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Abstract—In this study, we investigate synchronization phe-
nomena observed in coupled oscillatory networks by using two @ @ V1 \/\/\/ \/\
types of resistors. Negative and normal resistors are used as R 12| WANANIANAY
" (@

coupling resistors in our circuit model. By giving particular L
parameters, we can observe the oscillation death and amplifi-
cation of the amplitude. Finally we extend coupled oscillators to

polygonal oscillatory networks. @ @ VIRAAAA
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I. INTRODUCTION r VT

There are a lot of synchronization phenomena in this world. )
This is one of the no_nlmear phenomena tha_t we C_an OﬁEB. 2. Synchronization phenomena between first and second oscillators.
observe by natural beings which does collective actions. F@J in-phase synchronization. (b) Anti-phase synchronization.
example, firefly luminescence, cry of birds and frogs, applause
of many people and so on. Synchronization phenomena have

a feature that the set of small power can produce very .. L .
big power by synchronizing at a time. Therefore studies ti-phase synchronization in the case of Fig. 2(b). Namely

synchronization phenomena have been widely reported NG at kind of gynchronlzgtlon phenomena will be observed
n coupled oscillators which are included these two types of

only engineering but also the physical and biological fields [1]- o ) . .
yeng 9 PRy g [ nchronization states? First, we consider coupled oscillators

6]. Investigation of coupled oscillators attracts attention fro . ! : o :
[6] 9 P |nccéud|ng two types of coupling resistor which is shown in

many researchers because coupled oscillatory network prod 3. Seeing partly. anti-ohase svnchronization is observed
interesting phase synchronization such as the phase propeEi - 2. S€eing partly, phase sy .
tween first and second oscillators and in-phase synchro-

tion wave, clustering and complex patterns. N . .
In our investigations, we use several van der Pol OSCi"atoigr?juggsilgrtirgbzeorv\\l/zee?ebt\évfsﬁsgrfsrtusatrr]gtit:r:rgcocrufse?:r\;fh;gd
(see Fig. 1(a)). Van der Pol oscillators have been coupl 4 '

in various form and investigated about their synchronizati(flgjrt]zmo’u\f[ve guess unexpected synchronization phenomena are

phenomena [7], [8]. We have observed three-phase synchro-

nization in the circuit model which are shown in Fig. 1(b) since

the discrepancy occurs in synchronization phenomena between

adjacent oscillators [9]. This three-phase synchronization isin this study, we investigate synchronization phenomena of

always observed stability. coupled oscillatory networks using different types of resistors
On the other hand, we can observe generically in-phase

synchronization in two coupled oscillators for Fig. 2(a) and
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Fig. 1. (a) Van der Pol oscillator. (b) Three coupled oscillators. . o .
Fig. 3. Conceptual circuit model for three coupled oscillators.
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Fig. 4. Several types of coupled polygonal oscillatory networks. (a) tetragdrig. 5.  Simulation results for polygonal oscillatory networks. (a) triangle
network. (b) pentagon network. (c) hexagon network. (d) heptagon networn€twork fory; = v2 = 0.050. (b) pentagon network fof; = 2 = 0.050.
(c) heptagon network fof;; = v2 = 0.075.

partially. We focus on the amplitude of each oscillator and

phase differences between adjacent oscillators by changfi chronization state between first and second oscillators is
coupling strength. Also, we increase number of oscillators APserved anti-phase synchronization and case of between other

the ring topology and we consider differences of S’ynchronggcillators are observed in-phase synchronization except the
tion phenomena by changing number of oscillators. farthest oscillator.

IV. CONCLUSION
| In this study, we have been able to observe several patterns

types of oscillatory networks as shown Fig. 4. We caIcuIaPJ synchronization phenomen_a. For threg cogpled qscillators,
circuit equations using the fourth-order Runge-Kutta methdf _h.ave observe -the o§C|IIat|on. death in third OSC'"at.OL _In
with the step sizé — 0.001. We fix the parameter — 0.020 addition, we have investigated differences of synchronization

in these simulations. First, we explain the synchronization ph%r_\enomena in the ring topology by increasing number of

nomena in the case of triangle networks for coupling streng(l)ﬁc'”ators' We_ C(.)L”d confirm that odd polygonal networks
roduced oscillation death but even one do not produce

1 = 72 = 0.050. We show the simulation result of eactP illation death
oscillator in Fig. 5(a). Obvious difference of the amplitude gpschia |onf tea ’ K il deri h litude f
each oscillator appears in this parameters. Namely, oscillatioHn ourl u Lf[re vl\(lorbs, we will derive eacth Zmp' ude for
death is observed in third oscillator. Phase differences bem&q{ygona networks Dy using averaging method.
first and second oscillators shows anti-phase synchronization, REEERENCES
becaluse third oscillator SIOpS oscnlatlng in order to matc[tl.l] L.L. Bonilla, C.J. Perez Vicente and R. Spigler, “Time-periodic phases in pop-
consistency. ulations of nonlinearly coupled oscillators with bimodal frequency distributions,”
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show simulation results for odd polygonal networks and we tion transfer and synchronizability, at given total connection lengtitgrnational
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On the other hanc_j, even polygonal oscillator networks can 5~
not produce oscillation death but we can observe small and

large of amplitudes. Regardless of the number of oscillators,
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In this section, we show the simulation result for several
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