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

4th Lecture / 4. Vorlesung

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

Universitat Kassel University of Kassel
Fachbereich Elektrotechnik / Informatik Dept. Electrical Engineering / Computer Science
(FB 16) (FB 16)
Fachgebiet Theo;gti_ls_gl:li_e Elektrotechnik Electromagnetic Field Theory
WiIheInSshéher ZAIIee 71 (FG TET)
Biiro: Raum 2113/ 2115 Wilhelmshoher Allee 71
D-34121 Kassel Office: Room 2113/ 2115

D-34121 Kassel

Dr. R. Marklein - EFT | - SS 2003 1

Exam EFT I/
Prufung EFT |

2511 Elektromagnetische Feldtheorie
23.09.2003, 14:00, R 1603

Dr. R. Marklein - EFT | - SS 2003 2




Metric Coefficients / Metrische Koeffizienten

Cartesian Coordinates /
Kartesische Koordinaten

X, V,Z=X,X%,X3

€,.€,,€, =€, €, €.
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Orthogonal Curvilinear Coordinates /
Orthogonale Krummlinige Koordinaten

$1,62.83

€508, 08
e Le, Le,

x=x(£,6,%3)
y=1&5,%)
2=2(§,£.8)
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Cartesian Coordinates /
Kartesische Koordinaten

& =4(x,2)

> 52 :§2(x7yaz)

& =&(x,,2)

VYVVYY

divA=V.
curl/rot A=V x

)

divA=V .
curl /rot A =V x
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Div and Curl Examples / Div und Rot Beispiele

0 divA=VeeA=0
0 curl/ Tot A=VxA=0
0 divA=VeeA=0
0 curl/Tot A=VxA#0




Grad, Div and Curl Examples / Grad, Div und Rot Beispiele

Scalar Field / Skalarfeld Vektor Field / Vektorfeld
®.(R) E(R) = —grad @ (R) =-V® (R)
0 0 0
grad O, (R) = VO, (R) = e, — D (x,7.2) + &, — D, (x,7.2) + &, ~— D, (x,,2)
0x Y oy 0z
fn b b e o= oa oy e
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Grad, Div and Curl Examples / Grad, Div und Rot Beispiele

Vector Field / Vektorfeld Scalar Field / Skalarfeld
D(R) pe(R)=div D(R) =V + D(R)

. 0 0 0
divD(R)=V-D(R) = ="D(.,7) +%Dy (%,3,2)+ =D (x.3,2)
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Grad, Div and Curl Examples / Grad, Div und Rot Beispiele

Vector Field / Vektorfeld Vector Field / Vektorfeld
ER,7) curl/rot E(R,#) = VXE(R,t) = —63 B(R,?)
t
7} 0 0
curl/rot E(R,1)=VxE(R,/)=| e, —+e,—+e, — |xE(x,y,2,0)
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Classification of Maxwell‘s Equations /
Klassifikation der Maxwellschen Gleichungen (1)

+ Time Varying Electromagnetic Fields /
Zeitveranderliche elektromagnetische Felder
— Rapidly Time Varying Fields /
Zeitlich schnell veranderliche Felder
» Electromagnetic (EM) Fields /
Elektromagnetische (EM) Felder
— Slowly Time Varying Fields /
Zeitlich langsam veranderliche Felder
» Electroquasistatic Fields (EQS) /
Elektroquasistatische Felder (EQS)
» Magnetoquasistatic Fields (MQS) /
Magnetoquasistatische Felder (MQS)

+ Time Constant Electromagnetic Fields /
Zeitlich konstante elektromagnetische Felder
— Stationary Current (SC) Fields /
Stationare Stromungsfelder (SS)
— Electrostatic (ES) Fields / Elektrostatische (ES) Felder
— Magnetostatic (MS) Fields / Magnetostatische (MS) Felder
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Maxwell’s Equations

Time Varying
Fields

a

O~

Classification of Maxwell‘s Equations /
Klassifikation der Maxwellschen Gleichungen (2)

— T

Time Constant

Fields

9 _
ot

0

Rapidly Time Slowly Time
Varying Fields Varying Fields

) oD
l ;e‘/\n“

Electro‘- Electro- Magneto- Stationary] Electro- Magneto-
magnetic quasi- quasi- Current static static
(EM) static static (S8S) (ES) (MsS)
Fields (EQS) (MQS) Fields Fields Fields
Fields Fields
Dr. R. wiaikien - £ 1 1 - 99 Zuuo

