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GLOBAL ANALYSIS OF STOCHASTIC BIFURCATION
FOR DUFFING SYSTEMS "

He Qun==*  Xu Wei* Fang Tong® Rong Haiwt
“[ Department of Mathenatics and Infermation Seienee, Northwestern Polytachnion! University, Xilan TI00T2, Ching)
== Engimesring College of Armed Police Foree, Xi‘an TI00AT, Chinag)
T Foshan University, Foghan 528000, (hina)

Abstract  Since random disturbance or noise alwayvs exists in a physical system, the influence of random
disturbance on the dynamical behavior, especially bifurcation phenomena of a nonlinear dynamical system
has attracted much attention by many researchers. However, the theory of stochastic hifurcation is &ill in
its infancy. In fact, it is much more harder to deal with stochastic bifurcation problems than to deal with
deterministic hifurcation problems. The definition of deterministic hifureation can be based upon the sudden
change of topological properties of the portrait of phase trajectories. At present, there are mainly two kinds of
definitions for stochastic bifurcation available One is based on the sudden change of shape of the stationary
probability density function the so-called P-bifurcation { Arnold, 1998); and the other is based on the sudden
change of sign of the largest Lyapunov exponent the so-called D-bifurcation {Armold, 1998). Lack of certain
relaticnship between the shape variation of the stationary probability density function of the random response
and the guantitative variation of the random excitation is the difficulty encountered by P-bifurcation. Lack of
efficient and accurate algorithm for caleulating Lyvapunoy exponent is the difficulty encountered by D-hifureation.
Besides, several studies have shown that sometimes these two kinds of definitions may lead to diffevent results
{ Baxeendale, 1986, Meunier et al 1988, Crand et al., 1998, Amold, 1998). For instance, Baxendale (1986)
provided an example in which the shape of stationary probability density does not depend on the bifurcation
parameter, while the largest Lyapunov exponent changes its sign. On the contrary, Cranel and Flandoli (1908
presented an example in which the stationary probability density function does change its shape from mono-
peak one into double-peak one at a critical parameter walue, while the largest Lyapunoyv exponent does not
change its sign. Thus, one cannot help thinking about what is really happened for stochastic hifureation, what
is the topological property of a stochastic system, what kind of invariance is suitable for predicting stochastic
hifurcation, aned so on.

Stochastic bifurcation of a Duffing system subject to acombination of a deterministic harmonic exdtation
and a white noise cxcitation is studied in detail by the generalized cell mapping method using digraph. Tt is
found that under certain conditions there exist two stable invariant sets in the phase space, associated with the
randomly perturbed steadyv-state motions, which may be called stochastic attractors. Each attractor owns its
attractive basin, and the attractive basins are separated by boundaries. Along with atfractors there also exists
an unstable invariant set, which might be called a sochastic saddle as well, and stochastic bifurcation always
occurs when a stochastic atfractor collides with a stochastic saddle. As an alternative definition, stochastic
bifurcation may be defined as a sudden change in character of a stochastic attractor when the bifurcation
parameter of the system passes through a critical value. This ddinition applies equally well either to randomly
perturbex] motions, or to purely deterministic motions. This study reveals that the generalized cell mapping
method with digraph is also a powerful tool for global analysis of stochastic bifurcation. By this global analysis
the mechanism of development, ocourrence, and evolution of stochastic bifurcation can be exploved clearly and
viviely.

Key words stochastic bifurcation, the generalized ecell mapping, glolbal analyses
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