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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

Local grid equations in local notation /
Lokale Gittergleichungen in lokaler Notation
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dt
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Local grid equations in global grid node notation /
Lokale Gittergleichungen in globaler Gitterknotennotation
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

Local grid equations in global grid node notation /
Lokale Gittergleichungen in globaler Gitterknotennotation

L B0 ways = {[E 0~ B0 Jav+ [ B0~ B 0] ac] - s ony:

%B_Eﬁ’)(z)AxAz:—{[Ei”(r)—Ei"*M:Rt)]Aw[Ei"*Mﬂ(t)—Eﬁ"’(z)} fef - T AvAz

L Oty = B0 £ |ax [EP 0~ B 0| v s 0y
Local spatial shift operators / Lokale raumliche Schiebeoperatoren

o (n+M,
Sam, NARE Al

Sof =1
Sy =1
170 fm

Local grid equations with local spatial shift operators in global grid node notation /
Lokale Gittergleichungen mit lokalen raumlichen Schiebeoperatoren in globaler Gitterknotennotation

d zm __ _71g®™ _ (n) } Q)

& BV (t)AyAz = {[S, M, I}Ey (t)Ay + |:1 SMJ‘ }EZ (O)Az; = J oy (HAYAz
) 7= (n) _ () _gm

T By (t)AxAz = {|:1 S_M: ] EV(O)Ax+ [S_Mr 1] E; (t)Az} oy (H)AxAz
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3-D FIT - Local Spatial Shift Operators /
3D-FIT - Lokale raumliche Schiebeoperatoren

1. Simple spatial shift operation / Einfache raumliche Schiebeoperation
Sy £ = 0D
2. Identity operation / Identitdtsoperation
0 = pn
3. Multiple shift operations / Zusammengesetzte Schiebeoperationen
Sem, SiM,f(n) =Sip;Sen, J = )
Special case for M;=-M, / Speziell folgt fqu =M,
SemSeu, =1
4. Local difference operator / Lokaler Differenzoperator
Py, =F1£S4y,
5. Local averaging operator / Lokaler Mittelungsoperator

iy, :%(1+S¢M,)
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

Local grid equations with local spatial shift operators in global grid node notation /
Lokale Gittergleichungen mit lokalen raumlichen Schiebeoperatoren in globaler Gitterknotennotation

% B™ ()AyAz = — {[s, a, ~ 1 ED @dy+ [1 ~Su, } E (t)Az} — I () AyAz

my
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%Bg”)(t)AxAy - —{[S,M ‘ —1}E§">(z)Ax+[1 ~S.u,

y x

JE Oa] - g2 avay

... in local matrix form / ... in lokaler Matrixform
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3-D FIT - ... Discrete Grid Equations in Local Matrix Form /
3D-FIT - ... diskreten Gittergleichungen in lokaler Matrixform

o) s o)
AyAz B (1) 0 S =L I=Su, rp, EP(0)
AvAz % BP0 == 1-Sy, 0 Sy —1 Ay EM ()
A Az
Axty || o) S, —1 1-5.y, 0 E ()
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I-S_,, 0 Sy —I=| Py 0 Py |=[curl]
S 1 IS, 0 Py Py 0
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3-D FIT - ... Discrete Grid Equations in Local Matrix Form /
3D-FIT - ... diskreten Gittergleichungen in lokaler Matrixform

Faraday’s induction law in local matrix form / Faradaysches Induktionsgesetz in lokaler Matrixform

) ) - N SR

Az B () 0 P Py rag EN (@) Avaz TR

AxAz % BP@ =—| Py 0 Py Ay ENeb - AxAz IO )

AxAy B;n) ® -P, Py 0 Az E;n) ) AxAy Jéfx) 0
o R S =[r —— 5] -

(8" 0 ~Jour] =(£)" 0 =)0
d
[s1 (8} @ =-[curl][RIE" )~ [S){} " 0
[] RS Diagonal matrix of elementary surfaces on the grid G /
€

Diagonalmatrix der Elementarflichen auf dem Gitter G

{B}(") 0 <R Algebraic magnetic flux density vector /
Algebraischer magnetischer Flussdichtevektor
Topological curl operator in matrix form on the grid G /

[curl] eR™ . . . . .
Topologischer Rotationsoperator in Matrixform auf dem Gitter G

