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FDTD: an Introduction

the FDTD method is based on simple formulations that do
not require complex Green’s functions

It solves the problem in time, it can provide frequency-
domain responses over a wide band using the Fourier
transform

finite difference approximations are used to approximate
time and space derivatives in Maxwell’s differential
equations

unlike TLM, the electric and magnetic fields are staggered
In both time and space
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Derivative Approximations

In 1966, Yee came up with a set of finite-difference
equations for the time-dependent Maxwell’s curl equations

system

these equations employ the second-order accurate central
difference formulas

for a function f(x), its first-order derivative with respect to x
IS given by the second-order accurate formula:

f(X+Ax/2)—f(x—Ax/2)
AX

The same formula is applied to approximate time derivatives

f '(X) ~
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The 3D FDTD Case




Yee’s Cell
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Spatial Field Notation

E, (i, ,K) = ((i1-0.5)Ax, (j —1)Ay, (k —1)Az),
E, (i, j,k) = (( —1)Ax, (j —0.5)Ay, (k ~1)Az),
E (i, j,k) = ((i —1)Ax, (j —1)Ay, (k —0.5)Az),

H_ (i, j,k) = ((i —1)Ax, (j —0.5)Ay, (k —0.5)Az),
H_ (i, j,k) = ((i — 0.5)Ax, (j —1)Ay, (k —0.5)Az),




Temporal Field Staggering

for a time-sampling period At, the electric field components
are sampled at time instants O, At, 2At, ..., nAt,...

the magnetic field components are sampled at time instants

1 1 1
— AL, (1+ )AL, ..., (n+ )AL, ...
> ( 2) ( 2)

Example: the z-component of the electric located at
((1—1)AXx,(j—-1)Ay, (k—0.5)Az) attime instant nAt

s E;' (i, j, k)

the y-component of a magnetic field vector positioned at
((1-0. 5)Ax (] 1)Ay (k—0.5)Az) and sampled at time instant

(n+—)At ISH 2(I ,K)
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Material Interpolation
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Discretization Example

consider the Maxwell’s equation

oH
oE, _1(oH, oH, _o%E, - J. |,
oy 0z

XX

ot g,

de (i+1,j+1,k+1)

node (i,j-1,k)|




Discretization Example (Cont’d)

1 1
n+= =
2 2

ErG ) -ExG k) 1 H, (] K)—H. 2(i, j-1,K)

At e (i, j,k) Ay

1 1
1 H, 2, j,k)-H, 2@, j,k-1)
e (i, j,k) Az

CAUNHONS P S S T

g1, ], k) g, (i, J,k)




Discretization Example (Cont’d)

eliminating E, 2(i, j,k) we can write

26,1, .K) = Mo 1K) o
2¢ (1, ], k) + Ato, (1, ], k) S

N 2At
(2,0, j.k) + Atog (i, j.k)) Ay

Er (i, j.k) =

(H?i(i,j,k)—H?*;(i,j—Lk)j

2At e N+
— (Hy (1, J,k)—H, 2(I,j,k—1)]

(2¢,(, j,k)+Atos (i, k) ) Az




Second Discretization Example

consider the Maxwell’s differential equation

oH, _ 1(0E, o,
oz oy )

o pu,




Second Discretization Example (Cont’d)

discretizing this equation at the location of H,(i,j,k) and at
a time Instant nAt, we have

1 1
H, 2, j.k) -H, 2. j.k) _
At B
1 EVG, j, k+1)—EJG, j.k)  EMG, j+1,K)—E G, j,k)
Az - Ay

11, 1,K)




Second Discretization Example (Cont’d)

1 1
H, 2(i, j.k) = H, 2(i, j.k)
nei s ngio s A
(E!(, j,k+1)-E}(i, j.k)
N At AZ
w0, 3.K) | ENGL j+1,K) —E!G, j.K)




The Electric Field Update Equations

EL i, ) k)(&xl|OxE0J?T_____________________
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The Electric Field Update Equations (Cont’d)

2¢ (i, j,k) = Ato® (i, j, k)
2¢ (i, j,K) +Ata® (i, j,K)
2AL
2¢ (i, j,K)+Ato® (i, j, k)

C...(x1, J,k)=

Cemh(i’j1k): m=XY,Z.

update coefficients are calculated and stored before hand




Magnetic Field Update Equations

1 1
H, 2@, j,k) = H, 2(i, j,K)’

+C G, j’k)x(ES(i, b k+1)-EJ(i, j.k)  EJ(, j+1,k)-E}(, j,k)j’

Az Ay
nes n-t
H, 2@, J,k)=H, 2(, J,k)

+Chye(i’ j,k)X(

EN(i+1, j,K)—E'Gi, k) ENGi, j.k+1)—ENGi, j,K)
AX Az ’




Magnetic Field Update Equations (Cont’d)

Co (i k)=—2  m=xvy.z.

e (1, 1,K)

the magnetic field update coefficients are calculated
beforehand

all coefficients are calculated using interpolated




Algorithm Steps

(sen )
v

Set problem space and define parameters

v

< Compute field coefficients >

v

Update magnetic field components
at time instant (»+0.5)A¢

v

Update electric field components
C Output data 6 at time instant (n+1)A¢
v

Apply boundary conditions

v

Increment time step, n < n+1
|

Last iteration?




