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Introduction
The electromagnetic code EIGER (Electromagnetic Interactions GEneRalized) [1]
has been modified to include temporal analysis methods. The time domain electric
field integral equation (TD-EFIE) is used to model scattering and radiation from
perfect electric conductors. The most popular solution scheme found in the
literature is the implicit marching-on-in-time (MOT) algorithm, which suffers
none of the traditional late-time instabilities normally associated with the TD-
EFIE. As several researchers have discussed, an implicit MOT scheme,
specialized temporal basis functions, and accurate time-delayed potential
integrations will provide numerically accurate, stable results [2-4]. In this paper,
we consider each of these three aspects specifically for the time domain analysis
of wires.

The key components of the EIGER numerical analysis tool, and their roles, are:
elements - to describe the geometry, basis functions - to interpolate the unknown
currents locally, and singular quadratures and weights - to accurately integrate the
underlying physics. Wire elements incorporating curvature, for example, provide
ample resolution of geometry. Finally, the potential integrals incorporating time
retardation involve the static I/R singularity or near singularity, and therefore
require special numerical considerations for their evaluation. For wires, a simple
and efficient numerical procedure using a singularity cancellation method
discussed in [5, 6] is used.

TD-EFIE
To analyze pulsed scattering or broadband radiation from wires, the unknown
currents are determined via the solution of the time domain electric field integral
equation (TD-EFIE) given by

[E'(r,t)+E5(r,t)], =0, rE S. (1)
The excitation El(r,t) may be either an incident transient electric field or time-
dependent voltage source. The scattered electric field is expressed in terms of the
magnetic vector and the electric scalar potentials as
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E5(r, t) = - a A(r, t) -V#(r, t), (2)
at

where the potentials are represented as

A(r,t)= ps (,r') (3)SIr -r'I
and

O(r,t) =-- [
- J(t,rldt'dS' (4)

and r=t-Ir-r'/c is the time delay. The electric current on the wire is
approximated as

N T

J(r,t) JE In (r)T (t), (5)
n=1 j=1

where J,n is the unknown current coefficient at time t1, I"(r) is the wire basis
function, and T,(t) is the temporal basis function. Substituting (5) into (2) and
delta testing in time yields the following system matrix:

ZZ1Ij=JK. (6)

An implicit time-stepping scheme (At> acRmin/c) is then used to determine the
unknown current coefficients for all time where a is a parameter ensuring an
implicit time step.

Numerical Implementation
The singular integrals that arise in the time-delayed vector and scalar potentials
due to source distributions that are represented by basis functions require special
numerical considerations for their evaluation. For thin wires, a simple and
efficient numerical procedure using a singularity cancellation method was
implemented in [5, 6]. In this approach, a change of variables is employed such
that the Jacobian of the transformation cancels the singularity. The resulting
integrand involves a kernel singularity of the form ln(R) that is handled using the
scheme proposed in [7].

A scheme to employ higher-order elements and basis functions to accurately
resolve the geometry and current has been implemented similar to the approach
taken for basis functions in [8]. These elements may be of arbitrary order and will
more accurately resolve the local variations of the geometry. Wire segments need
at least three points to define a curved segment.

Results
For radiation and scattering problems, some popular right hand sides involve
delta-gap sources and plane wave excitations given in functional form as
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E 4J [4jct-ct0-r-k)]
E'(r,t) = 2rT(7)

4

|. Z 4 eL AX to)]'
A current for a center-fed dipole antenna (T = 2 Im, cto = 3 lm) modeled with 10
straight segments is shown in Figure 1. The plots are for two cases: a = 1 and
a= 2. The results show good agreement with the data in [2] and demonstrate the
convergence behavior for the two choices of a. A wire loop with a one meter
diameter is located in the xy plane and is centered about the origin. It is
illuminated by a plane wave (z = 00, 9= 90°, E, = 1 V/m, T= 4 Im, cto = 6 lm)
[9]. The currents for a loop modeled with linear elements (q= 1) and quadratic
segments (q = 2) are shown in Figure 2. Note that since linear basis functions
were used, the number of quadratic segments needed for convergence was similar
to that needed for straight wires (30 elements).

Summary
A stable time-domain analysis of wires using higher-order analysis for wires has
been implemented in EIGER. Advanced integration techniques for evaluating the
wire kernels accurately integrate the time-delayed potentials found in the TD-
EFIE. Using higher-order elements along with higher-order basis functions may
reduce the number of elements needed for modeling the curvature of a wire
structure.
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Figure 1. Plot of current at center of a 1 meter dipole.
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Figure 2. Current at (x = 0.5, y = 0.0) on a Im diameter loop centered about the origin in
the xy plane.
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