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Direct Observation of the Orientational 
Fluctuations in a Nematic Liquid Crystal with a 

High-speed Camera 

HIROSHI ORIHARAa, AKIRA SAKAIa and TOMOYUKI NAGAYAb 

aDepartment of Applied Physics, School o Engineering, Nagova University, 
Furo-cho, Nagova 464-8603, Japan and Faculty of Education, Okayama 

University, Okayama 700-8530 

The orientational fluctuations in a homogeneously aligned nematic liquid crystal were suc- 
cessfully observed with a high-speed video camera. From the series of images obtained, first 
the spatial Fourier transformation of each image was computed and then the time correlation 
function at each wave number was calculated. A theory to analyse the results was developed 
and by using it the ratios of the elastic constant to the viscosity were obtained. 

tf 
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INTRODUCTION 

Orientational fluctuation is one of the most remarkable characteristics of 
liquid crystals. In the nematic liquid crystal and some kinds of tilted 
smectic liquid crystals such as SmC, there is a large, slow orientational 
fluctuation due to the Goldstone mode. So far, the fluctuation dynamics 
has been studied mainly by the photon correlation spectroscopy, in 
which the intensity fluctuation of the light scattered by the sample is 
analyzed with a correlator to calculate the time correlation function [ 1,2]. 
This measurement is carried out in reciprocal space. 
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Quite recently, on the other hand, we have succeeded in directly 
observing orientational fluctuations of a tilted smectic liquid crystal in 
the real space with a high speed video camera [3]. From the series of 
images obtained under a polarizing microscope, the spatial Fourier 
transformation of each image was computed and then the time 
correlation function at each wave number was calculated. It was 
demonstrated that from this analysis the ratio of the elastic constant to 
the viscosity can be obtained. 

In this paper we apply the above-mentioned method, called dynamic 
image analysis, to a homogeneously aligned nematic liquid crystal. 
However, the expression of the intensity used for the smectic liquid 
crystal is not enough for a nematic liquid crystal. Therefore, we derive it 
on the basis of Maxwell's equations in the next section. 

THEORY 

We consider a homogeneously aligned namatic liquid crystal, where the 
average direction of the director is taken along the x-axis and the 
incident light is along z-axis, and the lower and upper interfaces between 
the liquid crystal and the glasses are at z=O and d, respectively. In 
nematic liquid crystals the dielectric tensor is given in terms of the 
director n: 

where E,,=E,, -.q is the dielectric anisotropy, and E,, is the dielectric 
constant parallel to the director and perpendicular to it. In our 
geometry, 

E = E"' + AE 

with 
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where Any and An, are the fluctuation parts of the director. Taking into 
accoumt that the frequency of light should much higher than that of the 
director fluctuation, Maxwell's equations become 

rot E = i q , H  , 
rot H = -iwEoEE , (4) 

where o is the angular frequency of light and E, and are respectively 
the dielectric and magnetic permitivities in vacuum. We can solve Eqs. 
(4) with Eqs. (2) by using the perturbation method. After some 
mathematical manipulations, when the angle between the polarizer and 
the average director (x-axis) is (Y and the field strength at the polarizer is 
E,, the field strength on the upper interface observed through the 
analyzer, E,(x,y,d), is given as 

E,(x,y,d) = 1(e''"d-eiq1d)sin2aE, - i- 
2 A 

with 

where AnjP is the Fourier transform of An,(x,y,z). Therefore, the 
intensity I,(x,y,d)=IE,(x,y.d)12 on the upper interface is 
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Thus, taking into account that depends on time, the time 
correlation function of the Fourier coefficient of the observed intensity is 
given as 

An?,* 

where for l / ~  along x-axis (q, = 0) [4] 

for l /r  along y-axis ( 4 ,  = 0) 141 

EXPERIMENTAL AND RESULTS 

The sample used was a nematic liquid crystal 5CB, which was 
sandwiched between two glass plates with polyimide layers. The film 
thickness d was 50pm. The homogeneous cell was observed under a 
polarizing microscope (Olympus, BH-2) with a high-speed video camera 
(Photoron, Fastcam-Rabbit) at 30°C in the nematic phase. The angle 
between the rubbing direction and the polarizer was set to be 10". To 
obtain a monochromatic light we used an interference filter (550nm). 

