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Nematic director slippage: Role of the angular momentum of light
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We propose a theoretical model of the light-induced director slippage effect. In this effect the bulk director
reorientation contributes to the surface director reorientation. It is found that the director and ellipticity profiles,
obtained in the geometric optics approximation, are dependent on the ellipticity of the incident light wave. The
director distribution is spatially modulated in linearly polarized light but grows monotonically in circularly
polarized light. The surface director deviation has been examined, and comparison made with existing experi-
mental data, which then permits the magnitude of the orientational nonlinearity coefficient to be calculated.
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[. INTRODUCTION ized laser beam, subject to boundary conditions which con-
strain the surface director to remain in the plane of the cell.
Light-induced reorientation effects in liquid crystals are Light which propagates through a linear birefringent medium
important both for fundamental reasons and because of tH@ this geometry changes its polarization state in a periodic
possibility of using these effects in applicatiofl. In the ~ way, with wavelength\/(ng—n,). In the course of one
majority of cases, the director reorientation occurs in the celvavelength, the ellipticity of the light changes periodically
bulk and is imposed by the Optica| torque_ This torque Carbetween— 1 and 1, as the ||ght alternates between linear and
originate either from: orientational nonlinearitg], or from  circular polarizations. A liquid crystal, although no longer
photorefractive effect§3,4], or as a result of photoinduced strictly a linear birefringent medium, in that there is a feed-
nonlinearity in dye-doped liquid crystalsCs) [5—10). back on the director from the local fields, nevertheless con-
Light-induced reorientation effects have usually been observes this property except for very intense light. As a con-
served in liquid crystal cells with strong anchoring. By sequence, the field-induced torque on the liquid crystal
strong anchoring we imply that the director reorientation oc-director is also spatially modulated and periodic. However, if
curs in the bulk of liquid crystal and is negligible at the the nonlinear feedback increases, the ellipticity spatial modu-
a|igning surface. Deve|0pment of new a|igning ma’[eria|s|ati0n is accompanied by a director reorientation. The reori-
pro\/iding weak anchorin@ll_l:ﬂ has allowed the observa- entation of the director in the cell bulk immediately mani-

tion of surface director reorientation. fests itself as a director reorientation on the surface, if the
An observation of such a reorientation, referred hereaftepurface anchoring is weak. N
as a slippage effect, was reported by Maresial. [14] in a Since the director torque compensates the deposition of

combined liquid crystal cell. One of the cell surfaces withthe angular momentum of light into the liquid crystal, the

strong planar anchoring provided homogeneous alignment giirector reorientation depends significantly on the polariza-
the nematic director parallel to the substrates. The other sufion state of the incident light beam. As a result, surface
face had rather small azimuthal anchoring. The liquid Crystaqjirector reorientation is also sensitive to the polarization of
was doped with azo-dye in order to increase the orientationghe incident light beam.

nonlinearity coefficient, due to photoinduced trans-cis The paper is organized as follows. In Sec. Il we solve the
isomerization of azo-dye molecul§0,15. A linearly po-  Self-consistent problem of propagation of monochromatic
larized laser beam, propagating through the birefringent mixlight wave in the planar liquid crystal cell. We use approxi-

ture, induced a bulk torque accompanied by director reorienmations in the spirit of geometric optics to obtain the director
tation in the cell bulk and at the weak anchoring surface. Thélistribution in the cell. Then in Sec. lll we compare existing

surface director reorientation was observed as a change Rxperimental results to the theoretical predictions and esti-
the polarization state of a probe laser beam propagating frofate the photoinduced nonlinearity coefficient. Finally, in

the side of the strongly anchoring surface. Sec. IV, we present some brief conclusions.
Recently Francescangedt al. [16] found that the slip-
page effect competes with a the light-induced anchoring ef- Il. DIRECTOR AND ELLIPTICITY PROFILES

fect discovered earlier by Voloshchenkoal. [17]. At the

same time, was noticed that this effect is sensitive to the Consider a nematic liquid crystal cell of thickndsgson-

polarization of the laser beafi8,19. fined between the plangs=0 andz=L of a cell uniform in
The key element of the present paper is to combine théhexy plane. Let the directon= (cose,sin¢,0) describe the

physics of surface director reorientation with the use of light-average molecular orientation in the cell. We suppgse

induced bulk director reorientation. The reorientation occurs= ¢(z) and only consider the equilibrium orientation of the

in a cell in which the director rotates in an elliptically polar- director, i.e., the angle does not depend on time.
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Let the elliptically polarized monochromatic light wave, sideringf, as a Hamiltonian function. Thes is a general-
with wave numberk=kz, ellipticity e;, and major ellipse ized coordinate andl,= —(l/w)e is conjugate momentum,

axis making an angle with the x axis, be normally incident wherel, is the average angular momentum carried by the
on the cell from the side of the surface with weak anchoringoptical beam along the propagation direction.

