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Abstract—The source-model technique is applied to the solution
of the problem of electromagnetic scattering by a periodic array
of perfectly conducting cylinders illuminated by a transient plane
wave. Special attention is given to the non-causality problem
arising in the case of oblique incidence. This problem is alleviated by utilizing a transformation specifically tailored to the
source-model formulation in a manner that significantly reduces
the number of unknown future values that are required at each
time step. Using this transformation, together with a band-limited
extrapolator, it is possible to obtain a relatively stable solution
that provides a satisfactory degree of accuracy for a wide range of
incidence angles. To exemplify the use of this technique, we apply
it to the case of circular cylinders.
Index Terms—Electromagnetic scattering by periodic structures, electromagnetic transient scattering, integral equations,
time domain analysis.

I. INTRODUCTION

W

ITH THE fast-growing interest in the development of
photonic-crystals and metamaterials composed of periodic inclusions, the demand for computational methods that
allow fast and accurate analysis of complex periodic structures
has also increased. Such structures have been analyzed extensively in the frequency domain by both integral and differential
equation techniques [1]–[6]. Yet, due to the efficiency and stability problems of early time domain integral equation (TDIE)
solvers [7]–[11], up until recently the analysis of periodic structures in the time domain was mainly done by using differential
equation techniques [12]–[15].
Clearly, TDIE solvers have the advantage of treating
wide-band phenomena directly in the time domain. They also
have the advantages inherent to integral equation based techniques, namely, that only a surface discretization is required,
and that the radiation condition is automatically satisfied.
Hence, extensive research efforts have been recently devoted to
improve the efficiency and stability of TDIE solvers [16]–[27].
These efforts have further paved the way for the development
of TDIE-based solvers for analyzing transient scattering by
periodic structures [28], [29]. In these works, a problem of
non-causality was reported to have occurred when a TDIE
solver based on a marching-on-in-time (MOT) algorithm was
used. A novel transformation-extrapolation procedure which
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circumvents the non-causality problem was also proposed in
[28].
This paper studies the feasibility of using of the source-model
technique (SMT) in the context of transient electromagnetic
scattering by periodic structures. The SMT has been used extensively in frequency domain solution of scattering by both finite size bodies as well as periodic structures [30]–[35] and was
found to be a viable alternative to techniques in which ordinary
surface formulations amenable to conventional moment method
solutions are used. A discussion of the advantages of the SMT
can be found in [31]. Recently, a time domain SMT (TD-SMT)
solver for calculating electromagnetic transient scattering by a
conducting cylinder has been proposed, and its accuracy and stability properties were thoroughly investigated [36]. The present
paper extends the TD-SMT solution method suggested in [36]
to treat electromagnetic scattering by periodic array of perfectly
conducting cylinders illuminated by a transient plane wave. To
circumvent the problem of non-causality, which arises in the periodic TD-SMT, we follow a transformation-extrapolation procedure similar to that proposed in [28]. In the transformation,
the temporal current basis functions are time-shifted to reduce
the number of noncausal terms in the discretized equations. A
band-limited extrapolation is subsequently applied to predict the
few remaining noncausal terms without a significant loss in accuracy.
The remainder of the paper is organized as follows. In
Section II, we formulate the SMT solution, explain the cause
for the appearance of non-causal terms, and suggest the modifications required to eliminate them. The solution of a simple
scattering problem is described in Section III, and is used to
exemplify the accuracy and stability of the method. Finally, a
summary and conclusions are given in Section IV.
II. FORMULATION
In this section, we present a two dimensional (2-D) TD-SMT
for a numerical solution of the scattering problem of a TM plane
wave incidence on a periodic array of perfectly conducting
cylinders. A solution for the case of TE incidence, can be
readily derived from this formulation by interchanging the electric and magnetic sources. The incident wave is assumed to be
.
temporally bandlimited to the frequency range
We begin by adapting the combined-source (CS) formulation
of the TD-SMT [36] to the case of a periodic scatterer.
A. TD-SMT Solution for a Periodic Scatterer
A general TD-SMT formulation for the scattering problem
of an incident field
by a perfectly conducting object, lying
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