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FIGURE 24-54 Unpolarized
sunlight scattered by molecules of the
air. An observer at right angles sees
plane-polarized light, since the
component of oscillation along the line
of sight emits no light along that line.
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Why the sky is blue
Why sunsets are red

Why clouds are white

B Summary

m Scattering of Light by the Atmosphere

Sunsets are red, the sky is blue, and skylight is polarized (at least partially).
These phenomena can be explained on the basis of the scatiering of light by the
molecules of the atmosphere. In Fig. 24-54 we see unpolarized light from the Sun
impinging on a molecule of the Earth’s atmosphere. The electric field of the EM
wave sets the electric charges within the molecule into motion, and the molecule
absorbs some of the incident radiation. But it quickly reemits this light since
the charges are oscillating. As discussed in Section 22-2, oscillating electric
charges produce EM waves. The intensity is strongest along a line perpendicular
to the oscillation, and drops to zero along the line of oscillation (Section 22-2). In
Fig. 24-54 the motion of the charges is resolved into two components. An
observer at right angles to the direction of the sunlight, as shown, will see plane-
polarized light because no light is emitted along the line of the other
component of the oscillation. (When viewing along the line of an oscillation, you
don’t see that oscillation, and hence see no waves made by it.) At other
viewing angles, both components will be present; one will be stronger, however,
so the light appears partially polarized. Thus, the process of scattering explains
the polarization of skvlight.

Scattering of light by the Earth’s atmosphere depends on A. For particles
much smaller than the wavelength of light (such as molecules of air), the parti-
cles will be less of an obstruction to long wavelengths than to short ones. The
scattering decreases, in fact, as 1/A%., Blue and violet light are thus scattered
much more than red and orange, which is why the sky looks blue. At sunset, the
Sun’s rays pass through a maximum length of atmosphere. Much of the blue has
been taken out by scattering. The light that reaches the surface ol the Earth, and
reflects off clouds and haze, is thus lacking in blue. That is why sunsets appear
reddish.

The dependence of scattering on 1/A* is valid only if the scattering objects
are much smaller than the wavelength of the light. This is valid for oxygen and
nitrogen molecules whose diameters are about 0.2 nm. Clouds, however, contain
water droplets or crystals that are much larger than A. They scatter all frequen-
cies of light nearly uniformly. Hence clouds appear white (or gray, if shadowed).

The wave theory of light is strongly supported by the observa-
tions that light exhibits interference and diffraction. Wave
theory also explains the refraction of light and the fact that
light travels more slowly in transparent solids and liquids than
it does in air.

An aid to predicting wave behavior is Huygens® principle,
which states that every point on a wave front can be consid-
ered as a source of tinv wavelets that spread out in the
forward direction at the speed of the wave itself. The new wave
front is the envelope (the common tangent) of all the wavelets.

The wavelength of light in a medium with index of refrac-
tion n is

Ay = (24-1)

A
n )
where A is the wavelength in vacuum; the frequency is not
changed.

Young’s double-slit experiment clearly demonstrated the
interference of light. The observed bright spots of the interfer-
ence pattern were explained as constructive interference
between the beams coming through the two slits, where the
beams differ in path length by an integral number of wave-
lengths. The dark areas in between are due to destructive
interference when the path lengths differ by $A. 3 A, and so

690 CHAPTER 24 The Wave Nature of Light

on. The angles # at which constructive interference occurs are
given by

sin# = m (24-2a)

i
where A is the wavelength of the light, d is the separation of the
slits, and m is an integer (0. 1, 2, ---). Destructive interference
occurs at angles # given by

sind = (m + %\}% (24-2b)
where m is an integer (0. 1,2, ).

Two sources of light are perfectly coherent if the waves
leaving them are of the same single frequency and maintain
the same phase relationship at all times. If the light waves
from the two sources have a random phase with respect to
cach other over time (as for two incandescent lighthulbs) the
two sources are incoherent.

The frequency or wavelength of light determines its
color. The visible spectrum extends from about 400nm
(violet) to about 750 nm (red).

Glass prisms break down white light into its constituent
colors because the index of refraction varies with wavelength,
a phenomenon known as dispersion.



