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Math: Requirements & Recommendations /
Mathe: Voraussetzungen & Empfehlungen

Analysis / Analysis
Vector Analysis / Vektoranalysis
Algebra / Algebra
Differential Geometry / Differentialgeometrie
Differential Equations / Differentialgleichungen

Special Functions / Spezielle Funktionen

Integral Transforms / Integraltransformationen

Prof. Dr. rer. nat. Karl-Jérg Langenberg

Mathematical Foundation of Electromagnetic Field Theory | & Il /
Mathematische Grundlagen der Elektromagnetischen Feldtheorie | & Il
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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 the Use of a Problem Matched
Coordinate Systems ? /
Was ist der Nutzen der Verwendung eines problemangepassten
Koordinatensystemen ?

. B

(Easier) Solution of the Problem under Concern! /
(Einfachere) L6sung des betrachteten Problems?
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Position Vector / Ortsvektor (Positionsvektor)

Cartesian Coordinate System / Kartesisches Koordinatensystem
.

R=R,R)+R (R)+R (R)

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

=xe, t+ye, +z€,

Coordinates / Koordinaten V.2, —oo<X,y,7<00

Orthonormal Unit Vectors /| e

. . —x’gy ’gz
Orthonormale Einheitsvektoren

e, Lgy le, le, |=|§y He, I=1
Scalar Vector Components / R (x,y,2)=x
Skalare Vektorkomponenten
R, (x,y,2)=y
R, (x,y,2)=12
Vectorial Vector Components /| R (R)=R.(x,y,z7)e. =xe
Vektorielle Vektorkomponenten R(R)=R,(x.y.2)e, =xe,
R, (R)=R,(x,y,2)e, =ye,
R.(R)=R,(x,y,2)e, =ze,
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Field Vector / Feldvektor

Cartesian Coordinate System /
Kartesisches Koordinatensystem

Coordinates /

Koordinaten X ¥,2
Limits /| —°o<x<oo
Grenzen —oo<y<oo
—o00 < Z < oo

Orthonormal Unit Vectors / ¢

| Uni €:-€y.€,
Orthonormale Einheitsvektoren

e le, Le,

L : Perpendicular / Senkrecht

le, I=|gy He, I=1

Arbitrary Vector Field / Beliebiges Vektorfeld

A(R)=A, (R)+A (R)+A, (R)

=A(xy,2)e +A (x,y,2)e, +A (X, y,2)e,
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Notation and Field Quantities / Notation und FeldgréRen

Vector / Vektor:
Electric Field Strength / Elektrische Feldstarke

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

3 Vector Components /
3 Vektorkomponenten

=E, (x,y.z.0e, +E (x. y,z.0)e, +E (x,y,z.1)e,

mit {x,y,z}={x,%,x%)}

3
=ZE,\-‘ (X1,x2,x3,t)§x’.
i=l

=E’9 (xl,xz,xyt)gxl

Dyad / Dyade:
Permittivity Dyad / Permittivitdtsdyade
e(Ri)=¢ (Ri)+e (Ri)+e (Ry)

=xx
E (R.1) +E, (R.7) +E, (R.7)

+& (B,z)+§jy(g,z)+§_q(g,z)

=

9 Dyadic Components /
9 dyadische Komponenten

=£,(xy.z0e.8, +&,(x,y,z.0e.e, +& (x,y.z,0e €,
ey (x,y, e, e +E, (v ), z.1)e e, +€, (X, ), 2.0 €,

+e,(ny.z.0e e +&,(xy,z.0e e, +€.(xy,2,0)e e,

mit {x,y,z} ={x,x,%}

3 3
Zzg)q«\'/ (X1,x2,x3,t)§x’. ng

i=l =1

= ‘c"x,xj (xl’x2’x3’t)gx‘ gx/

with Einstein’s Summation Convention / mit Einsteinscher Summationskonvention

Einstein‘s Summation 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 Summenkonvention: Wenn ein Index auf einer Seite einer Gleichung zweimal vorkommt (und auf der anderen nicht), wird dariiber von 1 bis 3 summiert.

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3




Position Vector / Ortsvektor (Positionsvektor)

Cylindrical Coordinate System / Zylinderkoordinatensystem

AZ

R=R,[R)+R,(R)+R_ (R) R
=R, (R)e, (9)+R,(R)e,(9)+R (R)e,

:rgr(¢)+zgz /@ ------- - .g.f_f(p) ——"/’//5
X

Coordinates / Koordinaten  r ¢, 7; 0<r<oo,0< Q< 27, —00<z7< 0

Orthonormal Unit Vectors / €, (¢),§¢(¢),§Z
Orthonormale Einheitsvektoren
e.(p) Le,(p) Le, le(p)He,(p)He, =1

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

Vectorial Vector Components / R,(R)=R.(re. (@) =re.(9)
Vektorielle Vektorkomponenten
R,(R)=0

