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ABSTRACJ! U s i n g  an aoouetooptioal method we show that 
under plane osoillatory shear the direotor aoquires a 
stationary inolination eC. !Phis phenomena have a 
threshold oharaoter. The shear amplitude threshold a, 
of the emergenoe of ec does not depend on the 
exoitation frequenoy in the range 50<f<500 Ez. We 
found the seoond threshold a2>a,, when the direotor 
motion is elliptioal. In this oase the direotor is out 
of in the third dimension. It has been shown, that the 
threshold a2 is also independent on the shear 
f requenoy. 

IWJ!E@DUC!I!I~ 

It is well Inrown' that for the NLC with us/u220 and a 
linear flow with large gradients 8u/&, in homeotmpioally 
aligned nematic layers the direotor tends to align in the 
flow plane at angle e = ktan*(~~/$1~'". For osoillatory 
shear flow the that beoomes more oomplioated due to the 
amergenoe of a stationary oomponent of the direotor*s 
inolination along the osoillatory shear plane. !Phe origin 
of this phenomenon may be related with a slight ellipticity 
of the shear plate osoillation . However, other 

the instability in the in shear plane motion and the 
transition to the out-of-plane direotor motion . 

!J!he aim of this paper is a detailed experimental 
investigation of the ionnation of the stationary angle 

2 

explanations of suoh behavior m y  be suggested 3 , boluding 

4 

[2865]/299 
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direotor's inolination; we also intendent to study the 
effeot of the out-of-plane direotor motion at large shear 
amplitudes. 

!The case has been studied where a linear polarized 
mnoohromtio light wave is inoident perpendioularily on 
the layer of a uniaxial nematio liquid crystal (NLC), and 
the wave veotor of inoident light k forms angle 6 with the 
optical axis of NLC. 

Birefringenoe An may be determined with an aoouracy to 
of the order of sin% as5: 

AII = n,- no= +-sin2e + 4 a2sin46, 
2 2  no ("*-no 1 

where a = , no- is the refraotive index of 
n'e 

an o r d m  wave, n,- extraordinar$ light wave. 
Aooordingly, intensity I of the transmitted light through 
the layer is equal to 6 : 

I = I. sin"* sin"(6/2), (1 1 
where Iois the intensity of light inoident on the 
polarizer, f$ is the angle between the polarization plane 
of a polarizer and an optioal axis of NLC. The phase 
differenoe between ordinary and extraordinary waves with 
an hhomgeneous distribution of the direotor over the 
sample thiokness will be equal to: 

h/2 

6 = * J h ( e )  dz , (2 1 
-h/2 

where h is the length of the incident light mnobhromatic 
wave, h is the layer thiokness of Lc. 

Now, let us make an assumption about angle 6. It is 
supposed that 6 = + 6,. where e, is the permanent 
inollnation of the direotor relative to the normal of the 
NLC oell and 6, is a time-dependent part of direotor 
inc 1 ina t ion. 

Having Then, let us assume that 8, and €+ are small. 

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:
42

 1
8 

Fe
br

ua
ry

 2
01

3 



THE ORIENTATIONAL INSTABILITY OF NLC. . .  [2867]/30 1 

deoomposed <sin2e> the vicinity of eC, we get the 
following value f o r  <An>: 

where <: > is an averaging along coordinate e ,  b = 8 + 3 a‘ 
The latter expression retains its oharaoter at €Ic = 0. 

Expression ( 1 )  in this oase will have the form {at 
*45O ) : 

hn = b [<sinzec> + t ~ w e ~ * e , >  + < < > I ,  

I = I o s i n z ( T  lGdb (<sinzec> + 2<sinec* 0 , )  + <e:;q]. (3)  

Let UB denote <sinZec>= A, 2 <sinec* e,> + < q>= B, 
Further tranaforaation will brhg about the following 
result : 

Xdb h = c. 

I = (sinz c<ef> + c(2<ec* et > + sin me:., + 

+ cz (2 t e c q  > + ce: C O S ~  we:>). 14) 

From (4 )  it follows that besides oonstant oomponent Ic, the 
optical signal contains a whole speotnun of I,, harmonica 
which reflect the dynamics of the director motion in plane 
ZV formed by the oell normal and the shear wave vector. 

Next, we will analyze the aooustooptioal effects 
observed in NLC layer- With reference to2, it may be 
tentatively assumed that the director’s time-dependent 
component 6n(t) is 

* oos2c~:sin2ect). 16) 

And assuming that €It = $,sinwt, then [€lo = %(a, v)], let 
u8 single out oonstant and variable oornponents of the 
optioal signal, restricting our interest to I;, I;,, Iif. 
On the whole, superior harmonies are of little interest to 
our study. 
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Thus, using expression ( 5 )  and taking into 
oonsideration that at this frequency of disturbance qdcl, 
let us average $,and 6: along cell thickness h, the 
ensuing result will be: 

+ 2 ~ " < ~ i n e ~ * 8 ~ > ~  c ~ s ~ G < s i n ~ $ ~ >  + -K 3 C" (6;)" * 
* ooszCcsin2$c:4, (7 