(R] RS Diagonal matrix of elementary lines on the grid G /
€
Diagonalmatrix der Elementarstrecken auf dem Gitter G
{E}(") O <R Algebraic electric field strength vector /
Algebraischer elektrische Feldstirkevektor

{J }( ") o R Algebraic magnetic current density vector /
€
m Algebraischer magnetischer Stromdichtevektor
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

L[ [e® R0 )-ds = [v®)-BRN]-aR - [ L.R)-ds
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

L[ [aR R0 ) a5 =§_ [v®)-BRN]-aR - [[ L.RD-ds
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
L[ [eR)ER 0] d = [v(R)-BRN]-aR - [[ 1.R)-ds
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s x=x
z=2x;

3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen

L1 [eR)-ERDJ-dS = [v(R)-BRH]-dR~[[ J,(R.0)-dS
dt s C=0S N
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3-D FIT - Derivation of the Discrete Grid Equations /
3D-FIT - Ableitung der diskreten Gittergleichungen
d
S [E®ER D J-ds = [v®R)-BRN]-dR~[[ J R 1)-dS
)d EP 0avaz =5y B 0y —vhy MBIV (0)ay
M) M) (yar 50 B () Az — 1O (1) AyA
=(1-5y, )GEK?B(”’(z)Aw(SM ~ 1) B - e
(”): EW (0AxAz = Vi B (n)ax - 74 B (1A
B 0z v M BUEMO (A2 - I (0)AxAz
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= )d EP ) axy = v BV (0Ax— v B ()Ax
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3-D FIT - ... Discrete Grid Equations in Local Matrix Form /
3D-FIT - ... diskreten Gittergleichungen in lokaler Matrixform
;:(") )

o AyAz EN @)

P AvAz % EM(0)
&2 | AV
7" —_—
T o =50
~(n)
O I=Su, Su,~1|var Ax B0 Tapac T )
=[Sy -1 0 i-sy, 7o) Ay B0}~ AvAz I
I-Sy Sy -1 0 na Az] | B (1) Ay |18 ()
‘ = — ASage)
~for] 1" Wb o "0
0 I-S, Sy -I 0 -B, By
Sy~-1 0 i-S, |=| B, 0 -B, |=[cu]
1=Sy Sy -1 0 ~Py, By, O
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3-D FIT - ... Discrete Grid Equations in Local Matrix Form /
3D-FIT - ... diskreten Gittergleichungen in lokaler Matrixform
~(n) ~(n)
£n e EPo| | O TN P v Ax BP0 Taac V0
P Az % EP0i=| B 0 -B, Wy Ay B (@)} - Az JO @0
e i ED () Py, Py, 0 W AzJ 1B () Axty |0 (1)
" ts] =(£)" () —[eu] R (] =8 () sl =" 0
g d ;) s e (I () iR
(] [STAER™ @ =[eul V] TRIEBE™ 0 ~[S]{/e}™ @
[~](u) RS Diagonal matrix of permittivities on the grid G/
£ € ~
Diagonalmatrix der Permittivitéten auf dem Gitter G
[E] R Diagonal matrix of elementary surfaces on the grid G/
eR’ -
Diagonalmatrix der Elementarflichen auf dem Gitter G
{E}(") © < R} Algebra%c electric ﬁ?ld strength \iector/
Algebraischer elektrischer Feldstérkevektor
— 33 Topological curl operator in matrix form on the grid G/
[curl] cR -
Topologischer Rotationsoperator in Matrixform auf dem Gitter G
[~](n) R¥S Diagonal matrix of impermeabilities on the grid G/
\4 € ~
Di Imatrix der Impermeabilitdten auf dem Gitter G
[E] R Diagonal matrix of elementary lines on the grid G/
S -
Diagonalmatrix der Elementarstrecken auf dem Gitter G
{B}'") 0 < R} Algebra%c magnetic ﬂl.lx density vef;tor /
Algebraischer magnetischer Flussdichtevektor
{‘/c}(“) © e R’} Algebra%c electric cu.n'em density Yector/
Algebraischer elektrischer Stromdichtevektor
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3-D FIT - ... Discrete Grid Equations in Local and Global Matrix Form /
3D-FIT - ... diskreten Gittergleichungen in lokaler und globaler Matrixform

