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Introduction 
Making waves is relevant for the prediction of extreme or rogue waves at sea in 
marine forecasts. Consider a nonlinear, dispersive wave equation in one spatial 
dimension. Nonlinearity is the property that causes steepening or even overturning of 
the wave. Dispersion is the property of the (linearized) wave equation that harmonic 
waves of different wave lengths propagate at different speeds. Solitons are localised, 
travelling wave solutions in which nonlinearity is balanced by dispersion. The 
archetypical wave equation with a sech-solution as soliton is the unidirectional 
Korteweg-de-Vries (KdV) equation. We can derive it asymptotically from the 
nonlinear water wave equations [1]. It models the dynamics of a water surface and its 
velocity. Our aim is to study wave interactions. 
 Interacting solitons can cause a large, localised amplification of wave 
amplitude. This amplification has been studied extensively in a horizontal spatial 
dimension for a variety of wave equations. However, cases with two horizontal 
dimensions with wave amplification of solitons coming from different directions are 
less well studied. This case is relevant to multi-directional seas. Notable exceptions 
are solutions of the Kadomtsev-Petviashvilli (KP), developed by Kodama [2]. Under 
optimal circumstances these KP-solutions lead to a nine-fold amplification of the 
wave amplitude, similar to the Bore-Soliton-Splash pictured here! 
 

Goal 
Our goal is to study splashing waves. Depending 
on your interests, possible areas of investigation 
could start with understanding derivations of the 
KdV/KP equations [1], with further exploration of 
numerical or analytical solutions of the KP 
equation. This could include use of variational 
principles. Finally, further work could be directed 
towards verifying whether these solutions of 
unidirectional equations are valid for higher-order 
bidirectional (Boussinesq) wave equations. Are 
KP solitons valid for the uniform channel with V-
shaped channel end used in the Bore-Soliton-
Splash (see figure)? Making rogue waves and 
splashes is relevant for marine wave basin tests, 
such that model ships and platforms can be 
strained to their limits by predictable waves. 
 
Prerequisites  
None, but familiarity with variational principles and solitary 
waves is useful. 
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Bore Soliton Splash of a soliton 
crashing into a convergence (google 
“Bore Soliton Splash”: films). 


