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FIGURE 31.24 >

A helium-neon laser
emits a steady output of
coherent light.
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FIGURE 31.25 A

A product code is read by
laser light that reflects from
the bar pattern and is con-
verted to an electrical signal
that is fed into a computer.
The signal is high when
light is reflected from the
white spaces and low when
reflected from a dark bar.
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Operation of Lasers A laser is not a source of energy. It is simply
a converter of energy, taking advantage of the process of stimulated
emission to concentrate a certain fraction of the energy input (com-
monly much less than 1%) into a thin beam of coherent light. Like all
devices, a laser can put out no more energy than it takes in.

In a helium-neon laser, which is shown in Figure 31.24, a high
voltage applied to a mixture of helium and neon gas energizes helium
atoms to a state of high energy. Before the helium can emit light, it
gives up its energy by collision with neon, which is boosted to an
otherwise hard-to-come-by matched energy state. Light emitted by
neon stimulates other energized neon atoms to emit matched-fre-
quency light. The process cascades, and a coherent beam of light is
produced. The output remains steady because the helium is con-
stantly reenergized.

Applications of Lasers Lasers come in many types and have
broad applications in diverse fields. Surveyors and construction
workers use them as “chalk lines,” surgeons use them as scalpels, and
garment manufacturers use them as cloth-cutting saws. They are
used to read product codes, like the one shown in Figure 31.25, into
cash registers, to read the music and video signals in CDs and DVDs,
and to read the bar code on the cover of your Conceptual Physics
textbook. Lasers are now being used to cut metals, transmit informa-
tion through optical fibers, and measure speeds of vehicles for law
enforcement purposes. Scientists have even been able to use lasers as
“optical tweezers” that can hold and move objects. A most impressive
product of laser light is the hologram.

‘c:‘l,-ricél;z What causes a laser to emit light?
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gram, the laser light that
exposes the photographic
film is made up of two
parts: one part is reflected
from the object, and one
part is reflected from

the mirror.

31.7 The Hologram

A hologram is a three-dimensional version of a photograph that
contains the whole message or entire picture in every portion of its
surface. To the naked eye, it appears to be an imageless piece of trans-
parent film, but on its surface is a pattern of microscopic interference
fringes. Light diffracted from these fringes produces an image that is
extremely realistic. Holograms are also difficult to reproduce—hence
their use on credit cards.

Producing a Hologram @ A hologram is produced by the
interference between two laser light beams on photographic film.
The two beams are part of one beam. One part illuminates the object
and is reflected from the object to the film. The second part, called
the reference beam, is reflected from a mirror to the film, as shown

in Figure 31.26. Interference between the reference beam and light
reflected from the different points on the object produces a pattern of
microscopic fringes on the film. Light from nearer parts of the object
travels shorter paths than light from farther parts of the object. The
different distances traveled will produce slightly different interference
patterns with the reference beam. In this way information about the
depth of an object is recorded.

i i e Link to VISION

Spiky Stars All through the ages stars in the night sky have been drawn with
pointed spikes. Ever wonder why? The reason doesn’t have to do with the stars,
which are point sources of light in the night sky, but rather with poor eyesight
and diffraction. The surface of our eyes becomes scratched by a variety of causes
and acts like a sort of diffraction grating. Instead of seeing point sources of light,
we sometimes see spikes that may shimmer and twinkle due to temperature
differences in the atmosphere. In a windy desert region where sandstorms are
frequent, our corneas are even more scratched and we see more vivid star
spikes. Stars don't really have pointed spikes. They just appear spiked because of
scratches on the surfaces of our eyes.

Holograms viewed with
white light are common
on credit cards. Watch
for them on money.
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FIGURE 31.27 >

When a hologram is
illuminated with coherent light,
the diverging diffracted light
produces a three-dimensional
virtual image. Converging
diffracted light produces a

real image in front of the
hologram.
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Viewing a Hologram When light falls on a hologram, it is dif-
fracted by the fringed pattern to produce wave fronts identical in
form to the original wave fronts reflected by the object. The diffracted
wave fronts produce the same effect as the original reflected wave
fronts. As illustrated in Figure 31.27, when you look through a holo-
gram, you see a three-dimensional virtual image. Looking through

a hologram is like looking through a window. You refocus your eyes
to see near and far parts of the image, just as you do when viewing

a real object. Converging diffracted light produces a real image in
front of the hologram, which can be projected on a screen. Since the
image has depth, you cannot see near and far parts of the image in
sharp focus for any single position on a flat screen. Parallax is evident
when you move your head to the side and see down the sides of the
object, or when you lower your head and look underneath the object.
Holographic pictures appear to be three-dimensional, and therefore,
are extremely realistic.

Interestingly enough, if the hologram is made on film, you can
cut it in half and still see the entire image on each half. And you can
cut one of the pieces in half again and again and see the entire image,
just as you can put your eye to any part of a window to see outdoors.
Every part of the hologram has received and recorded light from the
entire object.

Even more interesting is holographic magnification. If holo-
grams are made using short-wavelength light and viewed with light
of a longer wavelength, the resulting image is magnified in the same
proportion as the wavelengths. Holograms made with X-rays would
be magnified thousands of times when viewed with visible light and
appropriate viewing arrangements.

Light is interesting—especially when it is diffracted through the
interference fringes of that supersophisticated diffraction grating, the
hologram!

CONCEPT: .
: ?
CHECK: How is a hologram produced