Maxwell’s equations in integral form /
Maxwellsche Gleichungen in Integralform

S, BRoas=§_ BRO-R-[[(J,®R0-d8

L[ 2®-ER0-dS = §_ y®)-BRO-dR~ [ 4 R)-gS

Discrete grid equations in local matrix form / Diskrete Gittergleichungen in lokaler Matrixform

(51348 0=l RHE" @0 (8]} @

=BG e 0= (][R5 0110 0

Discrete grid equations in global matrix form / Diskrete Gittergleichungen in globaler Matrixform
d
(815, (B} (0 =~[curt][RI{E} () ~[S]{Jn} ()

IS B 0~ [cant]VR]BHO - [S]{9} 0
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Elementary Difference Matrix [P] (P Matrix) /
Elementare Differenzmatrix [P] (P-Matrix)

Elementary difference operator in global matrix form (P matrix)
/ Elementarer Differenzoperator in globaler Matrixform (P-
Matrix)

[Pi,-]::([Pi,-])/_k, jikef{l,2,...,N}

¥l j=k
([Pﬂ])jk: £l j=kFTM, or/bzw.k=j+M;; i=x,y,z jke{l,2,.. N}
0 else / sonst
M.

>
[)- TN
AN

NxN

The P matrix has only two bands /
Die P-Matrix hat nur zwei Bander
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Elementary Difference Matrix [P] (P Matrix) (...) /
Elementare Differenzmatrix [P] (P-Matrix) (...)

The P matrix can be represented by a sum of an identity matrix [I] and a band matrix [B] /
Die P-Matrix kann als Summe aus einer Einheitsmatrix (Identitdtsmatrix) [I] und Bandmatrix [B]

dargestellt werden
>
\\1
1 \

[P,]=7[1]£[Bs], i=fxpz [P]=

NxN

Identity matrix / Einheitsmatrix (Identitatsmatrix) \
(), =65 ijell2..N (1] 1\
ANxN
1\

M;
Band matrix / Bandmatrix —

([B] ) |l j=kFM;or/bzw. k=jtM,;
i)k |0 else / sonst

i=x,y,z; jke{l,2,.. N}
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Properties of the Difference Matrix [P] (P Matrix) /
Eigenschaften der Differenzmatrix [P] (P-Matrix)

[P )= F02[B.). i=teye)

[B]=-[]+[B]. = ton [P )= []-[B.]. i-turs
M.

é\
[P]= \—1 1\ [P.]= %1
AN NN

INxN

INxN
i

Property / Eigenschaft 7[1’[]T =[P,]

—i

O\ RN R
DS AN e NN LAERNI
NN RN N RN

i i i
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Discrete Global Gradient, Divergence, and Curl Operator /
Diskreter globaler Gradienten-, Divergenz- und Rotationsoperator

Discrete gradient operator / Discrete curl operator /
Diskreter Gradientenoperator Diskreter Rotationsoperator
r T [ T T
7[PX] [0] [Pz] 7|:Py}
T
[erad]=| [P, | [eurt]=|-[p.]"  [0] [B]
T T T
[P, p,| [P 0
I LA . _[}] [p.] [0] o
P -
- [[P]] o] (2] [»]
rad|= P
8 [Py] [curl]=| [B.]  [o] —[P]
o >_[P»"] [P.] 0] 3NN
The matrix operators /
Die Matrixoperatoren
Discrete divergence operator / [grad] [g’ﬁﬁ]
Diskreter Divergenzoperator [div] a;]
[div] = {_[RX]T,_[py]T,_[pZ]T} [curl] [curl]
INx3N
o] — are global matrix operators /
[div] = I:[PX]’[RV:I’[PZHNXSN sind globale Matrixoperatoren

Doolng René Markloin - NETI_loctire Q) QWS 2005 /2006 23

Properties of the Global Matrix Operators /
Eigenschaften der globalen Matrixoperatoren

Some properties of the global matrix operators of the dual grid system /
Einige Eigenschaften der globalen Matrixoperatoren des dualen Gittersystems

7[;!1\\'/] = [grad]T
[grad] = [aiv]

[curl]= [cuTrl]T

Conservation of important vector identities /
Erhaltung von wichtigen Vektoridentitdten

Vector identities / curl grad = Vx
Vektoridentitaten diveurl = V

(=]

