Mallet Percussion Instruments

[image: image1.wmf]Bars or Pipes with Both Ends Free
In a bar whose ends are free to vibrate, a standing wave condition is created when it is struck on its side, like in the case of the marimba or the glockenspiel.

[image: image2.wmf]The constraint for this type of vibration is that both ends of the bar must be antinodes. The simplest way a bar can vibrate with this constraint is to have antinodes at both ends and another at its center. The nodes occur at 0.224 L and 0.776 L, so this is where the support for the bar should be fixed, 22.4% from each end of the bar (rather than at the ends, or in the middle). This produces the fundamental frequency (see Figure 7.1).

The mathematics used to describe this vibration of the bar is pretty complicated, so I’ll just present the result. If the bar is struck on its side, so that its vibration is like that shown, the frequency of the fundamental mode of vibration will be:

f1 = (πvKm2) / (8L2)

Where: 

v = the speed of sound in the material of the bar (See Table 7.2)

L = the length of the bar

m = 3.0112 for the fundamental frequency

K = (thickness of bar in meters) / 3.46 

(for rectangular bars) or
K = (√[(inner radius)2 + (outer radius)2]) / 2 

(for tubes)

Bars or Pipes with One End Free
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Another type of vibration for bars is when one of the ends is clamped, like in a thumb piano (see Figure 3). The free end is struck or plucked, leading to a standing wave condition in which the constraint is that the clamped end is always a node and the free end is always an antinode. The simplest way the bar can vibrate is with no additional nodes or antinodes beyond the constraint. This produces the fundamental frequency (see Figure 7.4).

The expression for the fundamental frequency of the clamped bar looks identical to that of the bar with free ends. The only difference is in the value of “m”. If the bar is plucked or struck on its side, so that its vibration is like that shown, the frequency of the fundamental mode of vibration will be:
f1 = (πvKm2) / (8L2)  Where: m = 1.194

And all other variables are defined identically.
Material Speed of sound, v (m/s)�
�
Pine wood�
3300�
�
Brass�
3500�
�
Copper�
3650�
�
Oak wood�
3850�
�
Iron�
4500�
�
Glass�
5000�
�
Aluminum�
5100�
�
Steel�
5250�
�
Table 7.2: Speed of sound for sound waves in various materials�
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Figure 7.1: This is the simplest way for a bar or pipe to vibrate transversely in a standing wave condition with both ends free. This mode generates the fundamental frequency.
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Figure 7.4: This is the simplest way for a bar or pipe to vibrate transversely in a standing wave condition with one end fixed and one end free. This mode generates the fundamental frequency.
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Figure 7.3: Thumb piano, or mbira, an African plucked percussion instrument











