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Transition and Boundary Conditions / Ubergangs- und Randbedingungen

Governing Equations in Integral Form /
Grundgleichungen in Integralform

§e o ERD-aR=—[[ CBRN-dS- [, 1, R1)-d5

Peos HR0-dR = Ijsgg(g,r)-@+ |[ERCHNS
§p,_,, DR-ds = [[[ p.RAV
@S:WB(BJ)-@: H , PR, 0V

Transition Conditions / Ubergangsbedingungen

I n g .
Medium (2) I(nterface) For / Fur

Mediam (1) R e,
nx[E? (R)-E” (R t)]:{_gmg(g”) ":;; Crlr;q
gx[ﬂu)(R,,)_E(l)(Rt)}:{ KCQ(B,z) v:::;q
n[D? (R1)-D" (R t)]:{ ”eég”) ":;;Crlr;q
E.[B(Z)(R[)_B(l)(RJ)}={ nmo(g,z) VZ://;T

Boundary Conditions / Randbedingungen
n

SB(oundary) For / Fiir

7/, Res,

Medium
-

EXE(BJ):{ 0 pec/%el
-K.,(R,) pem/iml
an(B’ ):{ K.(R,) pec/%el

0 pem/ iml
n-D(R,t):{ n.(R,t)  pec/iel
- 0 pem/ iml

0 pec/ iel
H'B(B’t)z{ 7R, pem/iml

ws: with sources; sf = source-free /
mq = mit Quellen; gf = quellenfrei

pec = perfectly electric conducting; pmc = perfectly magnetic
conducting / iel = ideal elektrisch leitend; iml = ideal magnetisch
leitend




Transition and Boundary Conditions / Ubergangs- und Randbedingungen

For/Fir R € §;
S

n I(nterface)
""_“M’_._ - K. (R,))[A/m] : Surface Density of Electric Current /
Medium (1) K Flichendichte des elektrischen Stromes
R, 7
K, (R,/)[V/m] : Surface Density of Magnetic Current /
n N I(nterface) Flichendichte des magnetischen Stromes
Medium (2)
il d%’—‘— - 7.(R,t)[As/m] : Surface Density of Electric Charge /
Km N Flichendichte der elektrischen Ladung
T (R,1)[Vs/m] : Surface Density of Magnetic Charge /
Flichendichte der elektrischen Ladung
n SB(oundary) Continuity Equations / Kontinuitatsgleichungen

Medium
-

L)
élf_'e' _TZe_Z @szanc(B’t)'ﬁ = _J.IIVgﬂc(B,f)dV
Medium 5 SB(OundarY) @S=aygm(3,t)'is = _J._Uygﬂm(g,t)dV

Ky 1% VoK (R0 =S R)

V'Km(BJ) :—gﬂm@,f)

Transition and Boundary Conditions / Ubergangs- und Randbedingungen {...)

§e, og, BRO-R=—[] 3, Ro)-aS-[] £ BR)-as

~ - Medium 1

K, (R,1) ws/mq

x| EP R0-E" R | ={ 0 st




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)
For sufficiently small Av(l),m(l) and Sy / Fiir geniigend kleines Av(l),m(l) und Sy
§[>C . ER)-dR = EV R, 1)ee A+ E? (RP ,1)eelPAs?
F~YPF
BRI M+EVRY, )¢

0 0 (m)
—B(R,#)*dS=—B" " (R,f)*n,¢ AS

-USF az_(_ a8 ot~ R0, A

[l5, In®0+dS = I (R 1)+mys, AS,

n —e, SurfaceNormalof ASy/
=ASr T =& Flichennormale von ASp

For the limit A# — 0/ Fiir den Grenziibergang Ah — 0

lim e, -¢"} =, tim (R, R® RV RV} =R
—0 Ah—0
(l) —eD1 = lim ASy =AsAh
Alitr_r)lo{ €s } =€ a0 E T
tim (s, A%} = As tim {E"(R,0,E” R0} =E*R,1)
A0 ’ A0

Transition and Boundary Conditions / Ubergangs- und Randbedingungen {...)

lim E(R.0)-dR = lim [E< D(R,1)-e; A -EP(R,1)

.ef
Ah—0 9 Cp=0Sp

1,2) 1) .
EY R )¢ M +EV (R D) A5 |

. 0 o (m)
lim —B(R,?)+dS = hm —BY(R,t)ee. AsAh
Ai—m-USF ot~ BR.)- —00t (R.1) =i

A50)

