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NOISE-INDUCED CHAOTIC MOTIONS IN
QUASI- INTEGRABLE-HAMILTONIAN SYSTEMS

Gan Chunbiao Guo Yimu
(Department of Mechanics, Zhejiang University, Hangzhou 310027, China)

Abstract Engincering structures arc often subjected to stochastic loadings, such as those oc-
curring due to wind, earthquakes and ocecan waves, etc. Such systems used to be idealized to the
deterministic ones with harmonic excitations in order to study the chaotic dynaniics by the well-
known Melnikov method. However. one knows that the validity of such idealized models depends
on whether an appropriate choice was made of the amplitude and frequency of the harmonic func-
tion used as an idealization of the actual stochastic excitation. So there exist many drawbacks in
sucli method. Recently, a more natural and effective approach is put forward to study the chaotic
behavior of the stochastic systems, i.c., to apply the Melnikov theory directly to such systems
where the noisy excitations are assumed to be bounded and uniformly continuous. There have
been a number of publications analyzing the effects of noises on the chaotic behavior of dynamical
systems, but till now, these studies are still limited to the systems with single degree of freedom.

In the present paper, the chaotic motions in quasi-integrable-Hamiltonian systems with multi-
degree of freedom under both harmonic and noisy excitations are investigated. When the excita-
tions are assumed to be sufficiently small and the noisy excitation is ensemble uniformly continuous,
an extended form of high-dimcnsional Melnikov method is given to analyze the stochastic quasi-
integrable-Hamiltonian systems by using the dynamical theory. By computing the mean value and
the variance of the Melnikov integrals which can be divided into the deterministic part and the
stochastic part, the homoclinie bifurcations of a two DOF quasi-integrable-Hamiltonian system are
studied in detail by this extended method, the parametric threshold for chaotic motions is obtained
and the cffects of noise on the system’s motions are also discussed. It is shown that the addition
of extemal excitation of Gauss white noise can make the parametric threshold for chaotic motions
vary in a larger region, so that chaotic motions may occur more casily.

Morcover, simulations by Monte-Carlo method and computations of the Lyapunov exponents,
which characterize the average exponential rate of divergence or convergence of nearby orbits in
phase space, are performed. It is shown that the system’s periodic and quasi-periodic motions
may become chaotic ones and their maximal Lyapunov exponents become positive when external
Gaussian white noise is added to the systemi. Therefore these numerical results are in excellent
agreement with the theoretical ones and one then can conclude that the extended method given

in the present paper is reasonable.

Key words Noisy cxcitation, quasi-integrable-Hamiltonian system, stochastic Melnikov method,

chaotic motion
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