Electrostatics Note

3-2 Electrostatics in Free Space
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“?'Nm\ﬂﬂﬁi “the scalar line integral of the static electric field intensity around any closed path vanishes”
(3-6),(3-7) 30071 integral form Y83 (3-3),(3-4) 0414 Fatnadn usedn Wi 1§910M3 integrate avn W
V=[E-d v

C
N ﬁu 3-7) 911809 Kirchhoff's voltage law : the algebraic sum of voltage drops around any closed circuit
is zero
3-3 Coulomb’s Law
diofinsanszyihge (point charge) ¢ 1 Free space 7113vo11va (boundless) tilois1manssnaviiiian
AuinanegimiuRnIn ¢ 109910 point charge hififemiunizas s ldaunWihiidann point

charge UUNTINANTULIAMIAY LAz iRANIII0ONIINNTINAN (RANA #) e 1F (3-6) AugLi 1 () 9214

§E-ds={ (iE,)-tds =L vito E {ds = E4m?> =L
N S 6‘0 N 6‘0

E=FE =i—L | vm) (3-9)

{a) Point charge at the origin, (b} Point charge not at the origin.
Jin 1
(3-8) ﬁﬂﬁ}i}’h the electric field intensity of a point charge is in the outward radial direction and has a

magnitude proportional to the charge and inversely proportional to the square of the distance from the charge
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Example 3-1 Determine the electric field intensity at P(-0.2,0,-2.3) due to a point charge of +5 (nC) at

0(0.2,0.1,-2.5) in air. All dimensions are in meters.
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1310 point charge ¢, N9 luauw IWihARaIn point charge ¢, v ldNausINIIAD ¢, 1M1

9,9,
dre R},

(3-13) Auaumsnfiamaniiang Coulomb’s law : the force between two point charges is proportional to the

F,=¢E,=4d, N ; R, =R, Hr,—r | (3-13)

product of the charges and inversely proportional to the square of the distance of separation.

Sc :
Example 3-2 The electrostatic deflection system of o oA _
Deflection T
a cathode-ray oscillograph is depicted in the right plates do
i/ t
figure. Electrons from a heated cathode are given ] m.'fl:' HE— : _ 1
Cathade : ol i
an initial velocity v,=zv, by a positively charged ’—“’—"I.
pr— L
anode. The electrons enter at z=0 into a region of

deflection
plates where a uniform electric field E =-yE, is maintained over a width w. Ignoring gravitational effects, find

the vertical deflection of the electrons on the fluorescent screen at z=L.

3-3.1 Electric field due to a system of discrete charges
al Y v 4’! . o A ] o 1 [ [ A
awy@n e lwihgnad193ua1n point charge $1194 7 U529 9, 4,1 ..., ¢, NOgIUMMHUIANAY T8990
I 1
anuuauy iy linear function Y99 rg/’ 39@1151Y principle of superposition 1@ na1IRAe
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3-3.2 Electric field due to a continuous distribution charges
ﬁum"lﬂ*’f\hgﬂﬁ%'wSﬁumﬂﬂﬁzﬁ;ﬁ'@iaxﬁmﬁuﬁmﬁmiugﬂ
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St
1 ¢.pd 1 ¢ R . R
E=|dE= a,—~——= — p,dv' (Vim) ; a, =— (3-16)
IV' 47ngJ" Y R*  4zs, J‘V'R“O R
ﬂiﬁﬁtﬂuﬂis@c&imﬁmuuﬁuﬁaﬁﬁ surface charge density p, (C/m’) (3-16) weldowdiu
1 ~ pds'
E= a,—: (V/m) (3-17)
dre, L' R

nsainidlutlszqaeriioauuid@uiil line charge density P, (C/m) (3-16) vzilasuniy

1 .~ pdl
E= j.aR ’012 (V/m) (3-18)
drg,*t ~ R
Example 3-3 Determine the electric field of an infinitely long, straight, line 4

charge of uniform density 0, (C/m) in air

3-4 Gauss’s Law and Applications

Gauss’s law ’r)iﬂugﬂ integral form ﬁ‘l/iﬂmﬂﬂﬂiimﬂ (3-3) c?ﬁﬁJuﬁau"lm divergence Glugﬂ differential form

