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When studying the dynamics of a structure submitted to some actions of stochastic type,
if the excitation, related to the characteristics of the structure, is not of too high level,
the dynamical geometric properties of the structure will be determinant in the response
analysis.

In such cases, the dynamics of a structure with non-linearities can be modelled as the
dynamics of an Hamiltonian system with a small dissipative perturbation. If the random
exterior actions are not of too high level, then we are concerned with the study of an
Hamiltonian system perturbed by dissipative and stochastic terms.

Our study concerns highly nonlinear systems, as far as there is some information available
about the dynamics of the unperturbed one. In this contribution, we only deal with
dimension one.

Rescaling time, then introducing a change of variables whose definition is a crucial part
of the method, a slow and a fast process appear. Then the idea of averaging can be used.
This idea goes back to J.L.Lagrange, in his “Mécanique Analytique”, published in 1788.
It is in fact the well known “variation des constantes” method. It gives an exact method
of resolution of first order linear nonhomogeneous ordinary differential equations, but it
was in fact introduced as a perturbation method. After there intoduction in Astronomy
(Clairaut, Lagrange, Laplace), these methods were extanded to nonlinear problems in
dynamical systems (Jacobi, Poincaré, van der Pol). Stratonovitch gave the first stochastic
version at the level of rigor of physics, and Hasminskii the first proof of a Law of Large
Numbers, a Central Limit Theorem and a Diffusion Approximation result.

Results by Hasminskii [5],[6] were given under very drastic conditions. In particular, all
coefficients were expectd to be bounded. Moreover, there was a mixing condition rather
difficult to check.

The results presented in this paper are obtained through very weak conditions, which can
be verified in practical applications. Noise is White Noise, but the results are available
in the case of parametric stochastic excitation. As the method rests on the martingale
formulation of the problem, the assumption is that the martingale problem is well posed.
In the case of diffusion processes, this is a non-explosion of solutions condition. One
cannot hope weaker assumptions.

By the modified test functions approach, as introduced by Papanicolaou, Stroock, Varad-
han, Kurtz, Kushner, diffusion approximation results are proved concerning the slow pro-
cess (which usually is not a diffusion process). These results extend Hasminskii’s results.
Using this limit averaged diffusion process as an approximation of the slow process, and
some results concerning the asymptotic behavior (with respect to level) of level crossings



by a one dimensional diffusion process, approximations of the probability distribution of
the maximum of the absolute value of the displacement of a strogly nonlinear oscillator
are obtained. These formulas, compared with other formulas in the litterature, proved to
be much better (numerical tests are due to S.Espinouze [3]).
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