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1. Introduction
Analysis of synchronization phenomena is expected

for applying in various fields. In this study, we in-
vestigate synchronization phenomena observed in the
system model containing ring and star. In addition, we
observe several types of synchronization phenomena by
increasing the coupling strength of ring.

2. System model
Figure 1 shows a system model constituted van der

pol oscillators (VDP-A and VDP-B). In this study, the
number of VDP-A and VDP-B is set to 1 and 5. VDP-
A is the only one central circuit which is connected to
all VDP-B in this system.

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
equations of VDP-A circuit are given as follows: ẋc = αxc(1−

1

3
x2
c)− yc + β{Nxc −

N∑
n=1

xn},

ẏc = xc,

(1)

where N denotes the number of VDP-B.
On the other hand, VDP-B are connected to the ad-

jacent VDP-B and VDP-A. The normalized equations
of VDP-B circuit are given as follows:

ẋn = −yn − zn − β(xc − xn) + αxn(1−
1

3
x2
n),

ẏn =
1

2
{xn − γ(yn + zn+1)},

żn =
1

2
{xn − γ(zn + yn−1)},

(2)

where n = 1, 2, 3...N , zN+1 = z0 and y0 = yN .
The parameters α, β and γ denote the coupling

strength of the inductor L, resistor R and resistor R0.
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Figure 1: system model.

3. Simulation Results
The simulation results of the system model con-

taining six circuits are shown in Fig. 2. The value
of the parameters are fixed with β=0.001, 0.0085 and
0.05. In the case of β=0.001, 5 phase synchronization
appeared because the coupling strength of VDP-A is
weak. When the value of β sets 0.0085, some time wave
forms of VDP-B come close on in-phase synchroniza-
tion. In the case of β=0.05, 5 phase synchronization
become in-phase synchronization. And then VDP-A
becomes anti-phase synchronization with VDP-B by
increasing the value of β.

(1) β=0.001.

(2) β=0.0085.

(3) β=0.05.

Figure 2: Simulation Results for N=6 (α = 0.1 and γ

= 0.02).

4. Conclusions
In this study, we have proposed a system model

using six circuits that is combined the ring and star
structures. We have observed the synchronization phe-
nomena by increasing the coupling strength of ring.
When the coupling strength is sufficiently small, sys-
tem model becomes like function of ring coupling
therefore, 5 phase synchronization can be observed.
By increasing the coupling strength, time wave forms
of VDP-B have come close in-phase synchronization.
When the coupling strength is sufficiently large, time
wave forms of VDP-A and VDP-B become anti-phase
synchronization. In the future, we investigate synchro-
nization phenomena using other circuits.
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