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Abstract—In this study, we investigate synchronization
phenomena in two coupled polygonal oscillatory networks
with strong frustrations. We focus on the amplitude of each
oscillator when the coupling strength is increased. By us-
ing the computer simulations, we confirm that the ampli-
tude of the oscillators decreases by increasing the coupling
strength and oscillation death is occurred at un-frustrated
oscillators.

1. Introduction

The synchronization phenomena observed from coupled
oscillators are suitable model to analyze the natural phe-
nomena. Therefore, many researchers have proposed dif-
ferent coupled oscillatory networks and have discovered
many interesting synchronization phenomena [1]-[4].

In our research group, we have focused on synchroniza-
tion phenomena of coupled oscillators under a difficult situ-
ation for the circuit. Setou et al. have reported the synchro-
nization phenomena in N oscillators coupled by resistors as
a ring. The oscillation stop in some range of the coupling
resistors was confirmed [5].

We have investigated the synchronization phenomena
in the coupled polygonal oscillatory networks sharing
branches [6]. In this system, van der Pol oscillators are
connected to every corner of polygonal network. By using
computer simulations and theoretical analysis, we confirm
that the coupled oscillators tend to synchronize to minimize
the power consumption of the whole system. The phase
difference of the shared oscillators is solved by finding the
minimum value of the power consumption function. Fur-
thermore, we have discussed synchronization state of the
proposed oscillatory networks by changing the coupling
parameter [7]. In this circuit system, we confirm that the
amplitude of the shared and the other oscillators obtains
different value. The torus attractors can be also observed
in the certain parameter region. However, we could not ob-
serve oscillation death even if the coupling strength is set
to very large value. In the circuit model of Ref. [7], the
earth resistances are missing in the 3rd and the 4th oscil-
lators. Namely, the network topology changes to just ring
oscillators coupled by the inductors if the coupling strength

becomes large.

In this study, we consider new circuit model which is
including the earth resistance in all ground parts. The syn-
chronization phenomena in coupled polygonal oscillatory
networks with strong frustration are investigated. We con-
firm that the amplitude of the oscillators decreases by in-
creasing the value of the coupling strength and oscillation
death is occurred at un-frustrated oscillators. We expect
that the results of this study contribute to understanding of
synchronization phenomena observed in general complex
networks.

2. Two Coupled Oscillatory Networks

2.1. Symmetric Model

Two identical polygonal oscillatory networks are cou-
pled by sharing a branch as shown in Fig. 1. In this cir-
cuit model, we consider the coupling method which two
adjacent oscillators are tend to synchronize at anti-phase
state. We call the first and the second oscillators which are
connected to both side of polygonal network “shared oscil-
lators.”

Figure 2 shows the circuit model of the 3 — 3 coupling
networks. The novel part of this study is that the earth re-
sistances are inserted to the 3rd and the 4th oscillators.
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Figure 1: Two Coupled Oscillatory Networks (Symmetric
Model).

- 377 -



1st oscillator jr 3L 3L ib4 ica 3L
. = [ 00

4th oscillator

2nd oscillator

3rd oscillator

Figure 2: Coupling Model (3 — 3 coupling networks).

Next, we develop the expression for the circuit equations
of 3 — 3 coupling oscillatory networks as shown in Fig. 2.
The vy — ig characteristics of the nonlinear resistor are ap-
proximated by the following third order polynomial equa-
tion,

e = —g1vk + g3vie (81,83 > 0),(k=1,2,3,4). (1)

The normalized circuit equations governing the circuit are
expressed as
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In this equations, 7 is the coupling strength, & denotes the
nonlinearity of the oscillators and y, denotes the current of
neighbor oscillator on coupling resistor.

Figure 3 shows the observed attractors of 3 — 3 coupling
network by changing the coupling strength. When the cou-
pling strength is weak, the amplitude of all oscillators are
almost same as shown in Fig. 3(A). By incrasing the value
of the coupling strength, the amplitude of the shared os-
cillators becomes smaller than the others (Fig. 3(B), (C)).
When the coupling strength is larger than y=0.8, oscillation
death of all oscillators is observed as shown in Fig. 3(D).

(k=1,2,3,4).

Next, Fig. 4 shows the observed attractors of 5 — 5 cou-
pling network by changing the coupling strength. In this
circuit model, the amplitude of fourth oscillator (which is
located farthest place from the shared oscillators) decreases
with the coupling strength. We observe the oscillation
death of the fourth oscillator when the coupling strength
is set to y = 1.0. In the case of 7 — 7 coupling network,
we observe similar results with 5 — 5 coupling network as
shown in Fig. 5.

Figure 6 shows the change of the amplitude observed
from each network. In the case of 3 — 3 coupling network,
oscillation death of all oscillators is occurred at same time.
While, in the cases of 5 — 5 and 7 — 7 coupling networks,
first, the oscillation death of the oscillators located farthest
place from the shared oscillators is occurred. After that, the
other oscillators stop to oscillate at same time.
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Figure 3: Attractor (3-3 coupling network).
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Figure 4: Attractor (5-5 coupling network).
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Figure 5: Attractor (7-7 coupling network).
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Figure 6: Amplitude (Symmetric Model).

2.2. Asymmetric Model

Next, we considr the asymmetric models such as 3 — 5
coupling network, 3—7 coupling network and 5—7 coupling
network. The asymmetric models are shown in Fig. 7.

10th osc.
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Figure 7: Two Coupled Oscillatory Networks (Asymmetric
Model).

Figure 8 shows the change of the amplitude observed
from the asymmetric networks. In the case of 3—5 coupling
network, oscillation death of all oscillators is occurred at
same time. While, in the cases of 3 — 7 and 5 — 7 coupling
networks, first the oscillation death of the oscillators lo-
cated farthest place from the shared oscillators is occurred.
After that, the other all oscillators stop to oscillate at same
time. These results are similar with the results with the
symmetric network models. However, we observe the os-
cillation of the amplitude in 3 — 7 coupling network when
the coupling strength is set to around y = 0.75.

Figure 9 shows one example or the change of the ampli-
utde when the coupling strength is set to y = 0.75. In this
case, we confirm that the amplitude change can be observed
constantly as shown in Fig. 10(a). There are two pairs (1st-
4th-5th and 2nd-7th-8th) of oscillation types of the am-
plitude and these two pairs oscillate with anti-phase state.
While the other two amplitudes (3rd and 6th) oscillate with
in-phase state. By increasing the coupling strength, the os-
cillation death of the 3rd and 6th oscillators is occurred.
Finally, we summarize the network types depending on the
amplitude change as shown in Fig. 10(b).

3. Conclusions

In this study, we have investigated synchronization phe-
nomena in coupled polygonal oscillatory networks with
strong frustrations. We focused on the amplitude of each
oscillator when the coupling strength is increased. By
using the computer simulations, we confirmed that the
amplitude of the oscillators decreases by increasing the
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(c) 5-7 coupling network.

Figure 8: Amplitude (Asymmetric Model).

(4]

coupling strength and oscillation death is occurred at un-
frustrated oscillators. Furthermore, we observed the ampli-
tude change in the asymmetric network model.
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