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ABSTRACT

In this study, simultaneous asynchronous oscillations of
chaos observed in a simple autonomous circuit are in-
vestigated by both of circuit experiments and computer
calculations. This circuit consists of two nonlinear sub-
circuits having different oscillation frequencies coupled
by one linear negative resistor. In the case that oscil-
lation frequencies of two subcircuits are quite different,
both subcircuits exhibit asynchronous chaos simultane-
ously. Namely, the oscillation is almost divided into two
different kinds of chaos, one includes many lower fre-
quency components and the other one includes many
higher frequency components. We call this interesting
phenomenon as twin chaos. Moreover, as the differ-
ent between oscillation frequencies of two subcircuits de-
creases, two difference kinds of chaos interfere mutually.
Finally, twin chaos disappears and chaos which is the
same as the case of one subcircuit appears due to mu-
tual leading-in.

1 INTRODUCTION

There have been many investigations of simultaneous
asynchronous oscillators with many degrees of freedom
since the subject had been introduced by van der Pol
who considered a lumped oscillator with two degrees
of freedom [1]-[5]. Schaffner has considered simultane-
ous asynchronous multifrequencies oscillator with fifth-
power negative nonlinear v — i characteristics [3). le
showed that nonresonant two oscillations are possible in
such a system but are not self-starting. Disman and Edi-
son have investigated that self-biasing effects in class-C
oscillator can permit self-starting nonresonant two os-
cillations [4]. Saito et al have considered simultaneous
asynchronous oscillations in negative conductance oscil-
lator with nonlinear resonators [5].

On the other hand, in the study of autonomous chaotic
circuits, three dimensional systems have reasonably well

investigated [6]-[9]. Inaba et al have investigated an au-
tonomous chaotic circuit constructed from three mem-
ory elements, one linear negative resistor and one diode
(7], [8)- In the case that we regard the diode as an
ideal limiter [9], the switching operation of the diode
changes the oscillation frequency in the circuit consid-
erably and this effect causes a stretching and folding
mechanism. We have explained the physical mechanism
of the generation of chaos by changing oscillation fre-
quency. Recently, four or higher dimensional chaotic
systems have begun to be investigated (see Refs.[10], [11]
and references therein). Although a kind of simultane-
ous asynchronous oscillator is a good example of higher-
dimensional systems, studies on chaotic phenoimena ob-
served in such systems have not been reported as far as
we know.

In this study, simultaneous asynchronous oscillations
of chaos observed in a siniple autonomous circuit based
on one proposed by Inaba et al [7] are investigated.
"T'he circuit model consists of two subcircuits consiructed
from three memory elements and one nonlinear resistor
and only one negative conductance. By idealizing the
diode [9], the circuit dynamics are simplified. In our sys-
tem, two kinds of chaos can be observed. One chaos in-
cludes many higher frequency components and the other
one includes many lower frequency components. In the
case that our circuit exhibits asynchronous chaos simul-
taneously, we obtain the spectral characteristics having
two crests on lower frequency band and higher frequency
band. We confirm the existence of simultaneous two
chaotic oscillations in this spectrum. We call this phe-
nomenon as twin chaos. Further, we carry out circuit
experiments in the case that the difference of oscillation
frequencies in both of subcircuits is small. Although the
effect of mutual leading-in occurs in the system, we can
also observe alimost twin chaos. We believe that chaos
generated in our system is almost divided into two kinds
of chaos on lower frequency band and higher frequency
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band and this result indicates some effective suggestions
to make clear the chaotic phenomena in higher dimen-
sional systems coupled same chaotic circuits. The circuit
has the broad spectrum and the spectrum is controlled
simply and arbitrarily by only varying values of memory
elements. Therefore, we expect that it is possible that
this system applicates a noise generator.

2 CIRCUIT MODEL

Circuit model is shown in Iig. 1. This twin chaos gen-
erator is based on the circuit proposed by Inaba et al {7]
and consists of two subcircuits coupled in series and one
negative conductance. The subcircuit consists of three
memory elements and one diode.

At first, the i — v characteristics of the diode is approx-
imated by following 2-segment piecewise-linear function.

) ()

All diodes included in our circuit are described by q. (1)
because of same threshold voltage £/. Using the following
variables and paramelers,
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the normalized equations are described as follows.
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Here, in order to simplify the analysis, we consider
the case that the diode in the circuit is assumed to oper-
ale as an ideal limiter [9]. 'This idealization corresponds
to the limit r4 — oo, ie. ¢ — 0. When the diode
is off, the diode is assutned to operate as open circuit.
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When the diode is on, the diode is assumed to operate
as L[V] constant voltage source. By using this ideal
ization, circuit dynaniics are divided mto simplified four
piecewise-linear differential equations.

bin 1 &
L,fi

l iH

(b)

Fig. I: Circuit model. (a) Subcircuit. (b) Twin chaos
generator.

