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Abstract

This study explores the design and expanding of nonlinear dynamical
systems in different dimensions using the generalized Hamiltonian form,
which in turn ensures boundedness, interconnection between the system's
dimensions, and appears zero in Lyapunov exponents. The method of
constructing matrices S(x), R(x) and G (x) for this form plays an important
and effective role in designing and expanding nonlinear dynamic systems
with characteristic properties.

Designing 3D chaotic system with using non-zero matrices S(x) and
G(x), with a zero matrix R(x), shows that the system is non-uniformly
conservative with lack equilibrium points and its classified as conservative
or dissipative by the sum of the Lyapunov exponents only, due to the exist
variables in the divergence and derivative of the energy function, which in
turn showcasing the coexistence between conservative and dissipative.
Based on these characteristics, this type of system is classified as category
D, which is a rare system according to the classification of nonlinear
dynamical systems by Jafari and Sprott. While designing 4D system
(chaotic, hyperchaotic) using non-zero matrices S(x),R(x) and G(x),
shows that the system is dissipative in volume, have two equilibrium points
and is characterized by its butterfly-shaped attractor. On the other hand, a
non-zero matrix S(x), with zero matrices R(x) and G(x), was using to
designing eight 5D hyperchaotic systems. All of them exhibited uniformly
conservative behavior and showcasing the coexistence through the
violation of their symmetry. These systems are classified based on their
symmetry, where (GHCS-1) was characterized as a 5D hyperchaotic with
(n — 2) positive Lyapunov exponents. (GHCS-2) have full time-reversal
symmetry and devised with seven terms, making it the smallest 5D
hyperchaotic system in terms of the number of terms.

In addition, the generalized Hamiltonian form 1s used to expand 3D
chaotic system into 6D hyperchaotic system by adding only four terms.
This expansion is characterized by the expanded system maintaining the
characteristics of the original system in terms of being conservative or
dissipative. Finally, the implementation of the electronic circuit of the
proposed systems using an oscilloscope device in the Multisim 14.2
software showed agreement with the numerical simulation results from
MATLAB 2021, confirming the validity and effectiveness of the proposed
systems.
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