Elektromagnetische Feldtheorie | (EFT 1) /
Electromagnetic Field Theory | (EFT I)

7th Lecture / 7. Vorlesung

Dr.-Ing. René Marklein
marklein@uni-kassel.de
http://lwww.tet.e-technik.uni-kassel.de
http://www.uni-kassel.de/fb16/tet/marklein/index.html

Universitat Kassel
Fachbereich Elektrotechnik / Informatik
(FB 16)

Fachgebiet Theoretische Elektrotechnik
(FG TET)
Wilhelmshoher Allee 71
Biiro: Raum 2113/ 2115
D-34121 Kassel

Dr. R. Marklein - EFT | - SS 2003

University of Kassel

Dept. Electrical Engineering / Computer
Science (FB 16)

Electromagnetic Field Theory
(FG TET)
Wilhelmshoher Allee 71
Office: Room 2113/ 2115
D-34121 Kassel

Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

Point Source / Punktquelle

0. [As/m3 = Coulomb]

Pe(R)=7?

=infinite / unendlich

[If,, pe®dr =

|7

Mathematically Nonsense /
Mathematischer Unsinn

Vs =0

Integration Theory of Riemann /
Riemannsche Integralrechnung:

[II,, P®dr =0

[To Define Something New / Definiere etwas Neues)]
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

Electrostatic Charge /

Elektrostatisches Ladung Qe = IJIV Pe R)dV
. . AQ,
Electrostatic Volume Charge Density / —_—=¢ Small Volume /
; ; e
Elektrostatisches Raumladungsdichte AV Kleines Volumen

Electrostatic Charge /

- A

Elektrostatisches Ladung AQe - peAV V
In the Limit /
Grenziibergang
AV =0

Constant / Konstant . ®
AQ, = lim p AV
AV —0

N Point / Punkt
Pe %

AQ, =Constant if AV Goes to Zero, than the Volume Charge Density must go to Infinity. /

AQ.=konstant bleiben soll wenn AV nach null geht, dann muss die Raumladungsdichte nach
unendlich gehen.
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

1-D Delta-Distribution / 1D Delta-Distribution

Goes to Infinity /| © P
Gehtnach 1 (\';:;';e,i;z;n","'y for Delta-Function / Delta-Funktion
Unendlich Begrenzt auf 1 wegen 5-Distribution / &-Distribution
o(x) der Visualisierung) &-Dirac-Pulse / &-Dirac-Impuls
| > Distribution ®» Generalized Function /
X Verallgemeinerte Funktion
wn for/
o g X= 0
o(x)= 1 ] The Unit of the Delta-Distribution is the Inverse Unit of
o forr Lo x[m].é(x) {—} the Argument / Die Einheit der Delta-Distribution ist di
fiir inverse Einheit des Argumentes

Definition of the & —Distribution / Sifting Property / Siebeigenschaft

Definition der & —Distribution

T O(x—xg)dx =1

X=—00

[ f®8G—xp)dx=f(x)

x=

(\
e
I
&
=Y

S()6(x=x) = /(%) 6(x = xp)

S(xp) 5
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

1-D Delta-Distribution / 1D Delta-Distribution

S(0)6(x—xp)dx = f(xp)

<f(x),5(x—x0)> = f(x)

Properties: Algebraic and Calculus Properties /
Eigenschaften: Algebraische Eigenschaften und Rechenregeln

ao(x—xy):

| adG—x)fx)de=af(x)

xX=—0

a(x)d(x—xp):
[ a0 8x=xp) f(x)dr = a(xp) / (x0)

a(x)S(x—xg) = a(xy) 6(x—xp)
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

1-D Delta-Distribution — Signal Processing — Sampling /
1D Delta-Distribution — Signalverarbeitung —Abtastung

Comb Function / f@®
Impulskamm
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)
3-D Delta-Distribution / 3D Delta-Distribution

Sifting Property / Siebeigenschaft

e Taw WAL

w S(R-R

.m S(R-Ry)d'R=1 ® W/
R=—0

ffj JR)SR-Ry)d’R=/(Ry) 1\/ R, \

R=—x

S(Ryp)

= v

JR)S(R-Ry) = f(Ry)5(R-Ry)

Distribution ® Generalized Function /
Verallgemeinerte Funktion

Az pP.R)=0.5(R-Rg)

