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FIGURE 24-5 (a) Young's double-
slit experiment. (b) If light consists
of particles, we would expect to see
two bright lines on the screen
behind the slits. (¢) In fact, many
lines are observed.

m Interference—Young’s Double-Slit Experiment

In 1801, the Englishman Thomas Young (1773-1829) obtained convincing
evidence for the wave nature of light and was even able to measure wave-
lengths for visible light. Figure 24-5a shows a schematic diagram of Young’s
famous double-slit experiment. Light from a single source (Young used the Sun)
falls on a screen containing two closely spaced slits §; and S,. If light consists of
tiny particles, we might expect to see two bright lines on a sereen placed behind
the slits as in (b). But instead a series of bright lines are seen, as in (c). Young
was able to explain this result as a wave-interference phenomenon. To see this,
imagine planc waves of light of a single wavelength—called monochromatic,
meaning “one color”—falling on the two slits as shown in Fig. 24-6. Because of
diffraction, the waves leaving the two small slits spread out as shown. This is
equivalent to the interference pattern produced when two rocks are thrown into
a lake (Fig. 11-37), or when sound from two loudspeakers interferes (Fig. 12-16).
Recall Section 11-12 on wave interference.

Rays S )

Screen

Wave fronts

FIGURE 24-6 If light is a wave. light passing
through one of two slits should interfere with light
passing through the other slit.

To see how an interference pattern is produced on the screen, we make use
of Fig. 24-7. Waves of wavelength A are shown entering the slits §; and S,
which are a distance d apart. The waves spread out in all directions after passing
through the slits, but they are shown only for three different angles #. In
Fig. 24-7a, the waves reaching the center of the screen are shown (8 = 07). The
waves from the two slits travel the same distance, so they are in phase: a crest of
one wave arrives at the same time as a crest of the other wave. Hence the ampli-
tudes of the two waves add to form a larger amplitude as shown in Fig. 24-8a.
This is constructive interference, and there is a bright area at the center of the
screen, Constructive interference also occurs when the paths of the two rays
differ by one wavelength (or any whole number of wavelengths), as shown in
Fig. 24-7b; also here there will be brightness on the screen. But if one ray
travels an extra distance of one-half wavelength (or 3 A, 3 A, and so on), the two
waves are exactly out of phase when they reach the screen: the crests of one
wave arrive at the same time as the troughs of the other wave, and so they add
to produce zero amplitude (Fig. 24-8b). This is destructive interference, and the
screen is dark, Fig. 24-7c. Thus, there will be a series of bright and dark lines (or
fringes) on the viewing screen.
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