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1 Introduction

Investigation of coupled oscillators focus on many

researchers because the network of coupled oscillators

produces interesting phase synchronization, such as the

phase propagation wave, clustering and complex pat-

terns. In this study, we focus on the phase synchro-

nization phenomena coupled by van del Pol oscillators

containing ring and star structures.

2 System Model

Figure 1 shows a system model constituted by van del

pol oscilators (VDP-A and VDP-B). We couple each

VDP-B via inductor L and ground by coupling resistor

R. In addition, we couple VDP-A via resistor r. VDP-

A is the only one central circuit which is connected to

all VDP-B in this system by resistors r.
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Figure 1 System model.

In the computer simulations, we assume that the

voltage and current characteristics of the nonlinear re-

sistor in each oscillator are given as follows:

ig = −g1v + g3v
3, (g1, g3 > 0). (1)

The charactaristic of ring coupling has in-phase, anti-

phase and N-phase. The charactaristic of star coupling

has in-phase and anti-phase. The normalized circuit

equations of VDP-A are given as follows:
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+β(NxA − x1 − x2...− xN ),

˙yA = xA.

(2)

The normalized circuit equations of VDP-B are given

as follows:
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k)− yka − ykb − β(xA − xk),

˙yka =
1

2
{xk − γ(yka + yk+1,b)},

˙ykb =
1

2
{xk − γ(yka + yk−1,b)}.

(3)

3 Simulation Results

We show the simulation results of the synchroniza-

tion phenomena when N = 5 in Fig. 2. In this figure,

We show the time waveform of each oscillator. We set

the parameters α = 0.1, γ = 0.02, and increasing β,

which is the coupled strength of the star.
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Figure 2 Simulation Results for N=5. The horizontal axis

represents timescale.

4 Conclusions

We have observed the synchronization phenomena

by increasing the coupling strength of the star. When

the coupling strength is sufficiently small, the system

model becomes similar function of the ring. Therefore,

N-phase synchronization can be observed. By increas-

ing the coupling strength, time waveform of all VDP-B

have come close to in-phase synchronization. When the

coupling strength is sufficiently large, time waveforms

of VDP-A and VDP-B become anti-phase.
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