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In recent years, the H-formulation of Maxwell’s equation has become the de facto standard for simulating the
time-dependent electromagnetic behavior of superconducting applications with commercial software. How-
ever, there are several situations where the H-formulation is not the most suitable tool. These include for
example: i) situations where the superconductor is better described by the critical state than by a power-law
resistivity; ii) HTS coated conductor coils with an excessively large number of turns; iii) electrical machines
with materials with non-linear magnetic properties. In order to accurately and efficiently handle those situa-
tions, we discuss here two approaches based on the magnetic vector potential: the Campbell model and the
T-A formulation. In this contribution, the Campbell model is for the first time implemented in the Comsol
Multiphysics software package, without the need of resorting to external Matlab subroutines for the time-step
algorithm. In addition, the T-A formulation is extended to 2-D conductors so that large coils with different
coupling scenarios between the turns can be considered. Both models are first validated against experiments
and simulation benchmarks, and then used to investigate cases of practical interest such as AC ripples in HTS
coated conductors and AC losses of electrical machines with superconducting stator coils.
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