=0 (because / weil

( l)
B R,t

li J _(R,t)«dS = lim J")(R,{)~e. AsAh
AZE:OJ.J.SF_m(_ a8 A0~ R0

#0 (if / falls ‘gg’;’) R, z)‘ —o0)

G, o5, EROGR=[[ 3, R 0ra-[], L BRyas

a

[EV®R)-EV R0 e, =- lim [ 1, (R /e 4]




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)
) ) e T .
[EVR0-EP R0 |re,, = lim [ 3, (Ro1)ee; A1
€, =0%eg

A+(BxC)=(AxB):C

A=E'R.:B=mC=¢,
) ®) L
{[E R.H-E7(R, t)}Xn}-ggl == lim [J,,(R.0AK ¢,

([ EP®0-E" R e, = lim [1, R0 ]-e,

Transition and Boundary Conditions / Ubergangs- und Randbedingungen {...)

'With the Decomposition of J in a Normal and Tangential Component with Regard to the Interface /
Mit der Zerlegung von J in eine Normal - und Tangentialkomponente beziiglich der Trennfléiche

Jo(R,)=J, (R,)+nn+J, (R,)+(I-nn)
—_— -
= (R.1) =) (R
—_—
S %))
= JRH o+ IR
—

Normal Component/ Tangential Component /
Normalkomp te  Tangentiall t

P

Imn (R0

Jm (Bs t).g,fl = Jmt (I_{s t).§§1




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

([ EY®R-EO®R0)]|-e; = lim [, RoM]-e
nx| EPR.)-EV R0 =~ lim [1,, (R.0Ak]

, =0 |3, (R,7)| = finite / endlich
lim [Jmt(g,t)AhJ o .
A0 #0 |J o (R, t)| = infinite / unendlich

I J_(ROM]=K_ (R,
Jlim [J ROA =K (R,1)
9 (R0 o0

I (R7) [V/mz] : Tangential Component of the Volume Density of Magnetic Current /
Tangentialkomponente der Volumendichte des magnetischen Stromes

K. (R,/)[V/m] : Surface Density of Magnetic Current /
Flichendichte des magnetischen Stromes

o R[>0 2

We Make use of the One-Dimensional Delta-Distribution /
Mache Gebrauch von der eindimensionalen Delta-Distribution

< ifting Proper! 5@: - (0))
5(&—-&)he dé =1 Sieboigensehatt N
3
G=—© S (fl;étz»fs)

5(&-&")

_jf((:l,éz,e%) 3 he, d& = [(&.6.8%) 0\ >
o s o\ -

5(& — O 5(E —EO
f@@é)%=f(§1,§2,§§°>>% /668"
¢

3 3

Distribution ® Generalized Function / Distribution ® Verallgemeinerte Funktion

(61:62,8) = (x,3,2)

Sifting Property /
® Siebeigenschaft

[ 6G-2"dz=1 /\»
T 02,208z =2V dz = [ (5,2 N >
‘I\/ Q) \ z

z=—0

fx0,2)8(z-2") = f(x,y,2-29)5(z-2?) F(x 0,2

5(2—2(0))
f(x,p,2)
A/




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

3(6-4")
Jm(§1a§2,§3’f)=5m(§1:§2,6&3af)h—
(3]
5(z -0
=§m<§1,§2,«:<°),r>¥
5
(£1,62,8) = (x,3,2)

o (60,2, = Em(x,y,z,t)é'(z—zo)
2 _g® —_ i
nx[EP®R0)-EV R |=- lim [1,, (R.A]
lim [1 (R, t)Ah] =K, (R, t)'> Source Term /

A—0 Quellterm
e (R, 00

K R, /
nx |:E(2) (B: t) - E(l) (B: t):| — { —mo(_a ) W;/ n’;q
= S q

ws: with sources; sf = source-free /
mq = mit Quellen; gf = quellenfrei

Transition and Boundary Conditions / Ubergangs- und Randbedingungen {...)

G, o, BRO0R =[] I R4S+ ][ £ DR 11aS

Sp
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N -~
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N -~
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K. (R.0) ws/mq
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Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

@SP oy, DR.)+dS = ] jVPB p.(R,H)dV

Vs Spp = 8Vep Pillbox
-
P e N Medium 2
- g‘g) ~ o
o S
e ~
. N
. nS@) RS
I ~
4 n t Ah .
e o xt| |3 ..
/ S — Ah ~
. Ss Interface 5™,
4 Ak -
2 -
Iy R 5 G
T~ -~ e
=~ R nt) e
S R - .
-~ s
~ . P
~ = rd
z ~ o ’
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~ . P
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. Y
7. (R,1) ws/mq
n+[D?(R)-DV(R) |-
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Transition and Boundary Conditions / Ubergangs- und Randbedingungen {...)

