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FIGURE 11-34 Ravs, signifying the
direction of wave motion, are always
perpendicular to the wave fronts
(wave crests). (a) Circular or
spherical waves near the source.

(b) Far from the source, the wave
fronts are nearly straight or flat, and
are called plane waves.

Superposition principle
Destructive interference

Constructive interference

FIGURE 11-36 Two wave pulses
pass each other. Where they
averlap, interference occurs:

(a) destructive, and (b) constructive.
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For a two- or three-dimensional wave, such as a water wave, we are
concerned with wave fronts, by which we mean all the points along the wave
forming the wave crest (what we usually refer to simply as a “wave” at the
seashore). A line drawn in the direction of wave motion, perpendicular to the wave
front, is called a ray, as shown in Fig. 11-34, Wave fronts far from the source
have lost almost all their curvature (Fig. 11-34b) and are nearly straight, as
ocean waves often are; they are then called plane waves.

For reflection of a two- or three-dimensional plane wave, as shown in
Fig. 11-35, the angle that the incoming or incident wave makes with the
reflecting surface is equal to the angle made by the reflected wave. This is the law
of reflection: the angle of reflection equals the angle of incidence. The “angle of
incidence” is defined as the angle the incident ray makes with the perpendicular
to the reflecting surface (or the wave front makes with a tangent to the surface).
The “angle of reflection™ is the corresponding angle for the reflected wave.
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FIGURE 11-35

Law of reflection.

EEBEE] Interference; Principle of Superposition

Interference refers to what happens when two waves pass through the same region
of space at the same time. Consider, for example, the two wave pulses on a string
traveling toward each other as shown in Fig. 11-36. In Fig. 11-36a the two pulses
have the same amplitude, but one is a crest and the other a trough: in Fig. 11-36b
they are both crests. In both cases, the waves meet and pass right by each other.
However, in the region where they overlap, the resultant displacement is the
algebraic sum of their separate displacements (a crest is considered positive and a
trough negative). This is called the principle of superposition. In Fig. 11-36a, the two
waves have opposite displacements at the instant they pass one another, and they
add to zero. The result is called destructive interference. In Fig. 1 1-36b, at the instant
the two pulses overlap, they produce a resultant displacement that is greater than
the displacement of either separate pulse, and the result is constructive interference.
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Vibrations and Waves