In the measurement, 1090 frames were recorded at a rate of 240 
framedsec with the high-speed video camera. The captured images 
were transferred to an image processing system (Carl Zeiss, Vidas Plus) 
and digitized into 256x256 pixels with 256 gray scales, and then FFT of 
the images was made. Defining the intensity of the image at the position 
(x,y) and the time t as I(x,y,t),  the Fourier coefficient is given as 
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where S is the sample area within the frame. Then, the time correlation 
function of the Fourier coefficient was calculated as 

The above time correlation function has been theoretically obtained in 
the previous section. 

In Figure 1 we show a typical time correlation function at q, 
=0.24[ pm-l] along x-axis (qr =O). As is expected from Eq. (9). the data 
almost fall on an exponential curve, which was obtained by fitting. 
Figure 2 shows the dependencies of l/z on the squares of q, and q,.. 
Equation (1 1) indicates that we can obtain K, / yI . Aq2 and K2 I y ,  from 
the intercept and the slope of llzvs. q:, respectively, in Figure 2. 
Furthermore, we can get the coefficient ofq: in Eq. (10) from the slope 
of l/zvs. q: in Figure 2. The results are: K2/y,=7M15 [pm2/sec], 
Aq=1.6M.3 [pm"] and K , / y I  .(1+a:/y,qa)=25W50 [pm2/sec], 
which are in good agreement with the values calculated from the other 
measurements [5,6,7], 60, 1.9 and 260, respectively. 

CONCLUSIONS 

In this paper, we have shown that the orientational fluctuation of a 
nematic liquid crystal can be observed directly with a high-speed TV 
camera. The results were analysed by a developed theory and it was 
found that the dispersion relation is still valid for fluctuations with long 
wavelength, which are difficult to be observed by the light scattering 
experiments, and the elastic constant divided by the viscosity is 
obtainable. The measurement time in this experiment is only 1 minutes, 
in which we can get two-dimensional data, though we require more time 
to andyse the data. Thus, we can expect that the direct observation and 
the analysis presented in this paper will be a powerful method to study 
the orientational fluctuations with long wavelength in liquid crystals. 
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Figure 1 Typical spatial correlation function. 

0 0. I 0.2 0.3 0.4 0.5 
q2 IPm-*I 

Figure 2 Dependencies of llron 9’ along x- and y-axes. 

References 
[I]  Orsay Group on Liquid Crystals, J .  Chem. Phys. 51, 816 (1969). 
[2] Orsay Group on Liquid Crystals, Mol. Cryst. Liquid Cryst. 13, 187 (1971). 
[3] H. Orihara, Y. Sato, T. Nagaya and Y. Ishibashi, Jpn. J .  Appl. Phys. 67, L2565 (1998). 

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

 2
3:

01
 1

5 
A

ug
us

t 2
01

2 



DIRECT OBSERVATION OF FLUCTUATIONS IN NLC [2001]/149 

[4] P.G. de Gennes and J.  Prost, The Physics of liquid crystals, 2"d ed. (Oxford Science 
Publications, 1993). 

[5 ]  K. Skarp, S.T. Lagerwall and B. Stebler, Mol. Cryst. Liquid. Cryst., 60,215 (1980). 
[6] H. Herba, A. Szymanski and A. Drzmada, Mol. Cryst. Liq. Cryst., 127, 153 (1985). 
[7] J. Hirakata, G.  Chen, T. Toyooka, S. Kawamoto, H. Takezoe and A. Fukuda, Jpn. J. 

Appl. Phys., 25, L607 (1986). 

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

 2
3:

01
 1

5 
A

ug
us

t 2
01

2 