§b, ., DRO-ds= [[[, p®nAY

7.(R.f) ws/mg
n+[D?(R.1)-D" (R.1) }‘{ 0 st/ qf

lim [ p,(R,0)AR] =1, (R, 1)
Ah—0
| pe (R.0)
Pe(R, 1) [As/ m3] : Volume Density of Electric Charge /
Volumendichte der elektrischen Ladung

—>00

7.(R,?) [As/mz] : Surface Density of Electric Charge /
Flichendichte der elektrischen Ladung




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

Py, ., BROwas= [[[, py ROV

Vs Spp = 8Vep Pillbox
-~
_-" ~ o Medium 2
- g‘g) ~ o
- ~
- ~
. -, ~ o
I ’ AS(E) A > ~
- n t Ah ~
/, cM n ><\1 5 S .
/ S — Ah
s Ss Interface Sg™,
‘ 3
/ 2 P -
3 R® 5@ o
~_ -
~ E nu) . d
=~ R o P
-~ s
~ P
~ . ,
z ~ o ’
o ’
~ . ,
SN Medium 1

Y
nn(R,5) ws/mq

0 sf/ qf

n+[B® (R1)-B" (R.) ]—{

Transition Conditions / Ubergangsbedingungen {...)

For/Fir R € Sl(merface)

n
Medium (2) -

-K,,(R,/) ws/mq
. (2) (1) Bom
Medium (1) X[E (R,1)-E { o/ qf
n><|:H 2) H(l) R, t } (R t) ws/mq
- 0 sf/ qf
. n-[D® (R.)-DV (R } 7.(R,1) ws/mq
&, b,-Medium: 0 sf/ qf
hil (B’l):‘?ogr(i)E(i) (R.1) [B(z) (R.1) B(l) } { T (R,1)  ws/mq
N (i - - 0 f/qf
B (R,1) =" H" (R 1) s
for i=1,2
or i=1, nx| DO (R1) —ﬁD(” (R1) |- —sog(z)K (R,f) ws/mq
nx| D" (R, DR
N | sf/ qf

(2)
B (R1) 1B (Ryr) |=
Hy

L]X

|

ne |:E(2) (B’t) _

{
H
£ g0 w0 {

T

(1)
My (0]
LY
P

n- {H(z) (R1)

Lol (2)Ke(R /) ws/mq
sf/ qf

(2) —1.(R,) ws/mq

0 sf/qf
1
® — > Mm(R,1) ws/mq
0 st/ qf




1=

Medium

7

€, p,-Medium:
DV (R,1)=55"E” (R.1)
BY (R,1)=uo4"H" (R,1)
for i=1,2

Boundary Conditions / Randbedingungen (...)

For/Fir R € Sg(oundary)

nxE(R,7)=
nxH(R./)=
n.D(R,)=

n-B(R.1)=

nxD(R.7)=

nxH(R,r)=

n-E(R1)=

n-H(R)=

0 pec / iel
{*Km(B,t) pem / iml
{ K.(R,) pec/icl
0 pem / iml
{ ne(R,f)  pec/iel
0 pem/iml
0 pec / iel
{ Nn(R,7)  pem/iml
0 pec/ iel
{_gongm(B,l) pem/ iml
Hott K (R,2)  pec/iel
{ 0 pem / iml
{ L’7e(B,t) pec / iel
&0y
0 pem / iml
0 pec / el
{ Lﬂm(B,t) pem / iml

Hoty

Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

Continuity Equations / Kontinuitatsgleichungen

@S=DV I R.0)-dS = *,U_[Vg P (R,NdV

Ips_ AmR1)dS = *Iﬂvg PRV

Transition Conditions / Ubergangsbedingungen

n (K (R1)-KP (R0) |=
0

n- K" (R1)-K,” (R1) |=
0

~S R0 ws/mq

st/ qf

0
75’7111(39’) ws/ mq

st/ qf

0
VeI R == PR

0
Vedn®0) === pnR.1)

Boundary Conditions / Randbedingungen

0
——n.(R,¢ ec / iel
B 7.(R.5) P
0 pem/ iml
0 pec/iel

0 .
—— 1, (R, em / iml
atf7m(f ) P




Transition and Boundary Conditions / Ubergangs- und Randbedingungen (...)

