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FIGURE 24-3 Refraction explained,
using Huvgens’ principle. Wave fronts

are perpendicular to the rays.

Does light exhibit diffraction? In the mid-seventeenth century, the Jesuit
priest Francesco Grimaldi (1618-1663) had observed that when sunlight
entered a darkened room through a tiny hole in a screen, the spot on the oppo-
site wall was larger than would be expected from geometric rays. He also
observed that the border of the image was not clear but was surrounded by
colored fringes. Grimaldi attributed this to the diffraction of light.

The wave model of light nicely accounts for diffraction. But the ray model
(Chapter 23) cannot account for diffraction, and it is important to be aware of such
limitations to the ray model. Geometric oplics using rays is successful in a wide range
of situations only because normal openings and obstacles are much larger than the
wavelength of the light, and so relatively little diffraction or bending occurs,

m Huygens’ Principle and the Law of Refraction

The laws of reflection and refraction were well known in Newton’s time. The
law of reflection could not distinguish between the two theories we just
discussed: waves versus particles. For when waves reflect from an obstacle, the
angle of incidence equals the angle of reflection (Fig. 11-35). The same is true
of particles—think of a tennis ball without spin striking a flat surface.

The law of refraction is another matter, Consider a ray of light entering a
medium where it is bent toward the normal, as when traveling from air into water.
As shown in Fig. 24-3, this bending can be constructed using Huygens® principle if we
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assume the speed of light is less in the second medium (v, < #,). In time ¢, point B
on wave front AB (perpendicular to the incoming ray) travels a distance v/ to
reach point D. Point A on the wave front, traveling in the second medium, goes a
distance v,1 to reach point C, and »,¢ < v, r. Huygens' principle is applied to
points A and B to obtain the curved wavelets shown at C and D. The wave front is
tangent to these two wavelets, so the new wave front is the line CD. Hence the rays,
which are perpendicular to the wave fronts, bend toward the normal if #, < v, as
drawn. (This is basically the same discussion we used around Fig, 11-43).

Newton favored a particle theory of light which predicted the opposite result,
that the speed of light would be greater in the second medium (v, > »,). Thus the
wave theory predicts that the speed of light in water, for example, is less than in air;
and Newton’s particle theory predicts the reverse. An experiment to actually
measure the speed of light in water was performed in 1850 by the French physicist
Jean Foucault, and it confirmed the wave-theory prediction. By then, however, the
wave theory was already fully accepted, as we shall see in the next Section.

CHAPTER 24 The Wave Nature of Light