Y

V04 Electrostatics na13A0 §SE -ds ==|(3-6)
&y

Gauss’s law : the total outward flux of the E-field over any closed surface in free space is equal to the total

i a < A aX =
charge enclosed in the surface divided by € Tagiuia S mmﬂumamﬁﬁu (hypothetical) Wieuna
Aa 4 . A A 1o o Y I v A o XA a
AUAFIAAT  (mathematical) NADNANNANNAZAIN LlﬁgIlll"IHLTJHG]?NL‘]Juﬂumﬂ?ﬂﬂWHWTﬂWﬂﬂWﬂﬂ"lW
(physical surface) Gauss’s law tiugnuflapinau lWihlisnuasaunas ouaswald normal component
¥ a A & & PR o
vosaw IWihuuiuiy GdenIndly Gaussian Surface) Wumnan e launsasms integrate A1
Frodiovosaumsla

Example 3-4 Use Gauss’s law for Example 3-3

Cylindrical 3 F —"f‘
Gaussian :,',_.'.: 1
surface ;,— ~~ L
e \l_
Infinitely long
uniform ling
charge, py.
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Example 3-5 Determine the electric field intensity
due to an infinite planar charge with a uniform

surface charge density 0.

Infinite uniform
surface charge, pg

Example 3-6 Determine the E field due to a spherical cloud of electrons

with a volume charge density 0, inside and 0 outside.

3-5 Electric Potential

A . =< o Y ' v
1We91n V X (VV) =0uaz V x E = 0 1u Electrostatics 3@ wnsamvua’li E miny

E=-VV (3-26)

Al A 1 I 4 4 o I o 1% 4

Tae vV 190i38n1 Electric Potential 1811y Scalar 11899 niomnua’ll w idluaiu (Work) dmsunaou
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—=—| E-dl 0/cviav) (3-27)

q A

9
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= 2o . = A 3| .
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' ' . A Yo g o o o s VoA .
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P
V,-V, =—L E-d v (3-28)
Yo ! P, P, ~ Py
Tidanain —L E-dlzL VV-adi :IP dv =V, -V,

3 .
uaz P, nfFeuradiowilu reference point
Yodunaineani Electric Potential
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NAUUVDS 7
A ¥ o o & ]
2. NAN1Ued VV alan1nny surfaces of constant ¥ ANUU E 619

1NN equipotential lines W30 equipotential surfaces
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3-5.1 Electric Potential due to a charge distribution

y o Y . . S . .

atvualy infinity 11U reference point Electric e
o Vo

potential 910 point charge IN11NY ——
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b1 in) ) [ok

N e

= .

R,q q
V=o|r———tdr=—"-— 3-29
L’ dre,r’ 4re,R DU

9
A9UU Electric potential 7171990 2 AININY

q 1 1

dreg\ R, R

V, =V, =V, =
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N3AUNN point charge U 7 1359 ¢, ¢, ..., ¢, TUAMHUIAAY

V= 1 c qk’
drg, i lr—r/ |

%

AA g J A 1w
nyaTlulszgaeiiios ¥ iminy

V= 4;8 J‘V' pvdv (V/m) (volume charge)
pds
V= J (V) (surface charge)
4re,

V=

4 J Pi di (V) (line charge)
72'8

(3-30)

(3-31)

(3-38)

(3-39)

(3-40)

Example 3-7 Electric potential due to an electric dipole consisting of charges +¢g and —g with a small separation

of d

4 . :

-7

Example 3-8 Obtain a formula for the electric field intensity on the axis of a circular disk of radius b that

carries a uniform surface charge density 0.