Classification ... / Klassifikation ... (3)

Rapidly Time Varying Electromagnetic (EM) Fields /

Zeitlich schnell veranderliche elektromagnetische (EM) Felder

Governing Equations in Integral Form /
Grundgleichungen in Integralform

Governing Equations in Differential Form /
Grundgleichungen in Differentialform
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P E(R.1)dR = —US%B(BJ)-@— [Jgdm R.0)-dS

§._HR.NdR= [[ %D(B, D-dS+ [[ I (R,1)-dS

<-t-f)s:al/ D(R,)-dS = _[”V pe(R,0)dV
#S:@V BR,/)-dS = .”.[V Pm(R,0)AV

3y oy 2008 =[], £ p. @00y

§Fyop AR08 =[], = p R0V

VXE(R, 1) = —%E(&t) 3, (R0
(o]

VxHR, () = gmg,mgc(g,n

V+D(R,1) = p.(R,1)
V.B(R,?) = pm(B,t)

0
V'JE(BJ):—E%(BJ)

V-Jm(g,t):—%pm(g,ﬂ




Classification ... /| Klassifikation ... (4)

Rapidly Time Varying Electromagnetic (EM) Fields: Examples /
Zeitlich schnell veranderliche elektromagnetische (EM) Felder: Beispiele

Horn Antenna: Contour Plot of Electric Field Strength Biomedical Application: Human head model

Vector (E, Component) / Hornantenne: Konturdarstellung irradiated by the electromagnetic field of a mobile
t phone / Biomedizinische Anwendung:

Menschliches Kopfmodell bei Bestrahlung durch
das elektromagnetische Feld eines Mobiltelefon

des elektrischen Feldstérkevektors (£,-Komponente)

(CST Microwave Studio, www.cst.de) (CST Microwave Studio, www.cst.de)
Dr. R. Marklein - EFT | - SS 2003 11

Classification ... / Klassifikation ... (5)

Electroquasistatic (EQS) Fields / Magnetoquasistatic (MQS) Fields /
Elektroquasistatische (EQS) Felder Magnetoquasistatische (MQS) Felder
0 0
EB(BJ) =0 (4n(R,N=0) ED(B, n=0 (4. (R,0=0)
(Neglect Magnetic Induction / (Neglect Displacement Current /
Vernachlassige magnetische Induktion) Vernachlassige Verschiebungsstrom)

With the typical length L /Mit der Typischen Lange L Jem : Electromagnetic Wavelength / Elektromagnetische Wellenldnge

¢ :Propagation Velocity / Ausbreitungsgeschwindigkeit
L < Ay =cT T :Length of Period / Periodenlénge

Governing Equations in Integral Form / Grundgleichungen in Integralform

Pe_osER.1IAR =0 . ER.)-dR = —Hsgﬁ(g,t)-@
$s_ DR.01dS = [[[, PRIV §,_ ARGR= [[ I, R.pas
§Fyop LeRo01aS =[], < p. R0V $P_.y BR0-dS =0

§ps_,, d(R.0)dS =0
Governing Equations in Differential Form / Grundgleichungen in Differentialform
VXE(R.) =0 VXER.) =< BR.)

VeD(R.1) = p.(R.1) X HRO- 1R

0
VoL (R0 == o (R) V-B(R.)=0
Ved (R.)=0
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Classification ... / Klassifikation ... (6)

Electroquasistatic (EQS) Fields: Example / Magnetoquasistatic (MQS) Fields: Example /
Elektroquasistatische (EQS) Felder: Beispiel Magnetoquasistatische (MQS) Felder: Beispiel
Non-Destructive Testing: Eddy Current Sensor /

Non-Destructive Testing: Piezoelectric Sensor / n ! ing. t !
Zerstorungsfreie Materialprifung: Wirbelstromsensor

Zerstorungsfreie Materialpriifung: Piezoelektrischer Sensor

17027 Disk

Transduce:

1

PP hcass IR —d=1
Al ovlinder
Adhesive Bond Notch —
“Araldice) ¥ =2
xPr=u5 wam =

s ¥ XPr=25

Crack /
Riss

Geometry / Geometrie

Electric Energy Density / Elektrische Energiedichte
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Classification ... / Klassifikation ... (7)