R (R)=R (2)e, =ze,
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Field Vector / Feldvektor

Cylindrical Coordinate System /
Zylinderkoordinatensystem

Coordinates /
Koordinaten r9.z

Limits /| 0<r<oo
Grenzen (< o< 2T
—oo L 7< 0

Orthonormal Unit Vectors /| ¢ ,e e
Orthonormale Einheitsvektoren & (@) _,/,((P) -z
¢, Le,@ Le,

L : Perpendicular / Senkrecht
e, (@) =le, (@) =[e.|=1

Arbitrary Vector Field / Beliebiges Vektorfeld
A(R)=A,(R)+A,(R)+A_(R)
= A, (r,p,20e, (9)+A,(r.p.2)e,(9) + A. (.9, 2)e,
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Position Vector / Ortsvektor (Positionsvektor)

Spherical Coordinate System / Kugelkoordinatensystem
Az

R=R;(R)+Ry(R)+R,(R) e

= Rg(R)ex (8,9) + Ry(R)e (8, 9) Tey (0.0)
+R,(R)e, (9) §

=Rep(4,0) . ‘2 /7-4 T

Coordinates / Koordinaten R ,9 o, O0<R<o 050 o< 27T

Orthonormal Unit Vectors / €,.6..e
Orthonormale Einheitsvektoren =R>=>Z¢

e, Lley J_gq, lep IHey I=|g¢ =1
Scalar Vector Components / RR(R 19¢) Rﬂ(R 19¢) R (R 19¢)
9 9 9 9 b 9 ¢ 9 b

Skalare Vektorkomponenten

Vectorial Vector Components /| Rp(R) =R (R, D, p)e, (8, ¢) = Rex (4, ¢)
Vektorielle Vektork
ektorielle Vektorkomponenten R, (R) = Ry(R. 2. 0)e ,(8. ) =0

R,(R. . 0)e,(¢)=0
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Field Vector / Feldvektor

Spherical Coordinate System / 4c A(R)
Kugelkoordinatensystem -
Coordinates / R‘ p
Koordinaten R, 0,0 ) _R b ;)Z’ (%.9)
Limits /| ()< R < oo 1
Grenzen 0<d<r € (2.0) >
0<p<2r P AT Ly
e, ()
X
Orthonormal Unit Vectors /
Orthonormale Einheitsvektoren €r (19’ (0) € (19’ (0) ’9‘/’ (¢)
€p (19, (0) 1 €y (19, ¢) 1 §¢ ((0) L : Perpendicular / Senkrecht

leg (0, 0) Hey(D.0)He, () =1
Arbitrary Vector Field / Beliebiges Vektorfeld
A(R.1)=Ag (R)+A»(R)+A,(R)
=Ap(R. 0, 0)eg (8, 0)+ Ay(R, 8. 9)ey(8.0)+ A, (R, 5. p)e, (¢)
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Cartesian Coordinate System: Coordinate Surfaces, Unit
Vectors, Surface Elements and Volume Element /
Kartesischen Koordinatensystemen: Koordinatenflachen,
Einheitsvektoren, Flaichenelemente und Volumenelement

Z Z

4.«‘ \
?/:COHSt. dsxy
£t )/i l
X, ¥,2 | | >
€ | ;,”’ {iSyzg :
/ ' I
AN 7 :/! #

1

i

-~ _ ]
. | I /| |

—— e | >
- |
; v, v dx
— £
y = const. dy
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Cylindrical Coordinate System: Coordinate surfaces, Unit
Vectors, Surface Elements and Volume Element /
Zylinderkoordinatensystem: Koordinatenflachen,

Einheitsvektoren, Flaichenelemente und Volumenelement

34 Z‘

Z =const.

d

dr

@ =const.
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SprieriCdl CLoordindtie Systielr. COordinate surraces, Urmit
Vectors, Surface Elements and Volume Element /
Kugelkoordinatensystem: Koordinatenflachen,

Einheitsvektoren, Flaichenelemente und Volumenelement
z
[

R = const.

1} =const.
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dr

=

Rsindde

Metric Coefficients and Vector Differential Line Elements /

Metrische Koeffizienten und vektorielle differentielle Linienelemente

Spherical Coordinate System /
Kugelkoordinatensystem

Cartesian Coordinate System /
Kartesisches Koordinatensystem

Cylindrical Coordinate System /
Zylinderkoordinatensystem

he=1, hy=1h =1 h=1, hy=r, h =1 hg=1, hy=R, h,=Rsin®
dR, =sdR dR, =sdR dR, =sdR
:gxh\,dx =grh,.dr =§RhRdR
=€ :g)‘dr :ngR
dR, =sdR dR, =sdR dR; =sdR
—g},h}.dy =e(/,h,/,d¢ =eyhydd
=e),dy :g¢rd¢ =eyRdD
dR. =ndR dR, =sdR dR, =sdR
=e h,dz =e h,dz =e,h,dg
=e_ dz =e dz =e, Rsinddg
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Metric Coefficients and Differential Volume and Surface Elements /
Metrische Koeffizienten und differentielle Volumen- und Flichenelemente

