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Surface wave localization in active media 
Understanding and mastering wave propagation in complex media is a key issue in numerous fields 
with applications ranging from biomedical diagnostics and therapeutics to telecommunications and 
random laser sources. A central feature of propagation in random media is the Anderson transition. As 
scattering increases, the wave transmission is stopped. New localized modes appear due to the 
increasing coherent interference of scattered waves (see schematics fig. 1a). This phenomenon is 
universal it has been observed in quantum systems (Bose Einstein condensates, electrons propagation 
in solids,…) as well as with classical waves (optics, acoustics,…). In all these systems however, direct 
observations of these modes are very difficult and results are only statistical. For instance, numerical 
results show that the emission spectrum of a random lasers is dominated by peaks due to the presence 
of localized lasing modes inside the active medium (see fig 1b).  
In this internship, we propose to study and observe experimentally wave localization in an active 
medium using surface waves. When a liquid bath is submitted to vertical oscillations it destabilized 
above a certain threshold. This instability, called Faraday instability, depends on the depth of the 
liquid. It is thus possible to design accurately complex media using immersed scatterers and to tune 
the medium properties (mean free path, scattering intensity,…). Direct observations and 
characterizations of the wave modes within a specific medium and their relation with the local 
geometry is now possible (see figure 1c). The entire spectrum can be investigated by changing the 
excitation frequency. This experiment will, for the first time, completely characterize the spectral 
peaks evidencing their corresponding associated modes. In addition, the fine control of the medium 
characteristics is particularly suitable for comparison with numerical simulations.  
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(a) Schematics of an effective cavity for the back scaterred waves in a disordered medium leading to Anderson 
localization. (b) Simulated wave field for a random laser for electromagnetic waves. In insert, emission spectra 
obtained below and above the lasing threshold. (c) Experimental instantaneous wave field for Faraday instability 
(surface waves at oil/air interface) in a complex medium formed of needle piercing the interface. 
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