values calcu-
lated for each model are different and these values alone do not
allow to decide, which model matches better the experimental results.
If, however one takes into account the values of the jump angle the
values of uoc corresponding to jumps suggest that the B-potential
can better describe the real situation than the RP potential.

It is evident from Figure 9 that for wall twist angles about 110� and
40� director jumps occur. The jumps are symmetric with respect to the
line u0 ¼ 90�, similarly as in the case of strong anchoring (Fig. 8). The
Eqs. (9) and (14) demonstrate that Sd is the most important parameter
describing the relative contribution of the surface and bulk interac-
tions to the phenomenon of director twisting caused by the walls
rotation. The simplest way to adjust this parameter is changing the
sample thickness d (the anchoring energy Ws and elastic constant
K22 are not easy to control).

The role of Sd – parameter was tested in samples of varying thick-
ness. The experiment was performed in conditions of constant other
parameters (Ws and K22) which were secured by constant temperature

FIGURE 10 Hysteresis of the director twist h in the case of weak anchoring at
one of the walls. Sample thickness is 6 mm.
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and homogeneous surface treatment. The cell of varying thickness was
constructed using a flat glass plate and convex lens. The surfaces of
both the lens and the plate, after careful cleaning in detergent solution
and organic solvents, were dried and unidirectional rubbed on a filter-
ing paper. The lens was fixed to the microscope objective, and the plate
to the rotary stage. The rotation of stage caused the rotation of plate
with respect to the lens. The director twist was measured using the
optical method described above.

The experiment showed that in conditions of strong anchoring the
director twist h is the same as the plate rotation uo. This observation
is valid in the whole range of the sample thickness (in our experiment
varying from 0 to about 100mm). On the other hand, the critical angle
for of the plate rotation for the director jump uoc depends strongly on
the thickness d, thus on the Sd – parameter. This dependence is shown
in Figure 11. For small Sd- values (large thickness) the critical angle
uoc tends to 180� and for large Sd (small thickness) uoc is close to
90�. This behavior agrees with theoretical predictions (Figs. 3 and 4)
for both model potentials. The results of the last described experiment
confirm the presented theory, however they do not allow concluding
which model better describes the real situation.

CONCLUSION

The presented above results show that the variations of the twisted
configuration under rotation of the easy direction in a plane nematic
layers with a finite strength of surface anchoring as well as the

FIGURE 11 Jump angle uoc as function of the reciprocal of the sample
thickness.
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temperature variations of the pitch configuration in a plane cholester-
iclayers with a finite strength of surface anchoring [1,2] are directly
dependent on the shape and the strength (dimensionless parameter
Sd) of anchoring potential. The corresponding variations are depen-
dent also on the director thermal fluctuations. For example, the
narrowing of the hysteresis loop observed for a weak anchoring
(Fig. 10), which is definitely connected with the increasing of Sd, may
be, also partially due to the director thermal fluctuations. It is why
the studies of these phenomena allow in the simplest case to determine
anchoring strength and in general case not only to determine the
anchoring strength but also to reconstruct the shape of anchoring
potential. The obtained above results are the first steps in studying of
the hysteresis phenomena accompanying the mentioned jumps of the
pitch and the bistability, which are of the great application value. In
particular, these results may be considered also as a starting point for
studying of the dynamics of the director configuration transformation
at finite surface anchoring.
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