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Resonance
The London Millenium Footbridge,
crossing the Thames, was completed
in 2000. When pedestrians first started trying to cross it, it
suddenly began wobbling alarmingly from side to side and
had to be closed until the problem could be corrected.

When an earthquake hit near Mexico City in 1985, some
buildings in the city began to wave from side to side and
then collapsed suddenly and completely. Other buildings
nearby, taller and less well built, weathered the quake with
no damage except objects falling from shelves.

Both of these things are examples of resonance. If I keep
pushing at an oscillator in time with its swinging, I will make it swing higher and higher. This is something
that you do instinctively when "pumping" on a swing or when pushing a younger sibling or cousin. If I give
you a pendulum and ask you to get it swinging, you instinctively find the right frequency to wiggle your
hand with to build up oscillation.

In the case of the footbridge, the "push" is coming from the oscillation of people walking. As you walk, you
are shifting your weight from foot to foot, which pushes the ground first one way, then the other. The
problem is exacerbated by the fact that if the ground is wobbling, you instinctively match your stride to the
wobble, as you would if trying to walk on a ship. The earthquake example works in a similar way: here it is
the ground that is oscillating, and any building with a tendency to wobble at that frequency will be "excited"
into oscillation.

The Millenium Footbridge was repaired by installing friction blocks that would resist any motion of the
bridge, "damping out" any vibrations before they had time to form. Buildings are made earthquake-proof by
a simpler method: simply making sure that the resonant frequency of the building is nowhere near the usual
frequencies of an earthquake.

The key things you need to understand about resonance are:
It takes a very specific frequency of oscillation to make an object resonate.
That frequency is the same "natural frequency" the object will vibrate with if struck.
Surprisingly many objects do resonate. But some, like a block of clay, can't really oscillate because
their material "damps out" oscillations as soon as they form.

. 1 For each of the following situations, state whether it could or could not be an example of resonance.
Then, explain why or why not.

a) A machine in a factory suddenly starts jumping up and down so wildly that it tears itself off of the
floor.

b) When the washing machine is turned on, a particular plate starts rattling on its shelf. No other plate
is affected, and putting another identical plate on top of it stops the rattling.



c) As the T train pulls out of the station, a page of newspaper on the track seems to be trying to
follow along behind it.

d) When swinging on the swings on a playground, I notice that the swing next to me has mysteriously
started to swing a bit.

e) A person in a canoe notices that his canoe seems to jump more and more with each wave from a
motorboat that hits it, even though the waves are all the same size.

. 2 In the apparatus pictured to the left, a pendulum is hung
from a string that strung between a mass and a spring.
So, we have a mass-spring oscillator, and it drives a
pendulum. The mass is .2 kg; the spring has a k of .5 N /
m. The pendulum's string has a length of .25 m.

a) What is the period of the mass-spring oscillator?

b) What is the period of the pendulum?

c) Will resonance occur? That is, if I start one of the two oscillating, will it cause the other to
oscillate?

d) What would the length of the pendulum need to be for resonance to happen?