Stationary Electric Current (SEC) Fields /

Stationére elektrische Stromungsfelder (SEC) Felder

Gl

ot

{lm’pm} = {Q’O}

VxER)=0

J.R)=J.. (R)=0.(R)E(R)

VeJ.(R,1)=0

{E.B.H.D.J_.J .p..Pn}={0.0}

Governing Equations in Integral Form / Grundgleichungen in Integralform
.o ER)-dR =0
$_HR-R=p I (R)-dS
§f, ., DRras = [[[ p.(R)AV
§p,_,, BR)-dS =0

Governing Equations in Differential Form / Grundgleichungen in Differentialform
VxER)=0
VxHR)= J.(R)
V+D(R) = p.(R)
VeJ . (R)=0
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Classification ..

Electrostatic (ES) Fields /
Elektrostatische (ES) Felder
0

“{ED.p}={0.0)

{B.H,J..J ., pu}=1{0.0}

. | Klassifikation ... (8)

Magnetostatic (MS) Fields /
Magnetostatische (MS) Felder

FICEERERT

{E.D,J,., 0, P} ={0,0}

with / mit
J.(R)=1;(R)

Governing Equations in Integral Form / Grundgleichungen in Integralform

(ﬁczas ER)dR =0
oy D873 = ]

Eﬁczas H(R)-dR = ﬂs J,,(R)-dS

¢p, ., BR)dS =0

Governing Equations in Differential Form / Grundgleichungen in Differentialform

VXE(R) =0
V+D(R) = p(R)
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VXHR) = J,(R)
V-B(R)=0

Classification ..

Electrostatic (ES) Fields: Example /
Elektrostatische (ES) Felder: Beispiel

Spark Plug / Ziindkerze

Elektric Potential /
Elektrisches Potenzial

Elektric Field Strength /
Elektrische Feldstarke

Elektric Field Strength /

. Elektrische Feldstarke
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. | Klassifikation ... (9)

Magnetostatic (MS) Fields /
Magnetostatische (MS) Felder

Relay / Relais

Magnetic Flux Density /
Magnetische Flussdichte

Permeability /
Permeabilitat




Faraday‘s Induction Law / Faradaysches Induktionsgesetz

VXE(R.() = —%B(g,t) ~3,(R.0)

d
ER,0)dR =-—— [[ BR,0)«dS — [[ I, (R,)dS
oo ER DR == [] B(R,1)-dS I (R,0)-dS
- < e
Closed Contour Integral / (Open) Surface Integral /  (Open) Surface Integral /
Geschlossenes Kontur- oder (Offenes) Flichenintegral (Offenes Flichenintegral
Linienintegral

§e o ER DR =~ = [ B®R1)-d - [[ 1, (R0

V] (M) 3% [Vsm?] [m’) [V/im?] [m’]
(vl vl vl
36 ER,7)-dR = _4 H B(R,?)-dS — H J _(R,f)-dS
C=as— " — dt Ps——"7"— §=mA=rl =
Vin (1) i (1)
ue (1) Magnetic Flux / Magnetic Current /
Electric Contour Voltage / Magnetischer Fluss Magnetischer Strom

Elektrische Umlaufspannung

o) == (0= 1 1)
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Faraday‘s Induction Law / Faradaysches Induktionsgesetz

d
ERNdR =-— [[ BROdS — [[ I, (R1)dS
oo ERD-AR  =——  [[ BR,1-dS I (R,1)-dS
[ [ ——
Closed Contour Integral / (Open) Surface Integral /  (Open) Surface Integral /
Geschlossenes Kontur- oder (Offenes) Flichenintegral (Offenes) Flichenintegral
Linienintegral

Jnand B are treated in a similar way /
Jo, und B werden &hnlich behandelt

iie(t):—%wm(r)—im(t)

BR,7)

Definition of the Direction of a and n /
Definition der Richtung von a and n

n

Screw /
Schraube

ER,7)

_/

E(R.)-s—E [R(a).(] ¢
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Example: Vector Differential Line and Surface Element /
Beispiel: Vektorielles differentielles Linien- und Flachenelement (1)

