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Abstract
It is proposed in this paper that a new chaotic system may be formed by combining two distinct chaotic
systems, such as the Rossler system and the Chua system, in which the x dynamic of the Rossler system
is linked with the z dynamic of the Chua system, results in a new chaotic system. Some of the basic
dynamic behavior is explored and examined for new system by using the Matlab program. They noticed
that it was a difference in the time series of the Chua system and this in turn led to a difference in the
attractor, as the attractor of the Chua system changed from double scroll to single scroll and this led to
change of the bandwidth of the Chua system, meaning that the Rӧssler system affected the Chua
system, which led to an increase in the possibility of using this system in secret communications.

1. Introduction
In the twentieth century, there were many scienti�c revolutions that improved our knowledge of the nature
of unpredictable behavior. One of these revolutions was the study of chaos in dynamics. Chaos Theory is
the theory that deals with nonlinear dynamic systems, which exhibits behavior as if it were random, and
that behavior results either by the inability to determine the initial conditions or by the potential physical
nature of quantum mechanics. So, Chaos is a characteristic which we stick it to the systems that have
unexpected long-term future [1–2]. Any dynamic system (variable over time) is highly sensitive to initial
conditions; it means that the future of this system will be very dependent and greatly affected by its
current state and condition. The small changes in current circumstances can lead to completely different
results in the distant future, so the shape of the system is changing completely and be very di�cult to
predict. The simple change in the values of the primary system variables has a far greater effect than that
initial change in the end result, due to other factors and variables in the system, these systems are very
sensitive to any change in the initial values or variables whatever the change values are small [3–4].
Many academics are interested in the study of nonlinear dynamics and chaos theory, and they are
working on developing mathematical models that mimic the �elds of nonlinear chaotic physical systems.
Nonlinear phenomena may be found in almost every area of study, including engineering, physics,
chemistry, biology, economics, and social science. Nonlinear chaotic systems are used in a variety of
applications, including planetary climate prediction models, neural network models, data compression,
turbulence, nonlinear dynamical economics, information processing, preventing the collapse of power
systems, high-performance circuits and devices, and liquid mixing with minimal power consumption [5–
7]. Iin this work, the effect of coupling the variable x of the Rӧssler system with the variable z of the Chua
system and studying the behavior of the chaotic system resulting from this coupling was studied.

2. Chua’s And Rӧssler Circuits
Chua's "double scroll" dynamical system was the �rst chaotic system to be seen in the laboratory, veri�ed
by computer simulation, and rigorously mathematical backed up by rigorous mathematical proof [8-10].
Originally created as an electric circuit, the Chua system (also called Chua circuit) has the following three
dimensionless equation representations:
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Where the parameters , β , c1, and d were 15.05, 25.58, -0.7142857, -1.142 respectively, while the initial
condition [x1, y1, and z1] were [1.6, 0 ,1.6] respectively.

A Rössler model was also proposed in order to have the simplest attractor with chaotic behavior that
does not have the feature of symmetrical behavior. There are three non-linear ordinary differential
equations in the Rössler model, which describe a continuous-time nonlinear system that exhibits chaotic
behavior, which may be explained by the fractal features of the attractor. The Rossler system may be
described using the three-dimensionless equation [11] that is linked to differential equations:

  

 These differential equations describe a continuous-time dynamical system that displays chaotic
dynamics related with the fractal characteristics of the attractor, as de�ned by these differential

equations. It have seven term, one quadratic nonlinearity and three parameter, where  , and
they are dimensionless parameters, the three variables that change as time progresses are denoted by x2,
y2, and z2 respectively Otto begins by examining the values of actual parameters in the real world.
According to E. Rössler, if a and b are equal to 0.2 and c 2 equal to 5.7, the system displays chaotic
behavior. Each of the �rst two equations contains linear terms that cause oscillations in the variables x
and y to be generated. Because the �nal equation has just one nonlinear term (xz), the system exhibits
the chaotic behavior that has been predicted. The initial conditions [x2, y2, and z2] were [1, 1, 0]
respectively.

