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1 Introduction

Many methods for the determination of the scattered fields radiated by pulsed sources have
been developed to provide solutions to the design of reflector antennas suited to short pulse
radar applications. To be more practical, such methods must provide solutions directly in
the time domain. There exist various asymptotic methods which are suitable for analytical
studies of time-domain electromagnetic scattering, such as the time-domain uniform geo-
metrical theory of diffraction (TD-UTD) introduced by Pathak and Rosseau (1, 2| and the
time-domain physical optics (TDPO) introduced by Rusch and Sun (3]. The implementation
of these techniques, and the development of a time-domain version of the uniform asymptotic
theory of diffraction (TD-UAT), alongside with fringe wave currents (TD-FWCs) to correct
the imperfections of the TDPO near surface edges, have been used in practical applications
within the framework of reflector antennas illuminated by pulsed sources [4, 5].

It is a well-known fact that ray tracing methods fail in the determination of diffracted fields
at caustic regions. This difficulty is a commonplace in the analysis of axially symmetric
reflectors, where the observation points may be located over the antenna axis. This short-
coming can be overcome using equivalent edge currents (TD-EECs) obtained from a Fourier
inversion of the formulation developed by Michaeli in the frequency domain [6]-[¢]. These
currents can be integrated over a reflector rim to provide the diffracted fields at any ob-
servation point, regarding that all possible singularities on the equivalent edge currents are
removed [8, 9].

Recently, a work published by Altintas and Russer has introduced equivalent edge currents in
time domain [10]. However, this formulation intended for the analysis of the electromagnetic
scattering from conducting plates and does not take into account phase effects upon the
equivalent edge currents associated with the scatterer curvature. Furthermore, the formula-
tion introduced by Michaeli in the frequency domain [9] considers the scatterers’ curvatures
near edges ‘and, consequently, appears to be more appropriate for the reflector antenna anal-
ysis. :

In the present ‘work, the frequency domain formulation developed by Michaeli [6]-[9] is ex-
tended to the time domain through an analytical transformation.” The associated time-
domain equivalent edge currents are henceforth named TD-EECs. These currents are imple-
mented to provide the solution of the field diffracted by the rim of a paraboloidal reflector
illuminated by a double-Gaussian pulse departing from the antenna focus. In order to verify
its accuracy and applicability, the TD-EEC formulation is applied for observers located at
the antenna symmetry axis and in the sidelobes’ region as well. All numerical results ob-
tained from the TD-EEC are compared against those obtained from a method-of-moments
(MoM) frequency analysis transformed into time domain by a discrete Fourier inversion.
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2 Formulation of the electric field radiated by the equiv-
alent edge currents

The electric field radiated by a TD-EEC corresponding to the field diffracted by the edge of
a perfectly conducting surface, illuminated by an incident electromagnetic field represented
by &(7g,t) and R (7%, t), is given by

EPEC(7,) = E7WO(7 1) + 7007, 1), M

where the first term in the righthand side represents the field radiated by the fringe wave
component of the equivalent currents [8, 9], expressed as
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The second term in (1) represents the field radiated by the physical optics (PO) component of

the equivalent currents {8, 9} and is obtained from the real part of the analytical representation
[1, 4, 5):
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In (2) and (3), 7o is the free space intrinsic impedance, c is the velocity of light, 7 and 7%
locate the observation point and the integration point over de reflector rim (c'), respectively,
and 7 =1t~ ]'—':‘IL' is the time delay due the distance between the observation point and the
integration points. The symbol * in (3) denotes a time convolution and f(t) is a time-domain
transition function that keeps the regularity of the PO component in the vicinity of shadow
boundaries. Actually, it corresponds to the analytical inverse transform of the transition
function expressed by Equation (19) of Reference [9]. The angles fo, 8’, ¢o and @} are
calculated as in [6] and the angular coeficients Df/, DI, D["™  DFO.I, DFO! and DfoM
can be obtained by comparing the integrands in (2) and (3) with their frequency-domain
counterparts throughout References [6]-[9].

3 Numerical results

Figure la shows the geometry of a paraboloidal reflector antenna, with D = 7.5 m and
F/D = 0.4, illuminated by a spherical wave from the antenna focus with temporal behavior
defined by a double-Gaussian pulse as shown in Fig. 1b. The applicability of the TD-EEC in
the analysis of the reflector-antenna scattering is demonstrated by Fig. 2, where the scattered
field was obtained at observation points located well into the sidelobes’ region. In the results
showed in figure 2a the two components of diffracted field are separated by the larger time
delay between them. Figure 2b shows the antenna response with the observer at the reflector
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axis (@ = 180°), which is a focal region for the diffracted rays. The results are compared
with those provided by a reference solution based on a frequency domain MoM transformed
into the time domain using an inverse Fourier transform algorithm (MoM-+IFFT). All the
figures show that the results provided by both methods are indistinguishable.
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Figure 1: Geometry of the paraboloidal reflector and temporal behavior of the source.
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Figure 2: Reflector response at observer (r = 100 m, ¢ = 0°).
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