Circle with Radius « in the xy Plane / Kreis
mit dem Radius a in der xy-Ebene

Az

CﬁC—éS E(R,?)-dR Contour / Kontur
— Curve / Kurve c dR= 7

Closed Contour Integral /

Geschlossenes Kontur- oder
Linienintegral a
_/ y
x
z

[[{B(R,1)-dS

—
(Open) Surface Integral / Surface / Flaiche §

(Offenes Flachenintegral

[ 3m ®,0)-d8

%f—/
(Open) Surface Integral /
(Offenes Flachenintegral
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Vector Differential Line Element /
Vektorielles differentielles Linienelement (1)

def
Definition:  dR i B(O{+d0{)—g(a)

Contour / Kontur 4z a Contour Parameter /
Curve / Kurve C dR - > (24 Konturparameter
Position Vector /
/ B(a) ( ) ) B(a) Ortsvektor
R(a+da Position Vector /
- B((Z + da) Ortsvektor
Difference Vector /
Q Differenzvektor
y
X
d
dR= R(a+da) -R(a) dR=d—g(a)da
%’_/ a
Taylor Expansion / v
Taylor-Entwicklung *(a)
d =1(a)da
=R(a)+—R(a)da-R(a) (@)
da =s(a)dR
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Vector Differential Line Element /
Vektorielles differentielles Linienelement (2)

d
dR = —R(a)da
da
v Tangential Vector /
=(a) T (0! ) Tangentialvektor

Tangential Unit Vector /

s(@)
—
— >
\— I(a) _/
dR =s(a)dR =1(a)da
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Tangentialeinheitsvektor

21

Vector Differential Surface Element /
Vektorielles differentielles Flachenelement (1)

Definition: dS =n dS

01,07
R(a,0,)

B(O'I+d0'1,0'2)

g (9]
B(Ul+d0'1,o'2) B(O-lao-z +d0'2)
dr,
dR

—0y

Position Vector / Ortsvektor

R(0y,0,)

. ) 0
Tangential Vectors / Tangentialvektoren (] (0'1 Nep) ) = a—B(O'l Nep) )

o1

0
) (GI’GZ)ZEB(O—DOQ)
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Surface Parameters /
Flachenparameter

Position Vector /
Ortsvektor

Position Vector /
Ortsvektor

Position Vector /
Ortsvektor

Vector Differential Line
Elements / Vektorielle
differentielle
Linienelemente

22




Vector Differential Surface Element /
Vektorielles differentielles Flachenelement (2)

Vector Differential Line Elements / Vektorielles differentielles Linienelement
dR, =g,(0},0;)do,

dR, =0,(0y,0,)do,
Scalar Differential Surface Elements / Skalares differentielles Flachenelement
a5 =[dR, dR,, |
= |§1 (0'1 N ) X0, (0'1 ,05 )|d0'1d0'2

Normal Unit-Vector / Normaleneinheitsvektor
0,(01,0,)%8,(01,0,)

|91 (01,07)%0, (01552)|

g:

Vector Differential Surface Element / Vektorielles differentielles Flachenelement
dS=ndS

_ 6,(01,0,)%8,(01,9,)

|“_1 (01.02)%8,(01,0,)

=0, (0'1,02 ) X0, (0'1,02 )daldaz

||§1 (01,07)%8a, (0"1702)|d01d02
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Example: Vector Differential Line Element /
Beispiel: Vektorielles differentielles Linienelement (1)

z
Circle with Radius « in the xy plane / Kreis
gontour/ Kontur n I mit dem Radius a in der xy-Ebene
urve / Kurve c
g \
B(a+da) :
R(a
—_ drR
X a=¢
R(a=¢p)=acospe, +asinge, dR = dig(a)da =1(a)da =s(a)dR
a
0< @< 2 I(a)
d d . d
d—3(¢):d—(acos¢)§x+asm¢)§y) @=d—5(¢)d_£ =a§¢((ﬂ)(l£
4 4 L,__/—da 71( ) =da
= a(—sin =x(a) -
= pe, +cospe,
e =e,(p)adp

a) &
- dR,,
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=ae,(p)




Example: Vector Differential Surface Element /
Beispiel: Vektorielles differentielles Flachenelement (1)

