
Open position for an internship at POEMS (UMR 7231) — 2017/2018
Discontinuous Galerkin Finite Element Method with High-Order Absorbing Boundary Conditions 

for Maxwell’s equations

Context
Numerical simulation tools play an important role for solving a wide range of large-scale wave-like problems 
in fields as diverse as underwater acoustics, electromagnetic scattering and seismic imaging. In this context, 
computational procedures based on discontinuous Galerkin (DG) finite element methods are very 
attractive. These methods can provide accurate solutions to realistic transient wave-like problems, and their 
algebraic structure is suited to high-performance scientific computing.
A critical issue for the simulation of wave phenomena is to correctly account for radiation of waves at artificial 
boundaries of the computational domain, which is bounded. Non-reflective boundary treatments must be 
incorporated into the DG formulations in order to simulate the outward propagation of signals and 
perturbations generated from within the computational domain, even if they are not a priori known. The 
challenge then consists of devising boundary treatments that preserve the accuracy of the numerical solution 
without overpenalizing the computational efficiency of the implementation.
This internship aims at combining high-order absorbing boundary conditions (HABCs) with a nodal DG finite 
element method to simulate transient electromagnetic waves. In a progressive fashion, the candidate will 
address the half-space problem (with a planar boundary) and then problems defined on cuboidal domains 
(with corners and edges). For the later case, specific treatments must be incorporated in the strategy in order 
to accurately represent the solution at the corners and the edges of the domain.

Related publications
• A. Modave, A. Atle, J. Chan, T. Warburton (2017). A GPU-accelerated nodal discontinuous Galerkin method with 

high-order absorbing boundary conditions and corner/edge compatibility. IJNME, 112 (11), 1659-1686.
• M. El Bouajaji, X. Antoine, C. Geuzaine (2014). Approximate Local Magnetic-to-Electric Surface Operators for 

Time-Harmonic Maxwell's Equations, JCP, 279 (15), 241-260.

Methodology
• Review of literature and comparison of HABCs for Maxwell’s equations
• Study of possible edge and corner traitements
• Combination of a DG finite element scheme with the proposed HABCs and corner treatments
• Implementation in a C++ code developed in the POEMS team

Profile of the candidate
2nd-year master student or 3rd-year engineering student interested by the mathematical modelling and the 
numerical simulation. Good knowledge on wave-like PDEs, finite elements methods and scientific 
programming with C++. Depending on the results, this internship could lead to a publication. It will be an 
excellent preparation for a PhD thesis in numerical simulation.

The internship will take place in the POEMS team (CNRS-INRIA-ENSTA), within the Applied Mathematics 
Unit of ENSTA-ParisTech (Palaiseau, France).
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