Snell’s law of refraction follows directly from Huygens’ principle, given that
the speed of light v in any medium is related to the speed in a vacuum, ¢, and
the index of refraction, n, by Eq. 23-4: that is, v = ¢/n. From the Huygens’
construction of Fig. 24-3, angle ADC is equal to #, and angle BAD is equal to #,.
Then for the two triangles that have the common side AD, we have
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We divide these two equations and obtain
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Then, since v, = ¢/n, and v, = ¢/n,,
m sinf; = n,sinb,,
which is Snell’s law of refraction, Eq. 23-5. (The law of reflection can be derived
from Huygens’ principle in a similar way.)
When a light wave travels from one medium to another, its frequency does not
change, but its wavelength does. This can be seen from Fig. 24-3, where each of the  Wavelengih depends on n
blue lines representing a wave front corresponds to a crest (peak) of the wave, Then
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where, in the last step, we used Eq. 23-4, » = ¢/n. If medium 1 is a vacuum
(or air),so n; = 1, v, = ¢, and we call A, simply A, then the wavelength in
another medium of index of refraction n (= n,) will be

Ay = i (24-1)
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This result is consistent with the frequency f being unchanged no matter what
medium the wave is traveling in, since ¢ = fA. =
Wave fronts can be used to explain how mirages are produced by refraction \?J PHYSICS APPLIED

of light. For example, on a hot day motorists sometimes see a mirage ol water on Highway mirages
the highway ahead of them, with distant vehicles seemingly reflected in it
(Fig. 24-4a). On a hot day, there can be a layer of very hot air next to the
roadway (made hot by the Sun beating on the road). Hot air is less dense than
cooler air, so the index of refraction is slightly lower in the hot air. In Fig. 24—4b,
we see a diagram of light coming from one point on a distant car (on the right)
heading left toward the observer. Wave fronts and two rays are shown. Ray A
heads directly at the observer and follows a straight-line path, and represents the
normal view of the distant car. Ray B is a ray initially directed slightly down-
ward, but it bends slightly as it moves through layers of air of different index of
refraction. The wave fronts, shown in blue in Fig. 24-4b, move slightly faster in
the layers of air nearer the ground (as in Fig. 24-3, and also the soldier analogy in
FFig. 11-43). Thus ray B is bent as shown, and seems to the observer to be coming
from below (dashed line) as if reflected off the road. Hence the mirage.

FIGURE 24-4 (a) A highway mirage. (b) Drawing (greatly exaggerated) showing wave fronts and rays to explain
highway mirages. Note how sections of the wave fronts near the ground move faster and so are farther apart.
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