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Governing Equations of Electromagnetic Fields and Waves / Grundgleichungen
elektromagnetischer Felder und Wellen

Governing Equations in Integral Form / (ﬁ _E(R.,7)+dR = _” gB(BJ)'Q—H J,.(R,1)+dS
Grundgleichungen in Integralform ¢=0s S ot s
0
oo HRO-R = [[ =DR,0-dS+ [[ I.(R.1)-dS

@S:BVD(BJ).®= IJIVPe(B,I)dV
@S:WB(B’[)'@: HIVPm(B,t)dV

§p, , JR1)edS = —jjjy%pe(g,t)dy

§Fy.op Ln®o0a8 =[[], = p R ¥

0
Governing Equations in Differential Form / VxE(R,1) = —EE(BJ) -Jn(R.0)
Grundgleichungen in Differentialform El
VxHR,)= —DR,)+I.(R.1)
t

VeDR.5)= p.(R,1)
V:BR.,))= py(R,0)

0
VeJ (R, 1) = —ape(&t)

o
Vedn R0 ==—pn(R,1)
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Faraday'‘s Induction Law in Integral Form /
Faradaysches Induktionsgesetz in Integralform (1)

Faraday‘s Induction Law / Faradaysches Induktionsgesetz

d
PeasERDAR=——[[ BR+dS-[[ I, (R.)-dS
Time D dent Surf: / Time Dependent Contour /
zéﬁzbh‘iﬁgi Fiache 5@ C()=05@) Zeitabhingige Kontur
Rotating loop S(¢)

Constant magnetic fleld: By
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Faraday‘s Induction Law in Integral Form /
Faradaysches Induktionsgesetz in Integralform (2)

Faraday‘s Induction Law / Faradaysches Induktionsgesetz

qsc(t):aS(t)E(B’t)'@ = ‘%”S B(R,7)-dS - ”sa)lm (R,7)-dS

(O
qs [c]-dR [m] Closed Contour Integral / Geschlossenes Kurvenintegral
c=ast 1 —
E(B, t) [V/im] Electric Field Strength / Elektrische Feldstirke
[m] Vectorial Differential Line Element / Vektorielles differentielles
dR Linienelement
Scalar Product of E and dR = tangential projection of E onto dR /
E(B, t)°dR v Skalarprodukt von E auf dR = Tangentialprojektion von E auf dR

Vectorial Differential Line Element / Vektorielles differentielles Linienelement

dR =s dR
Tangential Unit Vector / Scalar Differential Line Element / Skalares
Tangentialer Einheitsvektor differentielles Linienelement
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Position Vector / Ortsvektor

Cartesian Coordinate System / Kartesisches Koordinatensystem
AZ

R=R,(R)e, +R, (R)e, +R.(R)e,

= xe tye,tze,

Coordinates / Koordinaten

XNz

Orthonormal Unit Vectors /|~ €x>€y,€;

Orthonormale Einheitsvektoren

e.Le, Le e |He, He |51

Scalar Vector Components /
Skalare Vektorkomponenten

Rx(x,J’:Z) =X
R (x,y,2)=z

R,(R)=R,(x.3,2)e, = ve,

R,(R)=R,(x,y,2)e, =ye,
R.(R)=R.(x,3,2)e, =ze,

Vectorial Vector Components /
Vektorielle Vektorkomponenten

Dr. R. Marklein - EFT | - SS 2003

Electric Field Strength / Elektrische Feldstarke

Cartesian Coordinate System / Kartesisches Koordinatensystem
Position Vector / Ortsvektor: R =R e, + Rye,+R e,
=% gx] + X gx2 X3 §x3
Electric Field Strength at the Position R | Elektrische Feldstirke am Ort: R
ER)=E . (R)e, +E,(R)e, +E_(R)e,

A Z
E.(R)e,
Ve R ze,
xe, oy
oy
ve,
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Maxwell‘s Equations in Integral Form /
Maxwellsche Gleichungen in Integralform

Faraday‘s Induction Law / Faradaysches Induktionsgesetz
d
Pe-osi ERD-AR == [[ BR.0)-dS - [[( 3, (R.)-dS

