
- Coulomb's law
- Gauss' law

Electrostatics - Electrostatic Energy
ELECTROMAGNETICS

4
· Electrostatic Fields in Material

- Solution of Electrostatic Problems

~Coulomb's law ex Consider three point charges located at thecorner ex Twelve equal charges, g, are situted at the corners

of a right triangle as shown in a figure, where of a regular in-sided polygon.
· ElectricForce Iamwantauserlabourte

8,:9,"5.00C . G, = -2.00MC, and a =0.100m. ras What is the net force on a test charge & at the center?

I wr=ona
Find the resultant force exerted on

g;
(3) If one of 12 g's is removed. What is the force on Q?

aa I ↑
---

↑ Sol 88q ra) on Principle of superposition
⑳

-
-

-
⑳

F 9↑
1

!Q 92 ⑧.....

8. 08 aswarmsinPensareprintsservicI 800g
-

---

-

g..!"q

Permittivity offree
spaceit Pass

E se Esteria. Yesairasi

:
⑳

.....⑧
---

①

↳9 F =

44Ej

-
a = 18,988-269/150x500x184.ranty.

j
-

is Enet=Ii
--

89g

g I -
x =>(7.944) uty) N. 988 q

-D

⑧- vector

23 4490 423
-saggessfcutossuto"an=8.988sN.

....toa
~...
) amriszeusseudes

-
90 =8.854 -18 T=rg- r E =

1.828, a si" q ② 4oz q anfuente2 123

g 89g&
ia.8.9881109 · Enet=FistEs=1-1.044an+7.944ay] N. restors -a messasw; EieN wawamn

ex Asemicircular line charge is on z =0 plane and

:
9 - ·wow,dosunwas has the charge density as follows. dra:ppaandra

· Electric

FitForan
e

mini ↑
4 A

g. igt I narm; 05rrc, 4: 1900↑ -

-

-

-
a↑[Yc]

...

dra-- ↳
--2 r

=

znampro)= -narm;r=2,-gorre v =azotra.....- ~e
I ↓ -Ym] ~

o; otherwiseY =F- rg 109

Find E and 2 at 10,0,70). Given that V=0 at 0. -42 enfrate Zital!
· WorkinElectricField

sol fors Cylindrical Coordinates - enE! IV.
1switwarcedrig g or adubrawiesash) da,"ear daPerd⑩ - 2+ 18? da

~ irscidoaw - are
- 115simeW=gE - g

-:Zaz-war -> so
- --

·
Bar 2 da, I

I =zaz-ra & dVa:
at44. Zith

- ↑

~
- I -sorr dEr"na

~⑧ Warb=(Eide urageweree se zo ↑vogE
-L -

⑧ I - -E I q
[

↓
aE

2
Z.

-189
V.2

- ->

V =toazo↑ mw gE 3 - ...- e ↓- b W -gi:de) s E,=-Zawarare
in

re

Eg = ersoEnda- ab -2+189 ·zo Graz
- 1

- qanadosusrivast S M15IS 120+12)2 :V = /en/l) v
Var - ra

- I 1
- 189

·zaz-rancs aysindaldPar
· Electric Potential 240/Zot 1
-...............

V
- 189

v = enarquest
-(razzzitazott- I - 2e

1
I

no
-

-a?(zzu.Zitt C m =245/z+1)/Zoz-2s) Vm

T
insun =r-rg E: - FU rEd=0)

: E=at?(antz/z.,wither) m
G TxE=0

Dipole Dipole moment: p =gd/nee) · surfacedipole I wore dad dipole down---

..
Potential:V = a:d8=B.RR, 4 4HER3 * A circular disk with the radius of a m. and the thickness of t m. has the uniform

t q
X ⑦ - Electric field:E = -TV:r(coscaptsino) charge density to, and , arm at its front and its back surfaces, respectively.
a
IEa

R
Find U and Eat sem above the disc center. (xxt)↓i Rz Proof:VI =

G

X

........ q
44e E ==FV

4TEoR?- V-
-al L R- R,

-

8 -

4HGoRz : --Er/re)+ asole)) Disole testJason
an e-

grass mat

=aCosO V =Vg+V-g =ps/
-

) O

↳Barry:Ra=, = va Re-R, -acosG=
fan/+ hafing) an

C

↑ artasitto afraidoutacasethe
R,Rz ⑳ ↳ ! + 5s

WL>

00

:V =adasen -gas/cssoaptsinal
Dr

-E
E =- IV: aeger Vm

↓Gauss' Law
· Faraday.Experiment &Ele

are
nowrewing-

Q ->
Q ->

I

Marco
- Q

I·ziwingQ -

↳insrewashesa underwen aninnermassorm
maralensis GND Widnesnowmanswore

aronowisio - Q ~ Fluxe
s'i

·Gonewateranirosande

-

GE EECU103

-Capacitance & Capacitors - Electrostatic forces

d

T

24

!

