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Fig. 1. Dynamical behavior of the system (1) with
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o = 0: (a) Poincaré section; (b) time history.
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Fig. 3. Dynamical behavior of the system (1) with o = 0.03: (a) Poincaré section; (b) time history.
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Fig. 4. Dynamical behavior of the system (1) with o = 0.1: (a) Poincaré section; (b) time history.
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Abstract

Noise, which is ubiquitous in real systems, has been the subject of various and extensive studies in nonlinear
dynamical systems. In general, noise is regarded as an obstacle. However, counterintuitive effects of noise on nonlinear
systems have recently been recognized, such as noise suppressing chaos and stochastic resonance. Although the noise
suppressing chaos and stochastic resonance have been studied extensively, little is reported about their relation under
coexistent condition. In this paper by using Lyapunov exponent, Poincaré section, time history and power spectrum,
the effect of random phase on chaotic Duffing system is investigated. It is found that as the intensity of random phase
increases the chaotic behavior is suppressed and the power response amplitude passes through a maximum at an optimal
noise intensity, which implies that the coexistence phenomenon of noise suppressing chaos and stochastic resonance
occurs. Furthermore, an interesting phenomenon is that the optimal noise intensity at the SR curve is just the critical
point from chaos to non-chaos. The average effect analysis of harmonic excitation with random phase and the system’s
bifurcation diagram shows that the increasing of random phase intensity is in general equivalent to the decreasing of
harmonic excitation amplitude of the original deterministic system. So there exists the critical noise intensity where the
chaotic motion of large range disintegrates and non-chaotic motion of small scope appears, which implies the enhancing
of the regularity of system motion and the increasing of the response amplitude at the input signal frequency. After that,
the excess noise will not change the stability of the system any more, but will increase the degree of random fluctuation
near the stable motion, resulting in the decreasing of the response amplitude. Therefore, the formation of stochastic

resonance is due to the dynamical mechanism of random phase suppressing chaos.
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