Note that, because the light is propagating in an inhomoge- These equations are
neous anisotropic medium, the Poynting vector and the light

polarization both vary in space throughout the sample. Y ® e

The light illumination produces a bulk torque acting on Sz AN 3C0s AP ¢), (4)
the liquid crystal. The director distribution is determined by (1—€9)
the balance between optical, elastic, and surface torques. To
calculate the director configuratiam(z), it is necessary to f: gAn(l—ez)l’zsin 2Ah—¢) (5)
write down an effective free energy densityhich can then Jz ¢ '

be minimized with respect to the director profile. This is o ) _ ) _
The equilibrium orientation of the molecular director is

f=fet+fopt, (1) given by the minimizer of the functiondl§f{¢(z)}dz sub-

) . o . Ject to fixed field intensity and polarization statee(y).

wherefe=;K;x(d¢/9z)” is the nematic liquid crystal elastic * hstead of deriving variational equations it is more useful

energy ancK; is the twist elastic constant. , to use the conserved quantities corresponding to the La-
To obtain an expression for the_ elgctromagnetlc energyrange density. This does not depend explicitly on tie

density fo; we suppose the nematic liquid crystal to be acqordinate. Noether's theorem then implies that there is a

slowly varying uniaxial medium, so that varies appreciably conserved integral analogous to the energy in classical dy-

only over a length much greater than the optical wavelengtiyamics. Thus the first integral for this problem can be ob-
N. We also assume that the birefringence of the medium igzjned directly from the free energy density):

small, i.e.,An=n,—n,<1. In this case the light polarization

also varies slowly through the medium, and we can use the Ky[de\? 1An o1

geometrical optics approximatid®OA) to solve Maxwell’s 7( ) + 5o (1-e)FecosAy—g)=E. (6
equations for the field in the cdl20]. We shall also suppose

the medium to be non-absorbing. In this case the beam in- There is also another conserved integral which can be
tensityl, defined as the component of the average Poynting derived from this free energy. This is the total angular mo-

vector, remains constant. The approach we shall follow wagnentum flux along the propagation direction, and is the sum
developed by Santamatt al. [23,24] We first remind the of the elastic and Optica| angu|ar momenta

reader of the elements of this theory.

The total electromagnetic energy densiity; of the light do |
wave in a non-absorbing, nonmagnetic medium can be re- Kooy To8=M. 7
written in terms of the light intensity, ellipticity e, and

major axis angley. In the limit of low birefringence this  Eliminating the director angle in E@6), using Eqs(4) and

0z

takes the form (7), yields the following equation for the polarization ellipse:
Ino 1An 9e\? [wAn)? 1 le\?)?(2w)\?

fop=———— 5 [1+(1-e’)*cos Ay—e)], (2) Z) o[ =) (1—e?)— | E- ([ M——] | [ 2=

opt c 2c 9z c | tme)-|E 2K M s
wherel is the z component of Poynting vector, or equiva-
lently, the total intensity of the light wave. _ This is the fundamental equation governing the distribution
~ The ellipticity e and the major axis angl¢ can be defined  of ellipticity in the liquid crystal cell. Santamatet al. [23]
in terms of the Stokes parametd&}, where then used it to discuss the optical Fredericksz transition in a

planar cell. They observed, in addition, that this equation can

— 2 2
So=|Eyl +|Ey| ' in general be solved in terms of elliptic integrals.
S —|E.[2—|E. |2 We now turn to the application of the equati8) to our
1=[El* | y| ' geometry. We note that the physical structure of the general

2 R4E*E solutions strongly depends on the constavts E, which in
S,=2 ReELEy), turn depend on boundary conditions in a rather complicated
« way. However, for the cell geometry in which the slippage
Ss=2 Im(EEy). 3 effect has been observed, considerable simplifications are
possible.
The boundary conditions involve a fixed director orienta-
tion atz=L, and a free but planar boundaryzt O:

Then the ellipticity, defined bg=S;/S,, is the ellipticity
of the polarization ellipse of the light in the cell, ands2
=arctan§,/S)) is the angle which the major axis of the po-
larization ellipse forms with the axis. Py