Contour / Kontur

z
Circle with Radius « in the xy plane /
Kreis mit dem Radius a in der xy-Ebene

Curve / Kurve n
C
e
- ~
r @ N R
\ 7/ -
~ o y
= = dR
—_ \trl:rﬂa, R(oy,0,+doy)
oy,=0¢ B(O‘l+dﬂl,0'2)

R(0y,0,)

R(oy =r,0y =@)=rcospe, +rsinge,, 0<oy=r<a, 0<o0,=¢p<2r

oR > ag r,Q 0 .
_é: (0) :(j_r(rcosgggx +rasingggy) %:a(;’coswg)‘ +rsm¢§y)
=cosge, +singe, =V(—Sin(p§x+cosq)gy)
o e, (9)
:e‘
e. () _re, (9)

Dr. R. Marklein - EFT | - SS 2003
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Example: Vector Differential Surface Element /
Beispiel: Vektorielles differentielles Flachenelement (2)

IZ oR(r.0) OR(r.p)

Contour / Kontur
Curve / Kurve c n o, (O'I,Uz)xgz (0'1,62) or op
n= =
e ‘91 (0'1,0'2)X§2(0'1,O'2)‘ 53(”,(0))(63(”:(?)
s "a ~a R or op
‘o 4 g
S = OR
E R(r0)_, o,y R re, )
—_ o) =r 80 R(0y,0,+doy) or = op
x oy =9 R(oy +doy,0;) dS:dSr(p
5(01»02)
6,(01,0,)%0,(01,07) ‘91(0-1"72)x92(‘71"72)‘
_0R(r.¢) OR(r.p) _|oR(r0) OR(r.¢)
or op or ol re,
=, (p)xre, (9) e, (0)xre, (@) :> o
=rle.(@)xe, ()] =¢:
= - 2
=e. =rle.(9)xe,(9)
=re e,

Zz
=1

Il
~

Dr. R. Marklein - EFT | - SS 2003
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Example: Vector Differential Surface Element /
Beispiel: Vektorielles differentielles Flachenelement (3)

Contour / Kontur
Curve / Kurve

6,(01,0,)% 0, (01,0,

)
= do;d
o, (01,02) %8, (01,07)| o1 (01,02) %85 (01, 0,)|doy do

=0,(0y,0,)%0,(01,0,)doy do,
=e, rdrde

A i

=n,, =dS,,
=n,, dS,,

=d_sr(p

Dr. R. Marklein - EFT | - SS 2003
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Example: Vector Differential Line and Surface Element /

Beispiel: Vektorielles differentielles Linien- und Flachenelement (2)

(Circle with Radius a in the xy Plane / Kreis mit dem Radius a in der xy-Ebene)

Az
Contour / Kontur — _
Curve / Kurve dR = d—R‘P —ag (p)de
C =08
x CJ; E(R,?)-dR
a C=0S -
» 27
_/ Y = f E[R(r=a,p,2=0),t]-ae,(p)dgp
=0
X
z

X

Surface / Flaiche ¢

dS=dS, =e rdrde

[[ BR.0-ds

27 a
= [ [ B[R(rp.z=0).t}e, rdrdp
Y 9=0r=0

Dr. R. Marklein - EFT | - SS 2003
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Example: Vector Differential Line and Surface Element /

Beispiel: Vektorielles differentielles Linien- und Flachenelement (2)
(Circle with Radius a in the xy Plane / Kreis mit dem Radius a in der xy-Ebene)

2 2
a _[ E[B(rza,q),z=O),t]-g¢(¢)d¢)=a I E, [B(rza,g),z:O),t]d(p
=0 =E{/,[B(r=a,(p,z=0),t:| =0 E [R(r,(p,z:O) t]
Tanmli/
27 a a  Tangentialkomponente von E
j J. B[R(r @,z2=0), t]-e rdrde = I j B [R rp,z=0 ,t]rdrd(p
P=0r=0" _p [R(r.p,2=0)4] 9=0r=0" _p TR(rp,2=0).]
Normal Component of B/
Normalkomponente von B
2
j (r=a,p,2=0),t]-ae, (p)dgp
i d 2r a
== _[ I B[R rp,z=0), t} e, rdrde
9=0r=0
27 a
- J I J. [B(r,(o,z = O),t]ogz rdrde
p=0r=0

