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Equilibrium and Oscillation
At this point, we've talked in numerous contexts about equilibrium, which is what
we call it when all the various influences in some situation are balanced out so that
no motion occurs. We've talked about forces being in equilibrium, when the forces in all the various
directions, added up, cancel each other out. We've talked about thermal equilibrium, when two objects have
reached the same temperature, so that the heat one is losing to the other is balanced out by the heat that other
is losing to it.

We can characterize equilibrium as being either stable or unstable. A stable equilibrium will return to
equilibrium if it is disturbed slightly. An unstable equilibrium will fall away from equilibrium if disturbed.
So, for example, a ruler held by the upper end will swing back and forth past the equilibrium point, since
the higher its angle is, the more gravity pulls it down. On the other hand, a ruler held by the bottom will
quickly fall flat. A ruler held from the top is at a stable equilibrium; the ruler held from the bottom is
unstable.

If an object is pushed out of stable equilibrium and, as it swings back toward equilibrium, there is some sort
of inertia that carries it pas the equilibrium point, it will end up swinging back and forth. We call this
oscillation. Oscillation occurs in many places in physics, and we are primarily concerned with measuring
two properties of it: the period, which is how long it takes to swing back and forth once, and the
frequency, which is how many full swings it completes in a second.

Equilibrium, stability and oscillation are ideas that are immensely useful not only in every field of science,
but also in fields ranging from psychology to literary analysis.

. 1 a) In the picture to the right, in which
position is the ball in unstable
equilibrium?

b) Which is in stable equilibrium?

c) Which will oscillate when released?

. 2 Is thermal equilibrium stable, or unstable? Why? In other words, if I have two objects in thermal
equilibrium and I heat one slightly, will they fall out of equilibrium, or back into equilibrium?



. 3 During a 30-minute television show, there are 4 commercial breaks. Six times during the show, you
are interrupted by family members asking why you're watching TV rather than doing your physics
homework. Do commercials or interruptions have a greater frequency? A greater period between?

. 4 What are the period and frequency of your heartbeat right now?

. 5 When you exercise, does the period of your heartbeat increase or decrease? What about the
frequency?

. 6 a) Suppose that you are sitting in a chair. Think about what happens if you rock the chair back and
forth a little. Are you in stable equilibrium, or unstable?

b) What could you do that would put you in the other sort of equilibrium?

. 7 Pick two of the things listed below that you believe will oscillate, or make up some of your own.
Explain for each what mechanisms ensure that it will oscillate. Why is it that if it swings too much to
either side, something pulls it back toward the middle? What sort of "inertia" causes it to swing past
the middle?

Another reason you might recognize for some things oscillating is that they are connected in some way to
something else that oscillates. This is called a driven oscillation.

The tilt of the water surface in a glass, when you tip it a bit to one side and then set it down upright.
Your grades in a class over the course of a year
The population of rabbits and foxes in an ecosystem
The average temperature of the Earth's surface
The number of people viewing a particular website
The time you wake up each day
Your core body temperature


