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1. Scientific Project

Inverse scattering for inhomogeneous media. Consider a layer in Rn+1 n ≥ 2, of the form
Ω = Rn × (0, π). The acoustic wave propagation in a static inhomogeneous fluid, with no external
forces, that occupies Ω and has constant density and the variable speed of sound c, is governed by
the wave equation for the acoustic field,

∂2
tU − c2∆U = F,

U(t, ·) = 0 on ∂Ω.

Here c is assumed to be a positive real function on Ω. Due to the invariance principle, this reduces
further to the study of a special class of solutions for the equation

(1) −c∆(cu)− k2u = 0 in Ω, u = 0 on ∂Ω.

We will consider the scattering and inverse scattering problem for the equation (1) when n ≥ 2,
under certain conditions on c, namely that for every y ∈ [0, π] and x tends ∞ in Rn, we have

c(x, y)→ 1

sufficiently fast.
A similar problem in the Schrödinger case has been considered in [4] in the context of inverse

scattering problems for ocean acoustics. In their case the potential is assumed to be compactly
supported, and the data is in fact recovered from the Dirichlet-to-Neumann map, which is shown
to be linked with a certain scattering data. The compactness condition on the potential is dropped
in [2], where potential is determined from the scattering matrix at energies tending at infinity. We
will follow this approach, by using methods in [1] to overcome the extra difficulty coming from the
fact that our operator is a second order perturbation of the Laplacian with Dirichlet conditions on
Ω.

The first step is to consider the direct problem and study spectral and scattering properties of
the self-adjoint operator associated with equation (1). To this end we will use methods based on
Mourre’s conjugate operator method (see [3] and [1]) to obtain a good description of the scattering
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matrix for the pair of Hamiltonians H and H0, where H0 is given by the Laplacian with Dirichlet
conditions on Ω, and H is defined by

Hu = −c∆(cu) foru ∈ L2(Ω) such that cu ∈ H2(Ω) ∩H1
0 (Ω).

Using the informations thus obtained on the scattering matrix, we will then consider the inverse
scattering problem, namely, the problem of finding the speed of sound c from the knowledge of
the scattering matrix at a set of energies that tend to infinity. The main difficulty in our problem
comes from the existence of thresholds both for H0 and H, which complicates the construction of
exponentially growing solutions for the problem (1).

We will also study the case when n = 1. Here the difficulty comes from the fact that it leads to
a problem on the line, which requires more data to be solved uniquely. In this case we may allow
c to have two different limits when x → ±∞, yet we will need to impose a stronger condition on
the rate of convergence.
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2. Activities to be supported by the project

We propose 4 research visits to IMAR and IECL, with financial support needed for travel
expenses, and accommodation and local expenses:
- One research visit to Bucharest of Renata Bunoiu, 11-18 February 2015.
Required financial support 1000 e, as follows:

• 400 e for travel expenses (flight, train and bus tickets)
• 600 e for accommodation and local expenses.

- One research visit to Metz of Ingrid Beltita, 1 week, 2015
Required financial support 1000 e, as follows:

• 400 e for travel expenses (flight and train tickets)
• 600 e for accommodation and local expenses.

- One research visit to Bucharest of Renata Bunoiu, 1 week, 2016.
Required financial support 1000 e, as follows:

• 400 e for travel expenses (flight, train and bus tickets)
• 600 e for accommodation and local expenses.

- One research visit to Metz of Ingrid Beltita, 1 week, 2016.
Required financial support 1000 e, as follows:

• 400 efor travel expenses (flight and train tickets)
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• 600 e for accommodation and local expenses.

Total required financial support: ≈ 4000 e.
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(10) D. Polişevski, R. Schiltz-Bunoiu, D. Polisevski, Diffusion in an intermediate model
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arXiv:math/0511401, submitted.
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PERSONAL DATA.

• Name: Ingrid Alma Beltiţă
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• Ph. D. in Partial Differential Equations, University of Bucharest (2005). Thesis: Inverse
scattering problems for stratified media. Advisor Prof. V. Iftimie
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Lectures in International Meetings.

- Local smoothing results for the backscattering transform. Programme ”Inverse Problems
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- Symbol compositions for the Weyl-Pedersen calculus on nilpotent Lie groups. Colloque
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- Boundedness properties of the Weyl-Pedersen calculus, Seminar on Harmonic Analysis,
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- Weyl-Pedersen calculus on coadjoint orbits of nilpotent Lie groups. 9th International
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11-15, 2012.

- Weyl-Pedersen calculus on coadjoint orbits of nilpotent Lie groups. 10-ème Coll. Franco-
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- Magnetic Weyl calculus on coadjoint orbits of some semidirect products of Lie groups.
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- Local smoothing for the backscattering transform. Second International Conference on
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- L2-Sobolev estimates for the backscattering transformation. 10th Quantum Mathematics

International Conference, QMath10 Conference, Moieciu, September 10–15, 2007.
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Various.
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(6) I. Beltiţă, D. Beltiţă, On differentiability of vectors in Lie group representations. J.
Lie Theory 21 (2011), no. 4, 771-785.
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