Ampére-Maxwell‘s Circuital Law / Ampére-Maxwellsches Durchflutungsgesetz

d
ey asBR D AR = ([ DR+dS+[[( I (R1)-dS

Gauss‘ Magnetic Law / GauBsches magnetisches Gesetz
Psyor o BRO-S =[] o (R.AV
Gauss‘ Electric Law / GauBsches elektrisches Gesetz

oo RRO-dS = [[[ p(R.AV
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Continuity Equations in Integral Form / Kontinuitatsgleichungen in
Integralform

Continuity (Conservation) Equation for Electric Charges in Integral Form /
Kontinuitatsgleichung (Erhaltungsgleichung) der elektrischen Ladungen in
Integralform

. 2028 =~ ]I], R0V

Continuity (Conservation) Equation for Magnetic Charges in Integral Form /
Kontinuitatsgleichung (Erhaltungsgleichung) fiir magnetische Ladungen in
Integralform

@S:Wlm (R.7)-dS = _%J.”V Pm (R, AV

A negative time variation of charge, which means a decrease of charge in the volume 7'is
equal to the total flux of current through the closed surface S.

Eine negative zeitliche Anderung der Ladung, d. h. eine Abnahme der Ladung im Volumen
¥, entspricht dem Gesamtfluss des Stromes durch die geschlossene Oberflache S des
Volumens.
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Maxwell‘s Equations in Integral Form /
Maxwellsche Gleichungen in Integralform

Gauss‘ Electric Law / GauBsches elektrisches Gesetz

<'EBS(t)ZaV(t) D(R,1)-dS = j”[/(;) pe(R,1)dV

Time Dependent Volume / _ Time Dependent Surface /
Zeitabhingiges Volumen V(t) S(t) B aV(t) Zeitabhingige Fliche

dS =ndS
((;Soonq’ﬁ:_))vcl,?ur;eer{ V( 41_1 Closed Surface of the
/J Volume V(@) /
_ geschlossene Oberflache
B € S(Z) - 8V(t) des Volumens V(1)
z
D S(t) =0V (1)

y
X
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Maxwell‘s Equations in Integral Form /
Maxwellsche Gleichungen in Integralform

Faraday‘s Induction Law / Faradaysches Induktionsgesetz

d
Peioas ERD-AR == [ BR,0-dS-[[ J.,(R.0)-dS

Time Dependent Surface / _ Time Dependent Contour /
Zeitabhangige Flache S0 C)=05() Zeitabhangige Kontur

Surface / Flache S C= aS Contour / Kontur

Pory ERD-R =~ [ BRD-aS - [[ 4,,(R.1)-dS

$._ ER.)-dR = —stgﬁ(g,r)@—jjsgm(g,n-@
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Maxwell‘s Equations in Integral Form /
Maxwellsche Gleichungen in Integralform

Faraday‘s Induction Law / Faradaysches Induktionsgesetz
0
P os BR0+dR =—[[ —BR,0)-dS - [[ J,(R,0)-dS
Ampére-Maxwell‘s Circuital Law / Ampére-Maxwellsches Durchflutungsgesetz
0
Pe_os HR.D-dR = [[ —DR.1)+dS + [[ J.(R.1)-dS
Gauss’ Electric Law / GauBsches elektrisches Gesetz
b, ,, DR.0-dS = [[[ p.(R.)dV

Gauss‘ Magnetic Law / GauBsches magnetisches Gesetz

. ., BR.0-as=[[[ pnR.0dV
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Continuity Equation in Integral Form / Kontinuitatsgleichungen in
Integralform

Continuity (Conservation) Equation for Electric Charges in Integral Form /
Kontinuitatsgleichung (Erhaltungsgleichung) der elektrischen Ladungen in
Integralform

#S:aVle (R.7)-dS = _”J.V%Pe(& ndv

Continuity (Conservation) Equation for Magnetic Charges in Integral Form /
Kontinuitatsgleichung (Erhaltungsgleichung) fiir magnetische Ladungen in
Integralform

q‘:JSS:@VJHI(BJ).@ - _J..”.V%pm(gat)dl/

A negative time variation of charge, which means a decrease of charge in the volume 7'is
equal to the total flux through the closed surface S.

