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Dynamics of two coupled nonlinear oscillators has been studied. Oscillators are represented by conservative LC
circuits with nonlinear capacitors. The system exhibits chaotic behavior in some range of initial conditions. Chaotic
behavior is observed in one circuit if high amplitude oscillations are performed in the other circuit due to the appro-
priate initial conditions. Stochasticity of the oscillations is proved by the continuity of their spectrum and by the

Poincare mapping.
PACS: 05.45.-a, 07.50.Hp

INTRODUCTION

Electrical noise generators are widely used in mod-
ern radio electronics so further study of this problem is
actual. On the other hand investigation of chaotic proc-
esses in low dimension systems remains crucial inter-
disciplinary problem since their appearance is studied
insufficiently.

In present paper we discuss computer simulation of
chaotic behavior of two coupled nonlinear oscillators
presented by LC circuits with nonlinear capacitors. The
study of such system anticipates investigation of a simi-
lar coupled system of self-generators.

This approach demonstrates the transition from con-
servative to dissipative systems with chaotic behavior.

1. SYSTEM UNDER STUDY

Let us consider the system of two coupled LC cir-
cuits. Coupling is performed by linear capacitor. Ca-
pacitors in LC circuits are nonlinear. Considered system
is shown on Fig. 1.
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Fig. 1. Two coupled LC circuits

Capacitor’s nonlinearity is defined as:
CI,Z (U): CIO,20(1+aU2)' (1)

U is voltage drop on capacitor. System behavior is
described by a system of equations obtained from
Kirchhoff's circuit laws. Performing simple transforma-
tions and leave out current trough the coupling capacitor
C and voltage drops on capacitors C1 and C2 we obtain
system of differential equations for currents trough the
inductors L1 and L2:
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we assume Cjo= Cyy=Cy, L,=L,=L. Since currents
trough inductors and their time derivatives are phase
variables (2) describes behavior of the studied system.

2. NUMERICAL RESULTS

System (2) was numerically integrated with Wolf-
ram Mathematica program. Initial conditions were set to
nonzero voltage drop on capacitor and zero current
trough inductor in the leading circuit. Electrical circuit
was also simulated with OrCAD package. In thre last
case oscillations were started by step voltage generator.
If difference in initial conditions is taken into considera-
tion results of simulation types are consistent.

There are no nonlinear effects in the system if initial
voltage is small (0.1 V). One can see from Fig. 2 that
there are two different frequencies in the spectrum of
oscillations. This is explained by the eigenfrequency
repulsion phenomenon.

Fig. 2. The oscillations' specirum for the linear case

Quasi-periodic  oscillations are observed for
5...9.8 V initial voltage (Figs. 3-5). For 25V oscilla-
tions in first circuit stays periodic. These oscillations
play the role of the external force applied to a second
driven oscillator. Driven oscillator's behavior appears
chaotic, its oscillations spectrum is continuous.
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Fig. 3. Spectra of oscillations in the leading and driven
circuits for the quasiperiodic mode
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Fig. 5. Spectra of currents trough inductors in the lead-
ing (a) and driven (b) circuits for the stochastic mode

Furthermore Poincare map can also confirm the sys-
tem stochasticity (Fig. 6). For 5 V the points lay regu-
larly, but for 25 V they are situated accidentally.

Let us consider two initial conditions that slightly
differ from each other (in the seventh order of value).
Projections of their phase trajectories on the phase vari-
ables of the driven circuit are shown on Fig. 7. So the
small divergence increases during the evolution of the
system. It's turn out that behavior of the system is un-
predictable.
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Fig. 7. Divergence of two projections
of phase trajectories

3. DISCUSSION OF OBTAINED RESULTS

The problem of nonlinear oscillator's dynamic with
applied outer force is well-known. In the considered
system the leading circuit becomes a source of such
force that is applied to the driven oscillator. As evident
from (2) this force appears to be a second time deriva-
tive of the leading circuit inductor's current. Time de-
pendence of leading circuit variables are shown on
Fig. 8 (brown, red and blue represent current trough
inductor, time derivative of current trough inductor in
the power of two and second time derivative of current
trough inductor correspondingly).

