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Introduction

This contribution presents a Yukawa-Calderon time-domain

combined field integral equation for scattering by a perfect

electric conductor, which has the following properties:
» immune to resonant frequencies
» well-conditioned when the mesh is fine

» well-conditioned at large time steps

> free from late time (dc) instability.

A. Time-domain integral equations

Let ' be the closed boundary of a perfect electric
conductor. The surface current density j on I' satisfies the
time-domain EFIE and MFIE

(T (r, t) = —nxe™(r, t),

(%1 + :K)j(r, t) = nxh™(r,t).

Here, I is the identity operator, (ei", hi") is the incident

electromagnetic wave, and

7j =2 (T + e (7).
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whereR =|r—7r'|andt =t —R/c.
Numerical issues:

> Resonant and late-time instabilities

» Dense discretization and large-time step breakdowns.

RWG basis function f,, (r)

B. Yukawa-type integral operators

The “frequency-domain” operators of wave humber —jk

. N P
T_jf = e (T5d) + - (T25),
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Advantage: do not exhibit resonances.

C. Yukawa-Calderon time-domain CFIE
The Yukawa-Calderon (YC) TD-CFIE reads as

1 1 _
— in 1 in
= T_J-K(nxe ) + (EI — K—jlc) (nXh )
Optimal parameters:

> Wave number: k = (c.AD)™1

> Coupling parameter: a = nZ.

Geometries

BC basis function g,, (1)

1000

TD-EFIE TD-MFIE mixed TD-CFIE YC TD-CFIE

10" 10°
>
=
Z 10° F “ 10° F
) | l
: ~u VAl i
[ =
o 10 10 F 100 F
=
=
O

oL Tt

200 400 0 200 400 0 500
Time (ns)
10t 1 100 1

GHENT
UNIVERSITY

5 10°

0

-

- 2

c 100

c

@)

= ok

'g AA—A—A A —A A

o XX XX X X VvV V¥V —v—

@)
| I I I 100 I I |
0.1 0.2 0.4 0.6 0.06 0.1 0.2 0.5

Mesh size (m)

IDLab

INTERNET & DATA LAB

—'At 0 A't t

Temporal basis function h;(t)

D. Discretization

The unknown j is expanded as follows

Ns Nt

J 0 = ) Y lidda fa @),

n=1i=1

The identity and Yukawa-type operators are discretized as
:G]mn — <nxgm'fn>:
:Z]mn — (ll)(gm, T—j}cgn>'

:M]mn — (nxgm» K—jicfn>-
The time-domain operators and sources are discretized as

e = (NX ,nxein‘ )
el = (nxfmxe)|

[hi]m = (nXgm, nxhi”)‘

i )
t=iAt

[Zi]mn — <nxfm:T(fnhi)>‘t=O )

[Milpn = (0XGpm, K(Frh)| _ -
Marching-on-in-time system of the YC TD-CFIE reads as

(ZG‘TZ + n? (lG — M) G~ 1 (lG + M))j
2 2

1
= —7ZG Te + n? (E(G — M) G~ 1h.

Conclusions

This contribution has introduced a Yukawa-Calderon TD-
CFIE formulation for electromagnetic scattering by a perfect
electric conductor. The proposed formulation is:

> immune to resonant and dc instabilities

» well-conditioned at all regimes

» applicable for different geometries.

Several numerical results have corroborated the superiority
of the Yukawa-Calderon TD-CFIE.

Future works

In a forthcoming work, the proposed Yukawa-Calderon TD-
CFIE should be combined with the quasi-Helmholtz
projectors and a rescaling procedure to render a stabilized
TD-CFIE formulation, which yields accurate solutions at
moderately to extremely low frequencies.
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