da

Farg

A =
-

IWaebrents gNs-gVa

-

-

-

-

↑ Electric flux density (C/m2]rfreespacal
aama

↑

as

ae. De,totalas
·

Thereane
total Integral form Differential form

Gauss' Law:

tas:Qce e
!use 8.2):44s

I =a.E( 5.Ers:anzo/48rriprisde

/Per free space)
Er

=>I. E:P v.Ers-ar) is

Divergence theorem:

*Pros G==GE.ds wenenweb =5.s* 1Ersder=anadris da

acisPoserai in ds vor Gaussian Surface De Coordinates was
y -so Qend

z
a
t a d= rardOz d5

=

RsinOdOda
A

d5 =dudyza
- - Infinitely long, straight Infinite planar charge with a

d5=ardzay uniform surface charge density.
L

-Electric Fluce ] Ge,total Quad das - dis=ardze
A" E assingaRado

uniform line are

** Pesca

-

hooran aims x

L y
.......

#

- 0 Edgar

S

az,z70
-

Wizgnormerunwa
2 d5=dydz ax

2x
d=rdOdz ar

E=far r
E =
-P/za.az, zwo

2
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ex Avery long hollow cylinder with charge density exPut QC charge to the metal sphere of the radius Ro M. cover the metal sphere with another sphere

of the inner radius 2R.m. and the outer radius of 3R.m. The spheres have the same center andParr)=/PoCms;osm.o.
re

are divided by air. Find and V Given that V=0V. at R = 3 R,
A

Find E and V everywhere. Given that I=0 V.at r=2m.

---
Sol dragozone VV =

-/B E.d

3.**ER2 44E/Sel" Gauss' Law NC.ds= Qend PrR:Genl =0 - 5: 8 R> 3R.:V - 0 =
-f

R
Q

dR - & - Sri V.
-

0.25! r=0.25 m:Qenc =0 z D =0 RoR 5 2 Ro:Genel =G=Dp=qR 2R.TRY3R0:V =0 V.

azmm:Qend- (*Prodr,dg, az, I GRoR U3Ro:Gencl= G-G =0 = Dn=8 RoWRI2Ro:V =PQaR=aret) V
0 2Ro 4NER

S -PuTL/r!)
!
2 Ro " Res:Game:a Drin

20
d

=co. V.
d.ds:(barrdodzar:Diztrk) !s

=I reme; Rotrzo,s3o
↳

m:VGa: norse rei B Ro

·=(r-ibr)=E =Er-or a/m2;otherwise

rosm:Gonal-*s Poratredadza-PuttL(Fol E =5: E=fatomn km; Birre,
193 I o V. ; 2R Risto

X5.d5=DrzHr2).. =r=>E=3r
Ym;otherwise /-pr) V.;R>sRo

32SoV
D r/mi Q

↳ (V.S

8TEoRo

:Errs-orre j 0.25 M r 0.5 m ⑦ I A
-

rm.I
;
r 0.25m

ithin Br.)
Do asoi l

Q

; r > 0.5m 36TR

er VA-U:-1*E.de vm VB=0V. r= 2m.
·x
A charge density of 2xMC/m' exists in the volume 2x4. Find IE and 2 in

I

sod vs 0.5m.: V-0=-frar=()Ym all region. Given that V= Vo at 2=5
on E = .D

0.5m> <0.25m.v = - //asar+/Portdr] as sol" isvergoorie einuery wi dc -16x18Vm;xizv

V =sedentedthere-(((8)) ire issodaportion even minus x=s E:E.210)10 Vm;25x54
er

0.5

Non s Gaussian surface union I
E. 68%s Vm;244

v
=.(-8r+e/zsr)] Ym Es 22. Ed so it

Basen V,D.d5: Da2Tr or V-Vs:-1*E.deO

roasm: v = -/rozartEarriorsar ·wearee now Qund=PFride:2x.Tridse-10
"

24: U-V.=-6e10de=bitsaN

V =l4+-(z) an 5.d5: Qenc.::Pesos
are as -r =vesotseseV

·isinBonair des

V =ge(2 +ne)] Ym intoawar I:f*roanda:16410" an aim are: r-vo--Ersaoau+/toseitan)
·waitlis ee 4m.) 2

V =Vota.ox-si--387 V.

