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Sound
Sound is a type of wave that can move through air, rather than something like a rope.
Rather than being a wave that wiggles from side to side, sound wiggles forward and
backward as it moves forward, so that the air is alternately compressed and rarified. We say that it is a
longitudinal wave rather than a transverse wave. In room temperature air at sea level, the wave speed of
sound is 345 m / s.

Standing waves of sound can form in a pipe just like a standing wave forms in a rope. A
closed end of the pipe acts like a fixed end of a rope, and an open end acts like a sliding
end. So, for example, in the pipe to the right, the first mode has half a wavelength within
the pipe, and the second mode has a whole wavelength in the pipe. Suppose the pipe is 2
m long. Using λ = v / f, I can find out that the first mode has a frequency of 345 / 4 =
86.25 Hz, while the second mode has a frequency of 345 / 2 = 172.5 Hz.

. 1 I shout toward a mountain, and 10 s later hear an echo that has reflected from it.
How far away is the mountain? How far is that in miles? (1 mile = 1600 m)

. 2 An earthquake produces four different types of
waves, as shown in the illustration to the left. Which
involve transverse motion? Longitudinal? Both?

. 3 A loud sound wave, like the shock wave of an
explosion, pushes things outward; this is why a bomb
can shatter windows far away. An large ocean wave,
on the other hand, merely lifts thing high up and then
drops them down. Why do the two types of waves do
different things?

. 4 Lightning strikes 2 miles (3200 m) away from me. I
see the light imediately, but it takes some time for the
sound of thunder to catch up. How long is this delay?



. 5 I am hammering a nail into a railing on the front of my house. Every time I hit the nail, I hear an echo
about .1 s later. Then, I hear a second echo .1 s after that. In fact, I think I might even hear a string of
ever-fainter echoes, spaced out by .1 s.

a) How far has the first echo traveled? The second?

b) Why is there a whole string of echoes like this? Hint: What needs to be true for a pulse to bounce
back and forth?

c) How far is my house from the one on the other side of the street?

. 6 An organ pipe is 1.4 m long. It is closed on one end and open on the other.

a) On the picture to the right, draw the first mode wave in this pipe. What is its wavelength?

b) What is the frequency of note played by this pipe?

c) What is the frequency of the next higher mode? Remember that this particular type of standing
wave has some missing modes.

d) What would the mode 1 frequency be if both ends of the pipe were open?

Answers:
1) 1725 m (1.07 miles)         4) 9.3 s
5) You should find 17.25 m for part (c)
6) Answers should sum to about 375.2


