Historically, this question has turned out to be a difficult one. For one thing,
light does not reveal itself in any obvious way as being made up of tiny particles;
nor do we see tiny light waves passing by as we do water waves, The evidence
seemed to favor first one side and then the other until about 1830, when most
physicists had accepted the wave theory. By the end of the nineteenth century,
light was considered to be an electromagnetic wave (Chapter 22). In the early
twentieth century, light was shown to have a particle nature as well, as we shall
discuss in Chapter 27. Nonetheless, the wave theory of light remains valid and
has proved very successful. We now investigate the evidence for the wave theory
and how it has been used to explain a wide range of phenomena.

Waves Versus Particles;
Huygens’ Principle and Diffraction

The Dutch scientist Christian Huygens (1629-1695), a contemporary of Newton,
proposed a wave theory of light that had much merit. Still useful today is a tech-
nique Huygens developed for predicting the future position of a wave front when
an earlier position is known. By a wave front, we mean all the points along a two-
or three-dimensional wave that form a wave crest—what we simply call a “wave™
as seen on the ocean. Wave fronts are perpendicular to rays as we discussed in
Chapter 11 (Fig. 11-34). Huygens' principle can be stated as follows: Every
point on a wave front can be considered as a source of tiny wavelets that spread
out in the forward direction at the speed of the wave itself. The new wave front is
the envelope of all the wavelets—that is, the tangent to all of them.

As a simple example of the use of Huygens’ principle, consider the wave
front AB in Fig. 241, which is traveling away from a source S. We assume the
medium is isofropic—that is, the speed v of the waves is the same in all direc-
tions. To find the wave front a short time ¢ after it is at AB, tiny circles are drawn
with radius r = vr. The centers of these tiny circles are blue dots on the original wave
front AB, and the circles represent Huygens' (imaginary) wavelets. The tangent
to all these wavelets, the curved line CD, is the new position of the wave front.

Huygens® principle is particularly useful for analyzing what happens when
waves impinge on an obstacle and the wave fronts are partially interrupted.
Huygens™ principle predicts that waves bend in behind an obstacle, as shown in
Fig. 24-2. This is just what water waves do, as we saw in Chapter 11 (Figs. 11-44
and 11-45). The bending of waves behind obstacles into the “shadow region”™ is
known as diffraction. Since diffraction occurs for waves, but not for particles, it
can serve as one means for distinguishing the nature of light.

FIGURE 24-2 Huygens’ principle is consistent with diffraction
(a) around the edge of an obstacle, (b) through a large hole, (¢) through
a small hole whose size is on the order of the wavelength of the wave.
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