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Abstract—In this study, we investigate synchronization phe- through the inductoL is ¢, the voltage between the capacitor
nomena observed in coupled chaotic circuits containing time (' is y. Switching operation is shown in Fig. 2, it controls
delay. Various synchronization states can be observed . ESpe-ihe amplitude of the oscillator. The switching controls the
cially, we focus on relationships between synchronization state litude ofv by ch ina f th fi ist t
and parameters. Coexisting synchronization states depending ampii u-(.a otv .y changing from the nega |\(e resistance to
on initial values can be observed in the proposed system by the pOSItlve resistance when the amplltude IS |arger than the
carrying out computer calculation. Moreover, we investigate the threshold value. This switching operation is included time
effect of chaotic behaviour on subcircuit to synchronization delay.T,; denotes the time delay. First, the switch is connected
states. Chaotic strength of subcircuit possibly induces anti-phase to a negative resistance: is amplified while oscillating
synchronization the amplitude is bigger a certain threshold voltdgg. The

I. INTRODUCTION switch does not immediately connect in the positive resistance

Recently, researches on chaos phenomena have beer@fever the switch is connected aftél seconds. In the
tracting attention. The chaos phenomenon shows a compfmputer simulation7; is set tor/(1 — o?).
unpredictable behavior. It can be observed in various science
fields, such as biology, economics, physics and astronomy. Vi
A number of studies on synchronization of coupled chaotic
circuits have been madé€][ The synchronization is one of
the typical phenomena observed in nature. There are flashing
of fireflies, rhythm of the heart cells and laser oscillation in
examples of the synchronization. In addition, synchronization
phenomenon, there is an advantage that a large energy is —
obtained by synchronizing the small energy. By utilizing this C
property, it is possible to realize a pacemaker that can control
the synchronization of the cardiomyocytes of the heart, which

is actually used as a medical device. On the other hand, 77T
electric circuit observed the chaotic phenomena. There are _ o
a lot of merits using electric circuit to investigate chaotic Fig. 1. Circuit model.

behaviour. For instance, inexpensive element, short experiment o _ .
time, high repeatability of the experiment and so on. There areThe circuit equations of the system are given as follow:
various types of chaotic circuits. We focus on the chaos circuit ~ (A) In case of switch connected to -g,

including a also time delay in tha?JF[4]. di
In this study, we investigate two coupled chaotic circuits % = v @
containing time delay. Especially we focus on the synchro- av _ gv —i.
nization phenomena of our proposed circuit. By carrying out dt
computer simulations, two types of synchronization phenom- (B) In case of switch connected to G,
ena depending on initial values can be observed. Moreover, di
we investigate the relationships between parameters and syn- Ldi = v 5
chronization phenomena. dtv — _Gu—i )

Ci
dt
Il. CIRCUIT MODEL . .
L ] ) . o By changing the parameters and variable as follows:
The chaotic circuit used in this study is shown in Fig. 1. The
circuit is composed of a-gLC oscillator and the amplitude

) C
control loop.—g is a negative resistance, the current flowing L=y fth’ v="Viny, t = VLCT,
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the switch is connected to negative resistor

Fig. 2. Switching operation.
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Fig. 3. A coupled 2 chaotic circuits containing time delay

anti-phase synchronization states, respectively. By increasing
the parameters, anti-phase synchronization phenomena are
induced and in-phase synchronization gradually become unsta-
ble. The parametet qualitatively denotes the chaotic strength.
Namely, it is considered that anti-phase synchronization state
is induced by chaotic behavior of each subcricuit as shown in

The normalized circuit equations of the system are given Rig- 4 (3)-

follow:

(A) In case of switch connected tog, yh yQA "
. (a) (b)
f? =Y (3) \Jan \Jrg =
¥y = 2a0y-—=x. !
o x
(B) In case of switch connected @, (c) = S .
i y g g time
{ g = —28y—uz. (4) (1) 2 =0.015,8=0.1, v =0.2.
Ul/\ 7/2/\ o
(a) (b)
L\, .
I11. TWO COUPLED CHAOTIC CIRCUITS — = ~ e
Figure 3 shows the schematic of two chaotic circuits con- (€) —H ——X——X—K
taining time delay coupled by a inductor. By changing the / N/ N/ S Nhime
parameters and variables as follows: (2) @ = 0.015, 8 =0.1, y = 0.2.
C hn Y2 2
in = A/ —=Vin®n, Up = Vinyn, t = VLCT,
i v = Vi 1= » O O "
g *:2a, G\(Z:2ﬁ and’y:f, x1 x2 T
The normalized circuit equations of the system are given as © ERVARAVARRY = - o
follows: = = ~ —Fiind

(A) In case of the switch is connected t¢y,

m.'n:yn

. 5) Fig. 4.
{ Un = 2ayn — ZTpn — Y (Tpy1 — Tn). (5) Fig
(B) In case of switch connected to G,
Tn = Yn
) 6
{ Yn = —25% —Tp — V(xn+1 - l'n) ( )

where

(n=1,2), z3=ux.

Figure 4 shows simulation results in case of two coupled
chaotic circuits. Figuret (1) and (2) are two types of syn-
chronization phenomena depending on the initial values which
are corresponding to almost in-phase synchronization and
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Simulation results of N = 2. (a) Attractor. (b) Lissajous figure.
(c) Timewaveform. Red and blue colors denete and z2 respectively.

(3) a=0.015, 8 =0.13, vy = 0.2.




IV. CONCLUSION

In this study, we have investigated synchronization phenom-

ena observed by coupled chaotic circuits containing time delay.
As a result, induction of anti-phase synchronization caused
by chaotic strength of subcircuit have clarified. In our future
work, we will investigate the parameter region of coexisting
synchronization and the mechanism of induction of anti-phase
synchronization phenomena.
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