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Time-domain integral equations
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Time-domain integral equations
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Time-domain integral equations
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Time-domain integral equations
TD-EFIE: (ath + a;lTh) j=—nxem,

1 )
TD-MFIE: (21+ IC> j=nxh",

where n = \/p/e,c =1/ /ne, R=|r —r'|, 1 =t - R/c,

o _n T
) = ~Tnx [ T as,

(Thj)(r,t) =cnnx gradx/
r
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(Kj)(r,t) = —n x curlx/ 7 ds’.
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TD vs FD: allows coupling to non-linear systems.
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Spatial discretization

RWG function f,,(r) BC function g,,(r)
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Spatial discretization
BC function g,,(r)

RWG function f,,(7)
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Spatial discretization

RWG function f,,(r) BC function g,,(r)

Testing schemes: /(n x f,) - TD-EFIE, /(n x g,,) - TD-MFIE,
r r i
. . . GHENT
resulting in Zj(t) = e(t), Mij(t) = h(t). UNIVERSITY
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Temporal discretization

Nr
jm(t) = Z [l P (2).

Testing scheme:

/ 5;(t) . TD-EFIE/TD-MFIE.
R+
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Temporal discretization

N
Jn(6) = D [l hi(2). halt)
i 1
Testing scheme:
0;(t) . TD-EFIE/TD-MFIE. 0 ‘ ‘ ‘
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Marching-on-in-time algorithm:
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Numerical issues
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Numerical issues
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Yukawa-Calderén TD-CFIE
Yukawa-Calderén TD-CFIE:
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Yukawa-Calderén TD-CFIE
Yukawa-Calderén TD-CFIE:
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Generalization: see the presentation of Pierrick Cordel on Thursday, July 27th.
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Spatial discretization

Testing schemes:

1
Zn = /1;(“ X gm) : (R Tijn + KThjn> (gn) ds,
Mo = [ g (37~ K30 ) (£
Gmn = /F(n X gm) : fnd57

yield consistent spatial discretization

(_ ZG TzZ+ MG M) i) = —ZG Te(t) + MG h(t).
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Numerical issues
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Loop-star decomposition

Goal: to separate solenoidal (divrj = 0) and non-solenoidal currents.

Loop A : Ng x Ny Star ¥ : Ng X Np

+1 if edge m contains vertex i, +1 if edge m is contained in face i,
Am,i = . Zm,i = .

0 otherwise. 0 otherwise.
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Note: divpr Aj = 0.
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Quasi-Helmholtz decomposition

Problem: For multiply-connected geometries:
Ny + Np — Ngp =2 —2g.

= A and X do not span the entire space.
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Quasi-Helmholtz decomposition

Problem: For multiply-connected geometries:

Ny 4+ Np — Ng =2 —2g.

—> A and X do not span the entire space.

Solution: RWG-based Helmholtz decomposition:

Van Chien Le

iy =P¥j=3(2Ty)" 2Ty,
dag =PMj=(1-P¥)j.
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Quasi-Helmholtz decomposition

Problem: For multiply-connected geometries:

Ny 4+ Np — Ngp =2 —2g.

= A and 3 do not span the entire space.

Solution: RWG-based Helmholtz decomposition:

jx=P¥j=3(2Ty)" 2Ty,
dag =PMj=(1-P¥)j.

BC-based Helmholtz decomposition:

Van Chien Le

da =P = AATA) AT,
den =P = (I - PYj.
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Large-time step stabilization

Goal: to combat large-time step breakdown.

In a Helmholtz decomposed basis [A HY], the scaling of TD-EFIE reads

AN AN AN At 1 At 1
At~P At AT 1 = [ At
AP AT At At~L 1
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Large-time step stabilization

Goal: to combat large-time step breakdown.

In a Helmholtz decomposed basis [A HY], the scaling of TD-EFIE reads

At~ A A 1 At~1
At~V AP AT 1 = At
At~V AT At AN 1

Stabilization: Rescaling the unknown and the right-hand side

(P +AtPM) 2 (9, P¥ + PM ) y(t) = (P* + At PM ) (),

gives
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Large-time step stabilization
Starting from the symmetrized TD-MFIE
MG~ Mj(t) = MG~ h(t),

the scaling reads
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Large-time step stabilization
Starting from the symmetrized TD-MFIE
MG~ ! Mj(t) = MG~ h(t),

the scaling reads

1 1 1 1 1
At—2 1 1 1 = | At
At™2 A2 1 At L At L

Applying the rescaling procedure

(P* + AtP*HYM G M (0, P> + PM) y(t) = (P* + AtP*) MG h(2),

gives
1 1 At 1 1 i
—1 . pp—
At At 1 Lp=11]- ﬁnwgrzsm
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Large-time step stabilization
Note: the special property
>H 1 s -1 1 s AH
P 51 -K° |G §I +K° )| P =0,

where

K, = /P (n % g) - (Kof) ds,

with

(Koj)(r) = —n x curlx/r ‘Zé:];) ds’.

This property leads to
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Numerical results

Torus: surface current
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Numerical results

Torus: condition numbers
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Conclusions

m Resonant instability, dense discretization breakdown and static kernel can be

eliminated by the Yukawa-Calderén TD-CFIE.
m Loop-star decomposition fails when applied to multiply-connected geometries.
m The projector-based Helmholtz rescaling gets rid of large-time step breakdown.

m Setting “loop-loop” static component of the symmetrized TD-MFIE to zero is

required.
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