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A pendulum swings back and forth. Themoon orbitsthe Earth every
28 days. These types of repetitive motions are called harmonic
motion. Harmonic motion is motion that repeats in identical or
nearly identical cycles. A cycle is aunit of motion that repeats. A
system in harmonic motion is an oscillator. It oscillates.

Systems at rest arein.e.qu'ilibr.iurn.. Harmonic motion occursin i dckiaes ok
some systems when nghbnum is disturbed. A system at rest & | The pedulum swings, tic-toc§ |
relatively high potential energy, such asamarble at thetop of ahill, | The harmonic motion’s
isin unstable equilibrium. When disturbed, forces act to pull it | Like waves in the ocean
away from equilibrium. The marble rolls away. A system at rest at ‘\As back and forth we rock_
relatively low potential energy, such asamarble at the bottom of a
valley, isin stable equilibrium. When disturbed, forces act to pull
it back toward equilibrium. The marble rolls back into the valley,
but because of inertia it may move past the equilibrium point and
begin oscillating back and forth. As a result, systems in stable
equilibrium undergo harmonic motion when they are disturbed.
During harmonic motion the system moves back and forth around
the central or equilibrium position. Equilibrium is maintained by
restoring forces. A restoring force is any force that actsto pull a
system back toward equilibrium, much as gravity pullsachild ona
swing back to the lowest point. The child moves past the equilibrium point despite the restoring force because the
child hasinertia.

Some systems oscillate faster than others. Some oscillators move further than others. The time it takes to
complete acycleiscalled the period. The number of cycles per second isthe frequency. Frequency istheinverse
of the period, and is measured in Hertz (Hz). Theamplitude isthe size of the cycle, or how far the system moves
from its resting state. Larger amplitudes have higher energy. When kinetic energy of an oscillator is highest,
potential energy islowest. Think of aswing. It is moving fastest as it moves past the equilibrium point, but as it
moves higher, gravity slowsit down. Eventually the swing stops moving despite the fact that the restoring force,
gravity, remainsthe same. Thisisbecause of friction. The gradual loss of amplitude by an oscillator dueto friction
iscaled damping.

The strings on aguitar all vibrate at different frequencies. The natural frequency isthe frequency at which a
system, such asaguitar string, tendsto oscillate when disturbed. The natural frequency resultsfrom theinteraction
between the restoring force and inertia. Larger restoring forces, like those of tighter guitar strings, result in higher
frequencies. Greater inertia, likethat of thicker moremassiveguitar strings, resultsinlower frequencies. Thenatural
frequency is proportional to the accel eration of the system because it depends on the restoring force and the mass.

When achild ison aswing, you keep pushing every so often. Y our force is oscillating. A force that oscillates
in strength and directionisaperiodic force. When thefrequency of aperiodic force matchesthe natural frequency,
theamplitude of themotionincreases. Thisiscalled resonance. The swingwill not end up moving sofast, however,
that it flies into outer space. This is because resonance has limits. Resonance is limited by frequency changes
associated with changing amplitude and by damping.

(Continued on the next page)
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Answer the questions below based on your reading on the previous page, and on your knowledge of physics.

1. Describe the cycle of the moon. Why is this an example of harmonic motion?

2. WileE. Coyoteis planning to balance an anvil at the top of a cliff to drop on the

road runner. What type of equilibrium is he depending on? Will there be any .

harmonic motion?

3. A weight ishanging still on aspring. What type of equilibrium is this? What will happen if you pull down on

the weight?

4. The period of aguitar string is about 0.00227 s. What is its frequency?

5. What are two ways to make a child on a swing keep moving higher? What aspects of harmonic motion are

changing when this happens?

6. A man at acarnival swings amallet hard enough that when he hits the lever
of ahigh striker, it makesthe puck hit the bell. Describe and explain the nature

of the motion of the puck in the minutes after the lever is struck.
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