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The time evolution of director orientation in the cell subject to the external mag-
netic field in the case of time-dependent boundary conditions is investigated.
The case when one substrate has strong anchoring and at other substrate director
anchoring is determined by process of adsorption /desorption of LC molecules on it
is considered. The problem is solved in one constant approximation and Rapini-
type potential for interaction between LC molecules in the cell and adsorbed LC
molecules is proposed. During the time evolution the orientational distribution
function of molecules adsorbed on the cell substrate possesses two maximums.
Time evolution of the director orientation, anchoring energy and easy axis at the
substrate is investigated numerically.

Keywords: anchoring energy; liquid crystals; memory-free alignment

1. INTRODUCTION

The possibility to control precisely the anchoring energy of liquid crys-
tals (LC) on photo aligning polymers makes them the most promising
materials for weak and memory-free anchoring. The problem, which
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hampers their application, is the strong alignment memory effect. This
effect is caused by an anisotropic adsorption of LC molecules on align-
ing surface and is observed for most aligning materials and different
liquid crystals [1-8]. The adsorbed layer behaves as a new anisotropic
substrate, imposing strong monostable anchoring [2]. The strength of
anchoring depends on the number of adsorbed LLC molecules and their
orientational distribution function. The memory alignment can be
changed due to adsorption and desorption of LC molecules.

The purpose of the present paper is to investigate time evolution
of director orientation in the cell subject to the external magnetic
(or electric) field in the case of time-dependent boundary conditions.
We will concentrate our consideration on the case when one substrate
has strong anchoring and at other substrate director anchoring is
determined by process of adsorption/desorption of LC molecules on it.

The free energy functional has the usual form

F:Felast+Fm+FS7 (11)

where F,,; is the elastic energy, F,, describes the interaction with the
magnetic field and has the form

Fo =~ [ H®)av.

and Fg is the part of the free energy that corresponds to the inter-
action with surface.

To formulate the problem we have to choose some model for Fig and
describe the time evolution for the adsorption/desorption process
using the kinetic equation for the distribution of the molecules on
the surface. The molecules in the volume are described by the function
foor(2), where a is the angle between the director () obtained from the
dynamical equations and another direction 77/, the maximum of this
function is related to the director orientation. For the molecules near
the substrate we have to make the projection of the 3-dimensional dis-
tribution f,,; onto 2-dimensional one fyy. Evidently, the part Fg of free
energy depends on the function fy and the distribution fg of LC mole-
cules at the surface. The maximum of f5 plays the role of easy axis on
the surface. The function fs(¢,t) (the value fs(¢,¢) roughly speaking
describes the portion of molecules with the angle ¢) obeys the kinetic
equation like

6f S (QD, t)

oo = Adv(e.) ~Afu(.1), (1.2)

where the constants are related to the adsorption/desorption rates.
This kinetic equation determines the form of Fg and therefore
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the boundary condition for Euler-Lagrange equation obtained from
the functional (1.1). Finally we arrive to the system of equations: the
Euler-Lagrange equation for 7(#) (differential), boundary conditions
(algebraic and/or integral), and the kinetic equation (1.2) (differential).

In the present work we consider the simplified situation in
1-constant approximation with the planar director orientation. The
paper is organized as follows. In Section 2 we present the model and
briefly discuss the well-known solution of Euler-Lagrange equation
for the case of nematic molecules distributed between two parallel
planes. For the sake of simplicity we consider the case strong anchor-
ing on the first plane. Here the model of time-dependent boundary
condition is given. Next, in Sec. 2 we also discuss the form of the
anchoring energy presented above, this analyzes allows us to rewrite
the form of the anchoring energy in Rapini-like form in Sec. 3. Using
the kinetic equation the time evolution of all the values can be formu-
lated in terms of the angle related to the director orientation in the vol-
ume (see Sec. 4). Simple asymptotical solutions are given in Sec. 5. In
Section 6 we discuss the modification of the model when the magnetic
field is applied with the angle different from n/2. The numerical
results are discussed in Sec. 7 for the modified kinetic equation Sum-
mary and discussion is given in Sec. 8.