V=
V=

[curl][grad]=[0]
are conserved in the dual grid system / ———
bleiben im dualen Gittersystem erhalten [curl] grad]=[0]

[div][curl]=[0]
[aiv][eurt] = [0]
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Properties of the Global Matrix Operators /
Eigenschaften der globalen Matrixoperatoren

Consistency test / Konsistenztest
[ e [RIR]
[curl][grad]: [P:] [0] -[P] [Py]

(e ] [ (0] |L[P.]
_[Py][Pz][Pz][Py]:l

[P.][P.]-[P][P.]
7[Px]|:Py}7|:P,v][Px]

25

Properties of the Global Matrix Operators /
Eigenschaften der globalen Matrixoperatoren

With the property / ([B ][ ]) _{1 k=I1TM;¥M,;
L g

Mit der Eigenschaft 0 else/ sonst

jand jcan be arbitrarily interchanged /
jund jkdénnen beliebig vertauscht werden

This means that the matrices B, and [B ]
Das bedeutet, dass die Matrizen[ *lund j
as well as [P ] and [ ] are commutative!
als auch *ilynd L% kommutativ sind!

[P ]-[®][P]
-0,

$ [Bii } ‘:Btj:' - [Btj ] [Bti} $ [cr“vrl][&;i] - [Pi ]]

=[B

[P ][, ]=[ P, ][] =[B.][B,]
=[B;][B, ]-[B:][B; ]
=[0]

26
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oLl

Di

d
det
(M d

BRGEGE

Disc

Do log René Mackloin S NFT | _locticeQ |

L[ 2®ER)-a5 -

1B} (6 = ~[curl][R]{E}" ()

3-D FIT - ... Discrete Grid Equations in Local and Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in lokaler und globaler Matrixform

Maxwell’s equations in integral form /
Maxwellsche Gleichungen in Integralform

BR.0)+dS = ER.)+dR - [[ J,,(R.1)-dS

=05

o YR)-BR, )+ dR - [[ J.(R,1)+dS

screte grid equations in local matrix form /

Diskrete Gittergleichungen in lokaler Matrixform

~[S{Im}™ @
n=1,2,...N

(1) = [?“H][ﬂ(”)[ﬂ{ﬁ}(”) O-B1.0" 0

rete grid equations in global matrix form /

Diskrete Gittergleichungen in globaler Matrixform

[s]%{]s}(z):—[curl][R]{E}(Z) ~[S]{Im}®

[8][S]%{E}<t)= [curt[V][R]{B} (1) ~[S]{J.} ()

QWS 200572008

27

[S] e RPNV
(B}() eR¥
[curl] eR¥3Y
[R]  erWVN
(E}@) eR™

(Il @ eR?

Do log René Mackloin S NFT | _locticeQ |

3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Faraday’s induction law in global matrix form /
Faradaysches Induktionsgesetz in globaler Matrixform

[S]%{B}(t):{curl][R]{E}(l) ~[S]{Imt®

Diagonal matrix of elementary surfaces on the grid G /
Diagonalmatrix der Elementarflichen auf dem Gitter G
Algebraic magnetic flux density vector /

Algebraischer magnetischer Flussdichtevektor
Topological curl operator in matrix form on the grid G /
Topologischer Rotationsoperator in Matrixform auf dem Gitter G
Diagonal matrix of elementary lines on the grid G /
Diagonalmatrix der Elementarstrecken auf dem Gitter G
Algebraic electric field strength vector /

Algebraischer elektrische Feldstarkevektor

Algebraic magnetic current density vector /
Algebraischer magnetischer Stromdichtevektor

QWS 200572008

28
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3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Faraday’s induction law in global matrix form /
Faradaysches Induktionsgesetz in globaler Matrixform

(5 (80 = feun)[R(E} ) [8]19,) 0

[AvAz ! '
" [0] [Pz] _I:P)]
Avae [curl]=|-[p.]" [o] [p]
Ay T T
. I:Py:' _[Px] [0]
3Nx3N
AxAy - 7
AxAy A .
| Ay gy &
- &
[diag{ayAzy], [0] [0] [R]= N
[0] [dingtaxazy],, [0] v
[0] [0] [diagi{AvA}]y, 3NN n
1B} (@) 8w L oy
2 Iroq:
wo-{so0] @070 i A &
{B.}® . = [0] [diagidn]y, [°]
3N BI-(A (1) N L [0] [0] [diag{AZ}]NxN N3N