Eine negative zeitliche Anderung der Ladung, d. h. eine Abnahme der Ladung im Volumen
¥, entspricht dem Gesamtfluss durch die geschlossene Oberflache S des Volumens.
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Governing Equations in Integral Form / Grundgleichungen in Integralform
Faraday‘s Induction Law / Faradaysches Induktionsgesetz
0
Po_ps ER.O-AR = ([ ZBR.0-aS - [[ 1, (R.)as
Ampére-Maxwell‘s Circuital Law / Ampére-Maxwellsches Durchflutungsgesetz
0
Po_ps HRD-AR = [[ —D(R,0-dS + [[ I (R,1)-dS
Gauss' Electric Law / GauBBsches elektrisches Gesetz
., DR.DdS = [[[ p.(R.)dV

Gauss‘ Magnetic Law / GauBsches magnetisches Gesetz

§f,_., BR.O-aS = [[[ pn R,V

Continuity Equation for Electric Charges / Kontinuitatsgleichung fiir die elektrischer Ladungen
0
J (R, 0)dS =~[[[ —p.(R,0)dV
Ibs_oy I Rod8 =[], —p. R,)
Continuity Equation for Magnetic Charges / Kontinuitatsgleichung fiir die magnetischer Ladungen
0
In(R,00dS =—[[[ — p,(R,0)dV
$hy_oy Im R.0a8 =[] — P R,)
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Different Coordinate Systems /
Verschiedene Koordinatensysteme

e Cartesian (Rectangular) Coordinate System /
Kartesisches Koordinatensystem

e Cylindrical Coordinate System /
Zylinderkoordinatensystem

e Spherical Coordinate System /
Kugelkoordinatensystem

What is the benefit of Different
‘ Coordinate Systems ? / ‘
Was ist der Nutzen von verschiedenen

Koordinatensystemen ?
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Example: Problem Matched Coordinate System /
Beispiel: Problemangepasstes Koordinatensystem

Rotating DC-Motor /
Rotierender Gleichspannungsmotor

DG Mair

¥ [mm]

-8
Campaner : BMOD
n

1 2 W OPERA D

http://helium.ee.tut.fi/Computational_Electromagnetics_files/rot_motor.html

http://helium.ee.tut.fi/p_research ce.htm
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Coordinate Systems / Koordinatensysteme

Cartesian Coordinate System / A
Kartesisches Koordinatensystem

Coordinates /
Koordinaten X,z

Limits/ —00< X <00
Grenzen —0< Y <0
—0<zZ<©

Orthonormal Unit Vectors / ex,gy,gz

Orthonormale Einheitsvektoren
el € Le. L : Perpendicular / Senkrecht

le.He, He. =1

Arbitrary Vector Field / Beliebiges Vektorfeld
AR1)=A, (R1)+A (R1)+A.(R)
=A.(x,y,z,t)e + Ay (x,,z, t)gy +A4,(x,y,z,t)e,
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Position Vector / Ortsvektor (Positionsvektor)

Cartesian Coordinate System / Kartesisches Koordinatensystem

AZ
R=R,(R)+R,(R)+R_(R) R -
=R.(R)e, +R,(R)e, + R (R)e, ze;
=xe +tye, +ze, e ~ >
ve,

Coordinates / Koordinaten X, y,z;

Orthonormal Unit Vectors / gx,gy,gz
Orthonormale Einheitsvektoren

_Oo<x7yaz<oo
€ J-gyj‘gz |§x |:‘§y ‘:|§Z |:1

Scalar Vector Components /
Skalare Vektorkomponenten

Rx(x:y:Z) =X
R,(v.0.5)=y
Rz(xay,Z) =z

Vectorial Vector Components /

R, (R)=R.(x,y,2)e, =xe,
Vektorielle Vektorkomponenten

R, (R)=R,(x,y,2)e, = ye,
R.(R)=R.(x,,2)e, =ze,
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Position Vector and Electric Field Strength Vector /
Ortsvektor und elektrischer Feldstarkevektor

Cartesian Coordinate System / Kartesisches Koordinatensystem

R(x,y,2)=R.(x,y,2)e, + R, (x,y,2)e, + R (x,y,z)e,
=xe +ye, +ze,

Electric Field Strength at the Position:R / Elektrische Feldstdrke am Ort: R
ER,))=E(x,y,2,0) = E.(x,p,2,0)e, + E,(x,y,2,0)e, + E.(x,,2,0)€,

The electric field strength E measured at the
position R and time point t. /

Die elektrische Feldstiarke gemessen am Ort R
zur Zeit t.

xe, Ty
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Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (1)

