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ANOMALOUS n-th ORDER RESONANCE IN A SINGLE-CIRCUIT HAVING

A p;-n JUNCTION WITH NONLINEAR CAPACITANCE
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It is known that in a single-circuit system containing a nonlinear reactance (for positive
damping in the system) it is possible to generate the n-th order subbarmonic (resonance of the
n-th type) by imposing on the system an oscillation with a frequency that exceeds the natural
system frequency by approximately n times [1—3]. The most significant and basic feature of
this system, which in turn makes it practically impossible to use such 2 system as a frequency
divider, is the fact that subharmonic excitation can be achieved only under stringent conditions -
[1-3], i.e., it is necessary either to feed into the system an oscillation with a specific ampli-
tude at the subharmonic frequency or to establish specific pumping conditions. Deviations from:
these conditions lead to the excitation of only the second-order resonance (n = 2).

A weak excitation of subharmonics of higher orders is possible either when a negative
resistance is present in the system (for example, locking a self-excited oscillator on the sub-
harmonic) or in the case when the system has more than one degree of freedom, as indicated {“
[4, 5] where some degree of frequency division, achieved at multiples of the tuned frequency i
a two-circuit nonlinear parametric system, is described.

While studying the second-order resonance in a single-circuit system having a cutoff plapar
semiconductor diode as the nonlinear reactance we observed the following anomalous effect. ’
the second-order resonance mode and when the pump power was such that the diode voltage was
0-.1-0.3 v within the cutoff region, division of the pump frequency occurred with multiplicities .
greater than 2. The excitation of these subharmonics was weak, i.e., no oscillations other than
that of the pump were introduced intothe system and no special initial conditions were provided.

The oscillatory circuit, consisting of the p-n junction capacitance and an inductance con~
nected in parallel, was excited by the current that was produced by connecting the circuit in the
anode circuit of a tube on the grid of which the pump frequency voltage was applied. There was
no possibility of exciting relaxation oscillations because of the presence of high resistance
biasing circuits (generally used to obtain a nonlinear capacitance by means of a p-n junction)
since a small bias resistance was employed. The bias voltage is produced by the tube anode cur”
rent in a circuit similar to the one described in [4, 5]. Moreover, the same results (i.e., 2
weak excitation of higher-order subharmonics) were also observed under zero bias conditions :
when the diode was connected directly to an inductance.

The characteristics of the observed effect are these. At a specific pump amplitude threst”
old there occurs a division of the pump frequency by a factor of two (the usual second-order
resonance) when the pump frequency is approximately twice the initial natural frequency of the i
circuit. Then, with an increase in the pump amplitude to a value at which the 2nd subharmoni¢
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