René Marklein - NET | _loctiuze O / QWS 2005 /2006 29

3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Faraday’s induction law in global matrix form /
Faradaysches Induktionsgesetz in globaler Matrixform

15 (80 = fewn][R(E}) [8]19,} 0

IO oo V) )
\ (2)
BoO={(Ej0f  E0=1" O imxn: go-{nlol  vwo={""O0 o
{Ez}(t) 3N E[_(N)(t) N {‘/mz}([) 3N Jg)(t) N

René Marklein A NET | _loctiuze O / QWS 2005 /2006 30
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3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Ampére-Maxwell’s circuital law in global matrix form /
Ampére-Maxwellsches Durchflutungsgesetz in globaler Matrixform

(] erVY
[g] < R}Nx}N
(E}() eR™M

[cul] R3SV
L] erVoV
[ii] < ]R3NX3N
(Bj() R

(I RN

[¢][S]

e [ VIR (B} 0[S} } 0
Diagonal matrix of permittivities on the grid G/
Diagonalmatrix der Permittivitéten auf dem Gitter G
Diagonal matrix of elementary surfaces on the grid G/
Diagonalmatrix der Elementarfldchen auf dem Gitter G
Algebraic electric field strength vector /

Algebraischer elektrischer Feldstarkevektor

Topological curl operator in matrix form on the grid G/
Topologischer Rotationsoperator in Matrixform auf dem Gitter G
Diagonal matrix of impermeabilities on the grid G/
Diagonalmatrix der Impermeabilitéiten auf dem Gitter G
Diagonal matrix of elementary lines on the grid G/

Diagonalmatrix der Elementarstrecken auf dem Gitter G
Algebraic magnetic flux density vector /

Algebraischer magnetischer Flussdichtevektor
Algebraic electric current density vector /

Algebraischer elektrischer Stromdichtevektor

Do log René Mackloin S NFT | _locticeQ | 9 WS 2005 /2006

3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Ampére-Maxwell’s circuital law in global matrix form /
Ampére-Maxwellsches Durchflutungsgesetz in globaler Matrixform

EISI- B 0= [cuntVR]{BLO - S]{9} 0

o 5
Exx
~(N)
Exx
=
&y
[¢]=
~(N)
Eyy
=)
&z
~(N)
L ¢z hvan
M. ~m-~2 -~
l:dlag{gxx),gir),. . E;\- )}:| [0] [0]
INxN
() =) ~(N)
= [0] l:dlag{g}y,g,,y,...,syy }N} [0]
INxN
L~ =2 ~(N
[0] [0] |:dlag{€(zz),€(zz)aw~15(z: )}N}
L NxN B3Nx3N
D olog Bens Marllein  NETI - lactice o ) 0 wsonneionoe 32
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3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Ampére-Maxwell’s circuital law in global matrix form /
Ampére-Maxwellsches Durchflutungsgesetz in globaler Matrixform

EISI-S B 0= [cuntVR]{BLO - (]9} 0

[AyAz ) Ax
AvAz Ax
N AxAz . Ay
oF ‘ [R]- g
AxAz Ay
AxAy Az
o A b L Az o
[diagiavaz}], v . ‘[0] [0] ([aiagtax],, [0] [0]
= [0] [d‘agleAz}lwm [0] _ [0] [diag{Ay}]v Y [0]
0 0 diag{AxAy}], o .
[0] [0] [diag{AxAV}] v,y Loy [0] [0] [diag{Az}],,, -~
7 [o] -[r.] [P] ) / i))(')
[curt]=| [.] [o] ~[P] BJO={a}0!  ao=17 D1 i—xyz
_I:PJ":I [P’(] [0] INX3N {‘lcz}(t) IN Jé‘N)(t) v
Dol Rané Mackl ~METL_loct QL QWS 2005 /2006 33

3-D FIT - ... Discrete Grid Equations in Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in globaler Matrixform

Ampére-Maxwell’s circuital law in global matrix form /
Ampére-Maxwellsches Durchflutungsgesetz in globaler Matrixform

