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Musical Instruments
Most wind instruments are more complicated than the single cylinder you see in
organs and pan pipes. Instead, they have several valves and finger holes that can be
opened or closed. You blow into the instrument at one end, and the sound travels through a variety of
branching paths until it escapes the instrument; somehow, the characteristics of these paths combine to
determine the note produced.

Any time that we have something traveling through a number of paths that can branch and
join, we can combine them into one analogous path if we can just figure out the resistance
of each path and then apply our idea of Thevenin equivalents. The resistance of a pipe is
found by dividing the length of the pipe by the area of a cross section of the pipe. Once the total resistance
is found, you can treat it as if it all had the cross section of the largest piece of pipe, and determine what
length it would be, and thus what note it would play.

As an example, the picture to the right shows a "cut-away" view of a
simple whistle. The actual whistle is a cylinder with a hole in it; we are
looking at half of it, cut through the middle to make the measurements
more obvious. In order to find out what note it plays, I would follow
this process:

First, find the area of each part. Remembering that the area of a circle is πr², the main pipe has an area
of π(3)² = 9π, and the hole has an area of π(1)² = π.
Use the area and length to find the resistance: .5 / π = .159 for the hole, 10 / 9π = .354 for the right
end of the pipe, and 20 / 9π = .707 for the left end.
Assuming that air comes in from the left, the right end and the hole are in parallel. 1/.159 + 1/.354 =
9.11, so their resistance together is 1/9.11 = .11. This combines with the rest of the pipe for a total
resistance of .817.
If that .817 resistance were a single pipe with area 9π, its length would be (9π)(.817) = 23.1 cm. This
plays a frequency of 345 / .231 = 1493 Hz.

So, in order to figure out what note an instrument plays, you need to find the resistance of each piece with
R = L / A, then combine those resistances into a single one, then determine what length of the main pipe
would have that resistance.

. 1 What is the resistance of a 40 cm long cylindrical pipe if the radius of its cross section is 2 cm?

. 2 An organ pipe has a square cross section, 8 cm to a side. If it has a resistance of 2, how long is it?



. 3 As a brief review of Thevenin equivalents, find the equivalent resistance of the circuit below.

. 4 The instrument shown to the right is very similar to the one I did as an example.

a) Find the area and resistance of each section:

 Area Resistance

Hole   

Left   

Right   

b) Using Thevenin equivalents, find out how much total resistance the instrument has.

c) The main resonant cavity is the pipe. Using its area, find out what the equivalent length of the
instrument is.

d) What frequency of note will that play?

. 5 If I start opening up finger holes on an instrument, will this make it play a higher note or a lower one?
Explain in terms of physics why this is so.