The Rӧssler and Chua systems are disaccorded components, so the signal that drive out from Rӧssler
system & drive in Chua system will be affecting in behavior of the second system. To employ new chaotic
scheme, contact two chaotic systems as seen in Figure (1). The Rӧssler system consists of three
channels can use any channels to couple with Chua circuit. Now when the two circuit (R ssler-Chua
circuits) are coupled (i.e. the output of variable   of Rӧssler system was coupled with variable   of Chua
system, as shown in Figure (1). The Rӧssler and Chua systems are disaccorded components, so the
signal that drive out from Rӧssler system and drive in Chua system will be affecting in behavior of the
second system. The dimensionless states equations of Chua circuit with coupled will be [12]:
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3. Results And Discussion
In this paper, the behavior of the new chaotic system was studied numerically by programming the three
differential equations of  Chua and Rӧssler (equations 1, 2, and 3) using the Matlab program, where the
differential equations were solved using Runga-Kutta integration of the fourth degree. The time series of
the Rӧssler system shown in Figure (2), where represent the output voltage in  x2-dynamics, where the
output signal in a range +10 to -10, while the time range is 0 to 150 a.u. with interval time of 0.01 a.u.
Figure (3), is representing the time series of three state variable x2, y2 and  z2 of Chua’s system. The
Figures (4), (5), and (6) that shows double-scroll strange attractor mode that represents the strange
attractors of pairs (y1-x1), (z1-x1), and (z1-y1) respectively, that shows also double-scroll strange, and
Figure (7) represent the strange attractor in three dimension (z1-y1-x1). When the variable x2 of the Rӧssler
system is coupled with variable z1 for a Chua system, the time series of Chua circuit will change to new
behavior and become as shown in Figure(8), where it is completely different in �rst state. The range
values of output voltage are changing as result this coupled. Moreover the attractor of Chua system is
showing “double scroll” pattern this behavior convert to homoclinic chaotic by coupled x2-dynamic of
Rӧssler system with z1-dynamic of Chua system, where Figures (9), (10), and (11) as shows strange
attractors in pairs (y1-x1), (z1-x1), and (z1-y1) dynamics of Chua system with new scheme respectively.
Figure (12) shows the strange attractors in three dimension (z1-y1-x1) dynamics of Chua system with new
scheme. Table (1) represent x1,y1, and z1dynamics ranges before and after coupling, where the dynamics
of Chua system will increse after coupling. 

Through Figures (13) and (14), the values of the ranges of the chaotic dynamical systems, which play an
important role especially in the applications of covert and secure communication and which is clearly
illustrated by performing Fourier transforms (FFT) of the chaotic dynamics before and after coupling has
been observed. Chaotic systems are believed to have a much wider applicability with higher dimensional
attractors. Several previous investigations are in agreement with the results obtained, despite the use of
other chaotic systems different from those discussed in this investigation [13-14].

Conclusion
This work explains how to create a new and powerful chaotic system by using other chaotic systems and
merging them. The change of the Chua system attractor, which was shown in the form of double scroll
then converted to homoclinic chaotic by coupled x2-dynamic of Rössler circuit with z1-dynamic of Chua’s
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circuit. In the FFT �gures, it is noticed that the dynamic bandwidth z1-coupled has become more broad
than it is in the case of non-coupling, and this point is very important in the subject of secret
communications. Thus, the characteristic frequency of the Chua system has completely disappeared
within the wide range formed as a result of the coupling, so the dynamic z-dynamic is more important
than the other dynamics due to its discontinuous exponential dicey distribution.
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Tables
Table (1): x1,y1, and z1dynamics ranges before and after coupling 



Page 6/12

dynamics x1 y1 z1

Before coupling -2.4:2.4 -0.4:0.4 -3.5:3.5

After coupling -3:2 -0.6:0.6 -4:5

Figures

Figure 1

New chaotic dynamic scheme.

Figure 2
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Time series of x2-dynamics of Rӧssler system, where the parameters a and b =0.2 and c_2 =5.7, while the
initial condition [x2, y2, and z2] were [1, 1, 0] respectively.

Figure 3

Time series of x1 ,y1 , and z1- dynamics of Chua system, where the parametersα, β , c1, and d were 15.05,
25.58, -0.7142857, -1.142 respectively, while the initial condition [x1, y1, and z1] were [1.6, 0 ,1.6].

Figure 4



Page 8/12

Strange attractor in (y1-x1) dynamics of Chua system.

Figure 5

Strange attractor in (z1-x1) dynamics of Chua system.

Figure 6

Strange attractor in (z1-y1) dynamics of Chua system.
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Figure 7

Strange attractor in 3D spaces (z2-y2-x2) dynamics of Chua system.

Figure 8

Time series in x1, y1 and z1-dynamics of Chua system with new scheme.
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Figure 9

Strange attractor in (y1-x1) dynamics of Chua system with new scheme.

Figure 10

Strange attractor in (z1-x1) dynamics of Chua system with new scheme.
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Figure 11

Strange attractor in (z1-y1) dynamics of Chua system with new scheme.

Figure 12

Strange attractor in (z1-y1-x1) dynamics of Chua system with new scheme.
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Figure 13

FFT spectrum of z-dynamics of Chua system.

Figure 14

FFT specrum of z-dynamics of Chua system with new scheme .