It turns out that second time derivative of the leading
circuit inductor's current is a periodic sequence of short
narrow impulses. So the dynamic of driven circuit is
governed by such sequence. Oscillations of driven cir-
cuit shift under influence of the sequence of short im-
pulses from one mode of stable amplitude to another.
Such dynamic still could be quasi-periodical. But in
case of high amplitude impulses nonlinearity of the
driven circuit start to affect oscillations of phase vari-
ables of the driven circuit become chaotic.
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Fig. 8. Variables of the leading circuit

CONCLUSIONS

Obtained results are in well consistency with a well-
known problem of nonlinear oscillator's dynamics with
applied periodical outer force. In this paper outer force

chaotic behavior. If energy in initial moment focused
mostly in one circuit its oscillations appear nonlinear
and periodic. It's come out that energy delivers into
other circuit by means of the current impulses trough
the coupling capacitor. If some critical amplitude is sur-
passed behavior of the driven circuit become chaotic.
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is represented by nonlinear oscillations in first circuit.
This force has the form of narrow impulses which is due
to the current maximums in first circuit.

Considered system manifest different dynamic be-
havior: beat's mode (linear case), quasi-periodic case,
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KOMITBIOTEPHOE MOJIEJIMNPOBAHUE CTOXACTUYECKHNX KOJIEBAHUM B CUCTEME JIBYX
CBA3AHHBIX HEJIJMHEHHBIX KOHTYPOB

C.C. Cabep, H.A. Anucumos

[TyTem 4ymCIEHHOTO MOJICTMPOBAHMS NCCIIEJOBAHBI CTOXAaCTHYECKNE KOJIeOaHMsl, KOTOPbIE BOSHUKAIOT B CHCTEME
JIBYX CBSI3aHHBIX KOHCEPBATUBHBIX KOJeOaTEIbHBIX KOHTYPOB C HEJIMHEHHBIMH KOH/IEHCAaTOpamMHu. Takue xoieOaHus
HaOJIIOal0TCsl BO BTOPOM KOHTYpE, €CIIH B IIEPBOM HPOUCXOJAT PETYJIsipHbIe cOOCTBEHHbIE KoyeOaHHs OOoJbIIOi
aMIUIATYZpBI, OOYCIIOBICHHBIE COOTBETCTBYIOUIMMH HayalbHBIMU YCIOBUSIMH. CTOXaCTHYHOCTH KOJIEOAHMH IOA-
TBEPXKJAETCSI HETIPEPHIBHOCTHIO MX CHEKTPOB M IOCTpOeHNEM oToOpakeHus Ilyankape.

KOMIPI'IOTEPHE MOJEJIOBAHHSA CTOXACTUYHUX KOJIMBAHB Y CUCTEMI IBOX
3B’SI3AHUX HEJIHIMHUX KOHTYPIB

C.C. Cnaobep, 1.0. Anicimos

[IInsX0oM YHCIOBOrO MOJEINIIOBAHHS JOCIIJDKEHI CTOXAaCTHYHI KOJIMBAHHS, L0 BHHUKAIOTH y CHCTEMI JBOX
3B’s13aHMX KOHCEPBATHBHUX KOJIMBHUX KOHTYPIB 3 HEJIHIHHUMH KOH/IEHCcAaTOpaMH. Taki KOJIMBaHHS CIIOCTEPIraroTh-
Csl B IpyroMy KOHTYPI, SIKIIO B IIEPLIOMY BiIOYBaIOThCSl PEryJIsipHI BIIaCHI KOJMBAHHS BEJIMKOT aMIUTITYAH, CIIPHYH-
HEHi BIANOBIIHUMH ITOYaTKOBMMH yMOBaMH. CTOXaCTHYHICTh KOJMBaHb IMiATBEPIPKYETHCS HENEPEPBHICTIO IXHIX
CIIEKTpIiB Ta NOOY10BOIO BioOpakeHHs [lyankape.
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