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Realization of the van der Pol equation as an oscillator using Spice

The van der Pol equation of interest is
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where € =0 and w, > 0 are constants, determining the damping and "undamped" natural
frequency, respectively. Note that when x>1 there is positive "resistance” damping the
oscillator while when x<I there is negative "resistance" allowing recovery from the
damping. The system has one limit cycle determined solely by these two constants and
independently of the initial conditions and as such is said to be structurally stable.

We can proceed to make this with circuits to simulate in Spice by setting up state
equations. Let
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Thus we have the state variable equations
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These can be set up in Spice by making the analogy that each derivative comes from a
unit capacitor as its current by differentiating the capacitor voltage, taken here to be x and
y. In this case the right hand sides of the equations are to be taken as current sources
controlled by the voltages. A PSpice schematic follows, where the upper circuit is for the
normal undamped oscillator (the van der Pol case with €=0) which is not structurally
stable. The bottom circuit also includes an addition at the very bottom so that the
nonlinearity can be plotted on the same graph. Below the circuit are two plots, versus
time and versus the x variable, for each of two different values of € to indicate the
relaxation nature when e is large. The state space plots contain a plot of the nonlinearity.
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