I;f = I,f/Io= E2C<:sinBc*Bo> sin;2ccsin28Ez + 
+ 31f~;sin6~*$,:~ * (Q~)oos"ccsin2f3c>> simt, (8 1 

( - 7 2  s i r~~<: s in~8~ :>  - 2~~<sin6~*~,>~ * I;f= Izf/Io= 
C8: 

4 

( 9  1 * cos2C<sinz6c> - .- 00 cos2C~sinZBc>~ct~s~~t, 

Now, let us consider another experimental situation, which 
makes it possible to define the character of director 
motion under the shear excitation, 1.e. we are interested 
to know whether the director moves in the oscillation 
plane, formed by the nonnaf of the cell and the oscillating 
direction of the movable plate or whether it moves into a 
third dimension. Figure I illustrates a situation where the 
director is moving in the ZY plane, where Y coincides with 
the direction of the plate, and Z coincides with the normal 
t o  the cell plane. Such motion is characterized by angle 0 
(the angle of the director deviation f r o m  the state of 
equilibrium), the deviation of the ZX-plane is 
characterized by angle a. 

Therefore, in contrast to the previous case, the 
director has three components. In view of the latter 
circumstance, let us analyse the optical response in this 
state. 

Let us examine expression ( 1 ) -  In general, it should 
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look l ike  

I = r0~ in22@ - $* s i n ' ~ 2 ,  I101 

where @*is the director exit  angle from oscil lation plane 

FIGURE I. Possible director motion in  the 
oscil lation plane. 

ZY. 

1, *90", expression IO) assumes the following features: 
Since Cp in th i s  case (experimental situation, figure 

( 7 3  1 I = Iosinz2Cpf sinZ6/2 

L e t  us denote components ann, and Ony in  the forms of: 
6nx = Bnz simt, 

(12) 

where Bnz= sin a, an:= s i n  8, whereas (E, is the phase 
difference between Bn and Bn,. Let us use formula 

I annY = Bn: sinlwt + a), 

* i n  (11). Then, taking into tg Q* = sine * sin(0 
account (121, we obtain: 

4 I, sinza/sinze*sinzwt/sin" (wt+(E,) sinz6/2. 

(1 ~sinza/sin26*sinzot/sin2 (ot@> )' 
(13) 

The oase, where dkOosocording tc4 does not realize. So, let 

I =  
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us consider the case where the phase difference is @=m0. 
After some transformations, expression (13) may be reduced 

I,/Io= -1/2 p 2 [ I  4- T2 + ?/47+3 c o s u t  = M OOS4G)t, (19) 

M = I L ~  p’rq + 7% 1 1 4 7 ~ 1  (20 1 
From ( 3 )  we have sin26/2 = D - Foos2wt + Loos4wt. 
get the following oomponents of the optical signal: 

Then we 

I”= Ic/Io= 1/2 (2AD i- BF - ML), 

I::= 14,/Io= 1/2 (BF - BL - IdD i- 2AL) cos&Xk. 

(21 

I::= I,f/Io= 1/2 (MF - MD -BL - 2BD - 2A.F’)co~2wt, (22) 
(23 ) 

Thus, studying amplitude dependencies of values (21- 
231, it is possible to define the character of the direator 
motion under the impact of a shear wave. In this case it 

be supposed that having reached a certain threshold a2 
and still oscillating in plane ZV, the director leaves the 
oscillation plane and begins elliptical motion. 

The system used for the acoustooptioal measurements 
was constructed on the basis of a polarized optioal 
miorosoope and shown in figure 2. Measurements were taken 
in the sound-frequency r a g e  of 2O...ZooOO Hz. The nematic 
layers of a liquid crystal with homeothropio or 
quasi-homeothropio orientat ions were studied in our 
experiments. Metallic chromium was deposited on the glass 
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t t t  

1 - -f f f f- - - 1 

/--/-/-/-/-/-/-/ +f 
L n* 0- 

PICURE 2. The set up of a experimental unit for study 
acoustooptioal effects. 1 - source of sound oscillations, 2 
- microscopic stage, 3 - polarizing microscope with 8 
photometric adapter, 4 - DC microvoltmeter, 5 - selectiv 
amplifier, 6 - LC-sample, 7 - movable slide. 
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substrater ti> provide a required orientation. We used the 
liquid crystal  I)QB6BA. A NLC cel l  consisted of two 
semitransparent glass plates. Between them was placed a 
thin glass s l ide  150 IJ.m thick with a similar coating 
deposited on both sides; the s l ide  w a s  oscil lating in  its 
own plane. 

Shear oscil lations in  a NLC sample where stimulated by 
an electronic vibratoi-, its membrane w a s  connected to glass 
s l ide by means of glass waveguide; the amplitude w a s  
measured optically with a microscope. For this  purpose, a 
l ine (about 1 0  pm thick} w a s  drawn on the movable slide. 
The amplitude was measured by the degree of the l ine  
smearing. Sitnultaneously, oscil lation amplitude of the 
movabel thin s l ide  were measured by an inductive method, 
its results were used to calibrate a scale a = a ( V )  where U 
stands POP voltage in  the induction coil. 

