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Abstract

This paper describes some interesting phenomena
discovered in a Similar Chua's Uircuit., First we
look briefly at the circuit structure and state

equation, and tnen determines the possible chaotic
behavior from the property of the eigenvalues uc-
cording to »hilnikov. theorem. oSome valuable re-
sults are obtained by both experimenis and spec-

trum analysis, i.e., period doubling lewds W Chaos
from the equilib’rini . and then it obeys the law
of period-chaos-period plus 1. Finally, a bifur-
cation formula is given and a possible numerical

range leading to chaos from bifurcation is offered
when parameter G is changed.

The Chua's Uircuit is shown in Fig. 1. lYeriod-

chaos-perioa plus 1 law has been discovered in (1),
Now more perfect chaotic phenomena wus observed in
Similar Chua's Circuit, shown in Fig. ¢, i.e., it
oteys alternative period doubling and period plus
one law. It is found botn in experiment and spec-
trum analysis. Furthermore, this law Can be not

only obtained by changing one of G, U1, V2 and L,
tut also ty cnanging the op's voltage which is the
power of the nonlinear resistor. The characteris-
tic of it is shown in Fig. 3. Finally, we have
found a hopf bifurcation expression. and taking
G-bifurcation as wn example, a possible numerical

range leading chaos is given.

The btate Equation and LChaos

Yne state equation in Fig. ¢ can be written as:

Cy dvgy / dt = - ip - &(Ver)
C2 dvcz/ dt = ~ Gvg2 4+ ip Q)
Ldij /dt = vgq - Vg2
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Tnerefore, via the rescaling.

-3 : X
X = Vc]/Bp! ¥y £ ch/Bp' z 2 1L/hpcv T

S w/iy, % m/6G, b2 m, /G, o(‘: Cr/Cq1 and

Fﬁ Cz/L Gz, Equation (1) is transformed into
the following simpler dimensionless form:
dx/dt = - o [2 + £(x)]
dy/dt = - y + 2

2.
dz/dt-Px_(gy )

where £(x) < g(x; 1, b, a)
PX 4+ & - b, x 21
= axl

x - a4 b,

1x|g 1
X & =1

provided &, b » -1 we can obtain 3 equilibrium

in 5-dimensional phase space:

o= (ky %y K), P°=(o, 0, 0), o=

(-ks -k, -K)

where k = (b-a) / (b+1).
1t is nut difficult to prove that equation
(2) is symmetric to the origin, as under the

transformation
(xl Y z) _— (-x! =¥ —2)

the vector field is not variable, Therefore,the
trajectory in the phase space of the circuit
is symmetric to the origin.

Let 1/Cy = 48, 1/Cz = 60, /L = 16, G = 0.7,
-U.8, bp = 2.25. After calcula-

tion, the eigenvalues of the system at Y, P*

my = 0.5, mq =

and ¥ are

Yo 03¢, gt jWo -0 w04
V=05, o, t jwW, 2 0.035 ¢ 3 0.5

Since })o > 0, one aimension manifold asso-
ciated with ¥° is unstable, known @s
since &, < 0, two dimension manifold associated.

o .
w“;unu
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with }o is stable, known us wc.". ror 10(0 /
Po 1 <1, it hus countable horseshoe by purtubat-
ing the neighbor of }o(o, 0y 0), and this is a
mathematical mechanism for generating chaos 2] .

The Experiment and Spectrum Analysis

Traditionally, we can fix three of Cy, C2, L and
G and change the remaining one, then observe the
bifurcation and chaotic motion. here it is more
convenient to adjust x, C1 and C, than L. How-
ever, when four parameters are all fixed, more
finer structures will be shown by changisng the
op's voltage, i.e., the characteristic of the non-
linear resistor. Let V,(15v) and V_(—15v) are
the voltages of the operational amplifiers which
are the components of the nonlinear resistor.
When V+ is set in 15v, V_ is adjusted from ov,

the experiment result is shown in Table 1.

Table 1. thase aidagram when V, is 15v,

and V_ is veriable.