2. DESCRIPTION OF THE SYSTEM
1. General Expressions and Geometry of the Model
The bulk elastic energy F,,; in one constant approximation is
given by
Felast = %/kzg@injainjdv. (21)

Consider the following configuration: let the nematic molecules are
distributed between the planes z = 0 and z = . The director field due
to the symmetry can be expressed in terms of the angle ¢(z):

n(z) = excos ¢(z) + e sing(z), (z) = /(7€)

(here ¢ is an azimuthal angle in spherical coordinates).

The system is in the magnetic field H = €,H, so that the total func-
tional of the free energy consists of tree parts: the elastic energy Fo,s,
the surface terms Fs and the term caused by the magnetic field Fy:

1 -
F =P+ Fu~Ws, Fu=-j [ni-HPdv.  (22)
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Using notations introduced above
1! 2 2
F= 5/ dzlkoz”” (2) — 1, H* sin’ (2)] + Fs, Fs=-Ws.  (23)
0
In the model of the surface potential proposed by Rapini
1 2 1 2
Ws =5 Wocos7(¢(0) — 9,) +5 Wicos™(o(l) — ¢1)-

where ¢, and ¢; are easy axes at the planes z =0 and z =/ corres-
pondingly.

In the present paper we suggest that the energy Wg depends on the
values ¢(0), ¢(l) and the properties of a surface that determine the
easy axis orientation. For the sake of simplicity we consider the case
when at the surface z=0 we have strong anchoring with ¢, = 0.
So that

l
Feg / delkazg(2) — 1, H sin® p(2)] - Wslo(D).  (2.4)
0

Taking the variation of this functional one will arrive to the follow-
ing Euler-Lagrange equation

2
9" (z) + XZH sin @(z) cos ¢(z) = 0,
22 (2.5)
raH?
o> =29 (we suppose that y, > 0),
ka2
with boundary conditions
_ iy AWsle()]
@(0) =0, ka2g'(l)- “dol) 0. (2.6)

The solution of the Eq. (2.5) is well-known. Using its first integral
we get

9" (z) + % sin? (2) = C?

= const,

the constant is related to the maximum of the function ¢(z),
C =sing,,, for ¢,, = ¢(z,), where ¢'(z,) =0. Using the boundary
condition for z = 0 we can write the solution in the form

*(@) d
O‘Z:/ - 2 (P- 2 1/2°
0 [sin” @,, — sin® ¢]
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or
arcsin(sin ¢(z) /k) do
[1 — k2 sin 90}1/2

= (rcs s1n(p ),k>, k = sin ¢,, (2.7)

(we can see that z,, = K(al)). In the equivalent form of the Eq. (2.7) can
be written as

sin p(z) = ksn(az, k). (2.8)
The parameter % of the elliptic integral can be determined from the

second boundary condition. Taking into account (2.8) we can rewrite
this in the form

aken(ol, k) — 1 dWle()] =0. (2.9)
ka2 qu(l) o(l)=arcsin(k sn(udk))
In Rapini model (2.9) reads
w;
akcen(al, k) + k—sm((p(l) — @) cos(p(l) — @) =0.
22 o(l)=arcsin(k sn(ul.k))

(2.10)

In two simplest cases W — 0 and W — ~o this equation can be
rewritten in more simple one. When W — 0, (2.9) is reduced to
ken(al, k) = 0, so that k& obeys the equation K(k) = ol. When W; — oo,
¢(l) = ¢;, where ¢; is the solution of the equation dW{¢|/d¢p = 0. In
Rapini model this equation holds due to (2.10).

In all of these cases the value % determines the director distribution
completely.

2. Time Evolution

In the present paper we will analyze the time-dependent boundary

condition at z = [. Time evolution of the easy axis at the surface z =

is governed by the process of adsorption/desorbtion of the molecules

at the surface. Therefore the functions like to director orientation,

the easy axis at the surface, the anchoring energy, are time-dependent.
Free energy functional has the form

! 2
= 1/ dz [kzz (M> — 1 H?sin® ¢(z,t) | + Fs(t). (2.11)
2 0 0z




Downloaded by [University of California, San Diego] at 09:22 22 August 2012

6/[1872] A. Romanenko et al.

