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The scattering theory of waves is both well understood and still an area of very active research in
wave physics for example with important applications in imaging and telecommunications [1,2]. Scattering
theory is a linear theory under the assumption of diffusion resulting from patterns of varying refractive
indices in space. In the real world, non-linearities appear in optics and acoustics, for example under high
intensities or for materials with specific properties. Studying wave physics in such non-linear regimes is
therefore of general interest and relevance for wave physics.

Water waves are a surprisingly fruitful object of study for wave physicists thanks to their surprisingly
good properties : macroscopic, slow, low frequency. Thanks to Schlieren-like techniques, they are now
visualizable with ease, allowing the experimentalist to reconstruct the entire wavefield on the fluid surface
at any instant in time with a simple camera [3–5]. Water waves have the additional benefit of being easy
to manipulate. For example, in the case of diffraction theory, the study of the diffraction of plane waves
by submerged pillars yields responses analogous to those found in textbook linear scattering theory.

In this communication, we report the study of a surprising non-linear scattering of water waves by a
boundary deformation of the water surface.

We place a small circular electrode set at high voltage at centimetric distance from the water surface
and send a plane wave impinging on it. We observe a non-linear response in the diffusion with the radiation
of a wave at a different frequency from the impinging one. The size of this non-linearity can be controlled,
and the mechanism is different from the usual non-linearities observed in fluid dynamics. It is controlled
by the specific nature of the boundary condition set on the surface. We rationalize the physics of this
surprising observation.
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