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A Time-Domain Uniform Asymptotic Theory
Applied to the Analysis of Pulse-Excited

PEC Wedges
Cássio G. Rego and Flavio J. V. Hasselmann, Member, IEEE

Abstract—In this letter, a time-domain version of the uniform
asymptotic theory of diffraction, henceforth named TD-UAT, is
introduced and is employed to obtain the fields scattered by a per-
fectly electrically conducting wedge illuminated by an arbitrarily
oriented electric dipole. The results of TD-UAT are compared
to those obtained from an implementation of the time-domain
uniform theory of diffraction (TD-UTD), and its applicability is
demonstrated.

Index Terms—Time-domain uniform asymptotic theory
(TD-UAT), transient electromagnetics.

I. INTRODUCTION

T HE PROBLEM of the determination of the electromag-
netic field due to a source radiating in the presence of a

structure occurs in many practical situations, such as in the de-
sign of reflector antennas, in the prediction of the coverage of
cellular systems, and in the design of radio links. In the first
practical applications of the scattering problem, the sources op-
erated in the steady-state modes. This fact justified the devel-
opment of techniques, analytical and numerical, formulated in
the frequency domain so that only one frequency could be an-
alyzed at a time. In recent years, the need of high transmission
rates in digital communication systems, the development of the
short-pulse radar, and the interest in the effects of short elec-
tromagnetic pulses on communication and radar systems have
promoted the research on the transient electromagnetic analysis.
Many techniques of determination of the scattered fields radi-
ated by pulsed sources have been developed since. To be more
practical, the techniques for transient electromagnetic analysis
must provide solutions directly into the time domain. There exist
various methods for analytical analysis of transient electromag-
netic problems. The spectral theory of transients (STT) has been
developed to find the exact time domain solution for canonical
geometries [1]–[4]. The exact solution to scattering by a straight
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wedge considering different types of illumination was obtained
by Felsen [5]–[7]. The implicit time dependence of diffraction
coefficients listed in these solutions (e.g., [7, eq. (3)–(5)] for the
wedge problem), however, tends to render the evaluation of con-
volution integrals inherent to the calculation of the response to
finite-energy pulse excitations very laborious. Nevertheless, this
may be alleviated by performing early-time approximations to
yield a simpler analytic alternative, as readily achieved via time-
domain versions of asymptotic high-frequency domain methods
of analysis of the scattered field by perfectly electrical con-
ducting (PEC) bodies, which have been recently developed and
applied to obtain the transient response of reflector antennas.
These include the time-domain uniform geometrical theory of
diffraction (TD-UTD) introduced by Pathak et al. [8]–[10] and
the time-domain physical optics (TD-PO) introduced by Rusch
and Sun [11]. These techniques sustain the simplicity of the
physical optics currents and the simple ray picture of their fre-
quency-domain counterparts. The TD-PO formulation, together
with the development of time-domain-equivalent fringe wave
currents (TD-FWCs) to correct the imperfections of the phys-
ical-optics induced currents near surface edges, has been imple-
mented in a practical application within the framework of re-
flector antennas illuminated by pulsed sources [12], [13].
This letter deals with the canonical problem of the pulsed

field diffraction by a perfectly electrically conducting wedge.
A time-domain version of the uniform asymptotic theory of
diffraction [14], henceforth named TD-UAT, is introduced
herein, and it is used to obtain the fields scattered by the
wedge when it is illuminated by an arbitrarily oriented electric
pulsed dipole, which has not been previously reported in the
literature. By an appropriate Fourier inversion of its formula-
tion in the frequency domain, the TD-UAT wedge response,
generating a finite energy scattered pulse, is obtained in a
manner similar to its TD-UTD counterpart. Comparison of
results obtained by both methodologies, for the case of field
illuminations with rapid spatial variation near the edge, also
reveals that higher-order diffraction effects are contained within
the TD-UAT formulation, while the TD-UTD field description
must be enhanced at times by the inclusion of slope-diffraction
terms. The applicability of the TD-UAT introduced herein is
also ascertained by verifying its reduction, away from shadow
boundaries, to the time-domain version of the classical GTD
derived elsewhere [15].

II. FORMULATION OF THE TD-UAT

The TD-UAT analytic response of a pulse-excited perfectly
electrically conducting wedge is obtained by an one-sided

1536-1225/$26.00 © 2011 IEEE



956 IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 10, 2011

inverse Fourier transform of its corresponding frequency-do-
main formulation and can be written in the form [8], [10]

(1)

where is the frequency-domain UAT field

(2)

with the modified geometrical optics and diffracted fields being
respectively expressed by [14]

(3a)

(3b)

In (3a), we have the incident field and the reflected
field , which is present in all observation regions as the
wedge faces are extended beyond the reflection shadow bound-
aries. Transition functions and can be written
as [14]

(4)

where is the complementary error function [8] and

(5)

(6)

are related to the so-called detour parameters of the frequency-
domain UAT, , with their respective distances ,

, , , and , as well as the shadow indica-
tors [14]. Equation (3b) shows the diffracted field expressed
in terms of the incident field components at the diffraction point,

and , the spreading factor

(7)

and diffraction coefficients, which are given by

(8)

where is the principal radius of curvature of the diffracted
wavefront at [14], is the velocity of light, is defined by
the wedge exterior angle , and

(9a)

(9b)

(9c)