3-6 Material Media in Static Electric Field

Fagn'lWihnldnuegluvgivannsaduun ldawguauiamah lWihls 3 dszanlngafe dni

1191 dlladao’ X o o A a u/llal = .
‘V‘I‘V‘h AUIUNTO LADIanNNING Uaza1INIAIU LUBWIITMIVIN Energy band BU ANIINNHHHNN Solid

State Physics awldnasiin
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The large energy gap

Ener of betwaen the valence In sermiconductors, the band
I I ay and conduction bands gap is amall Ennugh that thiarmal
electrons in an insulator says energy can bridge the gap for a
that at ordinary small fraction of the electrons. In

. conductors, thers is o band gap
duction temperatures, ng
el Ean elacErons can raach since the valence band overlaps

the conduction band. the conduction band.

Fermi level in gap. Fermi

Conduction Band / leval

....................... Conduction Band
Owarlap

a. Insulator b. Semiconductor ¢. Conductor

sU 1 Energy band structure

U

3-6.1 Conductors in Static Electric Field

wiorilsgq Tl ludni Ivdh seifaaum Ivih edawaldinens o lddszy iluedeunuenaindu
1 4 i1 v vy
mandeuiiiswiiuliledudeiiosnulszynanua legiiuiveadniludh dunaliiszquaz

aw Iihmeludni Wil ui 0 nande

4 r 1
Watl 1iteeanlifii)szqdase (free charge) ogludniliih p, = Ouaziiiodszgndld Gauss Law az9h

W ldGeulv E=0

Wennsanveuwasznidnih lihdueima dwaaslugli 2

Y o A Y Y o

ommsmdsiusamuaung abcda LHaINInNIg
- fviuald Ah— 09148
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naMfe Tangential component Y94 E iy 0 v

Fa
a v o I
AuAvean 1 Wil Equipotential Surface

' Y o ~ o X a v
aoun owhmsrlsiusouiurlugy e2'ld

fE-ds=EAS=P2as  or  E, =P
5 80 gO

@ ] ° a 1 J (2
@10613 3-9 Mrualnnlszsiagavuia O agNARUINA1IUBA conducting shell AaAIAINTY 3(a) D911

v

7 uay E Ineglugiiadduves »

o~ + __~" Conducting
shell
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Er ,

"R
N i
2

519 3 @29819 3-9
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3-6.2 Dielectrics in Static Electric Field

9
@ @

Sagnanuaszneudisesfeuii sz Iihuinedasanas uazdeusoumodszy Irdhaulu
swadmindy defy Tuanmiysiaenaunuih Uszyzagluanuziiiunais  (macroscopically
neutral) tifofiaun uih ﬂmﬁﬂﬂmﬂéauﬁmmﬂsz@'lﬂmmm“lﬂ% (4E) danaliifaidly electric dipole
moment 1431 4(b) (380N polarization) ’Tﬁﬂmdwﬁﬂzﬁﬂn’h nonpolar WAMIAQUNBIN 321NN dipole
moment faustag Bifienu ih iifesnin TnssadhevesTag endresrasu 1 sz enInduuun polar uaz
Ysznaudie polar molecule @Qﬁ permanent dipole moment ﬁmﬁﬂﬂugﬂﬁ 5 Ll@ﬂuﬁm‘lﬁlﬁﬂﬂﬁ%m
auliih  femsues dipole  vznszianszae demalfiaiioudy  dipole moment iU 0
(macroscopically) tiefiauu' il dipole vz ssmufismavesannliih duaadlugi 5 o) dawald

dipole moment 591 Tuiiilu 0 Aanaaalugili 6

(a) (b)

51U 4 U5z dielectrics

U a

(2) (b) External E

gﬂﬁ 5 Polar molecule gﬂﬁ 6 Mol dielectric medium
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@

1 9
Womnualienuves polarization vector P ANU
NAv

Zpk

P = lim ©— (C/m?)

