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Surface waves facing time mirrors. 
 
We all know what a mirror is. It can be simply realized by a change in the propagation properties 
along an interface resulting in a reflected beam (and possibly a refracted beam). Similarly, it is 
possible to design a time mirror which consists in a temporal modification of propagation properties of 
a medium. However, the resulting effect on wave propagation are much less intuitive.  
 
In this internship, we will create and study such time mirrors experimentally using capillary waves. 
The propagation of surface waves can be controlled accurately and tuned over a wide range of 
parameters by changing the effective gravity. For instance, submitting a liquid bath to a vertical 
impulse induces a sudden change in the wave propagation parameters. Because of the wave slow 
velocity, abrupt changes can be implemented easily. In addition, their millimetric wavelengths enable 
direct observations of the wave field modifiacations. Preliminary experiments show that wave 
propagation can be reversed on bath submitted to strong vertical acceleration.         
 
More fundamentally, these new ideas 
in wave propagation will enable us to 
shed a new light on hydrodynamic 
instabilities like Faraday instability. 
This later occurs when a bath is 
submitted to vertical oscillations. As 
the forcing exceeds a given threshold, 
the liquid surface becomes unstable 
and stationary waves, known as 
Faraday waves, appear. The time 
reversal properties associated with 
this instability can be simply revealed 
by throwing a small steel ball in the vibrating bath. The propagating divergent capillary wave 
generated by the impact (fig. a) excites a standing wave (fig. b). This stationary Faraday wave can be 
seen as the superposition of two counter-propagating waves: one propagating outwards the other 
propagating inwards.  
 
This internship will investigate this new field of research through various experiments: focalization, 
time imaging or wave control in complex media. 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 
Quantum Physics: NO    Theoretical Physics: NO 
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