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Fig. 1. Equilibrium branches as well as bifurcation
points with the variation of the slowly-varying param-

eter w.
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Fig. 2. Phase portrait for A = 0.6: (a) Phase portrait

on the z-y plane; (b) phase portrait on the z-u plane.
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Fig. 4. (color online) (a) Transformed phase portrait
on the w-z plane when A = 0.6; (b) overlap of equilib-
rium orbit and transformed phase portrait on the w-z

plane when A = 0.6.
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Fig. 6. Phase portrait for A = 3.0: (a) Phase portrait on the z-y plane; (b) phase portrait on the z-u plane.
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Abstract

The main purpose of this study is to investigate the characteristics as well as the bifurcation mechanisms of the
bursting oscillations in the asymmetrical dynamical system with two scales in the frequency domain. Since the slow-fast
Hodgkin-Huxley model was established to successfully reproduce the activities of neuron, the complicated dynamics of the
system with multiple time scales has become a hot research topic due to the wide engineering background. The dynamical
system with multiple scales often presents periodic oscillations coupled by large-amplitude oscillations at spiking states
and small-amplitude oscillations at quiescent states, which are connected by bifurcations. Up to now, most of the reports
concentrate on bursting oscillations in the symmetric systems, in which there exists only one form of spiking oscillations
and quiescence, respectively. Here we explore some typical forms of bursting behavior in an asymmetrical dynamical
system with periodic excitation, in which there exists an order gap between the exciting frequency and the natural
frequency. As an example, based on the typical Chua’s oscillator, by introducing an asymmetrical controller and a
periodically changed current source, and choosing suitable parameter values, we establish an asymmetrical dynamical
system with two scales in the frequency domain. Since the exciting frequency is much smaller than the natural frequency,
the whole periodic exciting term can be regarded as a slowly-varying parameter, leading to the fast subsystem in
autonomous form. Since all the equilibrium curves and relevant bifurcations are presented in the form related to
the slowly-varying parameter, the transformed phase portraits describing the evolution relationship between the state
variables and the slowly-varying parameter are employed to account for the mechanism of the bursting oscillations. With
the variation of the slowly-varying parameter, different equilibrium states and relevant bifurcations in the fast subsystem
are presented. It is found that for different parameter values, multiple balance curves of the fast subsystem may coexist,
which affect the structure of the bursting attractor. For the other parameters fixed to certain values, the balance curve
with the variation of the slowly-varying parameter is presented. Three typical cases with different exciting amplitudes
are considered, corresponding to different situations of coexistence of equilibrium states in the fast subsystem. In the
first case, there exist at most three stable equilibrium points in the fast subsystem. Bursting attractor that oscillates
around the three points can be observed, in which fold and Hopf bifurcations lead to the alternations between spiking
states and quiescent states, while in the second case, saddle on the limit cycle bifurcation may cause the repetitive
spiking oscillations to jump to the equilibrium curve. In the third case with relatively large exciting amplitude, only
two equilibrium curves may involve the bursting oscillations, in which fold bifurcations lead to the alternation between

the quiescent states and spiking states. Unlike the structures of bursting oscillations in the symmetric system, different
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forms of asymmetrical bursting oscillations with different periodic exciting amplitudes can be observed, the mechanisms
of which are presented. It is pointed out that the change of the external exciting amplitude, does not only cause the
variation of the attracting basins corresponding to different stable equilibrium branches, but also leads to the change
of the temporal intervals when the trajectory passes different bifurcation points, respectively, which results in different
patterns of bursting oscillations. Furthermore, since the slowly-varying parameter determined by the whole exciting
term changes between two extreme values determined by the amplitude, the trajectory of the bursting oscillations of the
transformed phase portrait returns at the two extreme values. The properties of equilibrium branches between the two

extreme values determine the forms of the moving attractors.

Keywords: asymmetrical system, bursting oscillation, bifurcation mechanism, attractor structure
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