Av—0 Ay

o ' ' ~ 3 s
Tagld N L!ﬁﬂﬂm‘LHWUfNIlJLﬁf]ﬁ@]E]‘l/iu’JEJﬂim@]ﬁ NNADT P ISUTAN volume density of electric dipole
moment tmviualyf dipole moment aoruwdSHIAS dp = Pdv’ 3¢1 electric potential NNAN dipole

2y
moment u"lﬂmﬂ

A

PR
4re,R*

70171 2216 potential MifaIn P 1T

1 (PR

ve—- [ =3

V' R

1 4
TumsAnyINaves polarization vector Imsmvuatienyuesdeae li

W

% av'

av'

4re,

1. Equivalent polarization surface charge density
p,, =P-a, (Cm)
2. Equivalent polarization volume charge density

A
1403910
0=—fPads=[(-V-Pv=| p,dv

9 Y
AU TWITON MU UAUIINVDN polarization volume charge density AU
P, =-V-P (Cm)
dunan U593 mmelua’ dielectric 93
total charge = §S P,.ds +IV p,,dv :§S P-a ds- IV (V . P)dv =0
GRITRERME ial 18Taeld751R021 ial 113932 1)

potential 910 0, , 0, lalag 1358 INUNMITNT potential 9101529117

J ' ° Y . . 1w A adg a J [
@10619 3-10 Mruald polarization vector P 11y P = XP, vedladdnnindnsananiall R, vam

X a Aad A ¢
Pysr P, azdszgsmuuiiviaz lufinasvesladiannind

3-7 Electric Flux Density and Dielectric Constant
Tu'ladiannind

V-E=L(pv +ppv)
g

0
UALH9391n p, =-V-P

V(e E+P)=p,

A Lgl o a I
Tuiil eansoMyUATienued Electric Flux Density (W39 electric displacement) D 1913]1
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D=¢,E+P (Cm)
v & v
aariu 9214
V-D=p,
uamﬁaﬂiszmﬁ“l%' Divergence Theorem wld
[V-Dav={D-ds={ p,dv=0
% S v
9

ANUU
§SD ds=Q (O

~A g @ Il o &
Tuns@inidluiaguu linear 1a isotropic amnsaudaas P 1eglugives E Tdaail
P = gOZeE

1 9 9
Tag X N%E]Lﬁﬂﬂ’ﬂ electric susceptibility Lmz"lmwma (dimensionless) lunsall ewnsoauaad D aatl
2
D=¢,(1+y,)JE=¢,6E=¢E (C/m)
Tay
&
g =l+y, =—
&
N¥0iTonN relative permittivity W30 dielectric constant waz 14ivie
o o as 2 @ Lgl

Iﬂﬂ’ﬂ’)vl‘l] ’mmﬁﬂmuuﬂﬂizmmm"lﬂamﬂmﬂf,ﬂﬁ'mu
Linear : dielectric constant doesn’t change with applied electric field € non-linear
Isotropic: dielectric constant doesn’t change with direction € anisotropic

Homogeneous: dielectric constant doesn’t change from point to point € inhomogeneous

3-7.1 Dielectric Strength
dioau Iihgann szannsaihldife free charge 1oz Dielectric vxamnsmiliihld deGena ima

M3 breakdown Armduvesauw llihgegan dielectric amnsonu'ld Sena dielectric strength (ATE

strength of material)

@069 3-11 fmualimsainandesgnisounenu laslilszgaauancluzln 7 sdmuald b, < b, uaz
' 1 ?,'/ =N ] ° ¥ a
JLHLHNITHINNIINAUNId08 1IN N3 AT ueg 191N whlddszquunudmssnaunszaonyy

k4
uniform distribution i]\iﬁ"lﬂigi]‘]_lu‘lfli\iﬂ’dll uag E Uuﬁuﬂ’lﬂiﬂﬂﬁll

@

31N 7 @081 3-11
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M0619 3-9* Mvualitilszyriiagavuia O egiyaguina1aved dielectric shell #3% dielectric constant

v

" W @ ] d v
Ny & Aaaasnugl 8(a) 9am VE,D,P 1Weglugilenduuea »

Diclectric
shell

@ Y

@ ]