;r, 0.25M Puniwosease in x2m. 5 = 16110 as m

· Virs=3230/2-8rlurzor)]v; 025merwo.sm
i r > 0.5m dinu D.d=1618"-Dal r. v =Vo+s/esse-22) V.I ·rathereare wowverraneanre

Q2:

N-Vo=-Tetodromoran
Gend:theperdidoda:Frio-ce?) -18 unerdy 90: 8.854410Frm

Er(V/m) VIV)
v =
Not658t03(rusr ener

W
I
Vo+38x18/8x- 22) V; seve

↳

"I W ·8 B - -10) +10 4m2;25x54 I
it

trim
asthe

⑳

r/m.)

- d 2

er im
2 16110% as /m2;244

O & -
-

↑

exA spherical symmetrical potential distribution is given asO-
/W2

S s < I

WEs E/R) =er+R)R
/
Mwe /wo

9

ris*
i

Genes Find the charge distribution which would produce this potential field.W
& ↳2 SW 3

R R2I -
s 35 Sol was .D=Pr 182 =?E

ware is REdory I =
se+R)a EsEr

Pr: 5.D
=F.GER=4498"R)~

E =

- qy V
Pr =.sec) -/*R()) base is origin port

4438 is

↑

y
-

E,5
=52(- 13

-4+1R) +121
·mornowweo

5
A

L =- E e-
R
C/m

IL -al limVi-V:--
-

5 =E.E
Some poor de Pr=-E14TE.S Cm

B

* I=F.OV):-p/so to Poisson Equation &
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↳ Electrostatic Energy ex Asystem in free space consists of two uniform line charge. The first line charge P,-ncrm)

is on taxis. The second line charge/P,:nC/M) is located between 10,1,0) and 10,3,0).
· WorkinElectricField: Find the work in moving the second line charge to be between so,2, and 10,4,0)

~VW =G/W-V,] = a1-/E.d] rPoint Charge) ClmDwya: D.d=2TrLDr, Qend=,/)
---!Irowterekerwingadg " : Dr=en=D =r=> E-ED: E=farar=r.Er

W =dy /V=-Vi) =dg-/E.d] A tual Charge)

· Energyofacharge distribution
sawn' Pindar da, on 10, yi) In 50,y,

inswingarwasadynastypacee
L

swa'Twmsssert ewesswearPuszur
dW=dg-earbrrdr))

-afraichuryte-ry,t]-fhurg? -9019),
=date()en

Point charges Continuous Distribution =6l2 -3134 =1.55+ 1883 =15.5 nJ

-

W =/PV da Energy Density (5/m] exGiven a potential V:3x44y2 V., find the energy

riereisingl Wi/rsde Izziouri(w(ms) stored in the volume described by orx, y, z1m.~t ! =///V) - 5.Vsdv : ·
rwC72 Sol E=-zV:bnntsyay), 5:EE: - coronatsyay)Source in

W -

We = EV So rain isus
2 NZ

TasPorture) -/.Ear] esszwe 1 W =/.Edv

newnszuw:Reo-NNd: ~
Serafinozomis ↳

i "y =Elli-soraantsyay). Franantsyay) dady de
newswireusW ==

=,8,Urri) W:/ai dr []]
we:E

unfermans,
-

-Ifildsoroxtony's audydz
Erswarmesanming; *D.E =g.E= .D** =1.48 -185 =148pI

·wossw=aruwarossar)
-

Conductor -> Free electrons

· Electrostatic Fields in Material -- Semiconductor -> Holes & Electrons resinwinsPariva

~Vas
& Dielectric - No free electron

>I = I
Er

· Conductors - Matwatu E =0 in
serwannwwor er encouragewi

?: - E t
-

↑. E
- Marfan p =0 Gwny -I serieswemetric answers.Eur o urgenunr

↑ 7

I
E Conductor

- isgone vosal ↳issueswider o VR netencies↑ -- -
E =0I - -"-"

En

m

W
↓! Ide

- -2
-> -- - ⑧

-

-11
- waardens riwwor)=E endange ...

