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13.3.1: Transverse Waves

Transverse Waves

A familiar example of a transverse wave occurs when you toss a rock into a lake or pond. When the rock hits the surface of the
water, ripples are produced. The ripples are formed by the energy of the falling rock being shared by the water molecules near the
impact point. As those molecules transfer the energy to molecules located further away, the ripples expand outward from the impact
point. Although the energy spreads out horizontally through the water, the water molecules do not move horizontally. As the energy
is transferred from one water molecule to the next, the surface of the water bounces up and down, each molecule acting like a
simple harmonic oscillator.

A way to help visualize the difference between the wave speed and the speed of the water molecules is to imagine a line of people
standing side by side. The person (water molecule) on the far left end is handed a ball (energy), and they pass the ball to the next
person in line. Each person passes the ball to the next person until the ball has traveled from one end of the line to the other. None
of the people move very much. They might lean to the left to receive the ball and then lean to the right to pass it to their neighbor,
but they do not run with the ball. The ball definitely travels along the line with an average velocity, and even though each person
leans left and right they do not change position, which gives them an average velocity of zero.

"Stones-Pebbles-Water" by geralt via Pixabay under CCO

Imagine a ripple moving through the water. Ahead of the ripple, the water is flat and undisturbed. There, the water surface is in a
state of equilibrium. As the energy passes through the water, it produces a series of crests and troughs. The crests and troughs are
created by the water surface rising and falling in a simple harmonic oscillation. If you took a picture of the water surface as the
energy passes through, it would look something like this:
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Parts of a wave, by Claude Mona, under CC BY NC

In a transverse wave, the atoms of the medium move perpendicular to the direction that the energy is moving through the medium.
When the wave has passed, the atoms of the medium have returned to their equilibrium positions. All transverse waves share
certain characteristics.

Waves have an amplitude (A). The amplitude is how far from equilibrium the atoms of the material have moved as the
wave energy passes through the system. The 'height' of the crests is the same as the 'depth' of the troughs.
Waves have a wavelength ). The wavelength is set by how far the energy travels in one period. The wavelength is
different from the amplitude. The wavelength measures the distance between two successive crests (or troughs) as the
wave travels through the medium.
Waves have a velocity (v ). The wave velocity is a measure of how long it takes for the energy to pass from one atom
to another. This is different than the velocity of the moving atoms.

The distance between two crests is defined to be the wavelength. We know that the time between two maximum amplitude
positions in a simple harmonic system is defined to be the period. The energy traveled a distance  in a time T. The ratio of
displacement over time is the definition of velocity, so the wave speed is defined as v  = . Since period and frequency are
related then v  =  f. This is true for all simple harmonic waves.

Another example of a transverse wave can be seen when two people hold the ends of a rope and one person rapidly wiggles their
end of the rope up and down. A series of 'bumps' is produced and these 'bumps' travel along the rope, away from the wiggling end.
Although the energy is moving horizontally along the rope, the rope is not moving horizontally. Instead, the rope travels up and
down, with each section of the rope acting as a simple harmonic oscillator. Because of this, there is a wave speed which describes
how quickly the 'bumps' move horizontally along the rope, but there is also the 'rope speed' which talks about how quickly the end
of the rope is moving up and down.

A certain transverse wave has a wave velocity of 1580 meters per second. If the wavelength is 1.35 meters, what is the
frequency of the wave?

Solution

Starting with v  =  f, you can solve for f =  =  = 1170.4 Hertz.

13.3.1: Transverse Waves is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by Claude Mona.
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