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The electric field of a CW laser beam can reorient a nematic liquid crystal. Experiments 
on the influence of a superposed quasistatic electric field are reported showing that this 
can reinforce or weaken the laser induced reorientation depending on the substance and 
geometry. 

Recently some theoretical and experimental work has been published 
on orientational nonlinearity and optical field induced Fredericks 
transition in nematic liquid crystal layers.'-' These effects are due to 
the orienting action of the electric field of the light beam passing 
through the sample. Experimentally one observes a power dependent 
increase of the divergence of the light beam and a ring system appear- 
ing in it. 

It is well known that the orientation of a nematic layer can be influ- 
enced by external magnetic or quasistatic fields too. Thus it can be ex- 
pected that the orientational deformation caused by a light field can be 
controlled by external fields. The aim of the present letter is to report 
experimental results on such an effect. 

In our experiments the external field was an electric field withf= 10 
kHz. It was applied perpendicularly to the boundaries of the cell with 
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288 L. CSILLAG er a/. 

the help of transparent indium oxide coatings as electrodes. The light 
field was produced by focusing a polarized argon ion laser beam on the 
sample into a spot with a radius of 40 pm. The sample thickness was in 
all experiments 150 pm. We confined ourselves to the case of normal 
incidence. The measurements consisted of determining the divergence 
of the laser beam as a function of the laser power and the applied volt- 
age. As a measure of the divergence the angular diameter of the outest 
dark ring was measured. 

The response of the nematic layer to a low frequency electric field 
depends crucially on the sign of the anisotropy of the static dielectric 
constants, cis) = cis) - cis), where cp) and cis) denote the dielectric con- 
stants in the direction parallel and perpendicular to the nematic direc- 
tor. Depending on whether CP is positive or negative, the applied field 
tries to orient the molecules parallel or perpendicularly to itself, respec- 
tively. The light field always tries to orient the molecules parallel to the 
direction of the polarization. In the case of normal incidence the light 
field and the applied field are normal to each other. Thus if cis) > 0 the 
two fields weaken, while if c@) < 0 they reinforce each other. 

To study the case cis) > 0 we chose octyl-cyano-biphenyl (OCB) 
which has a strong positive dielectric anisotropy (at T = 35°C ell = 12.5; 
CL = 5.7 ‘); the case els) C 0 was studied on p-n methoxybenzilidene-p- 
butylaniline (MBBA) for which at  T = 30°C €11 = 4.6, CI = 5.0.’ Three 
different cells were investigated. 

1. HOMEOTROPICALLY ALIGNED OCB 

As discussed in detail in Ref. [ 5 ] ,  in this case the alignment becomes in- 
stable at a threshold laser power. The applied field tries to stabize this 
alignment, consequently the threshold power increases as the applied 
field is increased. In Figure I an experimental curve is presented. In 
Figure 2 the beam divergence is shown as a function of the applied field 
at a fixed laser power. As it can be expected, the divergence monotoni- 
cally decreases and becomes zero at a critical field strength. 

2. HOMEOTROPICALLY ALIGNED MBBA 

In this case as EL’) < 0, the threshold power decreases as the applied 
field is increased, as shown in Figure I .  The threshold power becomes 
zero when the applied voltage is high enough to destabilize alone the 
alignment. 
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The threshold power as a function of the applied voltage. For OCB P[h FIGURE 1 

(0) = 58 mw, u[h = 0.93 V; for MBBA Pth (0) = 41.5 mw, u[h = 3.86 V. 

The divergence of the laser beam as a function of the applied field at 
a fixed power is shown in Figure 3. This curve, exhibiting a sharp max- 
imum, can be explained qualitatively by remembering that the diver- 
gence of the laser beam is due to the inhomogeneity of the deformation 
within the laser spot. At low voltages the applied field increases this in- 
homogeneity. At high fields however the director becomes almost par- 
allel to the surfaces in the whole cell. Thus the sample becomes again 
homogeneous and the ring system disappears. 

The variation of the threshold power as a function of the applied 
field in the two cases discussed above can be given theoretically by a 
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290 L. CSILLAG el al. 

OCB 1 
150 pm 
35.loc 

0.40 

O I  1 , m 

0 0.2 0.4 0.6 0.8 U(V) 
FIGURE 2 The beam divergence as a function of  the applied voltage for homeotrop 
OCB. 

slight modification of the theory given in Ref. [S]. As it is shown there 
the threshold power can be determined from the equation 

where JO and KO denote the 0-order Bessel and modified Hankel func- 
tions. For zero applied field 

where Pth is the threshold power, K an effective Frank elastic constant, 
no and ne the ordinary and extraordinary refractive indices, 8. = n', - no; 
I and ro are the sample thickness and spot radius resp. Taking into ac- 
count the torque due to the applied field we get Eq. (1) again, where 
now y and K are 

2 

d u2 r'o u2 
y2(U) = y2@) T - - P uih' P ui3 K2(u) = K2(o) f - - 

where the upper signs refer to positive e?, the lower ones to negative 
tis). U is the effective applied voltage and 
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SUPERPOSED QUASISTATIC ELECTRIC FIELD 291 

In Figure 1 the solid lines correspond to the above theory. The fitted 
parameters are Pth (0) and 17th. The agreement between the experimen- 
tal curve and the theoretical one is satisfactory for both material. From 
Pth (0) and Vth two separate values of the “effective” elastic constants 
can be calculated. The measurements provide for OCB K = 0.63 X lo-” 
N and K = 0.53 X lo-” N; for MBBA K = 0.62 X lo-” N and 
K = 0.54 lo-” N resp. (for the refractive index data see Refs. [2,5]). 
The consistency of these data and their agreement with independently 
measured values of elastic constants8” can be regarded satisfactory tak- 

t MBBA 1 

P=31 mW 

f , * 

2 4 6 8 U(V) 

FIGURE 3 The beam divergence as a function of the applied voltage for homeotrop 
MBBA. 
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292 L. CSILLAG ef at. 

ing into account the simplifications in the theory and the uncertainities 
in the determination of the absolute value of the laser power. 

3. PLANAR CELL OF OCB 

As discussed in Ref. [2], in the case of planar orientation and normal 
incidence of the polarized light beam, deformation does not occur. The 
extraordinary component stabilizes the planar configuration, while the 
ordinary does not interact with it. 

The applied field, due to the positive static dielectric anisotropy of 
OCB, destabilizes the planar orientation above a threshold voltage 
(-1 V lo). Thus applying a voltage higher then 1 V, a ring system can be 
produced by a laser beam with extraordinary polarization, because the 
light field reorients the molecules within the spot. The beam divergence 
as a function of the applied field at different laser powers is given in 
Figure 4. In accordance with the above considerations the beam diver- 
gence goes to zero at approximately 1 V, independently from the laser 

8 rad 
75 mW 

1.0 2.0 3.0 U(V) 
FIGURE 4 The beam divergence as a function of the applied voltage for planar OCB. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
34

 2
1 

Fe
br

ua
ry

 2
01

3 



SUPERPOSED QUASISTATIC ELECTRIC FIELD 293 

power. The decrease of the divergence at high voltages can be ex- 
plained similarly as in the case of homeotropic MBBA. In the present 
case the high electric field removes the inhomogeneity of the deforma- 
tion by orienting the molecules in the whole sample perpendicularly to 
the boundaries. 

The result of the investigations described above fit well into the in- 
terpretation of the laser field induced reorientation of nematics, given 
in our earlier papers. The possibility of controlling the beam diver- 
gence by an external field may find some practical applications. 
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