FEM Convergence for PDEs with Point Sources in 2-D and 3-D
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Introduction: We show how to demonstrate
computationally the convergence order of the FEM
in COMSOL. In the presence of a highly non-
smooth point source modeled by the Dirac delta
distribution convergence is present, but the order is
limited. We control mesh creation and refinement
explicitly. Linear Lagrange elements and regular
mesh refinement are used.

Figure 1. 3-D view of FEM solution on (-1,1) x (-1,1)
with (a) smooth and (b) non-smooth forcing terms

Test Problems: Poisson equation with Dirichlet
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FEM error estimates have the form

u—1u, LzsChq as h— 0

The regularity order k& of the PDE solution limits the
convergence order g for linear Lagrange elements
so that ¢ = min{4,2} in a dimension dependent way.

Figure 3. 3-D initial mesh with exploded views

Table 2. Convergence Studies
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FEM error L = ||u—uh
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