IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 66, NO. 10, OCTOBER 2018

5443

On Methods Employing Auxiliary Sources for 2-D
Electromagnetic Scattering by Noncircular Shapes
Nikolaos L. Tsitsas , Member, IEEE, Grigorios P. Zouros , Senior Member, IEEE,
George Fikioris , Senior Member, IEEE, and Yehuda Leviatan , Life Fellow, IEEE

Abstract— Methods employing auxiliary sources are applied
to electromagnetic scattering problems by 2-D noncircular
scatterers. Specific cases are considered for which the singularities of the analytic continuation of the scattered field into the
interior of the scatterer can be analytically determined. Then, it is
shown that the amplitudes (currents) of the sources diverge and
oscillate when the auxiliary curve does not enclose these singularities. Still, the electric fields computed by means of the divergent
and oscillatory currents are convergent and correct. The correctness of the computed fields is validated by comparison with the
exact solutions (where possible) as well as with the numerical
solutions computed via commercial field simulation software.
Index Terms— Analytic continuation, convergence of numerical
methods, method of auxiliary sources (MAS), scattering,
singularities.

I. I NTRODUCTION
HE basic concept behind the methods of fictitious
sources [1], auxiliary sources [2], fundamental solutions [3], and the source model technique [4] concerns the
representation of the approximate solution of the under consideration boundary-value problem as a finite superposition
of fields due to fictitious (auxiliary) sources located outside
the domain of interest with complex amplitudes (currents)
determined by the boundary conditions on the physical boundary. These methods efficiently model wave phenomena in
diverse application areas, including electromagnetics, optics,
acoustics, and elasticity. Beneficial features of these methods
include an uncomplicated implementation, simple meshes, the
avoidance of the Green’s function singularities (the auxiliary
and the physical boundaries never coincide) as well as low
computational complexity [5]. Still, these methods have certain
limitations and open issues including: 1) strong dependence
of their accuracy and efficiency on the placement and distribution of the auxiliary sources (ASs); 2) ill-conditioning of
the system’s matrices; and 3) questions on the convergence
of the fields [6]–[9]. Regarding the location of the ASs,
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the usual requirement is that they enclose all singularities of
the analytic continuation of the scattered field in the scatterer’s
interior [10], [11]. However, explicit determination of these
singularities is, in general, a difficult matter.
Within the framework of these methods, it was shown
in [12] and [13] that two types of convergence are pertinent.
The first refers to the convergence of the AS currents and
the second to the convergence of the fields. One of the
most important conclusions was that it is possible to have
a convergent field generated by divergent currents. This was
shown analytically and verified numerically for the case of
a perfectly conducting circular cylinder subject to a linesource excitation lying in its exterior. The currents diverge
when the auxiliary surface does not enclose the singularities
of the scattered field’s analytic continuation into the scatterer’s
interior. Still, as mentioned earlier, in the case of divergent
currents, the computed field coincides with the true field.
Other works that followed and developed similar results for
scattering by a dielectric cylinder [14], for a cavity problem [15], for a combined method of ASs (MAS)/extended
integral equation method [16], and for a magnetostatic potential problem [17]. The scattered field’s singularities are also
discussed in [18] and [19] with emphasis on their relations to
the effective spatial bandwidth.
References [12]–[17] analyze circular scatterers for which
the conclusions on the divergence and convergence of the
currents and fields were derived analytically. The purpose
of this paper is to investigate numerically corresponding
divergence and convergence phenomena in cases involving
scatterers that are noncircular. To this end, here, we investigate
certain noncircular geometries for which the singularities
of the analytic continuation of the scattered field into the
scatterer’s interior can be determined a priori. The methods we use to determine the singularities are based on the
so-called Schwarz functions [20]–[23]. For these geometries,
we focus on the cases, where the auxiliary surfaces do not
enclose the singularities and compute the currents as well
as the fields. We conclude that the currents present very
large oscillations (of similar type to those occurring for the
circular case, which have been shown to be exponentially
large in the number of ASs); however, in the absence of
roundoff, the generated fields are convergent and correct. The
validation of the correctness of the computed fields is made
by comparison to the exact solution (in the cases where this
is possible) as well as with the numerical solutions computed
via the commercial field simulation software CST Microwave
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