Open and Closed Pipe Wind Instruments

All wind instruments create sound by sustaining a standing wave of air within the column of the instrument. One major distinction between wind instruments is how the vibration is generated (reed, lips, or air).  The other major distinction between wind instruments is whether there are two ends open (open pipes) or only one end open (closed pipes).
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Open Pipe Wind Instruments

Recorders and flutes are both examples of open pipe instruments because at both ends of the instrument there is an opening through which air can move freely. Since the air at both ends of the column is relatively free to move, the standing wave constraint for this class is that both ends of the air column must be a displacement antinode.

The simplest way a column for air in an open pipe to vibrate in a standing wave pattern is with the two required antinodes at the ends of the pipe and a node in the middle of the pipe (see Figure 1). This is the first mode of vibration.

The length of the pipe (in wavelengths) is (1/2)(.  Therefore:

L = (1/2)(   (   ( = 2L (same as for strings).

We can find the frequency by using f = v / (. Thus, for the first mode of an open pipe instrument:

f1 = v/2L
The speed, v, of waves in the pipe is just the speed of sound in air. The fundamental frequency of an open pipe depends only on the length of the pipe and the temperature of the air.

Closed Pipe Wind Instruments
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The trumpet and the clarinet are both examples of closed pipe wind instruments, because at one end the player’s lips prevent the free flow of air. Since the air at the open end of the column is relatively free to move, but is constricted at the closed end, the standing wave constraint for closed pipes is that the open end of the air column must be a displacement antinode and the closed end must be a node.

The simplest way a column of air in a closed pipe can vibrate in a standing wave pattern is with the required antinode at the open end and the required node at the closed end of the pipe (see Figure 3). This is the fundamental frequency, or first mode. The length of the pipe (in wavelengths) is (1/4)(.
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So, for the first mode of a closed pipe:

L = (1/4)(   (   ( = 4L.

Again, we can find the frequency by using f = v / (. Thus, for the first mode of a closed pipe instrument:

f1 = v/4L

The End Effect

Everything said about open and closed pipes is basically true so far. However, there is one issue that needs to be dealt with. Otherwise, the music you make with your instrument will be flat – the frequency will be noticeably too low. The problem is with the open ends of these pipes. When the standing wave in the column of air reaches a closed end in a pipe there is a hard reflection; however, when the standing wave reaches the open end of a pipe, the reflection doesn’t occur so abruptly. It actually moves out into the air a bit before reflecting back.

This makes the pipes seem longer than their physical length. This “end effect” is equal to 61% of the inside radius of the pipe. This end effect must be added to the length of the closed pipe, and added twice to the length of the open pipe.
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Figure 2: The Panpipe is a closed pipe instrument popular among Peruvian musicians.
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Figure 1: This is the simplest way for a column of air to vibrate (in an open pipe) in a standing wave. This mode generates the fundamental frequency. 
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Figure 3: This is the simplest way for a column of air to vibrate (in a closed pipe) in a standing wave. This mode generates the fundamental frequency.








