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Fig. 1.32 Hybrid-VII realization of Chua’s circuit.

While the chaotic waveforms and chaotic spectrum of the proposed
Hybrid-VII realization of Chua’s circuit are shown in Fig. 1.33, the
double-scroll attractors are illustrated in Fig. 1.34.
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Fig. 1.33 (a) Simulations of chaotic circuit dynamics V¢i(t), Veo(t) and iy, (b) The

chaotic spectrum for simulated time waveform V() from FTFN-based Chua’s circuit.
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Fig. 1.34 The double-scroll chaotic attractors observed from FTFN-based Chua’s circuit.
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1.5 Experimental Setup of CFOA-Based Inductorless Chua’s Circuit

Through PSPICE simulations, it can be seen that the Hybrid-II
realization, which is constructed with a CFOA-based nonlinear resistor
and CFOA-based synthetic inductor, has some advantages over the other
hybrid realizations. In the Hybrid-II realization, all the state variables
Vci, Ve and 1, are made available in a direct manner due to the use of
CFOA-based topologies for both the nonlinear resistor and inductor
elements. In addition, a buffered and isolated voltage output is available,
while the operating frequency can be extended. Moreover, a chaotic
current output ip,,g may be useful in some applications. Hence, in this
subsection we implement this Hybrid-II realization of Chua’s circuit
[60-61].

As a sample experimental study on Chua’s circuit, the experimental
implementation of a CFOA-based Chua’s circuit was constructed by
combining a CFOA-based Chua’s diode and CFOA-based synthetic
inductor. After confirming the proposed circuit’s chaotic behavior by
computer simulations in the previous subsections, in order to verify the
circuit’s operation experimentally for different frequency ranges,
especially at high frequencies in which CFOA has excellent
performance, we constructed a Hybrid-II realization of Chua’s circuit
shown in Fig. 1.22 in the form of four experimental configurations. In all
experimental configurations, we fixed the parameter values of the
nonlinear resistor as Ry; = Ryo = 22 kQ, Ry; = 2 kQ pot., Ryg = 2.2 kQ,
and we configured the rest of the circuit parameters as four
configurations to demonstrate the circuit’s behavior at different
frequency ranges. This implementation uses only an AD844-type CFOA
as the active element. Due to the use of CFOAs for synthetic inductor
and nonlinear resistor, all the state variables V¢, Vo and i;, are made
available in a direct manner, and a buffered voltage output is also
available.

1.5.1 Experimental results

In the first experimental configuration, to show that the proposed circuit
can exhibit the original chaotic behavior of Chua’s circuit with the most

A PRACTICAL GUIDE FOR STUDYING CHUA'S CIRCUITS
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/chaos/7538.html



Autonomous Chua’s Circuit: Classical and New Design Aspects 33

studied parameters in the literature, L = 18 mH, C, = 10 nF, C, = 100 nF
and R = 1.7 kQ, we determined the circuit parameters in Fig. 1.22 as C,
= 10 nF, C, = 100 nF, R = 1.7 kQ, and the parameters of the CFOA-
based synthetic inductor as R; = R, = 1 kQ, C; = 18 nF to obtain L = 18
mH according to L., = R;R,C;. In our experiments, we used a digital
storage oscilloscope and spectrum analyzer interfaced to a computer for
recording experimental measurements at time and frequency domains.
The observed Vc;, Ve, ip (in the voltage form) chaotic waveforms are
shown in Fig. 1.35(a)—(b). In this implementation, iy is made available in
a direct manner, and to observe this current signal at oscilloscope screen
in voltage form, we used a current sensing resistor with a value of Ry,s =
500 Q. The double-scroll chaotic attractors observed in the first
experimental configuration are shown in Fig. 1.36.
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Fig. 1.35 Experimental measurements of chaotic circuit dynamics in the first
experimental configuration; (a) the upper trace Vc, (1V/div), the lower trace V¢

(2V/div), time/div: 2ms/div, (b) ip current output in the voltage form via a Ry, = 500 Q

current-sensing resistor (2V/div), time/div: 1ms/div.
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(b)

Fig. 1.36 The double-scroll attractors observed in the first experimental configuration,
(a) projection in the (V¢i-Vy) plane, x-axes: 500mV, y-axes: 1V, (b) projection in the
(Veo-ip) plane, x-axes: 1V, y-axes:500mV.

