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Abstract

Nonlinear system responses are predicted in the probability domain by using the semi-analytical proce-
dure developed in this study. The semi-analytical procedure is obtained by solving the Fokker-Planck equa-
tion corresponding to the stochastic differential equation of the piecewise-linear system by adopting the
path-integral solution. The evolutionary joint probability density functions are generated by using the meth-
od, and the characteristics of nonlinear dynamic response behaviors of the system are examined. Noise effe-
cts on the responses are also examined. It is found that the semi-analytical method developed in this study
provides the accurate information of the responses via the joint probability functions. It is also found that
the chaotic signatures reside in the presence of the external noise with relatively high intensity.

Keywords . nonlinear, chaos, path-integral solution, Fokker-Planck equation, stochastic differential
equation, Markov process, joint probability density function, piecewise-linear system
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Fig. 2 Evolution of the joint probability density function f(x1, x2; t) of a P-2 periodic response away from
the bifurcation point in 2-D contour maps (&0.03, a=10, =2, Fo=6.5 q=0.0003): (a) initial condi-
tion (-) and periodic attractors (0); (b) 1% cycle, (c) 2™ cycle, (d) 9™ cycle, (e) 10" cycle, (f) 11*
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Fig. 3 Steady state probability density functions f(x1,x2; 1) of P-2 periodic responses away from the bifur-
cation point in 3-D contour maps with different noise intensities (£&=0.03, =10, &2, F.=6.5): (a), (d)
g=0.00003; (b), (e) g=0.0003; (c),() q=0.003; (a),(b).(c) 49" cycle, (d).(e),(f) 50 cycle.
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