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1 INTRODUCTION

In the educational process, it seems more and more important to introduce at an
early enough stage basic notions of phenomena, which can serve as a starting point
for important technological applications; this way students get the necessary
understanding of some modern devices, which are encountered in various more or
less routine applications, and some ideas about the principles behind them.

Teaching science means not only reciting and enumerating basic laws of
nature, in particular physical laws, but also stimulating interest in scientific
disciplines. In the course of a teaching process, the value of science knowledge
should be made clear, emphasizing its explanation power, the ability to make
predictions, not only leading to and opening a way to practical inventions, but also
explaining in a systematic way the innumerable variety of natural processes met in
everyday environment.

One of the drawbacks of the teaching of science is that it is not connected to
today’s level of students” experience in science and technology. Many illustrations
of “physical laws in action” are not really interesting, or are even boring, resulting
in a loss of students” motivation and their interest in science. For this reason, it
seems reasonable to find examples, which may serve not only as vivid and up-to-
date illustrations of the character of science, but also of the ingenuity necessary to
apply science to practical technological use and arrive at feasible technological
solutions. Such examples are abundant in the study of liquid crystals with many
peculiar and interesting physical properties and many remarkable technological
applications. LCs also allow us to introduce at an early stage several important
concepts of modern condensed matter physics.

An important application of liquid crystals [1-3] is represented by the polymer
dispersed liquid crystal (PDLC) elements [2]. Dispersions of nematic liquid crystals
in a polymer layer are well known to scatter light because of the difference of the
refractive indices of the nematic micro-droplets phase separated from the
monomer during the polymerization process and the polymer film itself. The
effective refractive index of the liquid crystal droplets can be changed by the
electric field, and a proper matching of the refractive indices of the liquid crystals
and the polymer can result in electrically controlled light scattering of such
polymer dispersed liquid crystal films, from complete transparency to very high
light scattering.
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In a bipolar droplet, the elastic deformations involved are splay and bend.
With no external fields, the orientation of the director N (= unit vector parallel to
the bipolar axis) is arbitrary for spherical droplets. These droplets can be oriented
by the application of external stress or electric field. With a sufficiently high
external electric field, the LC droplets (As > 0) are reoriented with the bipolar axis
parallel to the field.

3 OPERATION OF A SCATTERING PDLC DEVICE

A “normal-mode light shutter” is a scattering PDLC device with bipolar droplets.
When there is no external field, the droplet director N is oriented at random (Fig. 2
left). The index of refraction as seen by the light beam depends on the angle & (see
Fig. 2) and lies between the value 1. (index of refraction for light polarized parallel
to N) and the value #, (polarization perpendicular to N).

The index of refraction of the polymer (11,) is chosen to be n,. The average
index of refraction of the LC droplets differs from n, , and the light, passing
through the PDLC cell, undergoes scattering. However, if a sufficiently high
electric voltage is applied to the PDLC cell, LC droplets reorient so that N points
normally to the cell (6= 0), as in Fig. 2 right. For normal incidence of a light beam,
the index of refraction of the droplets is 71, , the same as that of the polymer, and no
scattering takes place when light is passing through the cell. Under the influence of
applied voltage, the PDLC becomes an optically uniform medium. The PDLC cell
is opaque in the field-off state and transparent in the field-on state.

Figure 2 Orientation of LC nematic droplets inside a PDLC cell in the field-off and field-on
states.

In the field-on state of a PDLC cell, there is no scattering only for normally incident
light. In that case, the index of refraction of the LC droplets (1,) is the same as that
of the polymer (n,). At an oblique angle of incidence, there is no scattering, if the
polarization of the incident light is perpendicular to the incident plane: in that case,
the index of refraction of the droplets is n, , equal to that of the polymer (n,).
However, when the polarization is in the incident plane, the index of refraction lies
between 1. and n,. This is different from 7, , and light undergoes scattering which
increases with increasing angle. With unpolarized incident light, one part of it is
scattered making the cell milky.
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Problem 3: What happens for an oblique angle of incidence of the light beam?
Consider how scattering depends on polarization of the incident light. For what
polarization of the incident light is there no scattering?

