
CANUM2024 27-31 mai 2024

Numerical analysis of a spectral problem with high order boundary
conditions on curved meshes

Joyce GHANTOUS, LMAP - Université de Pau et des Pays de l’Adour

Keywords : Laplace-Beltrami operator, A priori error estimates, Ventcel boundary conditions, spec-
tral problems, finite element analysis, curved meshes, geometric error, lift operator.

Summary :
In this talk, we consider a spectral problem, referred to as the Ventcel eigenvalue problem, involving
a second order term on the domain boundary (the Laplace-Beltrami operator, denoted ∆Γ). Let Ω be
a domain of Rd (d = 2, 3) with a smooth (at least C2) boundary Γ := ∂Ω,{

−∆u = λu in Ω,
−∆Γu + ∂nu + u = 0 on Γ.

where ∂nu is the normal derivative of u. The main objective of this work is to do an error analysis
of the Ventcel eigenvalue Problem, estimating the error for the eigenvalues and the eigenfunctions.
A crucial point concerns the construction of high order curved meshes for the discretization of the
physical domain (see Figure 1) and on the definition of the lift operator defined in [1], which is aimed
to transform a function defined on the mesh domain into a function defined on the physical one.
This lift is defined in a way as to satisfy adapted properties on the boundary, relatively to the trace
operator, which were not satisfied in [3] for a different lift definition. A bootstrap method is used to
prove the error estimates, which are expressed both in terms of finite element approximation error
and of geometrical error, respectively associated to the finite element degree k ≥ 1 and to the mesh
order r ≥ 1 as detailed in [2]. The numerical experiments are led on various smooth domains in 2D
and 3D in order to illustrate these results.

Figure 1 – Display of the eigenfunction associated with the eigenvalue Λ10 using P2 finite element
method on an affine mesh (left) and a quadratic mash (right).
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