FISI-S B 0= [cuntNR]{BLO - (]9} 0

[~
Vxx
~(N)
Vxx
~()
Vyy
[v]=
~(N)
Viy
~()
Vzz
~(N)
L Vz Bnan
M. ~m~2 ~(N
l:dlag{vgg-),vir),.“,vn)}:l [0] [0]
NxN
o~ =(2) ~(N)
= [0] [dlag{v,,y,vw,...,VW }N} [0]
INxN
L~ ~2 ~(N
[0] [0] [dlag{v(zz),viz),...,v(;: }N}
L NxN J3yxan
Do log René Mackloin NET |- locuze o Qw2008 2000 34
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3-D FIT - ... Discrete Grid Equations in Local and Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in lokaler und globaler Matrixform

The two discrete grid equations in global matrix form read /
Die beiden diskreten Gittergleichungen in globaler Matrixform lauten

(ST (8} 0= feun[R]{E} ) ~[8]i9,} 0

FISI- {5} 0= [eunt VR (B} -S]{0} 0

We arrange the last equations in the form /
Wir bringen die letzten beiden Gleichungen in die Form

j%mwzﬁﬂ4 [eurl] [RJ{E}O)-[S]"  [S]{d,} 0

P P P P P

LiEjo= [5R] feont]VIR] B0~ [5] & ] @

[s]"[s1=[1]
CRCRSECRSICRSCHE
(]
LBo-—s]"  [an] [RIEIO- (3,00

ST R

Lieyo= B]F SR B O[T 000
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3-D FIT - ... Discrete Grid Equations in Local and Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in lokaler und globaler Matrixform

The two discrete grid equations in global matrix form read /
Die beiden diskreten Gittergleichungen in globaler Matrixform lauten

(ST (8} 0 = feur[R]{E} ) ~[8]i9,} 0

SIS {8} 0= [eunt MR8} -S]{0} 0

We arrange the last equations in the form /
Wir bringen die letzten beiden Gleichungen in die Form

i{B}(O:*[STI [eurl] [RJ{E}O)-[S]"  [S]{d,} 0

PP | P P P

Liejo= 8 Rl feurt]VIR]B}O-[5] ] ] 0

[s]"[s1=[1]
CRCRSECRSICRSCHE
(]
LBo-—s]"  [an] [RIEIO- (3,00

ST R

Lieyo= BT nlSRI B O[T 000

Doolng René Markloin - NETI_loctire Q) QWS 2005 /2006 36
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LiEho- 5]

with / mit

Solution vector / 10 {{B} (t)}

Losungsvektor {E} (1)
System matrix / B [0]
Systemmatrix - [g]’l [“8“]’1

Quellvektor

Do log René Mackloin S NFT | _locticeQ | 9 WS 2005 /2006

3-D FIT - ... Discrete Grid Equations in Local and Global Matrix Form /
3D-FIT - ... diskrete Gittergleichungen in lokaler und globaler Matrixform

The two discrete grid equations in global matrix form read /
Die beiden diskreten Gittergleichungen in globaler Matrixform lauten

Lplo--[s]"  [ewnt] [RIEIO- ()0

~-1

o] [earl[VR](B} () ~[s] " {4} 0

Now we write these two matrix equations in matrix form and find a first-order system of differential
equations / Nun schreiben wir die beiden Matrixgleichungen in Matrixform und finden das folgende
System von Differentialgleichungen erster Ordnung

L o-[Al 0+ {0

[s]" [curl][R]}

[curl]V[R]  [0]
Source vector / e I} @
. _{[?]‘ A1

37

t

t'=t,

3-D FIT - ... Solution of the Initial Value Problem (IVP) /
3D-FIT - Lésung des Anfangswertproblems (AWP)

A general solution of the initial value problem (IVP) with the initial value {y}(¢,) is /
Eine allgemeine Lésung des Anfangswertproblems (AWP) mit dem Anfangswert {y}(¢) ist

o={viw+ [ {[Ally}o+{a} @)} a

)

time integration /
zeitliche Integration

- implicit time integration / implizierte Zeitintegration
- explicit time integration / explizite Zeitintegration

Explicit time integration / Explizite Zeitintegration

t .
{B} 0= {B} (o) |+ J {B}(t,) dr time interval to be simulated
t'=ty t=[0,T]; T: L .
P zu simulierendes Zeitinterval
E O =|{E} @) [+ [ {E})
t'=ty
\—(_/
Initial value /
Anfangswert

