
                                                                                                 
 

Ph.D. Research Position, “Acoustic propagation in rigid-framed fluid-
saturated porous metamaterials” 

 
The Acoustic Laboratory of Le Mans University (LAUM) is seeking a Ph.D. student interested in 
modelling sound propagation in a new class of porous materials making apparent the necessity of a 
nonlocal generalisation of the usual acoustic models. 
 
Here is a short description of the objective of the thesis, which is proposed by Denis Lafarge (CNRS, 
Associate Editor of the Journal Acustica united with Acta Acustica) and Yves Aurégan  (CNRS, 
Director of LAUM). 
The physics of sound propagation in ordinary (single pore-size) fluid-saturated rigid-framed porous 
materials is now well understood. In particular, we know how to deduce the acoustic properties from 
the microstructure. There are widely accepted models [1,2] allowing to do this, once a few 
independently measurable geometrical parameters (porosity, tortuosity, permeability, and so on) are 
given. 
In spite of their success, however, these models fail to predict the existence of the new resonant 
metamaterials exhibiting anomal properties such as negative stiffness (see Fang et al. [3]). 
Indeed, the models assume that the materials are characterized by local action-response laws, whereas,  
in general, microstructured materials may lead to nonlocal action-response laws. This is known for a 
long time in mechanics (see e.g. [4]), but is still largely overlooked in porous media acoustics.  
That is, the nonlocal effects are not incorporated in the existing acoustic descriptions of sound 
propagation in fluid-saturated porous materials. In presence of nonlocal effects (the so-called spatial 
dispersion effects), radically new acoustic properties may appear and metamaterials become possible. 
This will be the case for materials involving (at variance to the usual single pore size materials) widely 
different microscopic scale lengths. 
We propose to study different aspects of this new emerging field, and, in particular, develop and test 
the new general nonlocal theory suggested last year by one of us [5] and that has since been 
formalized. Our hope is to arrange the microstructure in such a way as to produce radically new 
acoustic materials. The subject is sufficiently rich and new to allow putting more emphasis on 
theoretical, numerical, or experimental aspects, in function of the own skills of the candidate.  
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The position is fully funded by the French “Ministère de l’Enseignement Supérieur et de la 
Recherche” for three years, with possible extensions. Salary is in accordance with the Ph-D funding 
scale which offers approximated between $22,000 for entry level Ph.D. students, and $27,000  for 
entry level Ph.D. students with additional teaching or consulting activities. Applicants should contact 
Dr. Denis Lafarge (Email: denis.lafarge@univ-lemans.fr). The start time for students is September  
2009. 
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