Dr. R. Marklein - EFT | - SS 2003
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Ampére-Maxwell’s Circuital Law / Ampére-Maxwellsches Durchflutungsgesetz

Differential Form /
Differentialform VxH(R,) = *D(R N+J.(R,0)
Integral Form / _d
Integralform o HRO-R = [[ DR1dS + [[J.(R0-dS
&8
Closed Contour Integral / (Open) Surface Integral /  (Open) Surface Integral /
Geschlossenes Kontur- oder (Offenes) Flichenintegral (Offenes) Flichenintegral

Linienintegral

chC: H(R,/)dR = —ﬂ D(R.1)-dS - H J.(R.1)-dS

w (5] {asi) ] M
(A] ) CE— [A]

Po s HROMR =[] DR1-dS + [[ I, (R.0-dS

o e (1) [As] i (1) [A]
| Um (1) [A] Electric Flux / Electric Current /
Magnetic Contour Voltage / Elektrischer Fluss  Elektrischer Strom

Magnetische Umlaufspannung

;m )= iy/e(t) +i.(¢)
dr
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Ampére-Maxwell’s Circuital Law / Ampére-Maxwellsches Durchflutungsgesetz

§oBROR =S [[DRdS + [[ IR0

&l o

Closed Contour Integral / (Open) Surface Integral/  (Open) Surface Integral /

Geschlossenes Kontur-oder (Offenes) Flichenintegral (Offenes) Flichenintegral
Linienintegral

J.and D are treated in a similar way /
Jo und D werden &hnlich behandelt

(0 =Sy 0+, 0)

Definition of the Direction of a and n /
Definition der Richtung von a and n

DR,7)

A
Screw /
Schraube
~—1l
o
- -
a n
" |
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Gauss’ Electric Law / GauRsches elektrisches Gesetz

Differential Form / V.D(R,?) = R.¢
Differentialform DR, 1) = p.(R.7)
Integral Form / _
Integralform #SZ@VQ(B’ t).@ - J.[IV pe (B’ t)dV
—_—
Closed Surface Integral / Volume Integral /
Geschlossenes Flichenintegral Volumenintegral

fy_op DR0)-0S = [[], pe(Ro1) ¥
[As/m?] [m?] [Asim?®] [M7]
[As] [As]

. ., DR,0-as = [[[ p.(R,0dV

=y (1) [As] =q. (1) [As]
Electric Flux / Electric Charge /
Elektrischer Fluss Elektrische Ladung

We(t) = Qe(t)
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Gauss’ Magnetic Law / GauRes magnetisches Gesetz

Differential Form / V.B(R,t) = p,(R,1)

Differentialform

Integral Form /
Integralform

Py oy BROS = [[[ pm(R.O)AV

— Vv
Volume Integral /
Volumenintegral

Closed Surface Integral /
Geschlossenes Flachenintegral

[Vs/m?] [m?] [Vs/m3] [m’]

[Vs] [Vs]
P, ., BR.-dS = [[[ o (R.0)AV
=Y/ (1) [Vs] =qm (1) [Vs]

Magnetic Charge /

Magnetic Flux /
Magnetische Ladung

Magnetischer Fluss

W () =qn (1)
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Gauss’ Electric Law / GauBBsches elektrisches Gesetz

—
Summation of all Normal Componentes of D
at the Closed Surface S=0V of
the Volume V' /
Summation aller Normalkomponenten von D
auf der geschlossenen Oberfliche S=0V des
Volumens V'

Geschlossenes Flachenintegral

=y (1) ‘
Flux Through the Colsed Surface /
Fluss durch die geschlossene Oberflache

Dr. R. Marklein - EF

D(R,7)-dS = §b._. DR, )nds = ][, pe®,00ar
#s:aV*(*’ )-ds S=8VT__(*’_)_7 Vpe(*’ )
Cl =D,(R,1) .
osed Surface Integral / N n Volume Integral /
Volumenintegral

[ —
Summation of all charges
inside the Volume V' /
Summation aller Ladungen in
dem Volumen V'

=q. (1)

&

V/e(t) = qe(l)

Example / Beispiel:
AZ
— S=0V
Te
Sphere/Kugel: ¥ ¥, ds
U n: Outward Normal Unit-Vector /
y ¥ Nach Aufien zeigender Normaleneinheitsvektor