Governing Equations in Differential Form / VXE(R,f) = -J (R, —EE(BJ)
Grundgleichungen in Differentialform ot
VCHRO=  LRO DR
VDR, = Pe(R,1)
V-BR,) = Pu(R,1)

Field Independent Sources /
Feldunabhéngige Quellen

Transition Conditions / Ubergangsbedingungen Boundary Conditions / Randbedingungen
n n
Medium (2) | - SI(nter_face) For / Fir rMedium SB(Oundary) For / Fiir
Medium (1) ReS
- - % RS
R,¢ / 0 ec / iel
nx[E? (R)-E0 (R |- nxE(RN)= oD
st/ qf K, (R,f) pem/iml
R,¢ s/ m K. (R,? /iel
QX[H(Z)(RI‘ “HY(R.) } e( ) ws/mq nxH(R.1)= K.(R,7) pec ie
0 st/ qf - 0 pem/ iml
R,7) ws/mg i
n .[9(2) (R.1) D(1) R.) J 7.(R,1) q n-D(R.1)= 7.(R,t)  pec/ %el
0 sf/ qf 0 pem/ iml
R,7) ws/m i
l,l'[B(Z)(Bt “BO(R.) } { T (R,1) q neB(R1)= 0 pec/?el
0 st/ qf - 7n(R,¢)  pem/iml
ws: with sources; sf = source-free / pec = perfectly electric conducting; pmc = perfectly magnetic
mq = mit Quellen; gf = quellenfrei conducting / iel = ideal elektrisch leitend; iml = ideal magnetisch
leitend

Electrostatic (ES) Fields / Elektrostatische (ES) Felder

Maxwell’s Equations

A

Time Varying Time Constant
Fields Fields
a
) =0
o = g ="
Rapidly Time Slowly Time
Varying Fields Varying Fields
JB JD
==0 0
l o /\r?t -
Electro- Electro- Magneto- Stationary] Electro- Magneto-
magnetic . . . .
quasi- quasi- Current static static
(EM) static static (ss) (ES) (MS)
Fields (EQS) (MQS) Fields Fields Fields
Fields Fields




Electrostatic (ES) Fields — Governing Equations /
Elektrostatische (ES) Felder — Grundgleichungen

Electrostatic / 0 No Time Dependence and No Magnetic Field Quantities /

Elektrostatik 5 = Keine Zeitabhangigkeit und keine magnetischen FeldgroRRen

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

Integral Form / Differential Form /
Integralform Differentialform
— PosER)-IR =0 VZER) =0
— b, D®)-as =[] p.R)dV V-D(R) = o (R)
_ Curl-Free E-Field /
» Rotationsfreies E-Feld <

> Divergence of D Represents Electric Charge Density /
Quellstarke von D entspricht der elektrischen Raumladungsdichte

!

Method of Gauss’ Electric Law /
Methode des Gaullschen elektrischen Gesetzes

Electrostatic (ES) Fields — Governing Equations /
Elektrostatische (ES) Felder — Grundgleichungen

Integral Form /
Integralform

¢ ER)-dR=0 E(R) [V/m = Newton /Coulomb = N/C]

D(R) [As/m’]

gp,_,, DR)-ds = [[[ p.R)IV P(R) [Asim’]
=0,
Vacuum /
Vakuum

D(R) =5 E(R)

t Electric Field Constant /

Elektrische Feldkonstante
(IEEE, VDE)
Differential Form /

Differentialform Side Remark: In some Cases /

Nebenbemerkung: In einigen Féllen
VxER)=0

V-D(R) = p.(R) D(R) = &y¢, E(R)

t Permittivity /

Permittivitat




ES Fields — Method of Electric Gauss’ Law /
ES-Felder — Methode des elektrischen GauRschen Gesetzes

Source Distribution / Quellverteilung

R)=
P(R) {_ 0 ReV, _
_ Integration Contour /
c=aS .
Integrationskontur

Source Volume /
Quellvolumen |8

P ER)-dR =0

Electrostatic (ES) Fields / Elektrostatische (ES) Felder
Method of Electric Gauss’ Law / Methode des elektrischen GauRschen Gesetzes

