0/11

Computational Electromagnetics :

Finite Difference Time Domain Methods

Uday Khankhoje

Electrical Engineering, IIT Madras



1/11

Topics in this module

@ Introduction

@® 2D Formulation

© Numerical Analysis of FDTD



1/11

Table of Contents

@ Introduction



2/11 ‘FDTD |EM, FEM — -z:’“v
History and Central ldea

Yee 1966 — Losd Ahe )[Ounaﬂ_a.f&on,

' | wlsed
+ime domaren swmudalions :  wowe F“P: P
X U JJMJU-( ‘fEY fr ‘ETOMS‘.W PMMW
* E)G.std on dﬁ(‘!entlaj ‘Form cﬁ H&xu—!d'l-? Eqns Swf‘fckir\ e-gs 22
Cﬂ\.uae La.!w) ‘Md"’(;) o fezotoz) - f(zs) +0(62°)
h’ a';éhtaﬂf, J.;Sot'fo{:l"‘ m‘h’)(&imc "1“‘0«""0“‘7 * - one sided diffevences.
-._—_ _] I r " - e 4: -YN~xE
§=EE) B: P.H a{p:?;H—j: ng . s'-sgt
g 2
—{(z.-027
S faens) - fear b2 (@) + -2 m) . faene) -2 ,)m(_fsf))
. . “ Az
{(.- sz)= ‘f(za) - bta ffrzl]r--- codtved, Yo Pbl’ﬂta fim’l’e j,

z

° Ot";ffm?”""



2/11

Table of Contents

@® 2D Formulation



Q olg TE (EMEB)HZ‘J VKé"- ',‘*?.ﬁ ) v,‘;: £DE +3 asswme = O

3/11 TM (-H H E) » st 3t —
* ’ 2 . )
o 2D FDTD formulation: Stencil
(omsider TE - o on. - BEs — Ey
‘ aEx = AL an;EJ = §__= , P 5 -
E";{ i'a ’ ot I ok i. el
Atonal 5 ) g
{ e“rfé gud Lut!, ) +) ealcon: E  dusere hzed olong %)u.cl Lines
F L & C'D_'E___!K- f:? ot cenbre.
YEC Cbu E, /E—;.-(_"\:"‘) - . . (3‘-'1 1'@*”)&*' H=a° .'.d &ﬂ)
w0 e -——7_/ Nobalton: ExCivl,j) = E (X% o ind
o 1 By (5y ) He (g otl) e Spece 2o
[I.'JJ-) 9“; (t"P" Lettom ) M o E,( k- to-bnb.t) n: time indesx
E il gy = My (i) = Ry Gy 3) e — - TN
0> ¢, Ey(_ﬁ-rllz.J)_ 3__-_“_"~_5_"_—’—— ® po H‘(i*IL)Ja;&): [E'(Lﬂf&)\j-tl) - B+, )

- - - . . ba
5 &E (L) =y (et ooty =, (0 'h) .
o e e ﬂ, —[ €, (irti#p) - By (423*'%)
fuf - gl |

Ar



™ PAQCHMHDE‘) LD-—- 2—[2: v"ﬁ ’ ‘3_3:—-0'.‘; —_@)

4 at
H,H 2D FDTD formulation: Time Stepping
Bow 9 ]C.'..[I;c ditfeventes.
’ A (%A : Jreve
Ak S‘IJCLCE - /Sh"ﬂﬂm& Lz Mf slu..ol (Ax y) ot En—ai:rmr. index

~ gud ()
'—DSEI E ngd oi’ |-\1'&a-?)' 'L'(h’le 8“(!_;

- owe —n-lly .E(g ,u.) fz,-h) - f(w)

® > E.K‘E EFB= VKHNG=%*“*["* J) J
Ab E::* ,J Z.th

d zo‘e"

an bime & "

_ =n wtl ! " I“'- = E
@ > l»m -jf__‘::—f,_ - -VxE —\*Q P i: [V ])\.@
G F"“'h pest

k W y
A Y ,

180‘? {-foca, mtc_ﬂTojIew



TMean 7= D, (%2 - 7V-D=o0 30 = TxH
° vH=o (TE) 3

2D FDTD formulation: Divergence Conditions

l.*,_
otton,
o= 35 (329 S LI S AL N
[ ¢y 3k ) * By By
’ g.q = 2@0)=0 T . ., ‘ Left -
m s 03 = o")‘H Dva HT— Ha ﬂal\b
o.lwmda L HH
5 7. = Coumst hime) = Does ;i;fs’ s D)5 (A-Ha)+ (Ra-H) = (M- "s)'(ﬂa—m‘)
Jugpe : -
. = ndl 5 <
iy tm: (in 20) = -SSKV'“)““ 60 " ‘EL"“)' suet
b : 1 ‘ = 0} ,c.v.}+D B at we gat ! itfer “1‘,’!
“')[.V D)fl‘l- SRS 4 - Dy by - b"
s ot d‘r ": Lwat’

é '_‘; (ﬁﬁ)cﬂ- - D:bj +b§ D
ot

- D; bn‘bi Dx



Table of Contents

© Numerical Analysis of FDTD



=nbE : s N I
EW) ECemeion t1  H PO M ke
ag. -. - - -
il iteria — i u u uti
Stability Criteria — comparing true/computed solutions
Jkx + wt) ol #hould be o wM!’"kX- )
n o= x= Lbx.

T q .
9E _ L 2 E (l-JauE Eqn) > ¢ .
Z . : . NS
3¢ttt — (" tial goln: =) S (33
f L o o ot = €
o+ p2)xt f(20) + - Covve .
f(z,d_g): f(25)+ éa:z § (zq) (1’) 2 ) 6 ok @ inle @, ask do we get o sowe
- . Lhksx
" -Jka-x._ ;_;* < au ]

" + 21t f(zo_ bz - . . el n=
f(z.) = :f(.?, Q‘;f‘) Zfzq)-.' :.)+ _kbxl{x -'Za(ﬂ'i‘“ \] o CA.-Eb)

*Ij - " - " * " . .
L f(z.;—'};) {e_JkMu [x ¢

J
z \_@ = £
(ﬂZIL) . e -
@m0~ ¢ ) {2 wilsn-2) = [27-2 )
a-lE - E‘I‘\L‘:_H)_ QE (,b) + B (-0 = :." ?;f" ’("_ 2[" _a C_ijﬁh If::_ﬁ_'f)-]ﬂ +1 =0
at (bn?* K 2
- EL) —2FW+E Y -0 A

(cae)™ - ‘



Stability Criteria — comparing true/computed solutions
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Accuracy Considerations — higher dimensions
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