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Abstract

Nonlinear phenomena of coupled chaotic circuits are draw-
ing attention from many researchers. In this study, we inves-
tigate the synchronization phenomena of coupled two rings
of chaotic circuits. One ring chaotic circuit generates chaotic
attractors and the other ring generates three-periodic attrac-
tors. In addition, we observe the synchronization phenomena
by changing the coupling strength.

1. Introduction

Synchronization phenomena have been found in various
fields of natural world [1] — [3]. Especially, there are a lot
of relationships of biological systems. Also, synchronization
phenomena have a relationship with the human body. For
example, cells of the human body are synchronized. There-
fore, the vibration of same timing produces big vibration.
According to synchronization phenomena, small power pro-
duces very big power.

Recently, complex networks have attracted attention and
topology of complex networks is studied for influence on the
system. Also, synchronization phenomena of chaotic circuits
are studied from various viewpoints. Synchronization phe-
nomena of chaotic circuits are the same as the vibration of the
natural world. Before now simple system has already been
studied. For example, it is only ring structure, only ladder
structure, only star structure and so on [4] — [6]. However,
many researchers have not been studied about more com-
plex systems. Therefore, we propose the coupled two rings
of chaotic circuits as the minimum scale of complex systems.

In this study, we investigate the synchronization phenom-
ena of coupled two rings of chaotic circuits. We couple three
chaotic circuits on the ring structure and we propose a sys-
tem model that the two rings are coupled via a resistor. One
ring chaotic circuit generates chaotic attractors and the other
ring generates three-periodic attractors. Then, we focus on
synchronization phenomena of the chaotic circuits.

2. System model

The chaotic circuit is shown in Fig. 1 and the system model
is shown in Fig. 2. This chaotic circuit consists of two induc-
tors Ly and Lo , one capacitor C', negative resistor —r and
two diodes.
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Figure 2: System model.

The circuit equations of chaotic circuits are given as fol-
lows:
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The current-voltage characteristics of nonlinear resistor are
given as follows:

T ) V ) |4
11d=d(22+—22—). 2)
2 Td Td
By changing the parameters as follows:
/ L
1 = Lglvwny 2 = L;CVyn, v ="Vazy,,
C Ly VI,C 3
o T 1 ? ﬂ L2) rd L2 )
1
Y= E, \/ LlCQT.

The normalized equations of chaos circuits are given as fol-
lows:
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Where ~ is the coupling strength. f(y;) is described as

follows:
1 1
2 STl

We define o to generate the chaotic attractor, and o, is de-
fined to generate the three-periodic attractors.
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3. Simulation results

We set the parameters of the system as o, = 0.460, o, =
0.412, 5 = 3.0 and 6 = 470.0. We investigate synchroniza-
tion phenomena by changing the coupling strength -y between
the circuits. Figure 3 shows attractor of each chaotic circuit
and Fig. 4 shows the voltage of different waveform when we
set the coupling strength as v = 0.001. Then, CC5 and CC6
of three-periodic attractors are synchronized.
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Figure 3: Attractor (v = 0.001).

Figure 4: Different waveform (y = 0.001).

Figure 5 shows attractor of each chaotic circuit and Fig. 6
shows the voltage of different waveform when we set the cou-
pling strength as v = 0.1. In case of v = 0.1, CC1, CC2
and CC3 are not synchronized because this ring circuits gen-
erate chaotic attractors. In this case, we observe the chaotic
propagation. Therefore, CC4, CC5 and CC6 of three-periodic
attractors change to chaotic behavior.
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Figure 5: Attractor (y = 0.1).
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Figure 6: Different waveform (y = 0.1).

Figure 7 shows attractor of each chaotic circuit and Fig. 8
shows the voltage of different waveform when we set the cou-
pling strength as v = 0.2. In case of v = 0.2, we also ob-
serve the chaotic propagation. When CC5 and CC6 alternate
between synchronous and asynchronous states, the cycle of
synchronous and asynchronous states of CC4 - CC5 and CC4
- CC6 are symmetric. Then, Synchronous and asynchronous
states change with the simulation time.
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Figure 7: Attractor (y = 0.2).
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Figure 8: Different waveform (y = 0.2).

Figure 9 shows attractor of each chaotic circuit and Fig. 10
shows the voltage of different waveform when we set the
coupling strength as v = 0.23. As is the case in v = 0.2,
we observe the chaotic propagation. Synchronous and asyn-
chronous states change with the simulation time. Here, we
make a comparison the circuits between the left side ring and
the right side ring. From Fig. 10, we can say that the circuits
of the left side ring are more synchronized than the other ring.
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Figure 9: Attractor (y = 0.23).

Z21-22

Z2-23 )

2322

2423 M
2425
Z25-26

26-24 WAM

Figure 10: Different waveform (y = 0.23).

Finally, we investigate the synchronization rate. We com-
pare with the synchronization rate of chaotic solutions(CCl
and CC2) and periodic solutions(CC5 and CC6). In this
study, definition of synchronization is given as follows:

Z; — Z;| < 0.1 (i,j=1,2,---,6). )

Figure 11 shows definition of synchronization. We define
the inside of the red line as synchronization.
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Figure 11: Definition of synchronization.
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Figure 12 shows simulation results of synchronization rate.
The horizontal axis shows the coupling strength +. The ver-
tical axis shows the synchronization rate. From Fig. 12, the
synchronization rate of the circuits of the right side ring(CC5
and CCO6) are decreased as increasing . However, the syn-
chronization rate of the circuits of the left side ring(CC1 and
CC2) are increased. We can confirm that the synchronization
rate of the circuits of the left side ring becomes higher from
the coupling strength v = 0.15.
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Figure 12: Synchronization rate.

4. Conclusion

In this study, we have proposed a system model using two
ring circuits that are coupled by a resistor. One ring chaotic
circuit generates chaotic attractors and the other ring gener-
ates three-periodic attractors. We have investigated synchro-
nization phenomena by changing the coupling strength 7. By
the computer simulations, we have observed different wave-
form. As a result, we confirmed that synchronous and asyn-
chronous state of chaotic solutions changes in the simulation
time when the coupling strength  set to 0.2 and 0.23.

In the future works, we will investigate the reason for
changing synchronous and asynchronous states in the simula-
tion time. Also, we investigate the reason why the chaotic so-
lutions are synchronized when the coupling strength changes.
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