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2D FDTD
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TE, Case (Cont’d)

(0, J) = Cpe (i, )X EX (i, J) +Cope (. J')X[HZ e j)_gz —— —J, 2 j)}

1
n+=
2

E;+1(i, j)= Ceye(i, J) % E;‘(i, j)+Ceyh(i1 j)x{ H,

LD=E. L)) g, j)}

M2 )= M2 oG o )| Bc®drD-EGD E(+L D-EG D)

Ay AX




D oD oD
AN D AN N
OE, _1(0oH, oH > e
— y X e I A .
= — —o. E. -J. ~| H(i-1,j+2) | H (i,jt2)= | H (i+1,j+20
61: 6X ay 7z iz T = y T +
82 —— 5 —— \ Q> \
= SN X = A) = A
oH OE N T N T S
X — 7 .e-r. k3 &1. : ‘e-r. 4 .61.
ot 1 ay - Hy(|-1,|+1:)= Hybi+1) | H(+1i+1)
X :_I’--> SP jr S—#
” T ~% . ~ .
T R\ . T Y T 3\
AN . A R
aHy — aEz &\I\ | &\‘*\\I &\\" | (,ﬂg\"
[ ;; H (i-1,j) ~ H,(i.j) ;::_ H, (i+1 J)E
Ay == i;‘--» '_f--» \ ‘f—» \
= N = v S W
‘[ T (\,‘\a\ (\;\,\\ T (\,;\»\ - 5 S"%\

HG-1i1)  HG1)  H+,j)
—Ax—




TM, Case (Cont’d)
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1D Maxwell’s Equations
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1D FDTD
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1D FDTD (cont’d)
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The Courant-Friedrich-Levy (CFL) Limit
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the FDTD time-marching scheme becomes unstable if the time step




Boundary Conditions

PEC
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Absorbing Boundary Conditions

Mur’s First-order boundary condition
Mur’s Second-order boundary condition

Liao’s boundary condition
Introduction to PML




PEC: TE, Case

set all tangential E-field
components at the
boundary to zero for all
time steps

FDTD update equations

are applied only to interior
electric and magnetic field
components
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PEC: TM, Case

. ‘L\ \ *‘L\ -*‘D
A 'yl .\;\:3' A R
set the E, co_mponents PE A P o
at the electrical wall o| WL | Hl2 | H 2
== + = =
o= - T Ol
to zero L N £ A £ A)
= AN T o X AN X aX
I\ ) \\,\ - \\x I \\x
.?M. &1. I .61. ' .?;1,
- Hy(|-1 ,|+1.L Hy(|,|+1 )q Hy(|+1 ,|+1_“‘
i = E =
T oA T od | AN T ad

Hy(i-1 j=1) Hy(i,j-1 ) Hy(i+1 ,j=1)

—Ax—




PMC

— = —

where to put the boundary ~ | E{-.i+2) | E(i1+2) | E(i+1,)+2),

. x T * 3
magnetlc walls? :L:J H,(i- 1,|+ E“' H (|,|+1)E' H,(i+1 ,|+1Et

w wo w™

m— —
E(-1j+1) | E(ij+1) | E (|+1 ,j+1)

ﬁJ neaH Wl

(i.)

+2,|
—

E _(i+1,j)

:nt H (""1:]) o

— — —
E (i-1,j) E, (i.j) E (i+1,))

25]'1)

2 t H(|1,|1 =, H(|,|1)

E (|+1 J-1)

' Hz(i+.1 ,j-1E'
|.|.|>

——

E(i)  EGi1)  E(i+t,1)

—Ax—




PMC (Cont’d)
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Mur’s Boundary Conditions

Initial work : B. Engquist and A. Majda, “Absorbing boundary

conditions for the numerical simulation of waves,” Mathematics of
Computation, vol. 31, 1977, pp. 629-651.

starting from the 3D wave equation
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Mur’s Boundary (Cont’d)

with respect to the x-dimension, the wave operator is decomposed to
Lf=L*L-f, where
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the operators L* and L- are pseudo-differential operators and cannot be
applied directly to a function




First-order Mur Boundary Condition

For a first-order approximation we use «/1— S%~1

the partial derivatives with respect to y and z are assumed very small
this is the case for a normally incident plane wave
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[llustration of 15t order Mur’s ABC for 1D
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at the left boundary, we impose the one-way condition




Second-order Mur’s boundary conditions

for the second order Mur, we use the approximation
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Second-order Mur (Cont’d)
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Second-Order Mur (Cont’d)
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