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In many practical applications, for instance, in computational electromagnetics, the
excitation is time-harmonic. Due to the time-harmonic excitation, we can switch from
the time domain to the frequency domain. At least in the case of linear problems
this allows us to replace the expensive time-integration procedure by the solution of
a simple linear elliptic system for the amplitudes belonging to the sine- and to the
cosine-excitation. The fast solution of the corresponding linear system of finite element
equations is crucial for the competitiveness of this method. J. Schöberl and W. Zulehner
(2007) proposed a new parameter-robust MinRes preconditioning technique for saddle
point problems. This method allows us to construct a parameter-robust preconditioned
MinRes solver for linear time-harmonic eddy current problems in electromagnetics. Due
to the non-trivial kernel of the curl operator we have to perform some regularization of
the frequency domain equations in order to provide the basis for the application of the
MinRes preconditioner. The block-preconditioner contains blocks which can be replaced
by multigrid or domain decomposition preconditioners. The robustness is obtained with
respect to the reluctivity, the frequency and the conductivity, where the conductivity
can degenerate into zero in non-conducting regions.

Furthermore, we discuss the application of this solver to linear initial boundary value
problems with non-harmonic excitation and to non-linear problems including non-linear
eddy current problems in the framework of the multiharmonic approach.

Finally, we apply the Multiharmonic Finite Element Method to parabolic optimal con-
trol problems with distributed control leading to decoupled block systems for the Fourier
coefficients for which we can construct parameter-robust and optimal preconditioners by
interpolation.
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