
Sound and Waves Notes
This chapter builds on the Oscillation chapter. Specifically, you need to know that if something is
oscillating, the time it takes for one oscillation, the time to complete one cycle and return to the starting
state, is the period of oscillation, denoted by the variable T and measured in seconds. This is closely related
to the frequency, f, which is the number of cycles per second, or Hz (Hertz). Period and frequency are
reciprocals of each other.

Waves

A wave is something that carries an oscillation form place to place. At any point along the wave, there is
something oscillating; if I am standing in the ocean with my eyes closed, I feel the water oscillating up and
down and may not realize that it's part of a wave. What makes it a wave is that this oscillation is actually a
result of some fixed shape moving past me with a certain wave speed v. If each wave has a length λ, this
length is just the distance traveled by the wave during each period of the oscillation:

The wavelength for a particular mode of standing wave can be found by tracing out the distance a pulse
travels around the rope before returning to where it started. The wave speed depends on what sort of
material the wave is in:

Pulse Reflection and Interference

If I send out any shape of wave in a rope (or in the air, or by dropping a rock in a lake...) it tends to
maintain its shape, and move along at the wave speed. If two waves meet, both simply continue on their
way without noticing the other. The rope (or water surface, etc.), where these two waves meet, will just be at
a height that is the sum of all the waves at that point.

This is called interference. It means that two pulses on the same side of the rope tend to momentarily create
a taller spike as they pass ("constructive interference"), and two waves on opposite sides of the rope tend to
cancel out as they pass ("destructive interference").

Interference also plays a part in how pulses reflect from the ends of a rope. If an end of a rope is held fixed
in place, and a pulse comes in that would cause it to move in one direction, it has to create a reflected wave
on the opposite side of the rope, so that the two waves will cancel out and leave the fixed point immobile.
The result that the incoming wave seems to turn around and go back, on the opposite side of the rope. If the
end of the rope is open, free to slide up and down, the opposite will happen; the reflection will be on the
same side of the rope as the incoming wave, so that the wave jumps up to double height as it reflects and
interferes with its reflection.



Sound waves in air also interfere and reflect. An open end of a pipe acts like a sliding end of a rope, and a
solid object acts like a fixed end of a rope.

Standing Waves

If a continuous wave on a rope or in a pipe lines up properly with its reflection, then instead of canceling
out, the whole rope or air column starts to oscillate all together. This is called a standing wave. In a standing
wave, the points that are not moving at all are called the nodes of the wave, and those that move the most
are called the antinodes. There will always be a node at a fixed end and an antinode at an open end.

There are several possible standing waves that can form on a rope, subject to the restrictions as to whether
each end is at a node or antinode. We say that these are different modes of vibration of that instrument. The
lowest mode will always have a wavelength equal to the total distance a pulse travels before reflecting back
to be at its starting location, on the same side of the rope, going the same way. The higher modes will have
two wavelengths packed in this distance, then three, and so on. In terms of frequency, if mode 1 has a
frequency f, then a mode with three times as many waves packed in the same distance will have a frequency
3f.

When you play a certain note on an instrument, we refer to the note you are trying to play as the
fundamental. All the other modes of the instrument are excited as well; we call these the overtones or
harmonics. So, for example, if a string plays a B at 130 Hz, I will also hear a note at 260 Hz (the B and
octave higher), another at 390 Hz (F# a fifth above that B), and so on. The overtones are what give the
instrument its own distinctive sound. The higher frequency overtones tend to die out faster, since they are
moving faster and thus have more friction; this leaves just the fundamental alone at last.

On a stringed instrument, where I pluck the string determines what mix of fundamental and overtones I get.
If I pluck near the center, at the node of mode 2, I will probably get mostly the fundamental and odd
overtones. If I pluck near the antinode of mode 2, I may get a louder mode 2 overtone than fundamental.

Wind Instruments

An complex instrument composed of many pipes can be simplified with Thevenin equivalents to find its
acoustic length, the length of pipe that it resonates like. An open end adds .3×(diameter) to the effective
length of its pipe; a finger hole has this same sort of end correction, but equal to .75×(diameter). The
resistance of a pipe is equal to (acoustic length) / (cross section area). If you find the equivalent resistance
of the whole instrument, using Thevenin equivalents, then the acoustic length of the whole instrument is that
which would give this resistance with the cross sectional area of the largest pipe in the instrument.