All the equations determining the director orientation preserves
their form, but the parameter & becomes time-dependent.
We assume the following expression for the anchoring energy

W(t) = W, / o, / (771 - 72 oy (O, E)foo Q. 1), (2.12)

where 712 are determined by Q9 = (¢19,012) in spherical coordi-
nates, f,,; and fy,,r are distribution functions in the cell (for some z)
and at the substrate.

For f,,:(Q,t) we choose

N |
fvol(Q >t) —N

vol

exp(bPa(i- 7)), [fa(@0dQ =1 p=Gr. (213)

Here N,,; is a normalization constant, S is the order parameter, a is
some constant, 77 is the director orientation (solution of Euler-
Lagrange equations), 7’ is orientation of LC molecules determined
by Q' = (¢',0'). Using

7 = (cos p,sin,0), 7 = (cos ¢’ sin0',sin ¢ sin @, cos )
we get
- =sint cos(p — ¢'),

so that

fvol(Q/a t) =

! exp(BPz(sin 0’ cos(p — ¢')), (2.14)
N, vol
the real time dependence is included in 77 (or ¢(?)).

The LC molecules can be adsorbed on the surface with different
values of ¢ but with the same ¢'. Distribution on the surface is planar
so that we have to make a 2-dimensional projection of (2.14) integrat-
ing on the variable ¢/, i.e., to describe these molecules we have to con-
sider the averaged distribution for z = [:

fV((P/,t) = <fU0l(Q’7t)>9’: /Onfvol(Q/7t) sin 0'd0’. (215)

Further we will denote ¢(,¢) by ¢y (¢).
As to the distribution fg,, it is evident that that its form is

fsurf(Q/a t) = fS(q)lv t)é(cos Hl)v

here the last multiplier displays the fact that all the molecules lie at
the substrate.
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Therefore using the properties of f,,;(Q,¢) and fy,,r(Q,t) we can
rewrite W(¢) as

/2 n/2
WO =W, [ do / d02€05' (01— 0u)fs (01,0

x / Sin® 01 (s, £)d03,
0
or, denoting
fv(so,t):/ foor(Q,¢) sin® 0d0 (2.16)
0

we can present (2.2) as

/2 /2 _
W(t) = W, / Lo / doafs @1, (000 0501~ ga). (217

The functions fy(¢',¢) and fy(¢',¢) are given and we can introduce
more convenient notations motivated as follows. Maximum values
both of them are reached when ¢’ = ¢y and they are symmetric with
respect to extremum. Moreover, their real time dependencies are
included into ¢y (). So we denote

fr(@ —ov®) =fr(¢'t), Fv(eo' —ov(t) =fv(et),

where
fV(OC) _ ]vi/n eﬁPz(sinf?cosoc) sinGdG,
vol JO
Fy(2) = N—l / " efPatsinteos ) gind g,
vol JO

With these notations for a fixed moment of time Wg as the function of
oy reads

/2 /2
Wipy(t)] =W, d@l‘/7 B doofs(@1.6)fv (@ — @y (t)) cos® (o1 — pg).

—n/2
(2.18)
The function fs(¢,¢) obeys the kinetic equation
17 t
%ZAJJCV(@_ q)V(t)) _A*fS(§D7t)7 (219)

where A, are the coefficients describing velocities of the adsorp-
tion/desorbtion process. In the equilibrium case fs(¢,t) is simply
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proportional to fy (¢ — @y ), namely

fs(o,t) =§—ffv(w — oy(t))

so that ¢ = ¢y is the maximum of this distribution and corresponds to
the easy axis on a surface.

To find the director orientation we have to solve the boundary con-
dition for all time values, this equation depends on function W(¢), to
write its explicit form in order to find the energy W(¢) we have to solve
the kinetic equation. The initial condition we choose

f5(0.0) = 4" fulo - 05(0).0)

where the value ¢g(0) is given. Molecules, adsorbed on a surface, are
not so mobile as the volume ones so that at ¢ = 0 the function fs(¢p)
describes the equilibrium distribution. At the same time the magnetic
field changes the orientation of the molecules in the cell.

