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Harmonic Oscillators 2
An object's oscillation is said to be harmonic if the period of the oscillation does not
change when the amplitude is changed. For example, a pendulum with a length of
2.25 m will swing with a period of 3 seconds, whether it is swinging a meter to either side or just barely
moving.

In order for the oscillation of an object to be harmonic, the acceleration pushing
it back toward equilibrium must be proportional to the distance from
equilibrium. In other words, there needs to be a relationship a = Bx, that the
acceleration is equal to some constant number B multiplied by the displacement. To
make the relationship clearer, we just put a dot over a variable to represent its rate of
change; thus x with two dots over it is the acceleration. So:

For example, when a pendulum swings to the side, it is pushed back towards the
center because the vertical component of the tension force must still balance the
weight of the bob, but the tension now has an unbalanced horizontal component. This
produces an acceleration, which we could find with F = ma. Using similar triangles,
we say that:

Or, as we learned yesterday, a mass on the end of a spring feels a force F = kx. So:

. 1 a) What is the period of a pendulum with a length of .25 m?

b) What frequency is that?

c) Would it swing more quickly on the moon, or more slowly?

. 2 I create an oscillating situation by rolling a ball back and forth between my hands across a table. My
hands aren't moving much; they just push enough to get the ball going in the other direction. Is this
harmonic oscillation? Why or why not?



. 3 I am trying to push around a hockey goal on a frozen pond, but each time I get it into position, its
inertia carries it past where I want it to be. I am exerting a constant force of 50 N, always back
towards the point where I want it to be.

a) Will this produce oscillation? Is it harmonic oscillation? Why or why not?

b) Will it oscillate forever, or will I eventually succeed in getting it to stay put in the desired location?
Explain.

. 4 What shape of potential will cause an object to oscillate harmonically?
(Hint: Do we know what sort of potential one of our known harmonic oscillators has?)

. 5 Suppose that I want to make a pendulum that will have a period of 5 seconds. How long will its string
need to be?

. 6 Two components of electrical circuits that we didn't deal with in the previous unit, but which you will
see in AP physics or college physics, are capacitors and inductors. Capacitors store up charge, and
inductors are a bit like resistors except that they will let current past without resistance, but will fight
against any change in the amount of current. It turns out that if you hook up one to the other,
Kirchoff's law gives:

Here, L is how big the inductor is, C is how big the capacitor is, and Q is its charge.

a) Will harmonic oscillation occur? Why? What variable oscillates?

b) What is the equation for the period?


