as in simple harmonic motion. Thus, although a wave is not matter, the wave  Waves are moving oscillations,
pattern can travel in matter. A wave consists of oscillations that move without  notcarrying marter along
carrying matter with them.
Waves carry energy from one place to another, Energy is given to a water
wave, for example, by a rock thrown into the water, or by wind far out at sea.
The energy is transported by waves to the shore. The oscillating hand in
Fig. 11-21 transfers energy to the rope, and that energy is transported down the
rope and can be transferred to an object at the other end. All forms of traveling
waves transporl energy.
Let us look a little more closely at how a wave is formed and how it comes
to “travel.” We first look at a single wave bump, or pulse. A single pulse can be  Wave pulse
formed on a rope by a quick up-and-down motion of the hand, Fig. 11-22. The
hand pulls up on one end of the rope. Because the end section is attached to
adjacent sections, these also feel an upward force and they too begin to move
upward. As each succeeding section of rope moves upward, the wave crest moves
outward along the rope. Meanwhile, the end section of rope has been returned to
its original position by the hand. As each succeeding section of rope reaches its
peak position, it too is pulled back down again by the adjacent section of rope.
Thus the source of a traveling wave pulse is a disturbance, and cohesive forces
between adjacent sections of rope cause the pulse to travel outward. Waves in
other media are created and propagate outward in a similar fashion.
A continuous or periodic wave, such as that shown in Fig. 11-21, has as its  Peviodic wave
source a disturbance that is continuous and oscillating: that is, the source is a
wvibration or oscillation. In Fig. 11-21, a hand oscillates one end of the rope.
Water waves may be produced by any vibrating object at the surface, such as
your hand; or the water itself is made to vibrate when wind blows across it or a
rock is thrown into it. A vibrating tuning fork or drum membrane gives rise to
sound waves in air. And we will see later that oscillating electric charges give
rise to light waves. Indeed, almost any vibrating object sends out waves.
The source of any wave, then, is a vibration. And it is a vibration that prop-
agates outward and thus constitutes the wave. If the source vibrates sinusoidally
in SHM, then the wave itself—if the medium is perfectly elastic—will have a
sinusoidal shape both in space and in time. (1) In space: if you take a picture of
the wave in space at a given instant of time, the wave will have the shape of a
sine or cosine as a function of position. (2) In time: if you look at the motion
of the medium at one place over a long period of time—for example, if you look
between two closely spaced posts of a pier or out of a ship’s porthole as water
waves pass by—the up-and-down motion of that small segment of water will be
simple harmonic motion. The water moves up and down sinusoidally in time.

FIGURE 11-22 Motion of a wave pulse to
the right. Arrows indicate velocity of cord
particles.
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