38
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3-D FIT - ... Solution of the Initial Value Problem (IVP) /
3D-FIT - Lésung des Anfangswertproblems (AWP)

Discretization in time on a staggered grid in time /
Diskretisierung in der Zeit auf einem versetzten Gitter in der Zeit

(B (1) > {B} (n,Ar) —{B}"

{E} (1) > {E} K”' %]At} IR

n At

(BY@®)= (B} + j (B} dr B = B (B)() dr

=1, t'=(n,—1)At
(m+1/2)Ar

t . .
{E}()= {E}(%) + J' {E}() dr' (B} D gDy I {E}¢) dr'
1=t 1'=(n,~1/2)At
mAr . . (-1/2)
| (B} dr' ={B}[(n,—1/2)A] At = B} At
Mid point rule / '=(n,—~1)At
Mittelpunktsregel (105 . L
[ (BN dr = (B} (nar) At ={E} A
o'=(n,-1/2)At

Do _log René Marklein - NET I _locture O/ QWS 2005 /2006 39

3-D FIT - ... Solution of the Initial Value Problem (IVP) /
3D-FIT - Lésung des Anfangswertproblems (AWP)

The leapfrog structure of the algorithm in time /
Die Bocksprung-Struktur des Algorithmus in der Zeit

(B} = (B} +At{].;}(n,fl/2)

{E}(n,+1/2) _ {E}(n,—l/Z) +At{]:3}(”')

Do _log René Marklein - NET I _locture O/ QWS 2005 /2006 40
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3-D FIT - ... Solution of the Initial Value Problem (IVP) /
3D-FIT - Lésung des Anfangswertproblems (AWP)

Electromagnetic grid equations (EMGE) of the so-called
Electromagnetic Finite Integration Technique (EMFIT) algorithm /
Elektromagnetische Gittergleichungen (EMGG) des so genannten

Elektromagnetischen Finite Integrationstechnik (EMFIT) Algorithmus

Faraday’s induction grid equation / Faradaysche Induktionsgittergleichung
ooy (1, -1/ -1 -1/2) -1/2
(B =[] e [R ) g,
Time integration / Zeitintegration

{B}(nl) :{B}(”z’l) +At{B}(m—]/Z)
Ampeére-Maxwell’s circuital grid equation / Ampére-Maxwellsche Durchflutungsgittergleichung

-1 ~-1

E) = (8] 2] eurt]V[R] (BY - 5] (0}
Time integration / Zeitintegration
{E}(n,+1/2) :{E}(n,—l/Z) +At{]::}(”')
Dol René Mackloin L NET 1 _loct QL QWS 2005 /2006 41

3-D FIT - ... Solution of the Initial Value Problem (IVP) /
3D-FIT - Lésung des Anfangswertproblems (AWP)

Electromagnetic grid equations (EMGE) of the so-called EMFIT algorithm /
Elektromagnetische Gittergleichungen (EMGG) des so genannten EMFIT-Algorithmus

Time-integrated Faraday’s induction grid equation /
Zeitlich integrierte Faradaysche Induktionsgittergleichung
(B = (B o ~[s]” [cun] [R] ()" D {1 ]
Time-integrated Ampeére-Maxwell’s circuital grid equation /

Zeitlich integrierte Ampére-Maxwellsche Durchflutungsgittergleichung

() () e ] (o [com R - o] (0

Do _log René Marklein - NET I _locture O/ QWS 2005 /2006 42
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3-D FIT Algorithm - Flow Chart / 3D-FIT-Algorithmus - Flussdiagramm

I Start l—->| n, =1 I

3-D Faraday's induction grid equation: For all nodes 7 inside the simulation region:
(8] = (B} ~Ar[S] [eurt][R] (£}
3-D Ampeére-Maxwell’s circuital grid equation: For all nodes 7 inside the simulation region:
(n+1/2) 0 =112) A i e rer T TRI(RLY)
(B = {E} +A(S] [g] * [eunt][v][R]{B}

v

Electric current density excitation: For all excitation nodes
/ ~ 1
{E}(u,ﬂ/z) — {E}(n,ﬂ 2) —At[s] {Je}(ﬂl)

v

Boundary condition: For all PEC boundary nodes
B (o)

\ 4

Do log René Mackloin S NFT | _locticeQ | 9 WS 2005 /2006
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3-D FIT Algorithm - Flow Chart / 3D-FIT-Algorithmus - Flussdiagramm

