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Time Domain Integral Equation (TDIE) methods are used to model transient electromag-
netic scattering from complex structures. When, for example, the scatterer is coated with
ferromagnetic or chiral radar absorbing materials, its response will be nonlinear, and stan-
dard methods in the frequency domain are not applicable.
Classically, the continuous integral formulation is discretized with a Galerkin method in
space and collocation in time. The presence of retarded time levels necessitates an interpo-
lation procedure in addition to collocation. This continuous extension can be represented
by temporal basis functions. The choice of temporal basis function is a key parameter in
the design of integral equation methods. Newly constructed basis functions have to meet
requirements on accuracy, smoothness, and efficiency [1].
The family of shifted Lagrange polynomials is the most popular choice as temporal basis
function. With an accuracy analysis of the interpolation procedure, we will show its unique
advantage: optimal accuracy for causal interpolators with bounded support. Although
optimally accurate, the piecewise smooth character of shifted Lagrange basis functions can
result in nonsmooth solutions.
The consensus is that smoothness of temporal basis function can not be obtained without
infringing on accuracy. Indeed, our accuracy analysis confirms that smoothness can only be
established when the accuracy requirements are alleviated. However, we will show that for
a clever choice of accuracy conditions, the global accuracy of the TDIE method remains the
same while smoothness is obtained additionally. This results in a novel class of temporal
basis functions based on splines, that have both smoothness and optimal global accuracy [2].
Numerical results, see Figure 1, confirm the accuracy and smoothness characteristics of the
shifted Lagrange and spline temporal basis functions.

Figure 1: Electric surface current at the top face of a PEC cube.
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