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We consider parameter dependent matrix eigenvalue problems for partial differential equations
(PDEs) discretised by the finite element method (FEM). For an analytic dependency of eigenfunc-
tions and eigenvalues on the parameter, let it k, we propose an adaptive strategy for the parameter
sampling based on first and higher derivatives of the eigenvalues [1]. We obtain the derivatives for
a single parameter value post-processing an eigenvalue and the corresponding eigenvector. For
each second and higher derivative a sparse linear system of equations has to be solved. Then,
with Taylor’s theorem an high-order approximation of the eigenvalue in dependence of the param-
eter is given. Estimating the residual of the Taylor expansion we decide for a local step size h(k)
and solve the eigenvalue problem at k + h(k). In this way for each band ωn(k) an own adaptive
sampling strategy is chosen. Evaluating the derivatives ω′

j(kc), ω
′
j+1(kc) we can verify if on k = kc

two bands cross indeed each other or if they almost touch each other (mini-stop band). In the
latter the algorithm re-started at k = kc refines adaptively around the mini-stop band.

The algorithm is applied for the calculation of bandstructure of photonic crystals and photonic
crystal wave-guides, where the eigenfrequencies ωj(k) in dependency of the quasi-momentum
k ∈ B are searched in the Brillouin zone B. For photonic crystal wave-guides eigenvalue problem
depends nonlinearly on the quasi-momentum k through Dirichlet-to-Neumann boundary condi-
tions [2].
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