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Music, Cognition, and Computerized Sound

21. Passive Nonlinearities in Acoustics John Pierce

21.1 Introduction
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21.2 A Few Examples

* Neville H. Fletcher and Thomas D. Rossing(1991)
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Figure 21.1 Buildup and decay in various frequency bands for a tam-tam during the first 0.4 seconds.
(From Fletcher and Rossing, 1991.)
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Figure 21.2 Spectra of cymbals immediately after striking (t = 0) and 50 ms, 1 s, and 2s later. Noe
the buildup of higher frequencies at 50 ms and later, and the eventual decay of higher
frequencies. (From Fletcher and Rossing, 1991.)
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Figure 21.3  Astring is supported at one end by an inclined springy flap that moves in the same direc-
tion (inward) whether we push the string up or down. If the string oscillates at a frequency
f, the spring will move up and down with a frequency 2f, and the harmonics build up.

21.3 Passive Nonlinearities
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Figure 21.4 Oscillations (right) of the capacitor-inductor circuit shown at the left. If the capacitance is
equal for positive and negative voltages, the oscillation will be sinusoidal (a). If the capaci-
tance for negative voltages is 1/4 that for positive voltages, the oscillation will be as shown
in (b). The energy stored for the peak positive voltage is the same as the energy stored for
the peak negative voltage.
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Figure 21.5 A circuit element whose capacitances are different for positive and negative voltages (up-
per right) can be used to couple the modes of a linear network (at the left).
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21.4 Digital Simulation of Passive Nonlinearities
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Figure 21.6 A vibrating string coupled to a nonlinear spring.

21.5 Summary
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