A-B =|A|[B|cos £(A,B)
e

¢AB
= ABcosg,p
Enclosed Angle / p)
Eingeschlossener Winkel 4B
A-B=B-A
= BAcosdp, cosg,p = A+B
= ABcosg 4B ‘A‘ E‘
) arccos A-B
cos(gp)= cos(~¢4p) - A||B|
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Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (2)

Orthonormal Unit Vectors /

AB=(A4,e +A4,e +A.e_)s(B.e +B,e +B.e
A-B=(4e, y=y z€.)+(Bye, y=y ze.) Orthonormale Einheitsvektoren

=A.B, + A},By + A, B, ) _
Cartesian Coordinates /

Kartesische Koordinaten
A'B=(d4ce, +4,e,+4.¢e)(Bee, +B,e, +B.e,) x=x
=A.B, + AyBy + A.B, y=x
Z:)C3

= (Ax] ey T sz ey, T Ax3 €y, ). (Bxl ey T sz ey, T Bx3 €y )

=A,B, +A B _+A4, B,

= z Ax, Bxi

i=1
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=A.B.e. e +A4.B,e e, +4.B e e e, le, Le
T 7‘ =X =y =z
= =0 =
+A},Bxgy-gx+A},By§y'gy+Aszgy-gZ gx.gle e, ce = gzogx:O
=0 = = !
= = = €€, = gy-gy=1 € €=
+A4.Bye e +4.Bye e +A4.B e e e ee = e se. =0 e e =
T -—,I—a =X =z &y * L2 =z =z
= = z

20




Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (3)

A-B= (Axgx

3 3
= Z Axl- €, 'Zl Bx/ ng
j=

+Aygy +A4.e,)(B,e, +Bygy +B.e,)

Kronecker Delta /

3 3
= Z Z A4, e, .ij e, Kronecker-Delta
i=1 j=1
3 3 L=
= Z Z 4, Y 0 i#j
i=1 j=1
=A. B . with Einstein’s Summation Convention /
X X/' gxi ng . E . h S . k .
k : mit Einsteinscher Summationskonvention
=0;
Eii in‘s Si ion Convention: If a index appears two
times at one side of an equation (and not at the other side), the
index is automatically summed over 1 to 3./
Einsteinsche S konvention: Wenn ein Index auf einer
— » . Seite einer Gleichung zweimal vorkommt (und auf der anderen
Axi B-*j 64/ or/oder Axi 54/ ij nicht), wird dariiber von 1 bis 3 summiert.
=B, =4,
—
:AT/ B-‘/
= Ax,- Bx,»
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Magnitude of a Vector /
Betrag eines Vektors

|A|=A-A |A|=A-A

=J(Ace, +Ase, +A e ) (Ae, +A e, +A )

=|AA e ce, +AA e e, +A A e e,
= =X R
=1 20 =0
tA A e ve, +A Aje ve +A A e v,
N N 7

—
=0 =1 =0

N | —

tA Ace e +AAje ce +A A e ce,
0 1
> — >

= JAALFALA L HACA,

[A2 2 2
= AT +AL+AD

=A

Dr. R. Marklein - EFT | - SS 2003

22




Example: Position Vector and Electric Field Strength Vector /
Beispiel: Ortsvektor und elektrischer Feldstarkevektor

Cartesian Coordinate System / Kartesisches Koordinatensystem

Position Vector /
Ortsvektor

R(x,y,2) =R, (x,y,2)e, +R  (x,y,2)e, +R (x, . 7)€,
=xe +ye,+ze,

Magnitude of the Position Vector (Distance) /
Betrag des Ortsvektor (Abstand)

IR(x,y,2)| = R(x,y,2)*R(x,7,2)

=\/(ng +ye, +zgz)-(x9x +ye, +zgz)
2

= x2+y2+z

Position Unit Vector (Direction) /
Ortseinheitsvektor (Richtung)

Rexrzy - RG22
=PI TR0 2)
xe +ye +ze,

kY XZ +y2 +22
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Electric Field Strength Vector /
Elektrische Feldstéarkevektor

ER,)=E(x,y,2,)
=E.(x,y,z,0e, +E (x,y,z,0)e, +E_(x,y,2,0) e,

Magnitude of the Electric Field Strength Vector
(Strength) / Betrag des elektrische Feldstarkevektors
(Starke)

|[ECx, y,2)| = E(x, 7, 2)* E(x, y,2)

