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The Cylindrical-Wave Approach (CWA) rigorously solves, in the spectral domain, the electromagnetic forward
scattering by a finite set of buried two-dimensional perfectly-conducting or dielectric objects [1]-[2]. In this
technique, the field scattered by underground objects is represented in terms of a superposition of cylindrical
waves. Use is made of the plane-wave spectrum [1] to take into account the interaction of such waves with
the planar interface between air and soil, and between different layers eventually present in the ground [3].
Obstacles of general shape can be simulated through the CWA with good results, by using a suitable set of small
circular-section cylinders [4]. Recently, we improved the CWA by facing the fundamental problem of losses in the
ground [5]: this is of significant importance in remote-sensing applications, since real soils often have complex
permittivity and conductivity, and sometimes also a complex permeability.
While in previous works concerning the CWA a monochromatic or pulsed plane-wave incident field was consid-
ered, in the present work a different source of scattering is present: a cylindrical wave radiated by a line source.
Such a source is more suitable to model the practical illumination field used in GPR surveys. The electric field
radiated by the line current is expressed by means of a first-kind Hankel function of 0-th order. The theoretical
solution to the scattering problem is developed for both dielectric and perfectly-conducting cylinders buried in
a dielectric half-space. The approach is implemented in a Fortran code; an accurate numerical evaluation of the
involved spectral integrals is performed, the highly-oscillating behavior of the homogeneous waves is correctly
followed and evanescent contributions are taken into account. The electromagnetic field scattered in both air and
ground can be obtained, in near- and far-field regions, for arbitrary radii and permittivity of the buried cylinders,
as well as for arbitrary arrangements of cylinders in the soil.
As future work, the presented analysis, carried out in the spectral domain, will be extended to a time-domain
solution following an approach analogous to the one developed in [6] for pulsed plane-wave excitation.
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