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Transient Analysis of EM Pulse Penetration Into a
Conducting Layer Using Wavelet-Based Implicit
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Abstract—The penetration of a wide-band electromagnetic
pulse into a conducting layer is formulated in terms of an implicit
time-domain integral equation and cast into matrix form via
the method of moments. Though such a wide-band problem
indeed calls for a time-domain solution, one may argue that the
frequency-dependent attenuation of the field penetrating the
conductor could suggest a frequency-domain approach that would
greatly reduce the number of unknowns. The proposed via media
is to use spatio-temporal wavelet functions instead of the standard
pulse basis. Owing to their multiresolution property, both in
the spatial and temporal domains, these functions can span the
field propagating inwardly with substantially fewer terms. The
reduction in the number of basis functions used is effected by the
impedance matrix compression technique, which automatically
omits the basis functions whose coefficients would be insignificant
due to the attenuation. Reducing the number of basis functions
renders the matrix equation much smaller and the overall solution
far more efficient.

Index Terms—Electromagnetic scatterimg by absorbing media,
electromagnetic transient analysis, impedance matrix compres-
sion, integral equations, moment methods, time-domain analysis,
wavelet transforms.

I. INTRODUCTION

ANALYSIS of transient interaction of a wide-band electro-
magnetic (EM) pulse with a conducting layer is often re-

quired in many practical applications such as designing EMP
protection shields, assessing power loss in transmission lines,
and protecting and securing communication lines. The transient
interaction can be formulated in terms of a time-domain volume
integral equation (TDIE) and, in turn, solved numerically via the
method of moments (MoM). Indeed, usually such a wide-band
problem calls for a time-domain solution with fewer unknowns
in comparison to frequency-domain methods. However, in this
case, one might argue that in the light of the fact that the atten-
uation of the frequency constituents of the field penetrating the
conductor is proportional to the square root of the frequency, one
could be in favor of a frequency-domain approach that would
greatly reduce the number of unknowns.
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Fig. 1. Interaction of EM plane wave with a conducting layer (region II).

In this paper, we present a solution based on using spatio-tem-
poral wavelet basis functions in the MoM formulation instead
of standard pulse basis functions. The multiresolution property
of these functions ensures that shorter temporal wavelet func-
tions, which possess higher frequency content, are distinguish-
able from wider wavelet functions with lower frequency con-
tent. Therefore, owing to the frequency-dependent attenuation,
it is possible to omit many basis functions of high spectral con-
tent, which are located in the inner layers of the conductor. This
omission is effected via the iterative impedance matrix compres-
sion (IMC) procedure, which gradually constructs and solves
a compressed version of the matrix equation until the desired
level of accuracy is obtained [1]–[3]. The residual complexity
involved in solving the implicit scheme used here [4]–[7] is re-
duced by the IMC procedure as well. In this paper, we consider
a layer characterized by dielectric permittivity of free-space and
finite conductivity, which makes up a simple configuration suit-
able for demonstrating the advantage of the iterative IMC pro-
cedure, when applied to problems involving lossy layers.

The paper is organized as follows. Section II presents the
problem, while Section III outlines the method of solution. Nu-
merical results can be found in Section IV. Finally, a summary
and conclusions are given in Section V.

II. PROBLEM FORMULATION

In the transient one-dimensional problem under considera-
tion, a Gaussian pulse of a plane EM wave interacts with a layer
of a good conductor, as depicted in Fig. 1. The conducting layer
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