Equations governing the polarization of light can be de- ¢|,-..=0— =0. 9)
rived from the electromagnetic energy density; by con- 9Z] -9
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Note that the director can slip over the surface with weak m m
anchoring—no surface torque prevents it from the reorienta-  ¢,(s) =arccof —cn «s_] | —arccof —cr(«s] |,
tion. As a result, the weak anchoring maximizes the response m m

of the director to a bulk field. (18)
The incident light wave is elliptically polarized and ini-
tially incident on the surface with zero anchoring: wheres = (wAn/c)L.
The estimation of the typical experimental values for
e[,—0=€o,¥l,~0=a. (10 will be done later. We now find the solution for<1.

As it is seen from the angular momentum conservation
(7), to obtain the director distribution in linear order in the
dimensionless light intensitly we need to know the elliptic-
M=(1/w)ey, (11 ity ein zeroorder inr. The latter can be found by solving
Eq. (16) puttingr=0:

In this geometry the constants and M in Eq. (8) can be
easily determined from the boundary conditions:

E= L ngt 2114 (1 edy2e -
=[Nt 5 [1+(1-ep) “cosAa—¢o)]|, ejn(S)=sin(2a)sin(s). (19
wherego=¢(z=0). Then, Eq(8) for the ellipticity and the  Thep the equation for the directé¥) can be solved using
director (7), simplifies to elementary methods, yielding
de\? 2 2,112 272
- =1-e —[(1—e5)Y?cos A a— ¢g) —r(ep—e€)?]?, @iin(0)=2r sin(2a)sirf(s,/2). (20)
(12)

The ellipticity distribution and the director deviation
de given in Egs.(19) and (20) might, in principle, have been
s ~(€0—e), (13 obtained by assuming priori that the ordinary and extraor-
dinary light waves simply follow the distribution of the di-
wheres=(wAn/c)z=2wAn(z/\). We have also introduced rector. Equivalently, one can say that in the lowmit the
the dimensionless parameterwhich is proportional to the light beam propagates through the cell in the adiabatic or

light intensity and defined by Mauguin regime[26]. In the adiabatic approach one can
) write the expression for the electric field components explic-
r=1c/(AnKgw). (14 itly since the ordinary and extraordinary light waves follow

: . . the distribution of the director. Then this field is used as an

We now consider the two distinct cases, of linearly and ! . . i

. . - . external field which reorients the director. However, such an
circularly polarized incident light waves. S . . k
assumption is not theoretically satisfactory, and naive use of
this approximation as an initial hypothesis can lead to inter-
nally inconsistent approximatior7].

Zero ellipticity of the linearly polarized light implies that Let us now summarize the important properties of the
the light wave does not carry angular momentum, since théght propagation and the director distribution in the planar
latter is proportional to the ellipticity. cell. Equation(19) yields that the polarization ellipsz) is

The initial conditions for the polarization sta¢eread as  a periodic function with spatial periot=N/An. In more

general cas€l?) the spatial period depends on the light in-
€=0, ¢ |,—0=a, (15  tensity, | =4K(m)(xwAn/c)~t, where K(m) is the com-
plete elliptic integral of the first kind.

The liquid crystal directotp(z) follows the distribution of
e\ 2 the ellipticity with the same spatial period, and is shown in
=1-e?’—[cosAa— ¢g)—re?]?. (16)  Fig. 1. It is seen that, in spite of the modulation, the average
deviation of the director tends to be along the polarization of
the incident light and increases with the light intensity.

We now make some comments on the director deviation
¢o atz=0. First, Eq.(20) shows that the surface director is

€iin(S) =€y sd «s) (17 sensitive to the sign of the birefringenda. If An>0, the
director tends to be parallel to the polarization direction. It
where  ey=m’'\e,/r, K=\/e_pr/m, m'=y1-m? m? reorients perpendicular to the polarization directionAif
=e,/(e,—e,), e, are the positive and negative roots of <0.
the equation * e’—[cos2@—¢y)—re’]*>=0 correspond- Second, in the limit of small intensities<0, the liquid
ingly, sd(x) =sn(x)/dn(x), where sn, cn, dn are Jacobi ellip- crystal response is maximal at= /4, and does not occur
tic functions of indexm. for «=0,7/2 since we are below the threshold of Freed-

The director distribution can be obtained by integratingeriksz transition. However, in the general case, the value of