=\/(Ex e +E e +E, 92)-(Ex e, +E e +E; 92)
=\JE2+E2 +E2

Electric Field Strength Unit Vector (Direction) /
Elektrische Feldstérkeeinheitsvektor (Richtung)

E(x,,2)

|E(x, y,2)|
E.e,+E e +E ¢,

[2 g2, g2
Ey+Ej +EZ

E(x,y,2) =

23

Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder auBeres Produkt) (1)

A

16

Surface / Flache

B SAb‘ ’/”
T : Pan ’,”
A
and /
C=AxB CLA q ClB
C = |A|[B|sin Z(A.B) .
e
Pap
=ABsing,p
= Sy

Dr. R. Marklein - EFT | - SS 2003
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Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder auBeres Produkt) (2)

Orthonormal Unit Vectors /
Orthonormale Einheitsvektoren

e.le, Le;
AxB=(4.e, +4,e +4.¢e)x(Be, +Bye, +B.e.)
=A.B.e xe +ABye xe, + 4.8 e xe, e xe. = 0
== >z L xe =0
= = =-e,
& = e Xe, = e,
+ X X X :
A,B.e,xe +A,B e xe +4B e, xe, e xe ——e
A e A e xe =-¢,
=-e, =0 =e,
tABre, xe +4A.Bye xe, + 4,8 ¢, %e, e xe ——e
[ — H—/O y T =x T =z
e - 2
¥ Ex gyxgy_ 0
=(4,B.e, —A.B))e, + (4,B, - A.B,)e, + (4B, - 4,B,)e,
e xXe = ¢
y =z =x
[
AxB=-BxA AxA=0 e.xe, =—€,
e xe,= 0
Dr. R. Marklein - EFT | - SS 2003 25

Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder auBeres Produkt) (2)

e e e Add the first two Columns /
- =y = Addiere die beiden ersten Spalten
AxB=14, 4, 4,
B, B, B /
e, e, el le e
=4, A, A4, |4, Ay
B. B, B, |B, By

= (Asz - Asz )gx
+ (AZBX - Asz)gy
+(A,B, ~ 4,B,)e,
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Coordinate Systems / Koordinatensysteme (3)

Cylindrical Coordinate System /
Zylinderkoordinatensystem

Coordinates / 7 z
Koordinaten ? (0,

Limits/ (0<r<ow
Grenzen 0<p<2r
—0<z<w©

Orthonorma.xl Un.it Vectors / gr((o),g(p((p),gz
Orthonormale Einheitsvektoren

e.(p)Le,(p) Le
" 4 z L : Perpendicular / Senkrecht

¢, (9) =le, ()| =le.| =1

Arbitrary Vector Field / Beliebiges Vektorfeld
A(R1)=A, (R1)+A,(R1)+A, (R

= A, (ro,z,0e,(9)+ 4, 0,208, (9)+ L (r,0,z,0)e,

Dr. R. Marklein - EFT | - SS 2003
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Position Vector / Ortsvektor (Positionsvektor)

Cylindrical Coordinate System / Zylinderkoordinatensystem
AZ

R=R,(R)+R,(R)+R_(R) R se.
=R.(R)e,.(9)+R,(R)e,(9)+R.(R)e,

:rgr(¢)+zgz re, ((p) /—’,,"5

Coordinates / Koordinaten rg,z; 0<r<w,0<p<2r,—0<z<®

Orthonormal Unit Vectors / e,.(p), € (p).e,
Orthonormale Einheitsvektoren
e.(0)Le (o) Le. [e.(p)He,(p)He. =1

Scalar Vector Components / R.(r,p,2)=re.(p)
Skalare Vektorkomponenten R¢(r, 0,2)=0
R.(r.pz)=ze,

Vectorial Vector Components / R, (R)=R.(re.(p)=re.(p)
Vektorielle Vektorkomponenten Bw(g) -0

R (R)=R.(2)e, =ze,

Dr. R. Marklein - EFT | - SS 2003
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Coordinate Systems / Koordinatensysteme (4)