Source Distribution / Quellverteilung y. Source Volume /
s Quellvolumen

®- #0 ReV,
PeR)= =0 B¢Vs

§Py DRI-aS = [[], o RV

_ Qe Total Electric Charge in V/
Elektrische Gesamtladung in V

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

Integration Volume /
Integrationsvolumen

—
D,(R)
V
gp, ., DR)-ds = I pc®yar
T mmnd Py
.y DR -nas e
R Total electric charge inside the

. M _— volume V' with the closed surface S=0V /
Sumsmatlon of allnD ”BBLD %OIét[‘{bL}thnS " Gesamte clektrische Ladung im Volumen
ummation aller D, =n - D-Beitrage ¥ mit der geschlossenen Oberfliche S=0V

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




Electrostatic (ES) Fields / Elektrostatische (ES) Felder
Method of Electric Gauss’ Law / Methode des elektrischen GauBRschen Gesetzes

gp, ., DR)-as= [ p.R)dV
=0,
Integration Volume / =0 source-free / quellenfrei

Integrationsvolumen @S%VD(B)'@ >0 Source / Quelle
<0 Sink / Senke

[ ——5 =01

4P;. oy, DR ngds
=P, oy DR)-mydS
= D(R)+n,dS

T Ws,=on,

Example: Fluid Mechanics — Spring of Water /
Beispiel: Stromungsmechanik — Wasserquelle

v Source Volume /
s Quellvolumen

S=oV Integration Surface (Closed Surface) /
- Integrationsflache (geschlossene Oberflache)

|<

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

{p,_,, YR -dS=¢p.  v(R)-nds
=v,(R)

Spring of Water / = # v,(R)dS
Wasserquelle S=ov N

:(Dv




Example: Electric Field Due to Spherically Symmetric Charge Distribution /
Beispiel: Elektrisches Feld einer kugelsymmetrischen Raumladungsdichte

Consider the Electrostatic (ES) Case / iﬁ D(R)*ndS = J‘UV L. (RYAV

Betrachte den elektrostatischen (ES) Fall S=or =
=D,(R)
= Qe
R R< ;
Prescribed: Electric Charge Density / P(R) = p.(R) = Peoa Ry Radial Symmetry / '
Vorgegeben: Elektrische Raumladungsdichte ' ° ¢ 0 R R, Radialsymmetrie a

Charged Sphere with Radius R, /
Geladene Kugel mit dem Radius R,

Dr(R)
Solution for D(R) /
Losung fiir D(R)

Electrostatic (ES) Fields / Elektrostatische (ES) Felder
Electrostatic Potential / Elektrostatisches Potential

Vacuum / Vakuum

Integral Form / Differential Form /

Integralform Differentialform D(R) =g E(R)
. E®)-dR=0 VXE(R)=0
gp,_,, DR)-ds V-DR)=p(R) "m0

Unknown!/ T

1
Unbekannt! Given, Prescribed! /
E(B)a D(B) =7 Gegeben, vorgeschrieben!

aEz_aEy_O OB, OE; _, CE, %y _,

o o o & o o

oD, 0D, aD,
+—+ =
ox oy Oz

(9

Standard Way: Method of Potentials /
Standard Weg: Methode der Potentiale

. . Scalar Electrostatic Potential /
Electrostatics / Elektrostatik: CDC (B) [V] Skalares elektrostatisches Potential




Electrostatic (ES) Fields / Elektrostatische (ES) Felder
Electrostatic Potential / Elektrostatisches Potential

Integral Form / Differential Form /
Integralform Differentialform
¢ ER)-dR =0 VXE(R) =0

Irrotational Field can be always Represented by a Gradient Field /
Rotationsfreies Feld kann immer als Gradientenfeld dargestellt werden

ER)=-VO,(R)

Electrostatic Potential /
Elektrostatisches Potential

because /weil VXE(R)=Vx [—V(I)e (B)]

O (R) [V]
= -VxVO,(R)
=0
In General / VxV=0 General Vector Analytic Property /
Im allgemeinen ~ = Aligemeine Vektoridentitat

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

AT U AR S O B

;- - e - - -

- e e - - -
T — e - - -
HERE — e - - -
- = — e - - -

PE— e - - -

T
f
i
A




Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (1)

wees TTTTT %%)TTTTTT

g, O0<R<R
R =4, “®= {gb R>R,
ER)=E,Eo ER)=Eye, +E,(R)

Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (2)

- fo 15

ER)=Ee, +E,(R)