34




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

— S=0V
N
LN n: Outward Normal Unit-Vector /
ReS o Nach Auflen zeigender Normaleneinheitsvektor

Sphere/Kugel: V'

¢h._ DR,)nds
S=0V ——, =

:DH(BJ)
=[[I, pe®.0yav
dS =ndS (=ny, hg h, d9 dp)
Sp 79 %o 0<8<rx
0<p<2rx
—ey (%.0)R2sin8d9dp| =ep(8.0)a’singdddy ¢
- ——— -
n ds Rea n ds
2r 7
= . = = Ll 2 1
., DR.0-as=ff.  DR,DmdS= [ [ DIR(R=a,8,0).]es(80)a’sind d do
=D,(R,1) 9=09=0 =Dg[R(R=a,9,9).1]
=D,[R(R=a,9.p)1]
=y (1)
Dr. R. Marklein - EFT | - SS 2003 35

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

&

Sphere/Kugel: *,
LN n: Outward Normal Unit-Vector /
ReS o Nach Auflen zeigender Normaleneinheitsvektor

¢h._ DR,)nds
S=0V ——, =
D,=D,n D, (R.1)

=[fl, p.®R.0dY

0<R<a
dV = R*sin$ dR d9 dp (= hzhgh, dR d9 dp) 0<9<r
e n a 0<ep<2r
jHVpc(g,z)dej j IpC[B(R,S,(/J),t]stin.9del9d(p
©=09=0 R=0
=4q.(1)
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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 @sﬁy D(R) a ds = ”-[V P (R)dV
=D,(R)
R .
Electric Charge Density / R) = Peo 2~ R<Ry Radial Symmetry / '
Elektrische Raumladungsdichte Pe(R)= 0 Radialsymmetrisch H
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Continuity Equations for Electric and Magnetic Charges /
Kontinuitatsgleichung fiir elektrische und magnetische Ladungen

(Conservation of Electric Charge / (Conservation of Magnetic Charge /
Erhaltung der elektrischen Ladung) Erhaltung der magnetischen Ladung)
. I.(R,1)dS dm R.0dr §P (R,£)«dS = dm (R,1)dV
s—op Se\ T2 =7 ], Pe (R 5oy dm =g )y P
R _—
Closed Surface Integral / Volume Integral / Closed Surface Integral / Volume Integral /
Geschlossenes Flachenintegral Volumenintegral Geschlossenes Flachenintegral Volumenintegral
g{p J. (R, ) ds_——m pe(R,0) 4V, gh% 3 (R,1)+dS = ——m P (R.1) AV,
S=0 %,_/ > %,__/ S= _‘f_/ 2 ;.,_4 %,_/
[A/m2] [m*] [17;] [Asim?] [m°] vim?] [’ [Vem'] [m’]
| | S — [ — | S —
[A] [As] V] [Vs]

[A] V]
§h_p de®eoras ==L [[ pe @AV a, Raras == ] p R0V

=i, (1) [A] =q¢ (1) [As] =i (1) [V] =qm (1) [Vs]
Electric Current / Electric Charge / Magnetic Current / Magnetic Charge /
Elektrischer Strom Elektrische Ladung Magnetischer Strom Magnetische Ladung
. d
()= ——qe(f) lm(t)=—5qm(t)
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Field and Circuit Relations / Feld- und Schaltungsrelationen

Field Relation / Feldrelation

d
Iy oy deRo01a8 =[] p. R0V

(Continuity Equation for Electric Charges /
Kontinuititsgleichung fiir elektrische Ladungen)

d
Pe_os ER0-dR =~ [[ B(R.0)-dS

(Faraday’s Induction Law /
Faradaysches Induktionsgesetz)

Dr. R. Marklein - EFT | - SS 2003

Circuit Relation / Schaltungsrelation

__4

S (1) = = e (1) = =€ Sue (1)

dr ¢

(Kirchhoff’s Current Law /
1. Kirchhoffsches Gesetz, Knotenpunktregel)

., d d .
2ud() = =¥ (0= =L, —ic(®)

(Kirchhoff’s Loop Voltage Law /
2. Kirchhoffsches Gesetz, Maschenregel)

39

End of 4th Lecture /
Ende der 4. Vorlesung
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