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ABSTRACT

Computational methods for wave propagation found application on several physical areas of interest.
We are concerned with numerical method for solving hyperbolic equations with arbitrary high order of
accuracy in space and time while general enough to be used on different equations without introducing
any ad-hoc procedure.

We use the ADER-DG [1] method which introduces spectral convergence using spatial polynomial rep-
resentation of the data and high order time integration due to the ADER [2], [3] approach. Unstructured
meshes are used in 2 and 3 space dimensions for linear and nonlinear hyperbolic balance laws.

The spatial polynomial representation of the data is obtained with a linear combination of basis func-
tions multiplied with time-dependent coefficients called degrees of freedoms. There is more than one
choice of these basis functions when quadrangular meshes are used, for example modal basis and nodal
basis. We compare these basis functions for quadrangular and hexahedral meshes as well the combina-
tion of regular quadrangular and hexahedral meshes with triangular and tetrahedral meshes.

These basis functions are defined on reference elements where many spatial integrals can be performed
at initial time and then used during computational time. We can evaluate the polynomial data on the
physical or reference space coordinate using the corresponding mapping. This mapping can take into
account the deformation of the element and curvilinear boundaries.

In spectral element method the nodal basis functions are used ensuring continuity between two neighbor
elements. This condition is not required by ADER-DG methods allowing the use of the modal basis and
introducing the concept of flux computation extensively used in the finite volume community.

High order computation of the numerical flux needs to solve the Derivative Riemann Problem [4] which
is an initial value problem with discontinuous polynomial initial data, taking into account the possible
source term.

We apply this method to the linear elastic wave equation; see for example [5], [6], [7] and [8], and the
linear and non linear shallow water equation [9].
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