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abstract We report measurements of the ratio Kj/Y performed in a
nematic liquid crystal sample by means of an optical technique
which exploits the "self - heterodyning" effect. The experimen__
tal setup is extremely simple and the experiment very easy to be
done. Results, obtained at different values of the impinging
light power, are consistent within the experimental errors and
in agreement with typical values reported in literature.

INTRODUCTION

The study of the elastic constants (Frank constants) that are involved
in the molecular interactions of Nematic Liquid Crystals (NLC's) is of
great importance and, for the determinations of their wvalues,
different optical techniques are availablel 4. These are generally
based on light scattering or light attenuation and allow precise
measurements but they are not of simple and immediate use. In fact,
they require an apparatus for performing light scattering experiments
or the execution of different measurement at different angles of the
incident laser beam. On the other hand, when the dynamics of the NLC
system is investigated, only the determination of the ratio K3/Y is

often needed®. In this case, an experimental technique would be
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extremely useful, which could allow an immediate determination of this
ratio.

In this paper we present a direct measurement of the ratio K3/ Y
performed in a NILC sample by means of a simple optical technique that
exploits the "self - heterodyning* of a light beam in NLC's.

THEQRETICAL BACKGROUND

The so called *self heterodyning" effect has been already used for
other purposes® and is explained in details elsewhere, together with
the wide range of its applications. The principle of operation is the
following. When a light beam crosses a NLC with a propagation
direction parallel to the optical axis of the sample (perpendicular to
the NLC cell plates for a homeotropic alignment), a nonlinear phase
shift () is induced only if the light intensity I exceeds a threshold
value Ig (threshold intensity for the Optical Freedericksz
Transition). For I>Ig, the expression determining &(t) is®:7:

o) = Dp/[1 + (Dp-Dy) exp(-2I 1)/ D] )
where

FT = T'(UI1) 2
Il represents a relaxation time and is determined only by the
material parameters of the NLC and by the thickness of the cell:

UT = (yK,)(Lin)? 3
with Y = viscosity constant, Kj = elastic constant and L = cell
thickness. d&zis the equilibrium value reached by the phase shift and
¢5 is the "intrinsic" phase shift which is due to the spontaneous
fluctuational perturbations in the orientation of the optical axis.

The large phase shift (1) modulated over the cross - section of
the beam (following the transverse intensity modulation) yields an
amplitude modulation. In the steady state and for a gaussian beam
profile, the pattern resulting in the far field zone is a system of

bright rings whose total number is:
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Nyt = @, /27 (4)

where Qma is the maximum of the phase shift over the beam cross

X
section, i.e. in its center. During the ring formation, it 1is
therefore possible to rewrite eqg. (1) by substituting ®(t) with 2nN(),
where N(t) is the number of rings that are formed after the time t, and
corresponds to the number of oscillations that are observed in the
center of the outgoing beam. In the very beginning (far from the
steady state), the equation can be approximated to obtain:

In[2rN(t)] =In[dy] + 2"t (5)
By plotting In[2nN(t)] vs time, we have a straight line whose angular
coefficient 2l directly gives K3/‘Y if the cell thickness L and the
ratio Vg are known:

(KyM) =Tp /(U1 - 1)(m/L)? (6)
Where the ratio IMlgis concerned, we note that, since the beam shape
does not change while varying the laser power P, I/IF is always equal
to the ratio P/Pg, which can be easily determined by using the same
technique and therefore the same experimental apparatus. Indeed, by
writing eq. (5) for the time values t; and t; which correspond to the

appearance of N, and NJ rings respectively, we get:

In(N;) - ln(Nj) = 2 [P/Pg - 1](Y; - 1) 7)
By experimental determination of the angular coefficient
K2 = 2[[P;o/Pg- 1] (8)

for two different values Pl and P, of the impinging power P, we

obtain the threshold value:

Pp = (P, /1, - P/ /uy- 1) (9)

EXPERTMENT

The experimental set up is shown in Figure 1. After a shutter and a
calibrated system of beam splitter and power meter, the light beam

from an Ar Ion laser (A=5145A) is linearly polarized and focused
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FIGURE 1 Sketch of the experimental setup.

(focal length f = 150 mm) on the 50 um - thick cell of the
homeotropically aligned NLC (E7 by MERCK). The central part of the
outgoing beam is detected by a photodiode placed behind a 200 Um
pinhole. The signal is then directly sent to an xt recorder triggered

by the shutter.
Results

A typical experimental trend of In[2nN(t)] vs time is reported in fig.
2, which refers to a measurement performed at P/Pp = 1.86. It is
evident that the linear approximation expressed by eqg. (5) is good.
The determination of the ratio K3/Y has been performed for four
different values of the impinging power P over the threshold level Pg

whose value, by means of the above mentioned technique, has been
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estimated to be Pp = (188 +6)mW. The obtained results, reported in
table 1, are consistent within the experimental error {= 5%). They are
also in agreement with typical values reported in literature for

NLC's, which give Ky = 1077 dyn and Y=10"1 p.
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FIGURE 2 Typical trend of In[2aN(t)] vs time.

TABLE 1. Obtained values of Ksj/y for different values of P/Pg.

Experimental errors are 3% for P/Pg and 5% for Ka/y.

P/Pg 1.33 1.60 1.73 1.86

Ks/y x 106 (cgs units) 1.001 1.037 1.026 1.048
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CONCLUSIONS

We report measurements of the ratio Kyw performed in a nematic liquid
crystal sample by means of an optical technique which exploits the
"self - heterodyning" effect. The experimental setup is extremely
simple and the experiment very easy to be done. Results, obtained at
different values of the impinging light power, are consistent and in

agreement with typical values reported in literature for NLC's.
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