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Abstract. In this paper realization of modified chaotic circuit of the VVan der Pol-Duffing
generator is presented. Modeling and research chaotic behavior as a function of a
variable control parameter. The differential equations has been realized using commonly
available op amps and the nonlinearity using diodes. The experiments indicate that
chaotic behavior indeed emerges through the period doubling route as the parameter is
changed.
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1 Introduction

In recent years, the study of chaotic phenomena in the area of nonlinear periodic
self-excited oscillators has attracted much attention and application in different
research areas, such as electronic circuits [1, 2], secure communication systems
[3], magnetism [4], economic theory [5, 6] etc. Many circuits realize chaotic
generators. One of these circuits is VVan der Pol-Duffing generator.

Hyperchaos is the non-periodic behavior of deterministic non-linear dynamical
system that is highly sensitive to initial conditions with more than one positive
Lyapunov exponents. In order to obtain hyperchaotic oscillations from an
electronic circuit it should be at least a fifth order one in the case of common
passive non-linearity such as cubic non-linear element. The increasing interest
in higher order autonomous Van der Pol-Duffing oscillator is simulated by their
possible application to secure communication. Therefore, interest in hyperchaos
increases due to their possible application in improving secure communication.

By just including an inductor and capacitor in parallel to this third order
autonomous Van der Pol-Duffing oscillator circuit, we can realize a very simple
fifth order non-linear dynamical system [7-10].

2 Circuit of the chaotic Van der Pol-Duffing generator

Block-scheme of the chaotic Van der Pol-Duffing generator shown in Fig. 1.
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Fig. 1. Block scheme of the chaotic VVan der Pol-Duffing generator

Generator includes the following components:
1. the power supply;
2. nonlinear element;
3. control element;
4. oscillatory circuit;
5. display device.
Circuit of the generator shown in Fig. 2.

R4 m L2
Out 1

Out 2

S VD1 SZ VD4

ZS vD3 SZ VD6

NI

1
2
3 Out 3
4

N

Fig. 2. Circuit of the generator
For circuit have chosen the following typical values: C1 = C3 =5 nF, C2 = 150
nF, L1 =11,77 mH, L1 =62,12 mH, R1 = R2 = R3 = 2 kOhm, variable resistor
R4 = 5 kOhm, VD1 = VD6 = 1N4148, DA = TL082. Connector XP1 for
connect power supply, connector XP2 for connect display device, for example,
oscilloscope.

The higher order autonomous Van der Pol-Duffing oscillator circuit shown in
Fig. 2, one of the most simple fifth order autonomous electronic generators of
hyperchaotic signal. The circuit contains six linear elements (three capacitors,
C1, Cy, Cs, two inductors, Li, L, and one resistor, Rs) and one active element
(cubic non-linear resistor, NRr) that can be built using off-the shift op-amps with
six diodes. The chaotic behavior of the circuit was research numerically,
confirmed mathematically and realized experimentally.

Reducing the variable resistance R4, while keeping the other circuit parameter at
constant values, one finds that the circuit admits period doubling route to chaos.
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For a small range of resistance R, it also exhibits crisis induced hyper chaos.
The important requisites for hyperchaos are:

. the minimal dimension of phase space that embeds the hyper chaotic
attractor should be at least five, which requires the minimum number of coupled
first order ordinary differential equations to be five;

. the number of terms in the coupled equations giving raise to instability
should be at least two, of which one should be non-linearity function.
Correspondingly, for hardware implementation:

. the number of energy storage elements (inductors or capacitors) in the
circuit should be at least five;
. the number of active elements giving rise to instability should be one

or two, of which one should necessarily be a non-linear device.
Applying Kirchoff’s laws, the set of five coupled first order differential
equations describing the circuit is obtained as:

¢, % —{Ri(vl V)4 f(Vl)};

“dt |R,

dv 1 .
Czd_tzzR_4(V1 _Vz)_|L1_|L2;

dv, .

g 1)
di
g Ve
i

L, d? =V, -V,.

While V1,V2 and V3 are the voltages across the capacitors C;, Cz, Cs, and iLl,

iL2 denote the current through the inductances L; and Ly, respectively, the term

f(V1) representing the characteristic of the cubic non-linear resistance can be
expressed mathematically:

f(V,)=aV, +bV>. )

3 Circuit simulation

For investigate of the generator was using Micro-Cap 9. The simulation
results presented in Fig. 3. The intrinsic time constant in computer simulation
equal 50 ms.
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Fig. 3. Chaotic attractors of the Van der Pol-Duffing system obtained by
computer simulation (phase trajectories on the plane U, — Uc,): a — value of
resistance R4=2,11 kOhm; b — value of resistance R4=2,13 kOhm,; ¢ — value of

resistance R4=2,12 kOhm

4 Practical realization

In practice, we change inductors to operational amplifiers, capacitors and
resistors. The variable resistor R4 assumed a control parameter. By decreasing
the value of R4 from 5000 to 0, the circuit behavior of Fig. 2 is found to transit
from a periodic limit cycle to chaos and then to hyper chaotic attractor through
boundary crisis, etc [11, 12]. The projections of the attractor on the (U, — Uc,)

plane are shown in Fig. 4 for various values of control parameter Rq.
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Fig. 4. Chaotic attractors of the Van der Pol-Duffing system experimentally
obtained in
(Ugq — Ugy) plane: a — value of resistance R4=2,10 kOhm; b — value of resistance
R4=2,11 kOhm; ¢ — value of resistance R4=2,12 kOhm, d — value of resistance

R4=2,14 kOhm, e — value of resistance R4=2,15 kOhm, f — value of resistance
R4=2,19 kOhm, g — value of resistance R4=2,13 kOhm, h — value of resistance
R4=2,21 kOhm

Conclusions

A higher order autonomous Van der Pol-Duffing oscillator based on fifth order
circuit was designed and investigated. Practical research is fully match with the
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mathematical apparatus. For the first time detected values for control of the
chaotic oscillations.
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