37 8 A10819 3-9%

3-8 Boundary Conditions for Electrostatic Fields
Vil

finsanvenavesiagaesedawaaslusin o dnims
wifSusamndunia abeda udawhmssuald A — 0
wld

lim ¢E-dl = EAW+ E,(-Aw) =0 or

Ah—0 Jabceda
E,=E,

AA1IAD Tangential component Y84 E foti{aanufveuiun a1

o Y P o " v
mruali permittivity Y93IdQ 1 Uag 2 1MNY & uag &

e ..‘as'.-. i
’ vk o w v

auden vz 1d

D, _D,

1t

& &)

3UN 9 veuaIENINTAgaRIBEN

11
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soun dnhmsniSiusuuiuilug 02'1d
§SD~ds =(D,-4,+D,-4,)AS =4, -(D, =D, )AS = p AS

9
Y

JUHU

De

A

a,, '(Dz - Dl): Ps (C/m’)

@10619 3-13 Ay Lucite g luawn Tvih E = XE, dwaaslugili 10 9911 E,D,P, Tu Lucite

or Dln_DZn:ps

W aovrmnriin [ I
Bomnety | B4 (gl
D, = ‘JrfOEJ' DJ' L 2».-"
Free | Lucite * | Frpe
space | ‘¢, w32 | sppee
31U 10 470819 3-13

(5 ] ad a 4 A A~ ' v o w o
A28 3-14 SUE]‘ULﬂJGISUfJQUlﬂE]Laﬂﬂiﬂﬁ 2 FUANY Dielectric constant (NINY &, & ANAAL ﬁ'wmwuﬂclﬁ'

YAV E 190 P, Tudag 1mmny £, uagiamieaaaaslugyl samvinauaziAniaved E, 199 P,

« .7

AT

@ [

31 11 0614 3-14

3-9 CAPACITANCES AND CAPACITORS

ani i1y electrostatics 11/ equipotential  body uazﬂizgﬂsﬂizmﬂuuﬁuﬁﬂuﬁ'ﬂymzﬁﬁﬂﬁ’
v el o dasmualdl potential 1400152y 0 wiriy ¥ msiity v lfUszqiuiua

v A o ' 3 A X < Y
A8 NAIAD BATITIU Q/VL“IJuﬂTﬂQ“VI mmmwu"lmm

V=—[E-d-= —I/;—;dnszaz kV =—[kE -dI :—Ikg—/?dn

] Y
naNfe Uszgamazinuaiu k musuny
o Y 1 . v o =) [l <
Taom 11 as1d9u 0/ vgnuaasRls Capacitance tag ¥ dyanbaiunuale C Hwiteiu Farad (M50
C/V)

A A =] v o ' a
Aa1lszgnd e Capacitance laun dunvilszq Inl#h (Capacitor, Condenser) Aafoenelugalii 1

12
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4
aaA v I ()
lunsaill  danuilszylWihiseneudlednirluih
2 BUNIENIINAURIG free space 1307A9 dielectric
¥ 9
eliuvasnionssau Tihsgniedni llihisaes

a v & a 9 = o
WNA +0 NATUHUN LAY -0 DNATUNUL ISTUNA

4
v A

v 1
181 field line dzAamnAUNuAIE W Fadlu

yﬁ/o

equipotential surface Tuiil drimualifusadu Tnlih

1N ¥, Capacitance 9@ N5 ouaa Idae

CZQ (F)

19 1 A two-conductor capacitor 12

Qan

@ ] . A Y 1 ) Y ' Aa A’l’ A v 9 o
AIVYNN 3-15 parallel-plate capacitor ﬂﬂﬁ%ﬂi‘)ﬂﬂ'f]mmu@'JU"lthW"l 2 UWAUNUNUN S Llﬁguﬂﬂi]"lﬂﬂuﬂ?ﬂ'lﬁﬂ
Aa . o A
NU dielectric constant 8@%!?[@1@11!31]1/] 2
Ya
Dielectric