V. (v) 0 [1.113.5|4 4.5(4.8[ |5.3[5.6
vhase dia.{point|1p (2p |4p|ch|2p |4p khl3p |6p

V_ (V) 6.2 7.1 |8 8.8] (9.1

rhase aia.ichl4p |en|5p Jchl6p[ch|7p |ch|8p |ch

V_(v) 9.9 10.2 10.9 11.2 12

phase dia.l9p |ch|10p |c¢h{11p [ch|12p [ch|13p|ch

where np as period n, ch as chaos, point as

equilibrium.

The two dimensional projections corresponding
to the equilibrium, period 1 - 10 and the chaotic
attractor are shown in Fig. 4 (a - 1). 1In order
to confirm the experimental results, we observe
the corresponding spectrum, as shown in Fig.
(2 -m). 1t is obvious that the results obtained
by both the experiments and the spectrum analysis
are almost the same, That is to say, it obeys

perioa doubling-chaos-period plus one law.

Hopf bifurcation mange (G-bifurcation)

we have twc goals in studying chaotic circuits.
(ne is how to generate chaos so as to use it in
some cases, the other is how to avoid chaotic

failure. C(haos results from continuous bifurca-
tion, so the first thing is to find the bifurca-

tion range,

In the circuit, we only consider 3 inner re-
gions. At these regions, let 8(x) = u,xBZ where
M is the slope.

Then, from equation (1), the characteristic
equation may be described as
W(s) = det (s1 -A")

where

s0 W(s) = 83 + (G + a/u.)sz + (al + bl +
abG/k)s + ablG + abl/u.
According to nouth-nurwitz criterion, the stabil-

ity conditions of the linearized system is to

satisfy the following unequalities;

bG + am > 0 (5)
(= + B)1 + abGae > 0 4)
G+m> 0 (5)

(s48) 1+ bl - splb v abir o (6)
bG 4+ am
tquations (3), (4), (5) and (6) are 4 straight
lipnes or curves.

We know that the unstable situation results
from continuous bifurcation. bo we must consider
the comprehensive bifurcation expression contain-

ing 5 parameters.
Let W(s) = s’ + Asa + Bs + ¢

and let it has 3 roots, i.e., Aoy A = 6 + jW
Az = € - jW. When 6 =0, Aq andA. 8re a
pair of pure virtual roots. Then we have

Ao+ Ay tA2 = Ao -
Inerefore, the Hopf bifurcation condition is
U = Ab
Inen tne comprehensive bifurcation expression is
fogu? 4+ (at?c? + a2l)m 4 1216 = O

where 5 parameters «, b, 1, G and m are all
variable. As any one of them changes, Hopf bifur-

cation point may be obtained.

Now taking G as an example let a = 24,
b =25 1=9, m, = -0.5, my = -0.8.
First, after calculation, nopf bifurcation

value at 0 and l‘t are 0.796 and 0.810.

Un the other hand, from (5) - (6), we have
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Fig., 1 chua's Circuit

Fig. 2 Similar Chua's Circuit
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Mm> - /e )

M > = (a+ D)1/ ave (8)
Mm> =G (9
a.zb(;/u.;' + (abGe + al)m + B16 >0 (10)

Let a < b, the curves corresponding to (7,-\10,
are shown in Fig. 6.

1% can be proved that (8), (9) and (10) intex-

est at the same point 4 ( A/l(a-vb)/a ,
= N1(a+b) /ub ), And from (10), the coordinates
of point q is (J1 (WD +4b-a) / b,

-(b262 + al) / 2abG]. After computation, the
abscissa of A and Q are 0.857 and 0.720(1/n).

It follows that the Hopf bifurcation point of
C is exactly between point C and D. And perhaps
chaos is within C' and D'.

Liscussion
—_—r

We have obtained very interesting and nice re-
sults by changing Op's voltage, i.e., the charac-
teristic of the nonlinear resistor. and experi-
mental method and spectrum analysis reveal the
same law, period-chaos-period plus 1, In fact
the spectral method is very effective in studying
the bifurcation and chaotic phenomena, and it
will become fashionable again.
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