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Pulsed EM Field Propagation in Cylindrically Layered Structures
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Abstract— Power-cable fault localization using time-domain reflectometry requires an effi-
cient computational technique for the evaluation of pulsed electromagnetic fields in cylindrically
layered structures. A robust way to handle the problem is to perform a contour complex inte-
gration at a number of frequency points and carry out an inverse fast Fourier transformation
with respect to time [1]. Alternatively, one may employ a slowness representation along the
cable axial direction in combination with a one-sided Laplace time transformation and obtain
time-domain results more or less directly. This is exactly the main subject of the present con-
tribution in which it is shown that the pulsed electromagnetic response of a cylindrically layered
cable can be constructed with the aid of Cagniard-DeHoop (CdH) technique [2] and a numerical
Laplace-transform inversion method in the intermediate step. Specifically, the pulsed electro-
magnetic wave field in N -layered medium can be then composed of generalized-ray time-domain
constituents whose generic slowness-domain representation has the following form
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where Γ = {1, . . . , N}, z and r are the axial and radial spatial coordinates, respectively, {s ∈
R; s > 0} is the (time) Laplace-transformation parameter, %K denotes the radial propagation
path traversed in K-th cylindrical shell and γK(p) is the corresponding propagation coefficient
given as γK(p) = (1/c2

K − p2)1/2 with Re(·)1/2 ≥ 0. It is worth noting that the factor Q̃(r, p, s) is
s-dependent and consists of a combination of the propagation coefficients and the scaled modified
Bessel functions. Thanks to this property, the standard CdH procedure has to be supplemented
with numerical Laplace transform inversion. As the latter is inherently an ill-conditioned proce-
dure [4, Section 2.1], its evaluation requires a special attention. Finally, once the inversion of (1)
is carried out, the resulting wave motion is composed from the corresponding body- and head-
wave time-domain constituents that are propagating, reflecting and refracting upon interfaces
between cylindrical layers. Sample numerical experiments concerning canonical configurations
will be presented at the 36th PIERS.

REFERENCES

1. Nordebo, S., B. Nilsson, S. Gustafsson, T. Biro, G. Cinar, M. Gustafsson, A. Karlsson, and
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