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A new structure-preserving numerical method will be presented which exhibits high order
convergence and, contrarily to other high-order geometric methods [1], does not rely on
the geometric realization of any dual mesh. We use B-spline based De Rham complexes [2]
to construct two exact sequences of discrete differential forms: a primal sequence {Xk

h(Ω)}
and a dual sequence {X̃k

h(Ω)} with Ω ⊂ R3 and k ∈ {0, 1, 2, 3}, i.e.
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where d, d̃ are exterior derivatives and ?kh is the discrete Hodge–star operator, with metric
tensors γ, η. X0

h = Sp(Ξ) is chosen as the space of trivariate splines of degree p with
homogeneous boundary conditions on open knot vector Ξ and at least C1 continuity and
X̃0
h = Sp−1(Ξ′). Within this setup, the semi-discrete Maxwell system reads:

∂tD̃ = d̃H̃, E = ?̃2h,1/εD̃, (1)

∂tB = −dE, H̃ = ?2h,1/µB, (2)

in three space dimensions, where E ∈ X1
h, H̃ ∈ X̃1

h while D̃ ∈ X̃2
h, B ∈ X2

h. Explicit time-
stepping is achieved by constructing ?kh (or ?̃kh) in the appropriate direction between two
discrete sequences as in (1) and (2): we will show a particular choice of operator inspired
by [3] and how to compute it through fast inversion of Kronecker product matrices.
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