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Few research topics are as broad and pervasive as electromagnetic scattering. Undeni-
ably, electromagnetic scattering phenomena are behind many wireless and radio devices.
From radar systems to mobile telecommunications, and from medical devices to innova-
tive materials, the study of electromagnetic interactions and scattering is fundamental to
develop applications that exploit electromagnetic waves.

Although the initial research in the field dates back centuries, many unresolved the-
oretical issues are still there. At the same time, novel applications of electromagnetic
scattering are continuously emerging. A detailed description of the many areas in which
scattering is involved is well beyond our scope. Based on the wavelength, applications
may be very different, as well as the techniques used to analyze and simulate the electro-
magnetic propagation.

Starting from low-frequency problems and embracing the whole spectrum up to optics
and photonics, the goal of the present Special Issue is to provide a comprehensive collection
of state-of-the-art papers dedicated to electromagnetic scattering theory and applications.

Electromagnetic scattering from the so-called canonical structures is one of the subjects
covered in this Special Issue. In particular, a theoretical framework is presented in [1]
to provide a description of scattering phenomena involving dielectric and conducting
spheres by decomposing the total field in the outer space in terms of inward and outward
electromagnetic fields, rather than in terms of incident and scattered fields, as in the classical
Lorenz-Mie formulation. The method can provide an intuitive physical interpretation of
electromagnetic scattering in terms of impedance matching and resonances.

Of course, when the structures under consideration become more complex, the de-
velopment of proper computational techniques is necessary to simulate and analyze the
electromagnetic scattering effects. An example is the study of scattering problems in the
presence of bianisotropic materials and metamaterials. In this regard, reference solutions
obtained by means of finite-elements approximations are presented in [2]. In this paper, not
only the well-posedness and the finite-element approximability in the three-dimensional
and time-harmonic case are discussed, but also three example problems are considered:
one, in free space, deals with scattering from plasmonic gratings that exhibit bianisotropy,
while the other two deal with bianisotropic obstacles inside waveguides.

The propagation of electromagnetic waves in magnetized plasma is another research
topic that deserves particular attention. In this Special Issue, this problem is addressed
in [3], where a numerical method based on a modified precise-integration time-domain
formulation is illustrated. It is shown that the method can provide an evident reduction in
the execution time by using a larger simulated time step; meanwhile, the computational
error of the presented algorithm is also lower than those of the formulations based on the
FDTD scheme, especially in the high-frequency range.

In some applications it is important to study the scattering effects (e.g., the radar cross
section) of large structures with details of different scales. In this situation, the adoption
of full-wave numerical methods for the whole targets under test may require very high
computational resources. A possible solution is represented by the use of hybrid techniques,
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in which full-wave methods may be combined with approaches based on high-frequency
approximations. This is the topic of the work presented in [4], where the finite volume time
domain technique is hybridized with an asymptotic solution strategy based on physical
optics and the equivalent current method.

Electromagnetic band gap structures (EBGs) [5], despite having been introduced more
than twenty years ago [6], still continue to have a significant impact in microwave and
antenna engineering research. This topic is considered in [7], where three different types of
microstrip band stop filters based on EBGs are proposed and compared, with exagonal,
octagonal, and elliptical rings.

Mobile telecommunications are another field where scattering phenomena are un-
avoidable and strongly contribute to the resulting electromagnetic field levels and possible
coverage issues. This point may be critical if irregular geometries are involved. In [8],
a model for the estimation of electromagnetic field levels in built-up areas, which enhances
the COST231-Walfisch-Ikegami model [9,10], and able to effectively deal with the built-up
scenarios of hilly, largely variable, and small, irregularly arranged towns, is developed and
validated from an experimental viewpoint.

Finally, another interesting topic covered in this Special Issue is inverse electromag-
netic scattering, with reference to the problem of microwave imaging. In particular, to-
mographic microwave imaging of dielectric targets inside circular conducting cylinders
is discussed in [11], analyzing the performance of a nonlinear quantitative inversion tech-
nique in non-Hilbertian Lebesgue spaces. The approach studied by the authors could
be exploited in many applications making use of circular enclosures, such as the case of
biomedical imaging where the process requires a tight coupling of the investigated region
with the surrounding background media.
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