Bﬂ_fw Pe(B)d3B=BfJLQe S(R-R,)d'R o
~0, [[] 5®-R)ER R By
Boee :
- >
=Qe _____________ .- Ty
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

3-D Delta-Distribution / 3D Delta-Distribution

Cartesian Coordinate System /

S(R-Ry)= F(x=x0)5(y = y0)8(z=2) Kartesisches Koordinatensystem

S(r=1y)0(9—9y)S(z —zp) Cylindrical Coordinate System /
r Zylinderkoordinatensystem

=50~ }"(,)75((/);(/)0) S

—z)=

5(3 %) 5(@—9p) _ 6(R-Ry)5(I-%)6(p—pp)
Rsin 3 R*sin 9

Spherical Coordinate System /
Kugelkoordinatensystem

=6(R-Ry)

m SR-Ry) IR = m 5(x—=x0)8(y—y)8(z—29)d’R = j j j 5(x—=x0)8(y—p) 8(z—zy) dxdy dz

=—c0

AT

z=—0| y=—0

Z=—00 Y=—00 X=—00

{ | 5(X—xo)dx:|5(y—YO)dy S(z-z9)dz | =1

=1
=1
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

3-D Delta-Distribution / 3D Delta-Distribution

21 ©

m SR-Ry)R= m o(r— 10)0"((/7 9)0(z— Zo)dsR T J‘ Iﬁ(f 17)0(@—9y)5(z—2) rdrdpdz

I

R=—x z=—0 p=0r=0

i

z=—0| p=0

r=0

{j é‘(r—)b)dr}iﬁ(;oi%)rd(p S(z-zy)dz
.

R0)5(-9 %) d(p— (ﬂo)d3R

IH SR-R)&'R= JIJ o

‘W

ik

=0[ 9=0

in$

Il
—_

zf T TJ(R Ry)3(8- %)@ -0) po

=0 9=0 R=0

R=0

i se- R())dRF” D) pgg|5@=20)

Rsin &

R2 sin ¢

Rsin9dg |=1
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

Electrostatic Point Charge Density /
Elektrostatische Punktladung
Electrostatic Volume Charge Density /
Elektrostatische Raumladungsdichte

Electrostatic Line Charge Density /
Elektrostatische Linienladungsdichte
Electrostatic Line Charge Density /
Elektrostatische Linienladungsdichte

Electrostatic Surface Charge Density /

Elektrostatische Flachenladungsdichte
Electrostatic Charge Density /
Elektrostatische Ladungsdichte
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0. = 0.(x0. Y0, 7) [As]
(%, 3,2) = 0, 8(x —x0)8(y — 70)S(z ~ 2)

O, L

ge(z) = ge(x09y09z)[AS/m]

Pe(X,9,2) =6.(2) 5 (x = x)0(y — 3p)

5 (2)

ne(xay) = T]e(x,y,zo)[As/mZ}
pe(x,y,z) = Ue(x,y)é‘(Z—ZO)

ﬂe(x:yazo)
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Electrostatic (ES) Fields — Point Charge Concept /
Elektrostatische (ES) Felder — Konzept der Punktladung (...)

Ecyvpoiental Lnes of ha Brcrostibe Prisetd FisiaLne of e Bectoaile Fekd Srergh. K-E 4 E & € 4,

MicriLae of P Bl v Fiekt Stergh | §
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ES Fields — Point Charge Concept /

Electrostatic Charge Density / p.(R)=0, 5(R-R,)
Elektrostatische Ladungsdichte 2(R)=0. IR R,
Electrostatic Potential / D.(R)= Li
Elektrostatisches Potential 4re,y ‘B —Bo‘
| 1
- 2 2 2
R-Rol =) + 0= 30)* + 2= 20)

Electrostatic Field Strength / E(B) = —VCDe(B)
Elektrostatische Feldstarke R-R
_ 9% R-Ry
3
47, |B -R 0|

1 1

ES Felder — Konzept der Punktladung (...)