↑

! =R+
&

& -me

↑Conducting shelter

· Dielectric ·worsea free charged war,ProgovaargAulaBound charge) Allignment of Polar Molecules---

dipole -DipoleMoment) ·simmisot Emmeron was was induced dipole Eso-in-

& ! -+ - + - t +9 Tourque winnerswit
- t 7- nonsesamew E risquosis permanent dipole moment:"electrates) P=gd↑ ↑

.....I Ft I =P=E- t - t↑ 3 -

2

&

~ ⑧ ->

-+ Polarization vector: p:him t -> Bound Surface Charge Density -

g E ·Enerza ruwinswin- t
↑

Aso - L --
-1

-
~ Dipole moment mournswims SC/m ~ PsY.an Fill

Earnessesses inworE
- t ...... 2] Se

-

- t - t - t -
-" -- I dielectrics · Bound volume charge Density

↑ I L-

-

e- I Ea e pan so weseenthe norwant 1Eegd - ·-

-

ds + -- Pr=
- J. ↳

External E
-G +G ↑LExternal E I

Tragw iws1E(
⑤·not Polarization inwire bound charger -V.I !

- ② uw Price o iu sew soon san

niwozware seen tinder wrapmuwn I ↑dimentionless] a v=FaFezy: E ar
-x) Erin=-pEsinO /M Y =E)

wregssz
5 =g.E+5 -
seethe

runrosdipdelt
O

: W:Iasinos0=-pEcosofa"-pEasO=-.E
Cause'lawf

=PrPb
westuvos dipolewEW= -.EEoYE=Pf-YP ↓

Electric fine density / Electric Displacement (C/m Relative Permittivity
↑

P =F/GE+) -> Paw: J.D =P -- free charge
Dielectric constant

exA sphere of radius a carries a polarization PrR):bR

where he is a constant and R is the vector from the center

a) Calculate the bound charge Ps, and Pro
ex Apositive pointcharge G is at the center of a spherical (b) Find the field inside and outside the sphere.

surface odR=a
diedectric shell of an inner radius Ri and an outer radius Ro. -

-sal" ras Py" Poan: kaan)ap =ba
The dielec

Jsa" -5.P = -(/) =-3

(b) Bark Ganss'law:Eds:Q
Inside/Bra):Genel:(skiriinOdRdOd=-4TGRY
-

~E.ds:*EnrinOdody):Ep4TR: Ep=-hR/s.
Outside Rial: Gerel"(ut3k)do+,rualds=-4Tka+ 4th:O
·: Ep =0

kRan;inside a sphere
ToE =18 ;

outside a sphere

i ⑧

ro ②

/ C

---
--

>

--

I

↓ 9

n

anwregory:Vrrl:tsei

->

E
-

a
-

r

PfPb ↑E 2

v =
1p.5)dirVI:4HoL v

tot ↑
v=-

4π,.as-4/E.)asS
non

as

35: P.an Pob:-t.
-

Er =1+Yc-

Dielectric strength: Eent sowewise(Dielectric breakdown:expertseenasses,Sena

Types of Dielectrics

en
tric constant of the shell is Er. Determine E, v, D and p. ihear:

Seeher

irgrwrig

Sol
.

RR:Eran FamGaneshn) R: En-gar, Des", Pae ③

Isotopeda ise↳ EEr.... :-nd-and-ened:(-)(-i) IlI

....W7! ----- 7 Pr,
4TR

Simplendium: linear, homogeneous, isotropic·I ....... I O

- R...11
Vo =0: Up, = rzdR = EataBirnihere ·

⑦ Anisotrosmwdnise e
**

·

RPUR:Dm"r*, Er:Far is:am: in
-"Pr Meltasalesgot
--------------

Pro: Dr-EE= (1-Er) is =E)gamer V

ki Ro

Ur=-bRareRafae = mt.unMarch,withthe :
Estonias:(el:(.

