
Synchronization Phenomena of Two Chaotic Circuits
Using Four RC Circuits

Ayana SHIMADA Yoko UWATE Yoshifumi NISHIO

(Tokushima University)

1. Introduction
In our previous study, a simple chaotic oscillator using

two RC circuits were proposed [1].
In this study, we investigate two coupled chaotic oscil-

lators composed of RC circuits. Two chaotic oscillators
coupled by one resistor. By computer calculation and cir-
cuit experiment, we confirm that the synchronization state
changes according to the coupling strength.

2. Circuit model

Figure 1: Circuit model.
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Figure 2: Rectangular voltage waveform.

Figure 1 shows the circuit model. In this figure two
chaotic oscillators, which was proposed in [1], are cou-
pled via one resistor r. An independent rectangular volt-
age source is connected to four comparators. Figure 2(a)
shows the rectangular voltage waveform VS(t). Eα is the
amplitude of the rectangular voltage and T is the period of
the waveform. E is the output voltage of the comparators,
namely the DC supply voltage of the operational ampli-
fiers. By using the following variables and the parameters,

vl = Exl, t = RCτ, T = RCβ,
R

r
= γ

(l = 1, 2, 3, 4)

we obtain the normalized circuit equations. Because the
circuit equation is linear in each region, the exact solutions
can be derived as follows:

xm =


(xm0 − 1)e−τ + 1 (xm+1 > Vα)

(xm0 + 1)e−τ − 1 (xm+1 < Vα)

(m = 1, 3)
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e−(1+2γ)aτ − 1 (xn−1 > Vα)(
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2
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e−aτ

+
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e−(1+2γ)aτ + 1 (xn−1 < Vα)

(n = 2, 4)

where Vα corresponds to VS and is shown in Fig. 2(b), and
x10, x20, x30 and x40 are initial values. a is introduced to
give a frequency error, in order to set up similar condi-
tion to the circuit experiment. We carry out computer
calculation with a = 1 for n = 2 and a = 1.0005 for n = 4.

3. Synchronization phenomena

Figures 3(a) and (b) show the results of computer calcu-
lations. Figures 3(c) and (d) show circuit experimental re-
sults for C = 49.0±10%[nF] and R = 1.2±5%[kΩ]. From
Figs. 3(a) and (c), we observe perfect in-phase synchro-
nization. Moreover, when the value of coupling strength
is small, we can observe asynchronous state. We obtain
the same result from computer calculation and circuit ex-
periment.
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Figure 3: Attractor on x1 − x3. (a) γ = 1.20, (b) γ = 0.09,

(c) r = 0.268[kΩ], and (d) r = 13.8[kΩ].

4. Conclusions
In this study, we have investigated two coupled chaotic

oscillators composed of RC circuits. We carried out com-
puter calculation and circuit experiment. We could ob-
serve that the synchronization state became weaker as the
coupling strength decreased from computer simulations.
We also obtained the same synchronization phenomena
from the circuit experiment.
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