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1 Introduction

Synchronization in nonlinear systems is one of typical
nonlinear phenomena observed in the field of natural sci-
ence. Breakdown of synchronization is a kind of coopera-
tive phenomenon for dissipated assembly oscillators and is
important to clarify its mechanism for better understand-
ing of higher-dimensional complicated phenomena. In this
study, we investigate the breakdown of synchronization
observed from three coupled oscillators consisting of two
types of oscillators; the first one is chaotic oscillator and
the second one is van der Pol oscillators with noise. We
compare the breakdown of the synchronization observed
from two types of coupled oscillators.

2 Circuit Model

Figure 1 shows the circuit model. In the circuit, three
identical chaotic circuits are coupled by one resistor.

Figure 1: Circuit model.

The normalized circuit equations of the circuit are de-
scribed as





dxk

dτ
= β(xk + yk)− zk − γ

3∑
j=1

xj

dyk

dτ
= α{β(xk + yk)− zk − f(yk)}

dzk

dτ
= (1 + ∆ωk)(xk + yk) (k = 1, 2, 3)

(1)

where

f(yk) = 0.5(δyk + 1− |δyk − 1|), (2)

and ∆ωk corresponds to the difference between the natural
oscillating frequency of the reference oscillator and those
of other oscillators.

Next, we consider three coupled van der Pol oscillators
with noise. In this study we assume that noise with uni-
form distribution is added to each voltage of the oscillator.

The normalized equations are described as follows.




dxk

dτ
= −yk + ε

{
(1 + σ(τ))xk − ((1 + σ(τ))xk)3

3

}

dyk

dτ
= (1 + ∆ωk)(1 + σ(τ))xk − γ

3∑
j=1

yj

(k = 1, 2, 3)
(3)

where σ(τ) is the added noise.

3 Computer Calculated Results

Computer simulated results are shown in Fig 2. The
horizontal axis shows the strength of the added noise and
the vertical axis shows the coupling parameter at which
the synchronization breaks down. The circuit parameters
are fixed as α = 10.0, β = 0.06, δ = 100.0 and ∆ωk =
0.002(k − 1), (k=1,2,3) for computer calculations.

Figure 2: Coupling parameter at which synchronization
breaks down (computer calculated results). ε = 0.1 and
∆ωk = 0.002(k − 1), (k=1,2,3).

For van der Pol oscillators without noise, the break-
down of the synchronization is observed for γ ≤ 0.0021.
While, for chaotic oscillators, the breakdown appear for
γ ≤ 0.0026. This means that the coupled van der Pol os-
cillators are more stable than the chaotic system. When we
add noise to van der Pol oscillators, the parameter for the
breakdown increases as shown in Fig. 2. Around σ=0.35,
the coupled van der Pol oscillators become to show similar
breakdown to the chaotic system.

4 Conclusions

In this study, we investigated the breakdown of the syn-
chronization observed from both three chaotic circuits and
three van der Pol oscillators with noise.
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