Spherical Coordinate System / 4 A(B, t)
Kugelkoordinatensystem .
Coordinates / R\\ 39,
Koordinaten R, 19’(/) g _Re 5 ;)g( ?)
Limits/ (<R <oo “1
Grenzen g € (9.0) —»
0<p<2rx Pl AT . (") !
e, (¢
¥ 4
Orthonormal Unit Vectors /
Orthonormale Einheitsvektoren €r (3’ (0) €9 (]9’ ¢)) ’g(D (¢))
€r (19, (0) 1 €g (19, ¢) 1 gw (go) L : Perpendicular / Senkrecht

ler (9.0)[Heq(9.0)1He, () =1
Arbitrary Vector Field | Beliebiges Vektorfeld
A(R.1)=Ap(R.1)+Ay(R1)+A, (Ri1)
= AR (R 9, p.0) ez (9,0)+ Ag(R, 9,0,00€4(9,0) + 4, (R, 9,0.0)¢,,(9)
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Position Vector / Ortsvektor (Positionsvektor)

Spherical Coordinate System / Kugelkoordinatensystem
Az

R=R;(R)+R,y(R)+R,,(R)
= Re (R)eg (9,9)+ Ry(R)e4(5.9) P A0
+R,(R)e,(9) |

= Reg(8.9) e I S

Coordinates / Koordinaten R’ 19, ; 0<R< 0, 0<9< 7[;0 < p< 2T

Orthonormal Unit Vectors / e,.e..e
Orthonormale Einheitsvektoren ~R>=3>=¢p

eplegle, [ep[Hegl=e, =1

Scalar Vector Components / RR (R, 199 (0)’ RS(R, 19’ (D),R (R, 19, (0)

Skalare Vektorkomponenten
Vectorial Vector Components / BR R)= RR (R, 3, ¢)§R (G9) = RgR G9)
Vektorielle Vektorkomponenten B,g @) _ ng (R, ,9, @)93 (19, ¢) _ (_)

R,(R)=R,(R,5,p)e,(9)=0
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Notation and Field Quantities / Notation und FeldgroRen

Rank / Tensor of... / Nam o Notation /
ame / Example / Beispiel Symbol / Symbol . .
Rang Tensor des... Name Schreibweise
. . Roman with no
Zeroth Rank / Electric Potential /
n=0 e"ro Ran SSC;;T;/ o kec' r"’h °:" al! I @ Underline / Roman mit
nullten Ranges ektrisches Potential e keinem Unterstrich
: B Bold Face with one
First Rank / Electric Field St th /
n=1 Itrs Ran \</e:l:toorrl Erck:-lf: :,e F |;en--gk E=F.e. Underline / Fett mit
ersten Ranges ektrische Feldstarke = ii einem Unterstrich
Second Rank / Dyad / Electric Permittivity Tensor / Bold F_ace with twc?
n=2 iten R Dyade Elektrischer €= gi,e’_ e. Underlines / Fett mit
Zweiten Ranges Permittivititstensor = vy 2zwei Unterstrichen
Third Rank / Triad / Piezoelef:tric Coug?ling Tensor / Bold.Face with th_ree .
n=3 dri R Triade Piezoelektrischer g = di'k gig/. Qk Underlines / Fett mit drei
ritten Ranges Koppeltensor = v ’ Unterstrichen
: : Bold Face with four
Fi h Rank El ff T =
n=4 Fourth Rank /| Tetrad / astic Stiffness Tensor / €=Ci€i€;€r€ | Underlines / Fett mit vier
vierten Ranges Tetrade Elastischer Steifigkeitstensor = Unterstrichen
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Coordinate Systems / Koordinatensysteme
Notation and Field Quantities / Notation und FeldgroBen

Vector / Vektor:
Electric Field Strength / Elektrische Feldstérke

E(R()=E, (R)+E, (R)+E, (R1)

=E,(x,y,z.0)e, +E (x,y,z,0e, +E_(x,y,2,0)e,

3
= ZEx, (X2, 33,08,
i

=Exi(x],x2,x3,t)gxi
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Dyad / Dyade:
Permittivity Dyad / Permittivitatsdyade

eRo)=¢ (Ri)+e (Ri)+e (Ri)

=e.(r.y.z.0e e, +Eg (L p,z0)e €, +E (X, ),2,0)e €.