+ __(permittivity ¢) Areas
- £

’(r+ T+ T+ T+ I+
i
|

ng_wr_ '!L_ Y- v— J_. =

519 2 #206149 3-15

U

A20819 3-16 A cylindrical capacitor

317 3 @79813 3-16

A10814 3-16* A spherical capacitor

@ ]

3U7 4 dr0814 3-16*

3-10 ELECTROSTATIC ENERGY AND FORCES
. . A & = Ao & o o ° & ' o ' o &
Electric potential N19anie ¥1ede Nundududmiumsrinnszquinvinanianiiennd e iug
9 v
(reference point) 31839ain Tumsiinlszy 0, Mindwmiseiuad ey Tihidmasinlsey o, u free

{ Y 99 o
space lilszez R , vzdoaldauminy

13
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Ql — Q Q2
4rg,R,, ! 4re,R,,

A L . o q ¥ 7 ) . 9o
11199910 E 11 Electrostatics 1Huauiu Conservative ¥1119% 7, liunuidunig (Path-independent) 1 daing

W, = szz = Qz = Q1V1

2 9
1N W8I T = (O)(V) = (O)(/C) nuthaduiivzgnidulutlsygisanalugil Potential energy nanfo

1
W, = E(lel + szz)
42 9 a 9 o - 4 . 44 2 ' o
Tuiil diiszy o, grithindwmiseriug lfidumia R LR 910 0,0, uiiinyuazmy

13>

sW=ov -0 0, &

4rg,R,;  4rng,R,,
o & . & 3 A g A
Ha3IWYRI AW M W, 9211)u Potential energy #99zgninunszyniaiy na1ine

W, =W, + AW = 1 (QIQZ + Q1Q3 + Q2Q3J
4re, \ Ry, R, R,;

=1Q1 0 . O 10, g . o 10, R
2 dre R, 4rns Ry, 4rg,R,, 4rns,Ry, 4rgyR;;  4ns,R,,
1

:E(Q1‘/1+Q2V2+Q3V3)

Y ' 3 a A a A T 4
Tdunad v, Tuaumsaneduilu potential 1 @, MAnan 0, 0, Tunsainlsznounie N 15z liaeiiio

potential energy (130 Electrostatic Energy) 92111011
1 N
W, =52kak ()
k=1
o o A . vy
dmSuiszgaelilod potential energy unsouaaslaaag
W = ! Vdv' J
e A ,pv v ( )
v
4 ' 1 a ° o A 3 ' a '
1119991011178 Joule Tnajinu ldmSunazilunitevesaumaluih Seiion1$wiing electron-volt (eV)
2 1w Ao & o w A Aad Y v o o A
FaMmnuaunsudmsunaeuno@naIoUAIUANUAANG 1 (V) NA1IAD

1(eV)=1.60x10"" (1)

o ] @ Ao a ' 9 Aa = = '
AIVYN 3-17 WTW@\N1uﬂﬂ1lﬂuﬂﬂﬂ1iﬁi1\1ﬂ5$@ﬂiﬁﬂﬁll‘ﬂlliﬁll b UASUANNUHUIUY P,

519 5 A19819 3-17

L]

3-10.1 Electrostatic Energy in Terms of Field Quantities
: 1
iwewnV-D=p W, = EJ-V‘(V -D)Vav'

@014 V- (VD)= VV -D+DVV a8
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1 1 1 1
W, =~[ V-(D)dv——[DVVdy'=—§VD-ds+— [ D-Edv'
2V 2V 298 2V
iiosnnTaeia 1y b ulsiunin 142 saz v udsfuam 1 Suedarios sariu ilesmuald v ifhumnss

9
NANTAN r—>00 Wﬂﬁlliﬂﬂ]ﬂ\i RHS c’nzudJu 09U
1 \
W, =—[D-Edv J)
2
Tunsainglu linear, isotropic medium
1 2 '
W, =—[zE%dv J)
2
t!‘&;l o a Yo g
Tunil @unsamMruale1uvoN electrostatic energy density w, laaail
= B> U)W, = 1 [ wav
w, =¢E” (J/m’); e =5 ), Wy