It should be noted here that the functions fy(¢) and fy(¢) can be
expressed in terms of error-function integral. Calculating the integral
over 0 directly one will arrive to the following expressions:

frlo) = g e e (), (220
= 11 1
fvie) = *Nwlzze B2 4 @fV(q’)a (2.21)

where

3 T T 2 * 2
fZZEBCOSZ% 55 e’"f(x)Z\/—%/O e " dt.

For ¢ — n/2 (¢ — 0) there are not any singularity. Indeed,

2 _
Fo(@) = e 2 Fylp) =0 for ¢—7.
Ny 2
Using (2.20, 2.21) and the properties of the error function we can write
down power series expansions

2 < oo 2
_ 2 2 on —B/2
o) =x.¢ ;(ZnJrl)!!é N ¢

vol

= 2" 3/ o,
X ;m <?> Cos™ @, (222)
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2
2 B2 on _ —p/2
Z 2n + 3)" =N

3pY
2} o +3 T ( )cos o, (2.23)

(these functions differ from each other on the factor 2n + 3 in Tailor
series).

Normahzatlon constant N,, can be calculated from the condition
Jr 7I/va( ¢)d¢ = 1. The result is

Nyor = 2me P12 % '5/[32/2), erfi(x) = /Ox e’ dt. (2.24)

3. THE ANCHORING ENERGY

For each fixed moment of time the integral (2.12) can be considered as
the function of the parameter ¢y, so that we can transform
W(t) = W[py] using general properties of the distributions f,, and

f:eurf‘

Making a substitution og = ¢4 — @y into the inner integral and per-
forming the simple calculations with trigonometric functions we
obtain

/2 /2~y
Wipy] = W, / folon 0o, [ / " (a2, 0)dasy

/2=y
m/2—py _
+ cos2(p; — ovy) / [v(02) cos 209 dog
—-n/2—¢y
. m/2=py _ .
+sin2(¢; — oy) / [v(02) sin 209 dog | .
—n/2—gy

The functions sin 20, cos 20 and fy(0) are periodic with the period 7,
so that we can change the range of integrals from [—7/2— ¢y,
/2 — @y] to [-1/2,7/2]. Further, fy(0) = f(—0) so that the integral
with the sine function vanishes due to antisymmetry of sin 20.

Finally, we arrive to the following form of the anchoring energy

1 - — .
W[(pv] = §W0 [Islv + sz(Czs cos 2¢y + Sag sin 2(pv)} , (31)
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where
/2 _ /2
Lt)= | fs0.0d0, Ty= [ Fy(0)d0=const,
—n/2 —n/2
- /2 . /2
Coy = fv(0)cos20d0 =const, Soy = fv(0)sin20d0=0, (3.2)
—n/2 —n/2
/2 /2
Cos(t) = [s(0,t)cos20d0, Sos(t)= fs(0,t)sin20d0.
—n/2 —n/2

Using (2.20, 2.21) we can find the following connection between Iy, Iy
and Coyy:

3+ = T 1
5/’)(1‘, +Cay) :me*ﬂﬂ —5lv.

The integral Iy can be calculated with the use of expansion (0.9),
we get

; _2me 2 1 (3/3)”
5 ) -

VT Nug & (@n+1)2n+3)nl\ 2

In these denotations one can rewrite the formula for the anchoring
energy in the special form that is similar to usual Rapini expression.
Let us define the angle ¢g():

Sas(t)
[C3s() +S3s()]

Cas(t)
[C24(2) + S24(1)]"/?
(3.3)

sin 2¢g(t) = cos 2¢4(t) =

Therefore (3.2) reads

Wioy] = 5 Wo 1Ty + Cav/Chs(0) + S35(0) 0820y (6) — 0s(0) | (84

The boundary condition at the plane z = [ has the form

d9(z,?) Wloy(®)] _
L B =" (3.5)

The last term in Lh.s. of (3.5) can be calculated by the direct differen-
tiation (0.4) or (1.1) on the parameter ¢y. So we get

ow
oy

kZZ

= W,Cav(Sas cos 2py — Cag sin 2¢y,) (3.6)
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(here we use only the formal properties of fi(0) without its explicit
form).