Spherical Coordinate System /
Kugelkoordinatensystem

Cartesian Coordinate System /
Kartesisches Koordinatensystem

Cylindrical Coordinate System /
Zylinderkoordinatensystem

he=1 hy=1 h =1
dV =h,dvh, dyh, dz

h. =1,

-

h

" h, =1

= r’ <

dV =h, drh,dgh, dz

hg=1. hy=R, h,=Rsin®

dV =hy dRhy dBh, d

=hy hy h, dxdydz = h, hyh_ drdgdy = g hyh, dRddg
=dedrdz =rdrdpdz = R?sin8dRdddg
dS, =nds dS, =ndS dS,, =nds
=(e, xe )h, i dydz =(e,xe,) i, h. dodz =(eyxe,) hyh,ddde
—e_dy -
e, dydz =e, rdydz :gRstinﬂdﬂd(p
a5, =nds dS,, =nds ds,, =nds
=(e, xe ) h dxdz =(e,xe )h. h drdz o
4 4 £ 2% )M 1y =(e,xep)hg h,dRd
=e, dxdz =g¢drdz ? ,R "7 4
’ =e, RsinddRdg
dS,, =ndS ds,,=nds
? B - dS;, =ndS
=(e,xey)h hy dxdy =(e, xe,)h, hydrde = (e xey) hy Iy dRAD
= =1
=e dxdy =e_ rdrdg =e,RARdD
< =0
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Coordinates of Different )
Coordinate Systems /
Koordinaten verschiedenen 5 R A
Koordinatensystemen i
Transformation Table / 0 / o
Umrechnungstabelle 1
X
Cartesian Coordinates / Cylindrical Coordinates / Spherical Coordinates /
Kartesische Koordinaten Zylinderkoordinaten Kugelkoordinaten
x reosg Rsindcos @
y rsing Rsin &sin @
z z Rcos??
vty r Rsin®
arctan @ 4
. * z Rcos?
\/xz+y:+z: )
— e R
arctan g arctan g 4
! < < ¢
arctanl ¢
X
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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 =rcos@ = Rsindcos¢@

2. Formulate ras a function of the Cartesian and spherical coordinates.
/ Formuliere rals Funktion der Kartesischen und Kugelkoordinaten.

r=4x>+y’ =Rsin®

3. Formulate /»*+y* as a function of the cylinder coordinates. /
Formuliere [\ als Funktion der Zylinderkoordinaten.

\/)c2 +y2 =\/(rcosg0)2+(rsin (p)2 =r cosz(p+sin2g0 =r

=1
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Scalar Vector Components in Different Coordinate Systems /
Skalare Vektorkomponenten in verschiedenen Koordinatensystemen

Transformation Table / Umrechnungstabelle

Cartesian Coordinates / Cylindrical Coordinates / Spherical Coordinates /
Kartesische Koordinaten Zylinderkoordinaten Kugelkoordinaten
A=Ae +Ae +Ae, A:Arg,+A¢,g¢,+AZ§ez A=Age,t+ Aje,+ Ase,
A, A cosgp—A,sing Agsindcos @+ A, cosIcos@p— A, sing
A, A sing+A,cosp A sinIsin @+ A, cos Isinp+ A, cos @
A A Agcos— Ay sind?
A, cos@+A sing A, Ag sin 9+ A, cos ¥
—A sing+A cos@ A, A,
A, A Apcosd—A,sindd
A, sindcos @+ A sindsinp+ A, cos A, sind+ A_cos & Ap
A, cosicos @+ A cos Isin ¢ — A_sin ¥ A cos¥-A_sind A,
— A singp+A cos@ A, A,
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Example: Coordinate Transformation of the Position Vector /
Beispiel: Koordinatentransformation des Ortsvektor

Position Vector in the Cartesian Coordinate System / Position Vector in the Cylinder Coordinate System / ?
Ortsvektor im Kartesischen Koordinatensystem Ortsvektor im Zylinderkoordinatensystem B
R= x e+ y e+ 2z e R(r.9.y.R,.R,.R,)

&
R(xyz) R (xyz R (x.y.2)

" (00:) =R, (1.0.5)€,(9)+ Ry (r.0.Y)e, (@) + R, (1.0, y)e

. " 4 (%] z
Transformation of the Coordinates /
Transformation der Koordinaten Position Vector in the Cartesian Coordinate System as a
— — Function of Cylinder Coordinates /

gx(r,w,z) _x(r, $.2) _rCQS(p Ortsvektor im Kartesischen Koordinatensystem als Funktion der

y (r,@,2) = y(r,@,2) =rsing Zylinderkoordinaten
R (rp.0)=zr,@g,0)=z2

B:rcos(pgx+rsm(pgy+ z e
— —

Transformation of the Scalar Vector Components / R.(r.9,2) R,(r.9.2) R,(r.p.2)
Transformation der skalaren Vektorkomponenten / * Y