(7) and has the form a which provides maximal director response depends on the

A. Linear polarization of the incident light

and the equation for the ellipticit{l2) simplifies to

s

Substitution ofy=re? allows (16) the standard integral
for the elliptic functiong 25]. After integration, we obtain
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12 y T y T T T v B. Circular polarization of the incident light

Contrary to the case of linear polarization, circularly po-
larized light wave carries angular momentum along the
propagation direction. The initial conditions for the polariza-
tion statee are now

e,0=1. (22)

¢, (deg)

The boundary conditions for the director are the same as for
the linearly polarized light9).
The equation for the ellipticity then simplifies to

ge\?
| TE a2 271 a4
= ' . ' . ' . ' (as) l1—e“"—rl—e]" (22
0 5 10 15 20
(w/c)Anz Substitutiony=1—e allows integration of this equation in

: o _ terms of elliptical integral$25]. After integration we get the
FI_G. 1 plrector _dlstr_lbutlon in _the cell for_ dlfferent valu_es_of distribution of the ellipticity in the cell:
the dimensionless light intensity Linear polarization of the inci-
dent light. The director angle varies periodically through the cell q[1—cn(xs)]
thickness following the change in the light ellipticity. eiql(s)=1—¢g

p+a+(p—a)l-cn(«s)]

(23

light intensity. For bigger values of the parameténe maxi- . ) 3
mal response of the director occurs at an anglarger than ~ Wheree, is the or21Iy real root 02 the equation-2&—r-e
w4 (Fig. 2). =0, p?=r2+3e’, g?°=r 2+e’, k=rypg. The polar-

The most important comment is that the director deviatiorization ellipseeg;(s) has the same dependence on the spatial
depends strongly on the cell thickndsand refractive index ~Ccoordinate as we have in the case of linear polarizalah
differenceAn. Indeed,wAnL/(2c) = 7AnL/\, and for typi-  1-€- is @ periodic functlor_1 with th_e same spatial per!od.

cal experimental conditionis/\ ~100. Thus a change in the Now we _turn to the director distribution. Integrating Eq.
refractive indexAn~ 102 leads to a considerable change in (7) We obtain,

the director deviatiorpg. In practice this means that changes o a s a

in the refractive index due to the laser-induced heating of the _ S \ﬁ Ksyio \ﬁ

liquid crystal [21] or molecular phototransformatiof22] ¢(8)=eot p_q{Zarcta+ ptar( 2) pKS]'
influence the amplitude of the surface director deviation. (29)
This also means that the cell thickness should be tuned rather . ] o
precisely in order for the surface director orientation to bel© Pperform the integration we used an approximation
observed. The optimal condition is thanL/A =N/2, where ~ CN(X)= cosg), which is valid for small enough elliptic func-

N is an integer. tion indices or alternatively small enough valuesr of

The expression&3) and(24) in leading order i are

124 r=01 |1 €cir(S) =coys), (25

T @cir(0)=r[s —sin(s.)]. (26)

J Let us now analyze the ellipticity and the director profile
in the cell. Equation(25) yields that polarization ellipse is
exactly the same as for the linearly polarized light. The only
change is that, in order to match the conditieg(0)=1
instead ofe;;,(0)=0, we have to have cosine dependence on
s[cf. Eq. (19)].

However, the liquid crystal director is no longer a peri-
odic function of the cell thickness. Even more, now it is
monotonically growing function o$ (Fig. 3). This fact can
be easily proved if one considers the angular momentum
conservation(7). For the linear polarization it read8ip/ Js
=—re. Sincee(s) is a periodic function of, ¢ is also a

FIG. 2. Director deviation on the isotropic surface as a functionP€riodic function ofs with the same spatial period. However,
of the angle between rubbing direction and polarization of the exfor circular polarization we havede/ds=r(1—e)=0.
citing light. The director response has a maximuraatw/4 andis ~ Therefore,¢ grows monotonically witrs. In fact, the direc-
absent atx=0,7/2 for small light intensities. tor distribution is a superposition of monotonically growing

