The following is the derivation of the
amplitude -- bob mass function for a,
driven, at resonance, simple plane
pendulum

The usual simple plane pendulum assumptions apply, i.e.

rigid support, linear dissipation only, small angle regime,

etc. However, the massless rod and point mass bob are
not necessary if the period is unchanged.




The starting point is the differential equation:

1, I6=T,or:
la, mi*0=—kl0l — mgOl+T cosw
where the last term is the harmonic torque drive.
This reduces to the more familiar:
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Note: many texts use the more mathematically convenient 2y for the dissipation constant.
However, this obscures the very important mass factor.

The well known solution (under damped) is:
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Ignoring the transient (The pendulum is at equilibrium.),
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B is maximum at the resonance frequency: 5, wp = coo -
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Substituting, letting — = ¢, and symplifying:
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This approximation clearly shows a mass increase decreases the amplitude.




