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Scientific context and objectives :
This project deals with the physics of waves in complex media. The subject of this study is oriented towards the physical
modelling of the propagation of waves. The long-term applications of this project are linked to non-destructive evaluation
of heterogeneous structures by ultrasound.
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An example of the physical problem is depicted on the left. A coherent ultrasonic source,
z0 such as a piezo-electric transducer with finite dimensions (yet greater than the wavelength) is
put in contact with a heterogeneous medium which is essentially characterized by its meanfree path l. Classically, the transmitted or reflected intensity is determined from transport
3 – 7 l theory, based on a Radiative Transfer Equation (RTE) or a simple Diffusion Equation (DE)
[1,2]. In these approaches, the source is supposed to be intrinsically “incoherent”, and waves
are treated as classical particles undergoing a random walk. Assuming that the wavefield
becomes diffuse beyond a depth z0, equivalent incoherent sources (red crosses) can be placed
below the surface following the same geometry as the transducer. The DE or RTE can then
be resolved, with the appropriate boundary conditions.

Yet in some cases, this simple approach fails. Unlike an actual source (here, the transducer) the proper source term in the
RTE is not necessarily localised in time and space. In fact, as the wave is scattered, it progressively transitions from a
coherent regime to a fully diffusive one. The first objective of this work is to examine thoroughly, from a theoretical point of
view, the passage from the heterogeneous wave equation to a transport-like equation. It should allow determining the
appropriate source term of an acoustic RTE. To that end, only scalar waves will be considered in a first step and previous
works in optics [3] will be adapted to acoustics. The second objective will be to implement a numerical resolution of this
acoustic transport equation, in a slab geometry, based on existing numerical codes for optical wave transport. This will allow
us to study the early-time evolution of the average acoustic intensity transmitted or backscattered by heterogeneous media
with intermediate thicknesses (a few l). The results will be compared to experimental data or numerical simulations of the
acoustic wave equation, using a software developed at the Institut Langevin.
The project has a fundamental tone, but has potential applications in the field of non-destructive evaluation of heterogeneous
materials by ultrasound. For instance, the spatio-temporal properties of the « structural noise » (i.e., the ultrasonic signals
backscattered by structural heterogeneities of a complex medium such as concrete or coarse-grain steel) are not well
predicted outside the two opposite regimes z<<l (single scattering) and z>>l (fully diffuse regime). The project will focus on
the intermediate regime.
Keywords : waves in complex media, radiative transfer, transport, Wigner transform.
Requirements : knowledge of modelling in wave physics ; motivation and autonomy ; specific numerical or experimental
skills in acoustics are welcome.
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