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Abstract

A closed-form analytical approximation is derived for the response transition probability density function
(PDF) of a certain class of stochastic differential equations with constant drift and nonlinear diffusion co-
efficients. This is done by resorting to a recently developed Wiener path integral based technique (WPI)
in conjunction with a Cauchy-Schwarz inequality treatment of the problem. The derived approximation
can be used, due to its analytical nature, as a direct SDE response PDF estimate that requires zero
computational effort for its determination. Further, it facilitates an error quantification analysis, which
yields an a priori estimate of the anticipated accuracy obtained by applying the approximate methodol-
ogy. The reliability of the approximation is demonstrated via several engineering mechanics/dynamics
related numerical examples pertaining to the stochastic beam bending problem, as well as to the response
determination of stochastically excited nonlinear oscillators.

Keywords: Stochastic Differential Equations, Stochastic Dynamics, Path Integral, error quantification,

Cauchy-Schwarz inequality.

1. Introduction

Monte Carlo simulation (MCS) schemes have been among the most versatile tools for solving stochastic
differential equations (SDEs) of general form [1]. Nevertheless, in many cases they can be computation-
ally prohibitive; and thus, there is a need for developing alternative approximate analytical/numerical
solution techniques. Indicatively, in the field of stochastic engineering dynamics, techniques such as
stochastic averaging [2, 3], statistical linearization [4-6], probability density evolution schemes [7], as well
as methodologies based on Markov approximations and related Fokker-Planck equations [8] constitute
potent alternatives to a computationally cumbersome MCS solution treatment of the problem.

Further, one of the promising techniques relates to the concept of path integral introduced, indepen-
dently, by Wiener [9] and Feynman [10]. In general, the SDE solution joint transition probability density
function (PDF) can be expressed as a Wiener path integral (WPI), or in other words, as a functional

integral over the space of all possible paths. Note, however, that analytical evaluation of the WPI is a
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