(9d)

with

(10)

All relevant parameters are indicated in Fig. 1. From (9), we can
observe the well-known singularities of the diffraction coeffi-
cients on the shadow boundaries. These singularities are com-
pensated by the modified geometrical optics (GO) field.
Performing the integration expressed in (1), we obtain the

time-domain version of UAT

(11)

where the first term of (11) corresponds to the modified GO field
and is expressed by

(12)

The vectors are respectively the direct [6] and re-
flected fields [8] (considering that only one of the wedge faces
is illuminated). The signal denotes a time convolution, and the
transition functions are

(13)
with

(14)

The diffracted field corresponding to the second term of (11) is
expressed as

(15)

where the distances are shown in Fig. 1. The time-domain
diffraction coefficients are given by

(16)

Considering observation points located far away from the
shadow boundaries, for which are large numbers, and
early instants of wavefront arrival, corresponding to high fre-
quency spectra and where , the binomial expansion
can be applied to

(17)

and the first term of (13) can be expressed as

(18)

where is the unit step function, to yield

(19)
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where the analytic Dirac delta function is given by [8]

(20)

Still, the following limit:

(21)

applies, and from (12) and the analytic Dirac delta properties, it
follows that [8]

(22)

showing that the TD-UAT formulation for observation points far
away from shadow boundaries reduces to a time-domain ver-
sion of Keller’s GTD, exactly as derived by Veruttipong [15]
and obtained by Pathak [8] by applying appropriate limits to the
TD-UTD formulation.
The desired expression for the total field is then given by the

real part of the analytical signal representation in (11)

(23)

The geometrical parameters involved in the calculation of the
scattered field such as spread factors of fields, ray-fixed coordi-
nates, and vector components are calculated as in the frequency
domain [14].

III. NUMERICAL RESULTS

Fig. 1 shows the geometry of a straight wedge illuminated by
an electrical dipole with an arbitrary orientation in the plane .
The results presented here were obtained for a dipole located at
coordinates m , which corre-
sponds to a normal incidence, with and

m, and for a wedge with .
The accuracy of the TD-UAT in the wedge response to a re-

alistic excitation (with finite energy) was determined by the re-
sponse to a dipole-radiated pulse with power spectrum given by

(24)

where is a real constant and

(25)

where is the central frequency of the spectrum. It can be
shown that this pulse has an analytical representation given
by [8], [10]

(26)

where and . This pulse
makes the time convolutions in (12) and (15) easy to perform.
Fig. 2 shows the TD-UAT response of the wedge to a pulse

Fig. 1. Geometry of the problem of EM scattering by a PEC wedge. (a) 3-D
view. (b) Side view.

with GHz. The scattered field was determined for ob-
servation points located at m
[Fig. 2(a)] and m [Fig. 2(b)],
corresponding to and m. The scattered field
for the latter observation point is formed by the merge of direct
and edge-diffracted fields. The uniformity of the TD-UAT in the
transition regions can be observed. For the former observation
point, only the edge-diffracted field exists and the influence of
the edge illumination taper is perceived by an enhanced differ-
ence between TD-UAT and TD-UTD results, while by adding
the slope diffraction terms to the TD-UTD formulation, results
tend to coalesce, stressing the equivalent efficiency of both tech-
niques when all relevant diffraction mechanisms are properly
taken into account. These results are compared to those obtained
from an implementation of the TD-UTD with slope difraction
terms [9], with a good agreement between them. The results in
Fig. 2(b) were obtained for a dipole with , which poses
a slow spatial variation for the incident fields at the point ,
therefore implying a closer agreement between TD-UAT results
and those from both TD-UTD versions.
The frequency-domain UAT encompasses higher-order

diffraction effects. As expected, its time-domain counterpart
has the same behavior as can be observed in the results for
the wedge scattered field when the dipole is pointing to the
edge in Fig. 3, highlighting the role of the edge
illumination taper. These results are compared to those obtained
by the solution of the TD-UTD in the cases where the slope
diffraction terms are not used and when they are. When the
dipole is pointed to the edge, the incident field at the diffraction
point is zero, and the diffracted-field component obtained by
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Fig. 2. Scattered field for . (a) . (b) .

Fig. 3. Scattered field for . (a) . (b) .

the TD-UTD without the slope diffraction terms must be equal
to zero, as depicted in Fig. 3(b).

IV. CONCLUSION

In this letter, a time-domain version of the uniform asymp-
totic theory of diffraction (TD-UAT) was introduced and ap-
plied to the scattering by a PEC wedge of a finite energy pulse
radiated by an arbitrarily oriented dipole source. Results ascer-
tained its applicability and evidenced its usefulness, when com-
pared to those of a TD-UTD implementation, for certain ob-
servation and edge illumination aspects. While any limitation
of the TD-UAT, inhibitory of its implementation in connection
with diffraction analyses of pulsed fields, is unknown to the au-
thors, its application to the evaluation of late time responses
will most certainly abide by the same constraints of its corre-
sponding (lower frequency) spectra.
The extension of the TD-UAT formulation for arbitrarily

shaped (perfectly conducting) surfaces with edges finds its
application in the analysis of pulse-excited reflector antennas,
and future communications will address its implementation in
comparison to alternative methods such as the time-domain
versions of EM fields obtained by integration of PO induced
currents and the exploration of the role of equivalent edge and
fringe-wave currents.
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