R(r,¢,z,R,R,R)= R._cos@p+R sing
R,(r,¢,z,R,R ,R)=—R sin@+R cosp
R.(r,¢,z,R,R,R)= R

R = rcos@cos@+rsin@sing Position Vector in the Cylinder Coordinate System /
r . N .
Ortsvektor in dem Zylinderkoordinatensystem

2 .2
= r(cos” @+sin” @)=r
—_— =
3 . R=re.(p+ze,
—rcos @sin @+ rsin ¢ cos ¢ R, R,
0

R

9

R= R
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Faraday'‘s Induction Law in Integral Form /
Faradaysches Induktionsgesetz in Integralform (1)

Faraday‘s Induction Law / Faradaysches Induktionsgesetz

d
gSC(t)zaS(,)E@,r)-@——E js(,)ﬁ(g,w-@—jjs(,)im@,r)-@

Time Dependent Surface / _ Time Dependent Contour /
Zeitabhangige Flache S C@)=9S) Zeitabhdngige Kontur
Rotating loop S(t)

Constant magnetic field: B, -
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Faraday'‘s Induction Law in Integral Form /
Faradaysches Induktionsgesetz in Integralform (2)

Faraday'‘s Induction Law / Faradaysches Induktionsgesetz

d
9Sc<,):as(,)E(B’ 1)+dR = _Eﬂsu)ﬁ(g’ 1)+dS — .US(;)lm (R,1)-dS

Feasi 1R [m] Closed Contour Integral / Geschlossenes Kurvenintegral
E(R’ t) [V/m] Electric Field Strength / Elektrische Feldstarke
Vectorial Differential Line Element / Vektorielles differentielles
dR (m] Linienelement

Scalar Product of E and dR = tangential projection of E onto dR /
I_*:(_R’ t)'@ ™ Skalarprodukt von E auf dR = Tangentialprojektion von E auf dR

Vectorial Differential Line Element /
Vektorielles differentielles
Linienelement N dR =s dR

/

Tangential Unit Vector / Scalar Differential Line Element / Skalares
Tangentialer Einheitsvektor differentielles Linienelement
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Different Products / Verschiedene Produkte

Scalar Product / Skalarprodukt C=AB

Vector Product / Vektorprodukt

Dyadic Product / Dyadisches Produkt C=A B
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Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (1)

A-B =|A||B|cos Z(A.B)
=
Pan
= ABcos@,p

Enclosed Angle / P
Eingeschlossener Winkel AB

A-B=B-A
= BAcos@g,
= ABcos¢,p

cos(Pap )= cos(—@,5)

=Bcos@,p

A

cos gy =

Oap = arccos[

=

>

B

B

> |1
=]
—_

23
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=1 -0
=0 =1

=0 -0
=AB,+A,B, +A_B,

=AB, +AB, +AB,

X £X)

= AX] Bx] + sz sz + Ax3 Bx3
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=AB, e, -e, +AXB), e, e, +A.B. e, e,
—_— — —_—

+AB.e ce +A B e e +ABe, e

— — —

+AB.e e, +A B e e +AB e e

—_— — —_—
A-B=(Ae, +Aje, +Ae ) (Bce, +Bye +B,

=(A e +Ax2 e, +Ax3 gx})-(Bx] e, +Bx2 (3% +B L5,

A-B=(Ae, +Aje, +Ae ) (B, +Be +Be)

=0

=0

=1

)

X3 €

Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (2)

Orthonormal Unit Vectors /
Orthonormale Einheitsvektoren

e Le, Le
ecce.=1 e e = e e, =0
€. ¢ = e e =1 €, €=
e e = e e =0 e e =

Cartesian Coordinates /
Kartesische Koordinaten

X=X
y=x
z=x

24
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Scalar Product (Dot or Inner Product) /
Skalarprodukt (Punktprodukt oder inneres Produkt) (3)

A:-B=(Ae +Ae +Ae ) (Be, +Be +Be)

3 3 Kronecker Delta /
— Z Z Axi e, 'Bxf gx/ Kronecker-Delta
i=1 j=1 ’
33 5. = L i=j
=22 AB e e, P70 %
i=1 j=1 —
=5,
=A.B, e, e with Einstein’s Summation Convention /
R A ) mit Einsteinscher Summationskonvention
=5,
ij
Eil in‘s St jon Ce jon: 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. /
Ei he S k jomm. Wenn ein Index auf einer
_ Seite einer Gleichung zweimal vorkommt (und auf der
- AXi ij 51/ or/oder A 51'/' BX,,‘ anderen nicht), wird dariiber von 1 bis 3 summiert.
=A
=B, Ny
=A, B,
7o
=A B,
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Magnitude of a Vector /
Betrag eines Vektors

=J(Ace, TAe +A e ) (A, +Aye +A,

AA e ce, +AA e ce +A A € e
fua—"1 ——— —_
=1 =0 =0
tA A e ce A A e ce TAA € e,
[— —

—
=0 =1 =

—_

2
tAA e e, tAA € e TAA L, cE;
= = S
> % >
= JAALFAA FA A,
2 2 2
= JAZ+AZ+A?