te(ny,z0)e, e +6,(x.z,0e, e, +6,(x,3,2,0)e,€,

£y Ex

te,(xy.z.0e e +e,(x,y,z.0e e, +&.(x,y,2,0)e. e,

33
zzé‘w/ (% :x2:x3,t)§xi &,

i=l j=1

= Ex,-xj (xl=x2’x3’t)9xi ng
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. . 42
Coordinates of Different
Coordinate Systems /
Koordinaten verschiedenen R A
Koordinatensystemen 4 |
. AR - ! ,,—""y
Transformation Table / — /w
Umrechnungstabelle -
Cartesian Coordinates / Cylindrical Coordinates / Spherical Coordinates /
Kartesische Koordinaten Zylinderkoordinaten Kugelkoordinaten
x rcosg Rsin 3cos
y rsing Rsin 3sing
z z Rcos
wy r Rsin $
arctan 2 4 4
~ * z Rcos §
sz +y 4z’ I X
arctan 24y arctan’; 9
z z
, 4
arctan £ 4
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Examples / Beispiele

1. Formulate x as a function of the cylinder and spherical coordinates. /
Formuliere x als Funktion der Zylinder- und Kugelkoordinaten.

x=rcosp = Rsin%cos @

2. Formulate r as a function of the Cartesian and spherical coordinates. /
Formuliere r als Funktion der Kartesischen und Kugelkoordinaten.

r=+x"+y> =Rsin g

3. Formulate x*+y* as a function of the cylinder coordinates. /
Formuliere /x> 1,2 als Funktion der Zylinderkoordinaten.

\/x2 +y° = \/(r cos@)’ +(rsing)’ =r |cos’p+sin* @ =r
_;,]—_—/
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Scalar Vector Components in Different Coordinate Systems /
Skalare Vektorkomponenten in verschiedenen Koordinatensystemen

Transformation Table / Umrechnungstabelle

Cartesian Coordinates /
Kartesische Koordinaten

Cylindrical Coordinates /
Zylinderkoordinaten

Spherical Coordinates /
Kugelkoordinaten

A=Ade +Ae +4e,

A=4de + de,+4e.

A=Agep+ Ageg+ Ae,

A, A, cosp—4,sing Apsingcos @+ 4, cos cosp— 4, sing
A, A,sinp+4,cosp A sindsin g+ 4, cos Isinp + 4, cos p
A, A Ay cos3—A4,sin 9
A cosp+ 4, sing A, Ay sin G+ A4, cos 3
—A, sing+ 4, cosp 4, 4,
A, A, A, cos §—A4,sin 3
A, sindcosp+ A, singsing + 4, cos 9 A sin 9+ 4. cos 3 A,
A, cosGcosp+ A4, cosIsing -4 sing A, cos 3—A_sin 9 A4,
— A sinp+ A4 cosp 4, A

P
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Example: Coordinate Transformation of the Position Vector /
Beispiel: Koordinatentransformation des Ortsvektor

Position Vector in the Cartesian Coordinate System /
Ortsvektor im Kartesischen Koordinatensystem

R= x e+ ¥ g+ z ¢
Rx(x,y,z) Ry(x,y,z) Rz(x,y,z)

Transformation of the Coordinates /
Transformation der Koordinaten

RX(V,(D,Z):X(}’,(D,Z) =rCcosQ
R, (r,p,2) = y(r,p,2) =rsing
Rz(r7¢’z) :Z(F,Q,Z) =z

Transformation of the Scalar Vector Components /
Transformation der skalaren Vektorkomponenten

R (r,p,z,R,R,R)= R cosp+R sing
R,(r,¢,z,R,R ,R.)=-R sinp+R cosp
R.(r,¢.z,R.,R,R)= R,
R = rcospcosp+rsingsing

2 )
= r(cos” @+sin” @) =r
[ .
=l
R, =—rcospsing+rsingcosp
=0

R = R,
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Position Vector in the Cylinder Coordinate System /
Ortsvektor im Zylinderkoordinatensystem

B(rs¢>y7Rr=R(p=Rz)
=R.(r,0,7)e.(9)+ R, (r.0.¥)e, (@) +R. (r,0,7)e,

Position Vector in the Cartesian Coordinate System as a
Function of Cylinder Coordinates /

?

Ortsvektor im Kartesischen Koordinatensystem als Funktion der

Zylinderkoordinaten

R=rcospe, + rsing e+ z e
— —

& 2z
/ R(rpz)  R(re2)

R (r.p.2)

Position Vector in the Cylinder Coordinate System /
Ortsvektor im Zylinderkoordinatensystem

R=re(p+ze,

R, R,
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End of 2nd Lecture /
Ende der 2. Vorlesung