2
A10814 3-18 A parallel-plate capacitor

ik

3U7 6 A10819 3-18

$20814 3-19 A cylindrical capacitor (gﬂ“ﬁ 3)

3-10.2 Electrostatic Forces

Coulomb’s law : the force between two point charges

Principle of Virtual Displacement : calculate the force on an object in a charged system from the electrostatic
energy of the system

dW =F,-dl

TA8 a7 1aA9 mechanical work dwuiadenii iy dr uaz F,, @A total electric force dieantn lufingaam
ﬁuiuﬁzuu mechanical work 84117 electrostatic energy ﬁ;ﬂﬁw‘lﬂ naMAD

dW =—dW, = F, -dl

iesnn dW, =(VW,)-dl

F,=-VW, (N)

20813 3-20 the force on conducting plates of a parallel-plate capacitor

3-11 SOLUTION OF ELECTROSTATIC BOUNDARY-VALUE PROBLEMS

e ladnyunednunsaing charge distribution 182111 E, D, ¥, ere. ualulynnal ene'liannsod
.. . Yy =2 9 Y ° A Y ° Ay ¥ A o '

charge distribution 16 VedeauslayrIasmsmuaton lvveuua udmmasunlanmSou ludinan

Y v
UGN N D Boundary-value problem FUNINY differential equation + boundary conditions
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Electrostatics Note

3-11.1 Poisson’s and Laplace’s Equations

U Electrostatics, 92 Rauduiuiato i

V-D=p ;VXE=0E=-VV

14 linear, isotropic medium, Lﬁﬂﬂiﬂﬂ D=c¢E, ﬁlﬂiﬁu
V-D=V.(E)=V-(-sVV)=p,

!.Wiwﬂmj’ﬂu 3218 Poisson’s equation \\0¢ Laplace’s equation (ﬂifﬁﬁ £, N 0) ﬁ)ﬂ@l‘ﬁlulﬂﬁ

(Poisson's):V?*V = —&; (Laplace's):V*V =0

&

Taes V2(del square) H¥eisonn Laplacian operator

3-11.1* Uniqueness Theorem

2 A Ao oAaa ° =
Uniqueness theorem Auaaimvuad Tieamneu@eInnmsud Poisson’s equation 130 Laplace’s
equation

J o

el vl s, s, ... s WuiuAseu

— 1?2 n

@

4 '
dni Il wag s, WuiuiseutSuas v dwaalugili 7

a1 Ao a o o Y ] =
AUYANUMADLNY 1 AU TﬂﬁlﬂTﬂuﬂGl‘ViLﬂu V1 uae V2 BN
v

o @ Y I o . . =
MADLUNITD992A0 U AN VYD Poisson’s equation 1UUTuAT ¥

V2‘/l :_IOv ;VZVZZ_IOV
& &

uagldamidou lvveouna nande v, 7, deuiluliamidouly

1 v Y
VoUAN S, S, ..., S, waz S, il hdmuald v=r-r, 218

317 7 proof of Uniqueness theorem VZVd = O‘A y ;V, =0
m

ins,...S,
weld V- (fA)= fV-A+ AVS uazdmuald £v, 4= Vv, 0214
) 2 2

V-(V,VV,)=V,V-(VV)+(VV,)-(VV,) =V, VV, +|VV,[ =|VV,]
o ~ o o 2 y 9 9 v
msnfSiufveaivaesiivesaumsdiadu 1214

2
[ V-, v, )dv=§ (v,vV,)-ds = | VV,[ v
11199910 ¥, 1MAU 0 DU S, S,, ..., S, HAZUY S,
r—>owV, ocl/rVV, « 1/r%:;ds oc r?
faiu 5wusildagdeailu o dawal vy doadlu 0 naziiioenin Gradient iilu 0 i ldt v, deamiimy
V,UUS, S, ..., S, nanfe aeaniny 0 wunu auiu v=v, wazajl 140 1 1diiesdimouifen

f29819 3-21 parallel conducting plates separated by d with 0 =- O,y/d

T .
+
15

+ |4+

£ 111

- Y4
-+

#2981 3-22 Two infinite insulated conducting plates maintained at potentials 0 and ¥ (31]17] 9) 99M1 potential