These experimental results confirm that the proposed circuit is able
to exhibit the original chaotic behavior of Chua’s circuit with the most
used parameters. After experimentally investigating the proposed circuit
with the first configuration, we examined the circuit by using the second,
third and fourth experimental configurations in which the synthetic
inductor and capacitors are scaled down to extend the operating
frequency, in order to demonstrate the high-frequency behavior of the
proposed CFOA-based circuit.

In the second experimental configuration, by scaling down values of
the synthetic inductor and capacitors by a factor of 50, we determined the
circuit parameters in Fig. 1.22 as C; = 200 pF, C, = 2 nF, R = 1.7 kQ,
and the parameters of the CFOA-based synthetic inductor as Rj =R, =1
kQ, C; = 0.36 nF to obtain L = 0.36 mH according to L., = R;R,C;. For
this operation mode, while the circuit dynamics V¢, Ve, i (in the
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voltage form) are shown in Fig. 1.37, the double-scroll attractor is
illustrated in Fig. 1.38(a).
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Fig. 1.37 Experimental measurements of chaotic circuit dynamics in the second
experimental configuration; (a) the upper trace V¢, (2V/div), the lower trace V¢,
(1V/div), time/div: 50us/div, (b) ip, current output in the voltage form via a Ry, = 500Q

current-sensing resistor (1V/div), time/div: 50us/div.

The chaotic frequency spectrum measured in the second experimental
configuration is shown in Fig. 1.38(b). As shown in Fig. 1.38(b), the
chaotic frequency spectrum is centered approximately around 143.75
kHz. In the third experimental configuration, by scaling down values of
the synthetic inductor and capacitors by a factor of 100, we determined
the circuit parameters in Fig. 1.22 as C; = 100 pF, C, = 1 nF, R = 1.7 kQ,
and the parameters of the CFOA-based synthetic inductor as R; =R, =1
kQ, C5 =0.18 nF to obtain L = 0.18 mH according to L., = R|R,C5.
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Fig. 1.38 For the second experimental configuration, (a) The double-scroll attractor,
projection in the (Vc—V¢) plane, x-axes: 2V, y-axes: 500 mV, (b) The chaotic spectrum

for measured time waveform V¢ (t) from CFOA-based Chua’s circuit.

For this high frequency oscillation mode, the circuit dynamics V¢,
Ve, i (in the voltage form) are shown in Fig. 1.39, and the double-scroll
attractor is illustrated in Fig. 1.40 (a). The chaotic frequency spectrum
measured in the third experimental configuration is shown in Fig.
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1.40(b). As shown in the figure, the operating frequency is extended and
the chaotic frequency spectrum is centered approximately on 306.25
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Fig. 1.39 Experimental measurements of chaotic circuit dynamics in the third
experimental configuration; (a) the upper trace V¢; (1V/div), the lower trace V¢,

(1V/div), time/div: 20us/div, (b) ip current output in the voltage form via a R, = 500 Q

current-sensing resistor (5S00mV/div), time/div: 20us/div.

In the fourth experimental configuration, by scaling down values of
the synthetic inductor and capacitors by a factor of 1000, we determined
the circuit parameters in Fig. 1.22 as C, = 10 pF, C, = 100 pF, R = 1.7
kQ, and the parameters of the CFOA-based synthetic inductor as R; = R,
= 1 kQ, C; = 0.018 nF to obtain L = 0.018 mH according to L., =
R/R,C;. For this very high frequency operation mode, the circuit
dynamics V¢;, V¢, and the double-scroll attractor are shown in Fig. 1.41,
and the chaotic frequency spectrum is shown in Fig. 1.42. As shown in
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the figure, the operating frequency is extended to higher-frequency range
and the chaotic frequency spectrum is centered approximately on 1.35
MHz.
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Fig. 1.40 For the third experimental configuration, (a) The double-scroll attractor,
projection in the (V—V¢y) plane, x-axes: 1 V, y-axes:500 mV, (b) The chaotic spectrum

for measured time waveform V¢, (t) from CFOA-based Chua’s circuit.
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Fig. 1.41 For the fourth experimental configuration, (a) chaotic circuit dynamics; the
upper trace V¢; (500mV/div), the lower trace Ve, (500mV/div), time/div: Sus/div, (b)
The double-scroll attractor, projection in the (Vc—Vcy) plane, x-axes: 500 mV, y-axes:
500 mV.
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Fig. 1.42 For the fourth experimental configuration, the chaotic spectrum for measured

time waveform Ve, (t) from CFOA-based Chua’s circuit.
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