=A
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Example: Position Vector and Electric Field Strength Vector /
Beispiel: Ortsvektor und elektrischer Feldstarkevektor
Cartesian Coordinate System / Kartesisches Koordinatensystem

Position Vector / Electric Field Strength Vector /
Ortsvektor Elektrische Feldstarkevektor

R(x,y,2) =R (x,y,2)€, +R  (x,y,2)e, +R (%, y, 2)e, ER,)=E(x,y,z,1)
=xe, tye, +ze, =E. (x,y,z.0e, +E (x,y,z,0)e, +E_(x,y,z.0)e,

Magnitude of the Electric Field Strength Vector

Magnitude of the Position Vector (Distance) / (Strength) / Betrag des elektrische Feldstirkevektors

Betrag des Ortsvektor (Abstand)

(Stirke)
[R(x,y,2)| =yR(x,y,2)*R(x,y,2) [E(x, ,2)|=yE(, y,2)+E(x, y,2)
:\/(xgx +ye, +ze, )'(’@x +ye, +ng) :\/(EX e, +Ey9v +E, 9:)‘(Ex9x +E), e, +E, 9:)
= +yP 4+ =E}+E} +E]
Position Unit Vector (Direction) / Electric Field Strength Unit Vector (Direction) /
Ortseinheitsvektor (Richtung) Elektrische Feldstarkeeinheitsvektor (Richtung)
R R N E(x,y,z
Rexy,0) = So22) Bx 0 = 282D
IR(x, y.2)| [E(x. y.2)|
xe +ye, +ze, _EX9X+E},§y+EZ§Z
e e e
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Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder duReres Produkt) (1)

A
c Surface / Flache
B
) Pas
and /
C=AxB cla ' ClB
C =|A||B|sin £(A,B) u
—==
(Y]
=ABsing,p
= Sap
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Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder duReres Produkt) (2)

Orthonormal Unit Vectors /
Orthonormale Einheitsvektoren

e le le
AxB=(Ae, +Aje, +Ae )x(B.e, +Bye, +Be)
=A.B.e xe, +AB e xe, +AB e xe, e xe = 0
\ﬂ,—/o ) —— =X =X -
= = =-e,
€, =y e xe = e
+A},BX e, xe, +A},B), e, xe, + A},BZ e, xe, e xe ——e
R 22 2= e, xe, =-¢,
=—e, =0 =e,
+A.B.e xe . +AB, e, xe, + A,B,e, xe,
z y &z 1€ %8, e, xe, =—¢
=€y =—e, =
’ e, xe = 0
=(AyB.e,—AB)e, + (AB, —AB e, +(AB, - A,B,)e,
e xe = e,
e xe. = €
AxB=-BxA AxA=0 € X€y =%,
e xe =0
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Vector Product (Cross or Outer Product) /
Vektorprodukt (Kreuzprodukt oder duferes Produkt) (3)

Add the first two Columns /
< Addiere die beiden ersten Spalten

[
e

Sarrus Law /
Regel von Sarrus
[Pierre Frédéric Sarrus, 1831]
http://de.wikipedia.org/wiki/Regel_von_Sarrus

=(A,B,—A.B)e,
+(A,B,—A,B,)e
+(AB, —A,B,)e.

y
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Dyadic Product /
Dyadisches Produkt

=

[
&=
I
M-
S
I:]
=
M
o]
\>—‘
I:]
=

Il
~
Il

Il
.M"’

i
M-
2
I

=
joo]
=
1)
&

TR
> >
|
&
o
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Electrostatic (ES) Fields / Elektrostatische (ES) Felder

Maxwell’s Equations

— T,

Time Varying

Time Constant

Fields Fields
a a

- ) — =10
17" o0 ="

T~

Rapidly Time
Varying Fields

Slowly Time
Varying Fields

l

m_, m_,
at * at -

Electro-
magnetic
(EM)
Fields

Electro- Magneto- Stationary Electro-
quasi- quasi- Current static
static static (SS) (ES)
(EQS) (MQS) Fields Fields
Fields Fields ———

Dr.-Ing. René Marklein - EFT | - WS 05/06 - Lecture 4 / Vorlesung 4

Magneto-
static
(MS)
Fields
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Electrostatic Field Problem - Example: Parallel Plate Capacitor /
Elektrostatisches Feldproblem - Beispiel: Paralleler Plattenkondensator