From (3.6) we can conclude that dWd oy = 0 when ¢y = ¢g, so that
the function ¢g(¢) defined in (3.3) plays the rule of the easy axis on a
surface at the time moment ¢. Using the definition of ¢g and the
expression (3.6) we can rewrite the boundary condition as

s 1+W062V Cls(t) + S3s(t) sin2(ov () — @s(t)) =0 (3.7)

kog ————
that formally coincides with Rapini expression.

0z

z=

4. KINETIC EQUATION

Time evolution is governed by the kinetic equation

afS(q)v t)

90 A fulo—0v) A fs0.0), fs(0.0) =5 (0~ 05(0)).

Multiplying all sides of the kinetic equation on sin 2¢ and cos2¢ and
integrating on ¢ in the range [—n/2,7/2] one can find the differential
equations

d .
—-Sas(t) + A _Sas(t) = A Cay sin 20y (¢),

‘fi’f (4.1)
7 Cas(t) +A_Cas(t) = A Cay cos 20y (t),
with formal solutions
t
Sas(t) = Sas(0)e 4 +A+C2V/ e 479 sin 20y (1)dx,
0 (4.2)

t
Cas(t) = Cas(0)e A + A, Coy / =49 ¢o8 2y (7).
0

Here analogously to (3.2) we have introduced the following constants

"1/2
Iy = fv(0)d0 = const,
—n/2
/2
Coy = fv(6) cos 20d0 = const,
—n/2
/2
SQV = fv(f)) sin20d0 = 0. (43)

—n/2
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The constant Cyy can be calculated from the identity

/2 1 1 me b2
20dg == (Iy + Coy) = e (€32 — 1
7n/2fV(§D)COS qD q) 2( V+ 2V) Nygl 3ﬁ/2 e )7
so that
2 me P2
B2 _ 1y
" N 382 o

Similarly, integrating the kinetic equation directly, we obtain the
equation for the integral Ig(¢) = ff7/32 fs(o,t)do,

d
EIS(t) +A_Is(t) =Aly,
therefore,
A A
Is(t) = (IS(O) - A—+)eAt + A-*IV. (4.4)

Assuming fs(9,0) = A, A_fy(p — 3(0)) we get Is(0) = (A, /A )y, so
that

Is(2) _A

=1 Iy = const. (4.5)

Note that the kinetic equation one can rewrite by the following way,
making the substitution fs(¢,t) = e* fs(9,t):

t
fs(.1) = fs(9.0)e A + A, /0 Ao, op(0)dr. (46)

Integrating this equation with 1, sin 2¢ and cos 2¢ we will arrive to the
results obtained above. Using the formal solutions for Sy5(¢) and Ceg (%)
one can present the energy and its derivative with respect to ¢y as

1 - ~ ) _
Wipy] = 5 W,[IsIy + Cav[cos 29y (¢)Cas(0) + sin 2¢y (£)Sas(0)Je -

2
_ t
4+ CovCay /0 eA-1-9 cos 2y (£) — py())da], (4.7)
inVq[:PV] =W,Cov [cos 2¢y (£)S2s(0) — sin 2qu(t)C2S(O)]e_A*t
\%4

t
— W,A, CoyCay / e sin 2(gy(t) — oy(1))dr.  (4.8)
0



Downloaded by [University of California, San Diego] at 09:22 22 August 2012

Magnetic Field Induced Director Reorientation 13/[1879]

Using the formal time dependencies, we are able to reformulate the
initial problem as following. To calculate the director orientation for
any time moment we need k(¢). This function satisfies the integral
equation

ok (t)en (o, k(t)) — WoCay (cos 2y (£)S2s(0) — sin 2y (t)Cas(0))e

t
+ W,CayCoy / e A 5in 2(@y (t) — @y (1))dt = 0. (4.9)
0

When ¢ — oo the first term can be neglected.

