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FIGURE 24-37 Michelson
interferometer.

(a)

FIGURE 24-38 Transverse waves
on a rope polarized (a) in a vertical
plane and (b) in a horizontal plane.

FIGURE 24-40 Oscillation of the
electric field vectors in unpolarized
light. The light is traveling into or
out of the page.

— A GRTRE) *m Michelson Interferometer

A useful mstrument involving wave interference 1s the Michelson interferometer
(Fig. 24-37). invented by the American Albert A. Michelson (Section 22-4). Mono-
chromatic light from a single point on an extended source is shown striking a half-silvered
mirror Mg. This beam splitter mirror Mg has a thin layer of silver that reflects only
half the light that hits it, so that half of the beam passes through to a fixed mirror M,
where it is reflected back. The other half is reflected by Mg up to a mirror M, that is
movable (by a fine-thread screw), where it is also reflected back. Upon its return, part
of beam | passes through My and reaches the eye; and part of beam 2, on its return,
is reflected by M into the eye. If the two path lengths are identical, the two coherent
beams entering the eye constructively interfere and brightness will be seen. If the
movable mirror is moved a distance A/4, one beam will travel an extra distance
equal to A/2 (because it travels back and forth over the distance A/4). In this case, the
two beams will destructively interfere and darkness will be seen. As M, is moved
farther, brightness will recur (when the path difference is A), then darkness, and so on.

Very precise length measurements can be made with an interferometer. The
motion of mirror M, by only 1 A produces a clear difference between brightness
and darkness. For A = 400 nm, this means a precision of 100 nm, or 10 “mm! If
mirror M, is tilted very slightly, the bright or dark spots are seen instead as a
series of bright and dark lines or “fringes.” By counting the number of fringes,
or fractions thereof, extremely precise length measurements can be made.

m Polarization

An important and useful property of light is that it can be polarized. To see
what this means, let us examine waves traveling on a rope. A rope can be sel
into oscillation in a vertical plane as in Fig. 24-38a, or in a horizontal plane
as in Fig. 24-38b. In either case, the wave is said to be linearly polarized or
plane-polarized—that is, the oscillations are in a plane.

If we now place an obstacle containing a vertical slit in the path of the wave,
Fig. 24-39, a vertically polarized wave passes through the vertical slit, but a
horizontally polarized wave will not. If a horizontal slit were used, the vertically
polarized wave would be stopped. If both types of slit were used, both types of wave
would be stopped by one slit or the other. Note that polarization can exist only for
transverse waves, and not for longitudinal waves such as sound. The latter oscillate
only along the direction of motion, and neither orientation of slit would stop them.

FIGURE 24-39 Vertically polarized wave passes through a vertical slit. but a

horizontally polarized wave will not.

(a) (b)

Maxwell’s theory of light as electromagnetic (EM) waves predicted that light can
be polarized since an EM wave is a transverse wave. The direction of polarization in a
plane-polarized EM wave is taken as the direction of the electric field vector E.

Light is not necessarily polarized. It can also be unpolarized, which means
that the source has oscillations in many planes at once, as shown in Fig. 24-40.
An ordinary incandescent lightbulb emits unpolarized light, as does the Sun,

"There are other types of interferometer, but Michelson’s is the best known.
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