Scalar Field: Electrostatic Potential / Vector Field: Electrostatic Field Strength /
Skalarfeld: Elektrostatisches Potenzial Vektorfeld: Elektrostatische Feldstirke

csT

’
’
\
\
~
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Electrostatic (ES) Fields - Governing Equations /
Elektrostatische (ES) Felder - Grundgleichungen

Electrostatic / 0 _ No Time Dependence and No Magnetic Field Quantities /
Elektrostatik 5 = Keine Zeitabhdngigkeit und keine magnetischen FeldgroRen

E(R): Electric Field Strength / Elektrische Feldstirke
D(R): Electric Flux Density / Elektrische Flussdichte
p.(R): Electric Charge Density / Elektrische Raumladungsdichte

Integral Form / Differential Form /
Integralform Differentialform
— $._, E®)«dR =0 VXER)=0
— {b,_,, D®)-ds = [[[ p.(R)aV V-D(R) = p(R)
Curl-Free E-Field /
» Rotationsfreies E-Feld <
Divergence of D Represents Electric Charge Density /

Quellstarke von D entspricht der elektrischen Raumladungsdichte

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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Electrostatic (ES) Fields - Governing Equations /
Elektrostatische (ES) Felder - Grundgleichungen

Integral Form / Integralform

$._, E®)+dR =0 E(R) [V/m = Newton /Coulomb = N/C]
DR) [As/m’]
3
., DR)-dS=[[[ p.R)aV Pe(R) [As/m”]
= Qe

Vacuum / Vakuum
DR)=¢ER)

t Electric Field Constant / Elektrische Feldkonstante
(IEEE, VDE)
Permittivity of Free Space / Permittivitit des Freiraumes

Differential Form / .
Differentialform Material i
! ! Side Remark: In some Cases / - -
I " Air / Luft 1.006
Nebenbemerkung: In einigen Féllen .
VxER)=0 Paper / Papier 2.4
V'D(B) - pe(g) ]_)(B) = gOgrE(B) Wet Earth / Nasse Erde 5..15
Gallium Arsenide / Gallium Arsenid 13

Seawater / Seewasser 70
Permittivity /

Permittivitat

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3 35

ES Fields - Electric Points Charge and Electric Field Strength - Coulomb’s Law /
ES Felder - Elektrische Punktladung und elektrische Feldstiarke - Coulombsches Gesetz

Coulomb’s Law / Coulombsches Gesetz
Charles Augustin de Coulomb (1736 - 1806)

1 0"o® ~ MR
F(R)=———""R N R
F(R) 4rte R122 R [ ] e 12

Force /

Kraft

Electric Point Charge / )

Elektrische Punktladung

Electric Point Charge / @)
Elektrische PunktLadung

Distance / E

Abstand

Distance Unit Vector /

1=

:% [] R=[R[=JR-R [m]

=
B
=

=

1 R =xe, +ye, +ze,

Abstandseinheitsvektor

Permittivity of Free-Space / . R=,R-R = \/xz +y?+ 2

[As/Vm]

Permittivitit des Freiraumes ~  xe_+ye. +ze
€y Sy ¢,
Re————= (v.9)
VX +y +z
Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3 36
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ES Fields - Electric Charge and Electric Field Strength - Coulomb’s Law /
ES Felder - Elektrische Ladung und elektrische Feldstiarke - Coulombsches Gesetz

(2) Electric Test Charge /
Q. Elektrische Testladung

Electric Field Strength: Force Per Unit Charge /
Elektrische Feldstarke: Kraft pro Einheitsladung

F(R -
E(g):*((;)) =——R [N/C or V/m] -
N 47meR o - N
A
Electric Field Strength / . N Electric Test
ER V/m 4 F(R
Elektische Feldstirke ER) I ! / Radial Field / E(B) = 7(5) E|Zi;?iesc/he
, ]
Force / R [N , Radialfeld « O ', Testladung
1
Kraft - !
Electric Charge / !
) [As] |
Elektrische Ladung ¢ '
Electric Test Charge / po) [As] \
Elektrische Testladung ¢ \
Distance / \
R [m] \
Abstand N ,
Distance Unit Vector / ~ AN P
S R [1] N ,
Abstandseinheitsvektor S s

Permittivity of Free-Space /
& [As/Vm]
37

Permittivitit des Freiraumes

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3

ES Fields - Electric Charge and Electric Field Strength - Coulomb’s Law /
ES Felder - Elektrische Ladung und elektrische Feldstiarke - Coulombsches Gesetz

Electric Field Strength: Force Per Unit Charge /
Elektrische Feldstarke: Kraft pro Einheitsladung