%%>TTTTTT

—EyfRcos 8 0<R<R, a:% :
&p +2¢,
®.(R)=
<(R) _Eo{l_%}Rcosg R>R, _ 3
5b+26‘a
EO,B[COSSQR—COSSQSJ 0<R<R,

ER)= 2a a).
E, KI—FJCOSSQR —(I—F]Slnggg} R>R,




Example: Dielectric Sphere in a Homogeneous Electrostatic Field /

Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (3)
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Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (4)
- Avgiade of e Bechovielc Pole: &, il of e By ovie Fukd Stergh | F1
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Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (5)
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Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (6)

Sl ot e owttc Pomcat #,
'

&, =& 10
L]
&, =100&, o
4
HEY ]
az
aa
as
as
08
P
] 2t o o 1
cnm
Equvipatenial Lines of e Emersetibe Peinta #
)
— oo - — 8
—— antn ———
e E— .., i S— .
— P —
T = :
e om
2ol 2
e
!
£ L)
s "
=g o
s
navms ity
i 0 eey
i a6
- B S S
074 =
e — a8
1 2% [] as

Mot of P Ewchoiate Pkt SYet | F]

T

a5

&
. . ; r
Fﬁ_w"lﬂsxnmmfm ""ﬁ H=E_
‘ |”|||| . ‘I( HIMI
L \; M
c.‘ |'| I||I|;||I -
(I
‘I |Ii
£ °Hi | .
i I
M
.-| | |
os | lll' | I| HH
H ‘| |||I|‘ | 0
||| |
. :




Example: Dielectric Spher a Homo ge s Electrostatic Field /
Beispiel: Dielektrische Kuge I mh omogen I ktrostatischen Feld (6/2)

a — ©0
&, =100&, 0

Example: Dielectric Sphere in a Homogeneous Electrostatic Field /
Beispiel: Dielektrische Kugel im homogenen elektrostatischen Feld (6/3)
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Electrostati ic (ES) Fields — Poi and Laplace Equation /

Elektrostatische (ES) Felder — Poiss und Laplace-Gleichung (1)
*E(R) =
ER)=-VD (R)
*D(R) = ( )
kuum  D(R) = &) E(R)
_50Vq)e(_)
il Ve« DR)=¢gV-E(R)
= —80V'Vq)e (B)
=pe(B)
P(R)  for/

_ Poisson Equation /
. (R) g fur Pe(R)#0 Poisson-Gleichung
e} =
for / _ o Laplace Equation /
0 fir Pe (R)=0 Laplace-Gleichung
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Electrostatic (ES) Fields — Poisson and Laplace Equation /
Elektrostatische (ES) Felder — Poisson- und Laplace-Gleichung (2)

_P(R) for/ Pe(R) 0 Poisson Equation /

£ fur Poisson-Gleichung
V.VO (R)= 0
A .
vior 0 g;;/ 2. (R)=0 Laplace Equation /

Laplace-Gleichung

Laplace Operator / )
Laplace-Operator VeV=V"=A

Laplace Operator in Cartesian Coordinates / Laplace-Operator in Kartesischen Koordinaten

0 0 0 0 0 0
VeV=le ——te,——te, — |o| e, +e,—-te, —
“ox oy Oz Tox oy 0Oz

0 0

:aixlg X, =X
Sy
_9090
0ox; Ox;
_i+i i_vz_
T a2 2 2 -
ox® oy @

Electrostatic (ES) Fields — Poisson and Laplace Equation /
Elektrostatische (ES) Felder — Poisson- und Laplace-Gleichung (3)

Laplace Operator in Cartesian Coordinates / Laplace-Operator in Kartesischen Koordinaten

P, 0,2)  for/

Poisson Equation /
fiir Pe(x,,2)#0

2 2 2 Poisson-Gleichun,
LA PR R :
ox~ oy° 0Oz 0 for /

_ Laplace Equation /
fiir Pe(%,,2)=0

Laplace-Gleichung

Example: pn Junction — pn Diode /
Beispiel: pn-Ubergang — pn Diode

Example: / Beispiel:

1
|
: AY D, =10V
— — s ;
I |
- - |+ |
N |
—d, 0 4, x 1
for / 1 2 2
2 ol fr d=xs0 22 o =0
— O (x)=— | ox° Oy
20 € for /
e g 0<x<d, 1
|
1L

Separation of Variables / |
Separation der Variablen =




End of 6th Lecture /
Ende der 6. Vorlesung