REsuL!I!s AND DISCUSSION 

Let us consider the action of a low frequency shearing wave 
i f = l O O  fiz 1 on a NU2 layer (h = 20 pm) . Periodic ~Amge 
the local properties of an oriented homeotropic layer 
induced change in  the optical response of the LC ~ ~ 1 1 .  

FQgure 3 shows experimental dependencies of 1: (a), 
1: I (a) ,  I;, (a). 1; displays a non-linear growth and then 
acquires an oscil lating character. These oscil lations 
emerge as a result  of the phase difference according to  
equation ( 3  1. The emergence of the minimum is also linked 
to such phase difference: 6 = 2%n, whereas the mavumim is 6 
= (2n + I )  ~t. In  farst, oscil iations in  optil;al signal ~ ; ( a )  
indecates 3 constant inul inat  ion argle (GC }. 

Solving a system of. equations oonne12ting two 
experimental relationships 1; (a ) mid 1; I (a 1 (7-3 } , we have 
obtained functions tsin 8, :S (a) and <.Go> (a )  of shearillg; 

amplitude a. Curves <.sin @*,>(a) and <.@:;>(a) are  plo t tad  i n  
Figure 4 They show that the emergenoe of tsinzBcl[a) has 3 
threshold c1'~8racter, whereas <OD,> (a } reaches its maximum at 
certain values of amplitude a, then i t  begins to  decrease. 

i n  

2 2 

2 

= <  
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It is apparently due t o  the fact that the director's 
stationary inclination angle tends t o  decrease dynamic 
susceptibility of the the LC layer. Further growth in the 
shearing amplitude leads to the formation of periodic 
structures of the '@rolls** type. 

It should be noted that the oscillating part of the 
director tends t o  decrease to zero. Further growth of the 
shearing amplitude leads t o  the destruction of periodic 
structures, so that macroscopic streams are formed and the 
system passes over to a mode of turbulieation and dynamio 
chaos . 

Thereby, we have been able to find that in condition 
of a periodic shear, when a certain threashold is reached, 
the director acquires a stationary inclination. In fact, 
determining the type of such an orientations1 transition in 
the field of a shear wave may be reduced to the study of a 
frequency dependence of threshold value al and the 
emergence of stationary inclination of the director. The 
threshold amplitude of the stationary inclination was 
measured at the emergence of Iif because I;, 
t ~ i n 8 ~ * 6 ~ ~ ~ s i n  ut. If al (f )=const, then, in this case it is 
possible t o  consider the effect in terms of an aooustir: 
analogue of the Fredereecks transition. Figure 5 presents a 
dependence of threshold alIf) on shear frequency f of the 
oscillating plates. This dependence demonstrates that in 
the frequency range under study i.e. 50<f<500 Hz, a% does 
not depend on the frequency. 

instability, 
let us coincide the polarieer with the direction of shear 
V. In this configuration the sample can acquire bleaching 
if the director leaves plane ZV. Indeed, in this case, a 
weak but sufficiently stable signal is registered at the 
double frequency of excitation, It means that the director, 
while oscillating in the ZV-plane, reaches another 

To study the effer:t of azimutal director 
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threshold - and leaves the above mentioned plane. 
According t o  expression (23-23} ,  the registered optical 
signal should also display a constant (1:’) and the fourth 
harmonic (1;; 1, which have actually been registered, F&yre 
6 shows dependencies I;‘[a}, I:;[a), I;;(at> demonstrating 
that the components of the optical signal grow in a 
non-linear manner and possess a threshold character. 

From experimental data on 1;; (a> it is possible to 

oalculate the elliptical parameter - p’ = 

function of shear amplitude, Figure 7a at shows that 
function P’(at> develops in a threshold manner, at first it 
increases t o  a certain maximum, then decreases, These data 
make it possible to estimate angle a at which the director 
leaves tlie oscillation plane sin’a = p2 t#>, since 8’ is 
small, then sin’e t3”. 

Dependence a l a )  is shown in figure 7b it; also has a 
threshold character and actually demonstrates, that under 
the impact of periodic shear excitation, the director 
oscillations reaches a certain threshold value of the 
amplitude, leaves its original plane of motion and starts 
moving in space on an elliptical trajectory, Measurements 
of frequency dependency of the director’s threshold exit 
from plane ZV {Figure 5 )  show that threshold a2 does not 
depend on the excitation frequency. The latter conclusion 

4 is confirmed by other studies- 

sin’a as a 
Sin’0 

C O N C L U S I ~  

Thus, it has been established that there exist two 
thresholds of orientational instability of homeotropically 
oriented nematic liquid orystal in shear wave field- The 
first a, is oonneoted with the fomtion of a stationary 
angle of director inclination Gc- The second az>ai is 
related to the director exit out of the plane of shear 
oscillation into the third dimension. 
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