E(B):%E:AB [V/m]
AmeR 47eR

R = RR
Radial Field /
Radialfeld 4\
Electric Field Strength / I b
4 . ER) [V/m] w
Elektische Feldstirke N 1 /
Electric Charge / 0 (As] <« Qe /R E(R) 0. R
. s [R— R)= R
Eleki;sche La/dung ¢ , AneR>
istance 7 R
R m 0
Abstand (ml XK o = 4”;R R
Distance Unit Vector / ~ *
R (11

Abstandseinheitsvektor
Permittivity of Free-Space /
o i £ [As/Vm]
Permittivitit des Freiraumes

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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Electrostatic (ES) Fields - Governing Equations /
Elektrostatische (ES) Felder - Grundgleichungen

Electrostatic / d =0 No Time Dependence and No Magnetic Field Quantities /
Elektrostatik 5 = Keine Zeitabhdngigkeit und keine magnetischen FeldgroRen

E(R): Electric Field Strength / Elektrische Feldstéarke
D(R): Electric Flux Density / Elektrische Flussdichte
p.(R): Electric Charge Density / Elektrische Raumladungsdichte

Integral Form / Differential Form /
Integralform Differentialform
— $o E®)«dR =0 VXER) =0
— {b,_,, D®)-ds = [[[ p.(R)aV V-DR) = p(R)
Curl-Free E-Field /
» Rotationsfreies E-Feld <t
Divergence of D Represents Electric Charge Density /

Quellstarke von D entspricht der elektrischen Raumladungsdichte

|

Method of Gauss’ Electric Law /
Methode des GauRschen elektrischen Gesetzes
Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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ES Fields - Method of Electric Gauss’ Law /
ES-Felder - Methode des elektrischen GauRschen Gesetzes

Source Distribution / Quellverteilung

#0 Re Vs E(R)

pc(R):{:O B¢Vs

C=28 Integration Contour /

/ Integrationskontur

Source Volume /
Quellvolumen 1%
N

Py ER)+-dR =0

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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ES Fields - Method of Electric Gauss’ Law /
ES-Felder - Methode des elektrischen GauRBschen Gesetzes

Source Volume /
Source Distribution / Quellverteilung Integration Volume
Quellvolumen V, g9 /

Integrationsvolumen

#0 ReV;
Pe®)=1" Ly 'Y v
= s
v.=gb,_, DR)-ds =[] p.(R)AV -

_ Q Total Electric Charge in V /
€ Elektrische Gesamtladung in V

D(R)-dS = D(R)-nds

=
D,(R)
om0 = [ pwa
y_y, DR) +nds Q.
Dp (R) Total electric charge inside the

. S volume V with the closed surface =0V /
Sumsmdt1031 .Of d}IHD" BLILD %Orgr%b‘inonb/ Gesamte elektrische Ladung im Volumen
ummation aller D, =n - D-Beitrage V mit der geschlossenen Oberfliche S=0V

Flux of D through S =Q, in V /
Fluss von D durch § =Q, in V

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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ES Fields - Method of Electric Gauss’ Law /
ES-Felder - Methode des elektrischen GauRBschen Gesetzes

§py_yy DR)-dS = ][ p.R)dV

S=9v =
= Qe
Integration V0|Iume / =0 source-free / quellenfrei
Integrationsvolumen
@s:av D(R)-dS ¢ >0 Source / Quelle

<0 Sink / Senke

——s5 =9V

gbs, oy, DR -n5ds
= b 5, D®)-n,ds
= b, 5y, DR)ndS
=0,

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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Example: Fluid Mechanics - Spring of Water /
Beispiel: Stromungsmechanik - Wasserquelle

Source Volume /
s Quellvolumen

Integration Surface (Closed Surface) /

=dv Integrationsflache (geschlossene Oberflache)

4 s
o
A

n

|<

Total Flux through the Closed Surface /
Gesamtfluss durch die geschlossene Oberflache

p,_,, y®)+ds=4p  v(R)-nds

S=0V —
=v,(R)
Spring of Water / = ﬁ) v, (R)dS
Wasserquelle S=ov T
=V,
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Example: Electric Field Due to Spherically Symmetric Charge Distribution /
Beispiel: Elektrisches Feld einer kugelsymmetrischen Raumladungsdichte

Consider the Electrostatic (ES) Case / @S W D(R)-dS = D(R) - ndS = J'”'V p.(R) dV
= —_—
v

Betrachte den elektrostatischen (ES) Fall S=aV
=D, (R) _
’Qe
Prescribed: Electric Charge Density / Radial Symmetry / I D%(R/_‘)-g = :D(_B,Z._QR,
Vorgegeben: Elektrische Raumladungsdichte Radialsymmetrie " =D, (R) =D (R)
R D,(R)=Dg(R)
P07 R<Rg
PR =p.(R)=1"" R,
0 R>R,
Charged Sphere with Radius R, /
Geladene Kugel mit dem Radius R,
) Dr(R)
Solution for DRR) /
Losung fur D(R)
R, R
Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3 44
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Vector Differential Surface Element /
Vektorielles differentielles Flichenelement (1)

Definition: dS =n dS

dR 01,0,
Surface / Wy i s
Flache - R(0y,0,+do,) R(0y.0,)

R(0; +doy,0,)

S
=

(61,0, +do,)
dR

dR,.

