FIGURE 24-49 Example of an
image made up of many small squares
or pixels (picture elements). This

one has rather poor resolution.

FIGURE 24-50 Liquid crvstal
molecules tend to align in one
dimension (parallel to each other)
but have random positions
{left-right. up-down).
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FIGURE 24-51 (a) “Twisted” form
of liquid crystal. Light polarization
plane is rotated 90°, Only one line of
molecules is shown. (b) Molecules
disoriented by electric field. Plane of
polarization is not changed. so light
does not pass through the horizontal
polarizer. (The transparent electrodes
are not shown.)
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m Liquid Crystal Displays (LCD)

A wonderful use of polarization is in a liquid crystal display (LCD). LCDs are
used as the display in hand-held calculators, digital wrist watches, cell phones,
and in beautiful color flat-panel computer and television screens.

A liquid crystal display is made up of many tiny rectangles called pixels, or
“picture elements.” The picture you see depends on which pixels are dark or light
and of what color, as suggested in Fig. 24-49 for a simple black and white picture.

Liquid crystals are organic materials that at room temperature exist in a
phase that is neither fully solid nor fully liquid. They are sort of gooey, and their
molecules display a randomness of position characteristic of liquids, as we
discussed in Section 13-1 and Fig. 13-2. They also show some of the orderliness
of a solid crystal (Fig. 13-2a), but only in one dimension. The liquid crystals we
find useful are made up of relatively rigid rod-like molecules that interact
weakly with cach other and tend to align parallel to each other, as shown in
Fig. 24-50.

In a simple LCD, each pixel (picture element) contains a liquid crystal
sandwiched between two glass plates whose inner surfaces have been
brushed to form nanometer-wide parallel scratches. The rod-like liquid
crystal molecules in contact with the scratches tend to line up along the
scratches, The two plates typically have their scratches at 90" to each other,
and the weak forces between the rod-like molecules tend to keep them
nearly aligned with their nearest neighbors, resulting in the twisted pattern
shown in Fig. 24-51a.

The outer surfaces of the glass plates each have a thin film polarizer,
they too oriented at 90° to each other. Unpolarized light incident from the
left becomes plane-polarized and the liquid crystal molecules keep this polarization
aligned with their rod-like shape. That is, the plane of polarization of the light
rotates with the molecules as the light passes through the liquid erystal. The light
emerges with its plane of polarization rotated by 90°, and passes through the second
polarizer readily. A tiny LCD pixel in this situation will appear bright.

Now suppose a voltage is applied to transparent electrodes on each glass
plate of the pixel. The rod-like molecules are polar (or can acquire an internal
separation of charge due to the applied electric field). The applied voltage tends
to align the molecules and they no longer follow the twisted pattern shown in
Fig. 24-51a, with the end molecules always lying in a plane parallel to the glass
plates. Now the applied electric field tends to align the molecules flat, left to
right (perpendicular to the glass plates), and they don't affect the light polariza-
tion significantly. The entering plane-polarized light no longer has its plane of
polarization rotated as it passes through, and no light can exit through the second
(horizontal) polarizer. With the voltage on, the pixel appears dark.”

"In some displays. the polarizers are parallel to cach other (the seratches remain at 907 to maintain
the twist). Then voltage off results in black (no light), and voltage on results in bright light.
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