5. ASYMPTOTIC

Let us consider the asymptotic behaviour of the solution when ¢ — oco.
In this case

b A (t—1) o 2 d
lim 0 SIM20v(OdT o (0),

lim tg 295(t) =
lim Ps(?) P fée—A,(t—T) cos2¢y(t)dt  t—

Therefore ¢g(t) — ¢y (¢), when ¢ — oo and the boundary condition at
z = [ in this case reads
Iy (2,0)

kas 0z

= otkag - k(oco)cn(al, k(c0)) = 0,

z=l

so that o/ = K(k(c0)). This means that for ¢ — oo angles ¢g and ¢y are
equal and are independent on the properties of a surface.

By the similar way we can consider the limit ¢ — 0, the boundary
condition is reduced to

kazok(0)cn (oL, (0)) + W,Cay[C3s(0) + S35(0)]"/”
x sin2(gy(0) — ¢3(0)) = 0.
This equation receives the simplest form when ¢g(0) = 0:
koook(0)en(al,k(0)) + W,CayCas(0) sin 2¢y,(0) = 0.
Taking into account the solution ¢y = arcsin(ksn(al,k)) we get

sn(od)en(od) _ okas — ¢ — const
dn(al) 2W,CavCas(0) ’

so that

2
cn(2al,k) = 1_’_—;
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or, equivalently

1-¢&2
20l = F| arccos — ,k(0) |.
1+¢

This equation allows one to find £(0) and investigate the properties of
the critical field.

6. NON-ORTHOGONAL FIELD CONFIGURATION

Let us now consider the simple modification of the problem. In all the
calculations performed above the direction of the magnetic field was
orthogonal to the easy axis at the plane z = 0. In more general case

H = H(é, cos gy + &, sin ¢g),

so that the free energy functional receives the form

1
F = %/ dzlkazg'®(2) — 1aH? cos?(9(2) — ¢n)] — Ws. (6.1)
0

With the use of standard procedure we will arrive to the Euler-
Lagrange equation with the following boundary conditions

dWslo(l,1)]

_ — / _
@(07 t) - 0 (fOI‘ 2= 0)7 k22(/) z(lat) dq)(l,t)

=0 (forz=1).

For arbitrary ¢y we introduce the substitution
V(z,t) = o — 9(2,1), (6.2)
so that the Euler-Lagrange equation reads

Yo H* o H*

vl(z,t) + siny(z,t)cosy(z,t) =0, o == (6.3)
kzz k22
the boundary conditions (2.2) are reduced to
dWs[y(l,¢
‘/j(07 t) = lpo = Qm, kzzlﬁ;(l,t) - M =0. (64)

dy(l,t)

Using the periodicity properties of distribution functions one can
easily show that the anchoring energy will be the same, we can simply
substitute ¥ = oz — ¢, Yy = g — ¢y instead of ¢, ¢y and denote
again

fS(lnbvt) EfS(QDH - l,b,t)
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Integrating the equation (6.3) we obtain the well-known formula

B ¥(@) dy
e —a)= j:/0 [sin2 W, — sin® 1//]1/2 '

where /' (z,,) = 0, ¥, = ¥(2,). In R.H.S. of this expression we have to

choose the sign “+” for z < z,,, and “ — ” for z > z,,. When z = 0 we find
. siny, .
—oa =F arcsmT,k , k=siny,,. (6.5)

Requiring the total solution being continuous at z = z,,, we can write

siny(z) = ksin(a(z — a), k) (6.6)

0.8

0.6

0.4

0.2 4

0.0 H——F—— 7

FIGURE 1 The function ¢g(t) for initially ordered surface distribution.
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FIGURE 2 The function ¢y (1) for initially ordered surface distribution.

where a satisfies (6.5). The parameter k(¢) can be calculated from the
boundary condition at z =1

1 dW[py]

okcen(o(l —a)) — e

=0, Yy =y() = arcsinksin(«(l —a))],
or, taking into account general expression of W

vken(a(l —a)) + ZV—OézV(CZS sin 2y, — Sas cos 2yy) = 0. (6.7)
22

Here Cogs(t), Sas(t) and Cyy are the same as in (3.2). Functions Cos(t),
Sos(t) (and the anchoring energy) can be determined from the kinetic
equation as described in Sec. 4.
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FIGURE 3 The distributions fy(r) and fs(r) for initially ordered surface
distribution for middle moment of time.