9, (deg)

o (deg)
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60 T @o=r[V1—essin(2a)(1—coss )+ ey(sins.—s,)]
r=0.01
so{ e r=0.05 =\J1—ejei+eypl. (28)
......... r=0.1
40 . . . .
It is seen from Eq(28) that, for circularly polarized light
S wave, the director at the surface rotates according to the sign
& 301------. o . ot
= el e of the ellipticity: clockwise polarization leads to the clock-
& wise reorientation of the director and vice versa.
20
od T Tl Ill. DISCUSSION
) o We now turn to the estimation of the paramatemnd the
0 0 2 4 6 8 10 director devi.a.tion angles_on.e can expgct for typﬁcal experi-
(@/c)Anz mental conditions. Quantitatively, in typical experiments, we

have light intensitied <10 W/cn?, and liquid crystal con-
FIG. 3. Director distribution in the cell for different values of stantsAn=0.1, K,,=3x10 ' dyn. With these fundamen-
the dimensionless light intensity Circular polarization of the in- tal parameter values, the dimensionless intensiy0.001
cident light. The director angle increases monotonically through the<1, which is fairly small. The maximal deviation of the
cell thickness. director which can be observed under these circumstances is
far less than 0.1 ° for linearly polarized light and is less than
and oscillating functions, since the ellipticity of the polariza- 1 o oy circularly polarized light. Such reorientations can
tion ellipse is a periodic function of. hardly be detected real experiments.
Itis also seen from E¢(26) that the director deviatiog, However, the situation is different for the dye-doped lig-
atz=0 consists of two parts. The first partsin(s.), origi-  yid crystals. All previous experimental resul&6] and the-
nates from the ellipticity modulation. The other part, oretical predictiong8,30] are consistent with the following

—rsL, is due to the constant injection of light angular mo- expression for the dye contribution to the free energy den-
mentum into the cell bulk. For typical experimental condi- sjty,

tions this contribution dominates, sineg=27AnL/A>1
>sin(s). For the same reasorg'=2wAnL/\ el . There-
fore, the surface director deviation in circularly polarized
lightis 2wAnL/\ times bigger than in the linearly polarized
light. There are even more interesting observations.

First, the resulting twist angle, is not sensitive to the

fdye: 77fopt- (29

wheref, is the total electromagnetic energy density of the
incident light wave(2) and the parametey characterizes the
variation of An for typical experimental conditionsr 1)  efficiency of the dye-induced director reorientation. The pa-
and liquid crystal cell parameters (>1). This is very dif-  rametery is proportional to the dye concentration, but also
ferent from the situation with linearly polarized light wave. depends on the molecular structures of both dye and liquid
Second, ¢, is proportional to the cell thickneds, i.e., in  crystal.

thick enough cells, its value can exceedand one can get  Equation(29) implies that the effective torque imposed by
supertwisted distribution of the director or even distributionthe light wave increases proportionally i In typical ex-
that realizes in chiral nematics. periments, we obtain a dye assisted nonlinearity coefficient
| 7|=200 [7]. This givesr=0.1 and typical director devia-
tions about 10°, which can be measured experimentally
without any difficulties.

Our theoretical framework also permits the evaluation of
the photo-induced orientational nonlinearity coefficient
from the existing experimental data.is the crucial phenom-
enological parameter which governs the interaction between
light and the liquid crystal/azo-dye mixture. This quantity is
an input parameter in our theory, and must either be mea-
sured or calculated using a microscopic thel@)a0].

Trying to estimaten we are fully aware that the cell is
absorbing, since the effect of the photoinduced nonlinearity
is due to the absorption of light by the dye molecules. For the
absorbing media, we are no longer able to apply the La-
grange approach, which involves energy and angular mo-
mentum conservation. Therefore, estimating coefficignte
are neglecting effects related to the light absorption. For the
linearly polarized incident light, the value af can be deter-

C. Elliptically polarized light

Now we try to solve Eqs(12) and (13) for the case of
elliptically polarized light. Solving these equations for arbi-
trary value ofr is a complicated task. However, as one can
see from the angular momentum conservafion to obtain
the director distribution in linear order in the dimensionless
light intensityr we need to know the ellipticitg(s) in zero
order inr. Solving Eqg.(12) in this limit we obtain thai(s)
is a superposition of the solutioms,(s) andeg(s):

e(s)=+/1—ejsin(2a)sins+ e, coss
= J1—€fein(s) + epeci(s). (27)

Correspondingly, in the leading order inthe director de-
viation atz=0 is also a superposition ¢f" and " and has
the form
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FIG. 5. Director deviation on the isotropic surface as a function
FIG. 4. Experimental data and the best fit of the director angleof the angle between rubbing direction and polarization of the ex-
¢o as a function of the exciting laser beam intensity=(w/4). citing light. The director response has a maximuraatm/4 and is
Fitting parameters: photoinduced nonlinearity coefficigrand re-  absent atx=0,7/2.
fractive index of the mixturé\ng.
a light-induced birefringence techniq{22]. We found that
mined applying Eq(20), which connectsp, to the dimen- in our case,
sionless intensity, to the experimental results presented in
[14]. An=Ang+n,l, (30)
sotropic Surface and one. surface consising of & substraténerena=0.0026 (Wit .
Then, fitting of the datgFig. 4) yields »=—560. The