I Start l—->| n, =1 I

3D-Faraday-Gittergleichung: Fur alle Knoten 7 im Simulationsgebiet:

\ 4

(B = (B —v[s]" urt] ] )"

v

3D-Ampére-Maxwell-Gittergleichung: Fir alle Knoten 77 im Simulationsgebiet:

B = 5 afS] o] fear VIR (B

v

Elektrische Stromdichteanregung: Fiir alle Anregungsknoten 7
(m,+1/2) (n,+1/2) ! (n)
(B =B -] {3

v

Randbedingungen: Fur alle IEL-Randknoten 7:
B o)

Nein

Do log René Mackloin S NFT | _locticeQ | 9 WS 2005 /2006
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D

3-D FIT - ... Normalized ... Grid Equations /
3D-FIT - ... normierte ... Gittergleichungen

Normalized electromagnetic grid equations (EMGE) of the so-called EMFIT algorithm /
Normierte elektromagnetische Gittergleichungen (EMGG) des so genannten EMFIT-Algorithmus

Normalized time-integrated Faraday’s induction grid equation /
Normierte zeitlich integrierte Faradaysche Induktionsgittergleichung
(n) o~ ~-1 }(n,71/2) /\(n,fl/Z):|

"= @[7[51 [eurl][R]{E o

Normalized time-integrated Ampére-Maxwell’s circuital grid equation /
Normierte zeitlich integrierte Ampére-Maxwellsche Durchflutungsgittergleichung

—(n,+1/2)

{E]

B ) cfl—A«n,)}

{E}“””ZH&F’] T DD GRS OREN

In a computer implementation we can neglect the integer time step counter n,. /
In der Rechnerimplementierung kann der ganzzahlige Zeitschrittzahler n, unterdriickt werden.

René Marklein - NET I _loctiuro Q[ QWS 200572008
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D

3-D FIT Algorithm - Flow Chart / 3D-FIT-Algorithmus - Flussdiagramm

I Start l—->| n, =1 I

3-D Faraday's induction grid equation: For all nodes 7 inside the simulation region:
—~ —~ o~ e~ ~ A~
{B} = (B} - A[S] " [curl][ R{E}

3-D Ampeére-Maxwell’s circuital grid equation: For all nodes 7 inside the simulation region:

\ 4

Al A ()

E-)+a(5] [ [can]V[R]B}

v

Electric current density excitation: For all excitation nodes

P — ()

-5 -4 1)

v

Boundary condition: For all PEC boundary nodes

(E}={o)

No Yes

René Marklein - NET I _loctiuro Q[ QWS 200572008
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3-D FIT Algorithm - Flow Chart / 3D-FIT-Algorithmus - Flussdiagramm

I Start l—->| n, =1 I

3D-Faraday-Gittergleichung: Fur alle Knoten 7 im Simulationsgebiet:
o~ —~ o~~~ ~ ~
{B} = (B} - A[S] " [curl][ R{E}

3D-Ampére-Maxwell-Gittergleichung: Fir alle Knoten 77 im Simulationsgebiet:

\ 4

Al e )

E-)+a(5] [ [can]V[R]B}

v

Elektrische Stromdichteanregung: Fiir alle Anregungsknoten 7

P — ()

-5 -&f] 1)

v

Randbedingungen: Fur alle IEL-Randknoten 7:

{E}={0}

v

n, =n; +1
Nein Ja
e
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FIT Discretization of the 3rd and 4th Maxwell’s Equation /
FIT-Diskretisierung der 3. und 4. Maxwellschen Gleichung

FIT

Maxwell’s grid equations /
Maxwellsche Gittergleichungen

Maxwell’s equations in integral form /
Maxwellsche Gleichungen in Integralform

%HSB(B,WLS = ERD-dR - [[ I, (R.1)-dS [s]%{s} O =—[curd][RIE} () ~[S]{I,n} ()

%HS DR.)-dS= ¢ HRN-dR-[[ J.(R,1)-dS [a][S]%{E}(t): [curl [V][R]{B} () ~[S]{3..} ()

@s:aVD(B’t)'d—S = IIIVPe(B,f)dV

?

#s:ayg(g’t)'d—s = ,m,/ PmR,DAV
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End of Lecture 9/
Ende der 9. Vorlesung
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