7. MODIFICATION OF KINETIC EQUATION

To describe the adsorption/desorbtion process more precisely we use
the generalized kinetic equation in the following form

Is10D) _ A, (9. 0fv(0.6) ~ A (0. 0s(0.1). (7.1)

where we denote

Ai(e,t) =aP(9.t), A (9t)=a P (91), (7.2)
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FIGURE 4 The function ¢g(t) for initially chaotic surface distribution.

and
FACH
P.(0.1) = exp| % cos* (0~ 03)

n/2 S
< [ exp| A coston — s fitondon (73)
—n/2

P_(¢p,t) =exp {_k‘;cos (¢ — ws)]

n/2 o S 9
<[ o0 g eosilon—05)|flon tdor. (1)

The functions P, (¢, ¢) can be interpreted as follows. The probability
for given LLC molecule to be desorbed from the surface depends on the
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FIGURE 5 The function ¢y (1) for initially chaotic surface distribution.

order parameter of surrounding it other adsorbed molecules, and also
site for desorption should be vacant in other words is may be written
as a_P_(¢,t), where a_ = const. The surface order parameter is
defined as

/2
So= [ leos o~ 1/2fs(o.t)do. (15)
—n/2

The probability for given LC molecule to be adsorbed depends on
its orientational state before adsorption, the order parameter of
already adsorbed molecules, and also site for adsorption should be
vacant (some adsorbed molecule should go away before new molecule
from the bulk comes to that site). So that it is a P, (¢,t), where
a_ = const.
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In stationary case we can put Jfs/0¢t = 0 and the kinetic equation
became

a+P+(ﬂ07t) = afpf(q),t).

Integrating this expression over ¢ we arrive to the result that
a.=a_.

It seems that this form of the kinetic equation describes the experi-
mental data more realistically than the equation with A, = const.
Some results of the numerical calculations are presented on Figures
1-6. The solution of the differential equation was developed with
the use of standard Runge-Kutta method, and at each step of this
procedure we solve the algebraic equation to find the parameter & of
the elliptic functions.

In all the figures the following values of constants are chosen:

Ly Woi_

ETT ke

0.1, py=455 fg=1.

14
134
124
114
104
0.9
0.8
0.7
06
05
0.4
03
02

0.1

FIGURE 6 The distributions fy(t) and fs(7) for initially chaotic surface distri-
bution for middle moment of time.
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(the magnetic field is orthogonal to director distribution). In the kin-
etic equation (modified) we put A,y = 1. Time variable is dimension-
less, we denote 1 = A_ ot.

In the Figures 1-3 the initial orientation of LC molecules at
the plane is the same as in the nearest layer in the volume (i.e.,
fs(¢,0) =fv(»,0)). Time evolution of distributions is given for
722 0.2. The function ¢g(¢) can be fitted by the stretch exponent

ps(1) = pg(00) +Aexp[—(t/10)’]

with y = 1.18.
In the Figures 4-6 the initial orientation at the plane is chaotic, we
describe this by the function

_JLlpl <14,
f(9,0) = {0, lp| > 1.4.

(further we normalize this function requiring jj://zz fs(p,0)do = 1).
Time evolution of distributions is given for = 0.2. The function
@g(t) can be fitted by the stretch exponent with y = 0.79.

Note that the parameter y in the stretch exponent essentially
depends on all the parameters of the model. It may be larger or
smaller than 1.

8. SUMMARY

We have studied time evolution of director orientation in the cell sub-
ject to the external magnetic field in the case of time-dependent
boundary conditions. Boundary conditions change is due to processes
of LC molecules adsorption/desorption. Director reorientation may
have stretch-exponential character. This agrees qualitatively with
experimental data of [11]. Characteristics of stretch exponent signifi-
cantly depend on model’s parameters, in particular on order
parameter of adsorbed LC molecules.
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