-
[R-R| (Ve + 03 + 2=

1

)3

(=) + =30 +(z=2)" |
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3/2

_Pe (R) for/ Poisson Equation /
& fir  PeR)#0 Poisson-Gleichung
AD (R)= 0
for / _ o Laplace Equation /

0 fir Pe R)=0 Laplace-Gleichung

Limited Source Volume /
Begrenztes Quellvolumen

®) #0 ReVl
PB® ) Ry

Source Point /
Quellpunkt

Coulomb Integral / Coulomb-Integral:

@ (R )_%” R d3B

Pe (R') : known / bekannt
@, (R) : unknown / unbekannt
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ES Fields — Coulomb Integral / ES Felder — Coulomb-Integral

Poisson and Laplace Equation / Poisson- und Laplace-Gleichung

A=V?=V.V: Laplace Operator / Laplace-Operator

Observation Point /
Beobachtungspunkt




ES Fields — Coulomb Integral / ES Felder — Coulomb-Integral (...)

A 2
|R-R'| ®.(R) Coulomb Integral / Coulomb-Integral:
R’ ,
R O, (R)=——o J‘J‘ pe( ) B
472'80 |R R |
y P.(R") : known / bekannt
x % @, (R) : unknown / unbekannt

A, (R) = 47;0 fff, R_IR, PROPK

. 1 '
p. (R’ )d R with A ; 5(3—3)
moﬁﬂ } fr |
=—475(R-R’)
1
= j jj 47R-R)p(RN'R = =—p, (R)
0 20
:pe(B)
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ES Fields — Green’s Function / ES Felder — Greensche Funktion

. (R)
,(R)=—— .U P(R) R
47:50 \R R'|
» _ L '\ 13
y ol e
X V,:Source Volume / / —GS(R-R)

Quellvolumen

Electrostatic Green’s Function / Elektrostatische Greensche Funktion

for / fir R=R'

1 1
47r|R R|

GBR-R)=

with AGfs(g—g')=—5(B—B')

Normalized Potential of
a Point Charge /
Normiertes Potential
einer Punktladung

Electrostatic Potential of an Electrostatic Point Charge /
Elektrostatisches Potential einer elektrostatischen Punktladung

Q 1 i
O, (R)==¢————  for/fir p,(R)=0,0(R-R,)
e( ) 4E‘B—B+| e € +
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ES Fields — Potential of a Point Charge /
ES Felder — Potential einer Punktladung

Electrostatic Volume Charge Density /
Elektrostatisches Raumladungsdichte P.(R)=0.5(R _B+)
with / mit B=X§x+ygy+292 B+=X+§x+y+§y+2+92
. (R)
- 0.5(R'-R,) 3R
CI)e R)= .”:[ £ == d’R
4rs, IR-R'|
J'J'J' SR -R,) &R
47[50 |R- R |
x V,:Source Volume / 0O 1
Quellvolumen 472'80 | R _B+ |
0. 1
@, (R) = —
47gy [IR-R, |
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ES Fields — Potential of a Point Charge /
ES Felder — Potential einer Punktladung (...)

Electrostatic Potential of a Point Charge / @ ( ) _ Qe 1
Elektrostatisches Potential einer Punktladung €= 4”50 ‘R—RJ
1 B 1
with  R=re, +ye, +ze; RR] - Jomx P+ =3P -2,
1

B+ =X, € +y+gy tz.€, =
1/2

(=2 + (=20 + (2,7

Electrostatic Field Strength of a Point Charge / ER)=-VO (R)
Elektrostatische Feldstérke einer Punktladung - e =
_ Qe B_B+

47, ‘B—B+‘3

B—& (x—x)e, +(y=y,)e, +(z-z,)e,

with R=xe, +ye, +ze ‘R—

R-R [J(x x4y +E-2,) T

R, =xe +ye +z.e
_ mx e +(y-yie, +(z-z)e,
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ES Fields — Potential of Two Point Charges /
ES Felder — Potential zweier Punktladung

Electrostatic Dipole / Elektrostatischer Dipol
Field Lines of the Electric Field Strength of Two Spheres  Electric Field Lines of Two Spheres Carrying Charges of the

Carrying Charges of Opposite Sign / Feldlinien der Same Sign / Feldlinien der elektrischen Feldstirke zweier
elektrischen Feldstarke zweier ungleich gelade Kugeln eich geladener Kugeln
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ES Fields — Potential of Two Point Charges /
ES Felder — Potential zweier Punktladung (...)