Problem 4: The scattering of the light component with polarization in the plane of
incidence may be removed by a polarizer with the easy axis in the plane of
incidence. What are advantages and disadvantages of a polarizer?

Problem 5: Discuss the temperature dependence of the transmittance of a PDLC cell
[3]. (The temperature dependence of the refractive index of a LC material and
polymer is shown in Fig. 3.)

In nematic phase, as the temperature decreases, n, decreases, while .
increases; also, An = n. - n, increases with decreasing temperature. Therefore, in
the field-off state the light scattering grows stronger and the transmittance
decreases as the temperature decreases. In the field-on state, at normal incidence,
the optimal transmittance is achieved when n, = 1, . Therefore, as the temperature
decreases, the transmittance first increases (as long as n, > n,), reaches maximum
atn, = n, , and then decreases again (as 1, < 11,).
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Figure 3 Left: Refractive indices for the ordinary and the extraordinary rays of a typical LC
material; 1, is the refractive index of the polymer. Middle: Variation of the refractive index
with angle (6) for polarization in the plane of incidence Right: Transmittance of the cell in
the on- and off-state as a function of temperature.

4 LIGHT SHUTTER WITH CROSSED-POLARIZERS

LCs may be used as the essential functional elements in optical light shutters
(autodarkening filters). A typical application of light shutters is in personal
protection, like in auto-darkening welding goggles. They have to provide very
high switching speeds, electrically variable light attenuation as well as good optical
performances (very high and angularly independent light attenuation, low optical
distortion and very low light scattering).

The key functional part of a light shutter is typically a twisted nematic cell
(TN LCD) [1, 3]. A layer of nematic LC is put between two crossed polarizers. The
substrates are rubbed in such a way that the molecules at the bottom polarizer are
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twisted by an angle 90° relative to those at the top. The LC layer undergoes a
continuous uniform twist in the region between the substrates. It is an interesting
fact that, under certain conditions [6], a linearly polarized light from the upper
polarizer propagates through the LC layer, rotating its plane of polarization
following the molecular twist structure and emerging at the bottom polarized
parallel to the easy axis of the lower polarizer. A convincing illustration of this
phenomenon is given in the Problem 8.6 of [7]. As the polarization of light follows
the director inside the cell, it will be transmitted through both polarizers and
leaves the cell.

When a voltage across the cell is turned on (V >> Vy), most of molecules
reorient normally to the plates and are unable to change the direction of the
polarization of light. So, in the voltage-on state, the light is blocked by the second
polarizer and can not leave the cell. In this normally white mode of operation, the cell
is clear (optically open) in the voltage-off state and dark in the voltage-on state.

The TN LCD based functioning of the filter assembly is shown in Fig. 4. Use is
taken of the fact that polarizers let pass only light polarized along their easy axis,
and that TN cells in voltage-off state turn the polarization of light by 90°, and in
voltage-on state leave the polarization of light unchanged. Two TN cells are used
to achieve the necessary contrast.

Polarizer LC(r=0) Polarizer LC(V=0) Polarizer

Polarizer LC (V= on) Polarizer LC(r=0) Polarizer

iZs I/IW

Figure 4 Light shutter in off-state (above) and in activated state (bellow).

Problem 6: Explain the role of every single element in the sequence of Fig. 4 in
producing the light shutter.

5 CONCLUSIONS

It is important for a teacher to incorporate in his/her science lessons interesting up-
to-date topics able to illustrate the usefulness and effectiveness of the science
knowledge, and some of the fascinating applications in modern technological
inventions. The theory and technology involving LCs seem very appropriate for
this purpose, as they cover a very vast domain of physics, are conceptually clear
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and, at the same time, establish a good example of the fruitful interrelation
between science and technology. Also, an easy illustration of several important
physical concepts (microscopic configurations and their symmetries, translational
and orientational order, order parameter) is possible with LCs.
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