3 EXPERIMENTAL RESULTS

Single Subcircuit Case

We consider single subcircuit case. This circuit is pro
posed by Inaba el al {7} and this circuil exhibits a pe
riod doubling bifurcation route to chaos. They explained
the physical mechanisms of the generation of chaos by
changing oscillation frequency [7}], [8]. Figure. 2 shows
the chaotic atiractors and its spectral characteristics ob-
tained by circuit experiments. We observe spectral char-
acteristics in the following conditions.

o I'F'I effective samiple rate : 100.00 [kSa/s]

e average : 256
Next, we consider twin chaos generator. This circuit ex
hibits chaos on vy — V5 plane via torus. Figure. 3 shows
the chaotic attractors observed in circuil experiments.
In Fig. 3 (1)(a-1), chaotic attractor includes many lower
frequency components. However, this chaos includes a
few higher frequency components. On the other hand, in
Fig. 3 (1)(a-2), chaotic altractor includes many higher
frequency components. Figure. 4 shows chaotic attrac-
tors observed in numerical experiments. We obtained
them by using Runge-Kutta method. The numerical re-
sults match the experitental ones well qualitalively.

Figure. 3 (2) shows spectral characterislics observed in
circuit experiments when the circuit exhibits chaos. ln
I'ig. 3 (2)(a), we can observe chaotic spectrumn on lowet
frequency band from 0 [Hz} to about 5 [kilz] and pe-
riodic one on higher frequency band around 44 [kllz).
This spectrum is similar to one added spectrum in
Fig. 2 (2)(a) and in I"ig. 2 (2)(b). The existence of almost.
periodic chaos on higher frequency band is verified and
both of chaos on lower frequency band and higher fre-
quency band are just about the same. As « increases and
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reaches o = 1.027, the spectrum become to be chaotic
spectrum on the whole (see Fig. 3 (2)(b)). However, the
spectrum has two crests around lower frequency band
and higher frequency band. On higher frequency band,
the existence of almost periodic chaos which is not more
periodic than chaos in Fig. 3 (1) is verified. Therefore,
two chaotic oscillations having quite different frequency
components are simultaneously generated in the twin
chaos generator.

Moreover, we consider the case the difference of the os-
cillation frequencies in two subcircuits is small. Circuit
experimental results for the case that oscillation frequen-
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Fig. 2: Experimental results for single subcircuit case.
(1) Chaotic attractor. (2) Spectral characteristics. (3) c
=0.758, f; = 10.0 (C; = 0.022 [uF], Ly; = 500 {mH], L;,
=50 [mH]). (b) & = 0.774, §; = 10.0 (C; = 0.0010 [uF],
Ln =10 [mH], ng =1 [mH])

cies of two subcircuits are similar are shown in Fig. 5.
By comparison with Fig. 3 (2), each chaotic attractor
is affected by higher frequency or lower frequency com-
ponents. However, spectral characteristics is two crests
around lower frequency band and higher frequency band.
When two oscillation frequencies are closer, each chaos
interferes each other. Finally, twin chaos disappears and
chaos which is the same as the case of one subcircuit ap-
pears due to mutual leading-in.
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Fig. 3: Experimental results for twin chaos genera-
tor. £,=10.0, B = 50.0, B3 = 500.0, v = 22.0 (C1

= 0.022 [uF], Ly; = 500 [mH], Lz = 50 [mH], C; =
0.0010 [1F), Ly = 10 [mH), L3 = 1 {mH]) (1) Chaotic
attractor. (2) Spectral characteristics. (a-1) Projection
onto vy — i1;. (a-2) Projection onto vy — ig;. (a) & =
0.745. (b) a = 1.027.
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Fig. 4: Numerical results for twin chaos generator. a =
0.591, B = 10.0, B = 50.0, B3 = 500.0, v = 22.0
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Fig. 5: Spectral characteristics of twin chaos for another
parameters. « = 0.701, §; = 10.0, 8; = 10.0, 83 =
100.0, Y = 10.0 Cl = 0.010 [IIF], Lu = 100 [ITIH], le
=10 [mH], Cg = 0.0010 {UF], Lgl = 10 [IIIH], Lzz =
1 [mH])

4 CONCLUSIONS

In this study, twin chaos generator have been investi-
gated. In the case that oscillation frequencies of two sub-
circuits are quite different, both subcircuits exhibit asyn-
chronous chaos simultaneously. In circuit experiments
we can observe spectral characteristics having two crests
on lower frequency band and higher frequency band. We
confirm that twin chaos is generated in our circuit. As
a results, twin chaos is almost divided into two differ-
ent kinds of chaos, one includes many lower frequency
components and the other one includes many higher fre-
quency components. Moreover as the difference between
oscillation frequencies of two subcircuits decreases, two
different kinds of chaos interfere mutually. Finally, twin
chaos disappears and chaos which is the same as the
case of one subcircuit appears due to mutually leading-
in. In order to obtain stable asynchronous N chaos hav-
ing different oscillation frequencies simultaneously, we
must choose quite different oscillation frequencies of N
subcircuits. Simultaneous asynchronous N chaos hav-
ing different oscillation frequencies are generated stably
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in our system if it is possible that the interference is
almost ignored. Therefore, We believe that chaos gen-
erated in our system is almost divided into N kinds of
chaos and this results would give the effective sugges-
tions to make clear the nonlinear phenomena in higher
dimensional systems coupled same chaotic circuits.
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