C(.)t\;]e;ﬁd With 6;. rul.bbe.g po'%'”?'if f||n:. l-;he cell g\_/ars] f'"?d photo-induced orientational nonlinearity is considerably en-
Wi € nemalic iquid crystal @-pentyl-2-CyanobIphenyl 1, -4 even with respect to the giant orientational nonlinear-

(5CB) doped with the azo-dye methyl-re@/R) at weight ity of pure liquid crystals[2] and is consistent with what
concentration 0.1. The mixture was exposed from the side g ight be expected as a result of measurements in related

the isotropic surface by a linearly polarized beam of a C'W'systemig,ls] using thez-scan technique.

T S T .
Ar™ laser, irradiation wavelength of whick=488 nm is The theory developed in Eq20) also requires that the

near the maximurm of _the absorp+t|on band Of.MR OIISSOIVeddirector response to the laser illumination light intensity be
in 5CB. Typical intensity of the AT laser was in the range linear. In order to check whether this is the case, we mea-

0.1-1 Wierd. Its polarization vector was set at 45° with g the dependenceey(«). The results of measurements
respect to the initial director orientation. The cell responsg . | 1 \w/cn? are presented in Fig. 5. We find, in agree-

was observed with a probe He-Ne laser beam with wave- . - . ;
- R : ment with Eq.(20), that the liquid crystal response is maxi-
length A =638 nm which is in the region of MR transpar- mal ata= /4 and absent ag=0.7/2.

enclty. diati ith a b £ o AT led to the direct As far as we are aware, there have been no direct obser-
rradiation with a béam of a Ariaser 10 1o the AIrector ya4ong of the slippage effect for circularly or elliptically

reorientation in the liquid crystal bulk and its slippage on the - o o g light. The effect has probably been implicitly ob-
isotropic surface. The latter was detected as a rotation of thgerved in azo-dye doped liquid crystal cdli$,19. In these

polarization of the probe beam. The experimental deF":"néxperimetns it was found that when a cell is irradiated by

dence of the rotation angle on the intensity of the incidenty; e, a1y polarized light, an easy orientation axis is induced

light is presented in Fig. 4. 2 E ; SR >
. . . . on an initially isotropic aligning surface. The direction of
Equation(20) predicts that the surface director reorienta-yhis axis correlated with the direction of the polarization ro-

tlofn an.glefpodwnl be_ a funCt'OE of the le}?ﬁr |tr)1'ter;§myand tation. The appearance of the easy axis can be explained as
refractive index anisotropAn=ne—n,. The birefringence (o155 First there is a light-induced surface director slip-
of the dye-liquid crystal mixture can in principle also depend g6 The director then freezes as a result of light-induced

lon the gxcitig% light intiznﬁityl_inq(ijrectly bﬁth asazi) result of 5 4sorption of the dye molecules on the aligning surface. By
aser-induced heating of the liquid crysfal], and because .,nuat this reorientation cannot be explained if we use a

molecuflakr] phrc])totransfcf)rmatign c?n cggng_rehth.e dipqle MOfodel which depends only on the selective adsorption of the
ment of the phototransformed molecu[@g]. The intensityl ye molecules on the aligning surface.

thus has a direct and an indirect effect on the reorientation o
the director. In order to interpret the results correctly it is
necessary to correct for the indirect effects. To do this we
studied the dependence of the dye-liquid crystal birefrin- In this paper we have tried to interpret existing experi-

genceAn on the exciting light intensity independently using mental facts on the surface director reorientation by assum-

IV. CONCLUSIONS
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ing the dye-induced torque to be proportional to the opticaings. Furthermore, the present investigation, together with
torque, and treating the nonlinear interaction between theur results published earligt6,17,28,29 have shown that it
light wave and the mixture in the geometrical optics approxi-is possible to control the light-induced alignment memory
mation. effect by changing the concentration of azo-dye in the liquid
We now turn to a brief discussion of the implications of crystal. There may also be scope for systematic investiga-
this work. We believe that the experimental technique wetions of surface memory effects, the basic mechanisms of
introduce in this paper can be used in further studies of thevhich are still little understood.
liquid crystal interface. Relatively straightforward extensions

of the technique will, for example, permit'measurements of ACKNOWLEDGMENTS
fundamental surface parameters such as in-plane surface vis-
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