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Analytical Time and Spatial-Domain Solutions of 

Nonlinear Ocean Waves and Hamiltonian 
Dynamical System Response

As demand for ocean energy conversion systems and 
marine vehicles and structures has increased in recent decades, the wave 
environments these systems operate in have become increasingly challenging. In 
particular, ocean waves can exhibit highly nonlinear and extreme behavior. In 
this presentation, we introduce modern nonlinear models of waves and ocean 
systems, together with mathematical methods for characterizing their dynamics 
and coupled behavior under both deep- and shallow-water conditions. 
Specifically, the Kadomtsev–Petviashvili (KP), Korteweg–de Vries (KdV), and 
nonlinear Schrödinger (NLS) equations are used to model nonlinear wave fields, 
while nonlinear beam and plate models are employed to describe structural 
responses. Our models are formulated within the Hamiltonian framework of 
classical mechanics, which provides a systematic basis for incorporating higher-
order correction terms into the physical models and for connecting ocean 
engineering problems with recent advances in mathematical physics. This 
research is motivated by the analysis of elastic vibrations of marine structures 
and hydrofoils induced by nonlinear waves. Of particular interest is the focusing 
NLS equation, which is completely integrable and can therefore be solved using 
the inverse scattering transform. This framework enables coherent structures to 
be parameterized explicitly and provides a theory of exact analytical solutions. 
Building on these methods, we develop an explicit analytical nonlinear solution 
for the response of structural systems to random wave excitation, with consistent 
levels of nonlinearity represented in both the input wave field and the structural 
response. Together, these approaches provide a unified framework for 
understanding and predicting the coupled nonlinear behavior of waves and 
marine structures.
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