Electrostatic Dipole / Elektrostatischer Dipol

Electrostatic Potential / @ (R) _ 1 Qe+ 4 Qe—
Elektrostatisches Potential e\=/ T 4”50 ‘R—R ‘ ‘R—R ‘
EANNE A\ S =

1 1
‘B*Bi‘ \/(x—xi)z +(y_J{i)2 +(Z—Zi)z

with/mit R =xe, + ye, +ze,

R, =xe +y.e +z.e

[ x + -+ 2]

Electrostatic Field Strength/  E(R) =-V®_(R)
Elektrostatische Feldstarke

R-R, (x—xie +(y-yle, +(z-z.)e,
=

RBS [+ 0mp -7
_ (rmxp)e +(y-yi)e, H(z-zy)e,

[cx? + P+ -z ]
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with/mit R = xe, +ye, +ze,

R, =x;e +y.e +z.€




ES Fields — Potential of Two Point Charges /
ES Felder — Potential zweier Punktladung (...)

Electrostatic Dipole / Elektrostatischer Dipol

= T Dechows Fomnia &, MLt o1 B sl Pkt S

ES Fields — Potential of Two Point Charges /
ES Felder — Potential zweier Punktladung (...)

Electrostatic Dipole / Elektrostatischer Dipol

= T Dechows Fomnia &, MLt o1 B B sl Pkt S

g E 8

B0 Wewal ha Bkctostite Prenta ¥,

@
2 | -
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Electrostatic Field Due To Two Point Charges /
Elektrostatische Feld von zwei Punktladungen
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E
6 0, = 1As located at P(x,y,z) = (3,0,0) and
: 0,=-1As located at P(x,y,z) = (-3,0,0)
In this demo, arrows are used to
Q,=-1C Q =IC sketch the electric field pattern in
2 L X the x-y plane due to:
I I . I I ‘ 1 I -
-6 6
’-| Q, alone / Q, alleine
B
B0 onao. /0, a0,
: Note:
-6 Color Intensity is Proportional to the

Magnitude of the Electric Field
Strength. /
Die Farbintensitat ist proportional zur

Magnitude der elektrischen Feldstarke.

23

Electrostatic Field... / Elektrostatische Feld...
0, alone / 0, alleine

it
A4
neE A

—evw P A

0,= 1As located at P(x,y,z) = (3,0,0) and
0, =-1 As located at P(x,y,z) = (-3,0,0)

In this demo, arrows are used to
sketch the electric field pattern in
the xy plane due to:

-6

. _
=
e S S S ST S | L

E R R
LEEE R RN

Frpe 1 e 1]
Y
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Geometry / Geometrie

0, alone / Q, alleine

0, alone / Q, alleine

Q,and @, /Q, und 0,

Note:

Color Intensity is Proportional to the
Magnitude of the Electric Field
Strength. /

Die Farbintensitat ist proportional zur

Magnitude der elektrischen Feldstarke.
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Electrostatic Field... / Elektrostatische Feld...
0, alone / 0, alleine

0, = 1As located at P(x,y,z) = (3,0,0) and
0,=-1As located at P(x,y,z) = (-3,0,0)

1
=
e S A LT LI | K P

i1 In this demo, arrows are used to
:;i ﬁ :’/i sketch the electric field pattern in
S Vs . )i the x-y plane due to:
=T AL e e :
6 Pt e 6 ‘-| Geometry / Geometrie
i ; : Ny Q, alone / Q, alleine

0, alone / Q, alleine

Q,and Q,/Q,und 0,

Note:
Color Intensity is Proportional to the
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Magnitude of the Electric Field
Strength. /
Die Farbintensitat ist proportional zur

Magnitude der elektrischen Feldstarke.
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Electrostatic Field... / Elektrostatische Feld...
0;and 0,/ Q,und 0,

=
g — — — — —p]
e

AL

S et S LS 3
e b SN N B BE
nxk‘}f o

X

0,= 1As located at P(x,y,z) = (3,0,0) and
0, =-1 As located at P(x,y,z) = (-3,0,0)

In this demo, arrows are used to
sketch the electric field pattern in
the x-y plane due to:

e

u
e SRR
+

BtV el g

i a

x
TR
u

6

’-H Geometry / Geometrie

‘-” Q, alone / Q, alleine

|-|‘ 0, alone / Q, alleine

’-| Q,and @, /0, und Q,

Note:
Color Intensity is Proportional to the
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Magnitude of the Electric Field
Strength. /

Die Farbintensitat ist proportional zur
Magnitude der elektrischen Feldstarke.
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End of 7th Lecture /
Ende der 7. Vorlesung