Position Vector / Ortsvektor B(Gl , 09 )
; . ad
Tangential Vectors / Tangentialvektoren o, (o'1 Nop) ) = a—B(o‘1 ,0p )
(o}

)
92(0'1’62):g5(61’0'2)

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3

Surface Parameters /
Flichenparameter

Position Vector /
Ortsvektor

Position Vector /
Ortsvektor

Position Vector /
Ortsvektor

Vector Differential Line
Elements / Vektorielle
differentielle
Linienelemente

45

Vector Differential Surface Element /
Vektorielles differentielles Flichenelement (2)

Vector Differential Line Elements / Vektorielles differentielles Linienelement

dR; =g, (0,.0,)do;

dR; =0,(0,0;)do,

Scalar Differential Surface Elements / Skalares differentielles Flichenelement

ds =|dR,,, xdR,, |
= |§1 (01.0,)xs, (0.0, )|d0'1d0'2
Normal Unit-Vector / Normaleneinheitsvektor
0,(01,0,)x8,(01,0,)

|§1 (01.02)x8, (0.0, )|

[I=]

Vector Differential Surface Element / Vektorielles differentielles Flaichenelement

dS =ndS$

_ 5,(01,0,)x0, (01,0,

B |91 (01,02)x8, (0.0,

=0,(01,0,)x0,(0,.0,)dojdo,
Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3
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Gauss’ Electric Law / GauRsches elektrisches Gesetz

Eg)s:av DR)-dS = (ﬁss:av D_(B_}) *nds - w
=D, (R) Volume Integral /
Volumenintegral

Closed Surface Integral /

Geschlossenes Flichenintegral  gymmation of all Normal Componentes of D

at the Closed Surface S=9V of Summation of all charges
. the Volume V / inside the Volume V /
Summation aller Normalkomponenten von D Summation aller Ladungen in

auf der geschlossenen Oberfliche S=dV des dem Volumen V
Volumens V
=V =C
Flux Through the Colsed Surface /
L. Fluss durch die geschlossene Oberfliche
Example / Beispiel:
AZ
— S=0V
Sphere/Kugel: V AN ds Ve =0
NN n: Outward Normal Unit-Vector /
B S A Nach Auflen zeigender Normaleneinheitsvektor

Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3

Example: Sphere with Radius a / Beispiel: Kugel mit Radius a (1)

C L e— 8=V
Sphere/Kugel: V e dS
ANNERN n: Outward Normal Unit-Vector /
_ ,l_{e S o \ * Nach AuBen zeigender Normaleneinheitsvektor
T ¢p,_,, DR®) -nds
S=0V—__ =
=D, (R)
=[If, P ®)av
dS=ndS (=ngy, hg h, ddd
dS=ndS =gy hy by 40 d9) 0<d<x
) . ) . 0<op<2x
=er (B @)R sinddddg| =eir(d¢@)a sindddde
i e— —_—
n ds _ n ds
n R=a n
2 &
= . = = o 2 1
p;_,, DR -dS=¢p _ DR)-nds= [ [ DIR(R=a.0.9)lex(sp)a’sind dv dp
=D,(R) ¢=00=0 =Dg[R(R=a,5,9)]
=D,[R(R=a,8,9)]
=V
Dr.-Ing. René Marklein - EFT | - SS 06 - Lecture 3/ Vorlesung 3




Example: Sphere with Radius a / Beispiel: Kugel mit Radius a (2)

=dV
ds
n: Outward Normal Unit-Vector /
Nach Auen zeigender Normaleneinheitsvektor
§ps_,y DR®) -nds
s=v——/ =
D, (R)
=[If, P ®)av
dV =R*sin¥dR d®¥ d¢ (= hghsh, dR dY dg)
0<R<a
27 & a
[If,pe®av=[ [ [ pIRR.5.9)]R*sinddRdDdp Osvsz
9=0 =0 R=0 0<p<27
= Qe
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Example: Electric Field Due to Spherically Symmetric Charge Distribution /
Beispiel: Elektrisches Feld einer kugelsymmetrischen Raumladungsdichte

Consider the Electrostatic (ES) Case / _
Betrachte den elektrostatischen Fall q‘:ﬁs:av D\ (R)-nds = J..Uv pe(R)dV

=D,(R)

Electric Charge Density /

Peo R R<R, Radial Symmetry /
Elektrische Raumladungsdichte pP.R) = Ry

Radialsymmetrisch .
0 R>R,

dR
Rdl?
&R sin dde

R,
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End of Lecture 3 /
Ende der 3. Vorlesung
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