@ ]

3U7 8 dr081e 3-21

distribution U310 0<@<auay o <@<2m
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3N 9 @70813 3-22

#29814 3-23

T

7 - ™
R
' l / . 5\ )

v:i( v, 4& j .
| \ /

31U 10 70813 3-23

A20819 3-16%* A spherical capacitor

519 11 d70819 3-16%*

&

3-11.5 Method of Images

4
an A

< A A v a A o q Y ' v 1Y o v
DU nJumnmuwuau‘lwauwwma Images NINUIETY LW@WﬂW\T]EJ@]?Jﬂ']ﬁL!ﬂﬂin1 Iﬂﬂ“lNGIENVHﬂ'liLLﬂ

. . - .
Poisson’s equation 13® Laplace’s equation

$20814 3-24 Point Charges Near Conducting Planes ﬁ'mﬁm“lugﬂ (a)

1
a  eO(0, 4, 0)

Grounded
_ plane conductor >
Fai R %

—— F1

pu— - —

(a) Physical arrangement

Plx, y, 3)

(Image charge)

(b) Image charge and field lines

3U7 12 @798 3-24

A Y o a A (=Y q'dyd o
Luﬂx‘i‘ﬂWﬂEﬂWﬁﬂUﬂimﬂhlllll Grounded plane conductor Tuni i]\‘inﬂEl13JW1ﬂW]ﬂ°].lIﬂﬂ

1 9 . 1 v Y v v 1
UNUN conductor A8 image charge My Ay TuN zununAInlsey -0 7 (0,-4,0)

Fevz1
1 1
V(x,y,2) = et _1
4rey\ R, R
1 1 dunan
0 - y=>0
4re, \/x2+(y—d)z+z2 \/x2+(y+d)2+z2
0 y<0
w2 1damidou'ly =07 =0 E #1120 9211400
0 xx+y(y—d)+iz Xx+y(y+d)+1z

E=-VV =

3/2

ame, [+ (y-dy + 227 [ 4G+ +22]
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o
27z(x2 +d*+ Z2)3/2

Line charge near a parallel conducting cylinder

9
MUY o = 80Ey‘
y=

(a) Line charge and parallel conducting cylinder. (b) Line charge and its image.
wnsadaymilugil () Tumsls Method of Images 1 d@31na11 (a) Image A239z0g lUNTINTZVON 1D
I ] A2 A 4
T521um) r=a 10U equipotential surface (b) Image A5z 0gUMEY OP TuNil FeldvwIAe p.d (VA
v v
Uszquazye P) Tuduasuusnlidmuam p, = —p, 91miu im541A1 potential 11n15zqaiiadu vz
Y
14
r rl I
V= —I E dr S S/ Sy P L
" 2mey ¥ 2re, 1
9 H v
@91 potential N9A M 321N potential 11052 YBHAFUNITDI NANIAD
T
v, =L ml_ P o A

r
=—"—"—In+
2re, r 2ms, 1. 2mE, T

1

4 5 S = o o
1o #5211 r=a 13U equipotential surface, r/r1iuA 1A naz AOMP, adreiy AoPM 1hi1#1d £
9
OMP=2 OPM Aa1u
PM OP OM r d. a
= = ——;or-- =—L = — = constant
PM OM OP roa
9 i
NIITRTUU di=a2/d 9 P, 1%0i36071 inverse point of P with respect to a circle of radius a

A208149 3-25 Capacitance per unit length between two long parallel circular conducting wires of radius a

/ },fff //// )
/ J//f////‘-/// f,
/,é//z,-; ./

=

/, ’ v
2 ‘
* D -
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