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1. Introduction
Studies on synchronization phenomena of coupled os-

cillators are extensively carried out in various fields. We
consider that it is important to investigate the synchro-
nization phenomena of coupled oscillators for the future
engineering applications. In this study, we investigate syn-
chronization phenomena observed in five coupled van der
Pol oscillators with frequency errors. We focus on the rela-
tionship between synchronization state and the frequency
error when the coupling strength is changed.

2. Circuit Model
Figure 1 shows the circuit model. In the circuit model,

five van der Pol oscillators are completely coupled by re-
sistor R. Each oscillator has the frequency error which is
defined as Δωk.

Figure 1: Circuit Model.

The v − i characteristics of the nonlinear resistor are
approximated by the following equation.
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where ε is nonlinearity and γ is coupling strength. The
normalized circuit equations are given as follows.⎧⎪⎪⎪⎨
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(k = 1, 2, , 5)

3. Simulation Result
For the computer simulations, we set the parameters as

follows; ε = 0.1 and max{Δω}=0.05. In this section, we in-
vestigate synchronization state when the coupling strength
is changed. Figure 2 shows the computer simulation re-
sults of attractors, phase differences and time wave forms
for γ = 0.025. In this case, all oscillators synchronize
even if each oscillator has frequency errors. By decreas-
ing the value of the coupling strength to γ = 0.001, the
interesting synchronization states is observed as shown in
Fig. 3. Namely, three oscillators which have similar os-
cillation frequency could synchronize and the other two
oscillators could not synchronize.

Figure 2: Attractors, phase differences and time wave-
forms (synchronization). γ = 0.025.

Figure 3: Attractors, phase differences and time wave-
forms (asynchronization). γ = 0.001.

4. Conclusions
In this study, we have investigated synchronization phe-

nomena observed in five coupled van der Pol oscillators
with frequency errors. By using computer simulations, the
several types of the interesting synchronization states were
observed.
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