↑

i -R
- Uniaxial:E,: Eze

Ri Ro
- Isotropic:E,: E: Ess
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ex two diectric media with permittivity , and E are separated
·Boundary Condition for Electrostatic Fields

bya charge-free boundary as shown in a figure. The electric field

------------ intensity in mediums at point 4, has a magnitude E, and makes
O
~

- Gf=DsS Electrostatic boundary condition cross
an angle 2, with the normal. Determine the magnitude and direction"

/D .d5

nz
=Psf conductor Dielectric surfer of the electric field intensity at point P in medium 2.

charge density
- I

amsoonerswor ·free change Sol Base Boundary condition

a L El dr Eit: Est mes
n2 -

-

P - /TinJan): -Psf an E,sinc,:Ezsinc,-1)i or:Doan=a ---
e

-

e
E,

- unit rector
↳r 5in-Jen)anz s not a = 0 dart

j---- wasoor on medium 2Eng-
d L D,cos2 =DeCos~5 -

-- nowires:Est " Ect
GE, axx, =GE,cos4y-12)

muder: Dinside:
Mr ri), (2) tank. -> atan" stand,

win =EE+E no zxE =0 aide victus E:E=, EctE: E,sina, EE,cost
- -

Den-Dan= Pin-P ·Ea =E,/sin,+Ecos.]"2n

ex When a coaxial cable is used to carry electric power, the radius of the inner conductor is determined by the load current, and the overall size by
the voltage and the type of the insulating material used. Assume that the radius of the inner conductor is 0.4 am and the concentric layers of rubber

/Err:3.2) and the polystyrene /Erp: 2.6) are used as insulating materials. Design a cable that is to work at a voltage rating of 20hV. In order to avoid breakdown due

to voltage surges caused by lightning and other abnormal external conditions, the maximum electric field intensities in the insulating materials are not to

exceed 25% at the dielectric strength. (Dielectric strengthofrubber and polystyrene are 25x6" Vim and 20010" Vm respectively.)

Sol
on Gauss' law:Free long cylindrical conductor. Manninsdudes acaterwordrateder oonuments ofintern
I:sr r i E= E:saner r

raisum2i =0.4cm i rp =0.616 cm.)

conductor I,
aindaionElvira 25% rosdiectric strength. Teartoparewriteareener vorReaderdate0.8e

Vi Erubber,max =0.25+25110° Vm =far (vi) - nE/MW/m.) qW/kV.)Labbert,o bonwaUi=0.4 cm, up=0.616 am not

Polystyrene P 6 .25------ 20.

conductor Epolystyrene, mas:0.25120 x10"Vm=aFan.orp) - (2) ↳: oststoszer::sxrtv des sta220astoinosia coascial
air is now a sad (p =1.548;=1.54 (0.4am.)

18 -104( t((0.5) +sh(54)) =

20000 I V,

9 : olystyrene.
I

rubber polystyrene...--be: r
I I

Up =0.016 cm Fi To Fi
· =0.832 am

· Capacitance & Capacitors
NaragszerosCapacitance O · mn's Dielectrics winein a wa

-

ranwalwel
C -
2
F]:fared

Mos5 Boundary condition wasmi
Lawns in D1 Dielectric horg inin

* ParallelPlateCapacita -

anc - uV:I:
2A - +7 1-7 &X

+Q
↑-- i

at:"
CT. = an :

+
-

=

"s, v = -/Ed-/medeC I - ②an - d Ez-

⑨

Wir Ean

d
E=

A

an
C =

EA - G **.(in-an=IPs)**
I-....

·Clinical
concise. -

- essunwornew;oi
"I --3

C:
2Tish · !

v = -E. de
-

⑦ Q

In atthe sanul & ni Dielectric afewdinin
-

Q au ...c = 2e Um, Ed's +/mzEd=Qi exi
↳ SphericalCapacitor E - 5, E2

mv =v= - /*Ede

b .
agr V-2=V=V-

** nwsorao:Eit:Ect **

C =
4πE JE.dea -=4-) 155Ngie;
a- 5

E :C= - - Gtot= Ci

ex uranigrosaeridrzpride /27 Spherical Capacitor.
~

resodi:wadding a
Erz

MethediGauss' law:I:Nearsi
↑

area -
R

-Q
Er ↑ redisco Gauss' law: La

a

Ro
on Boundary Condition:Din:Dan

↑ - -
+Q

+ Q
- -Et

05.d5=Qenaly EEst +
d E.W des Pierig sozmo

↓ I C
Ez

!
↳ e dEvz

-I
=

d. Er, Ef/4rh) +GoEr, Et/Arh) = Q
ve

-

↳W - G

Es:ver,, Es arean-

Method in ic N2Method ii:

I
Et :Arhra,Er

=Hit thati
v=-/Ed: -uarm-a a4#E0ErzR2

&One such:

C =
-alwinrts V= nar/tre/ -n)+r:-)]

barthansite, Render:Inthere - Ro
C== ①=

ai+(t-arMuz/R,)

-free" ↑isDi

v**EU: D1, Eye dodosner **

· Capacitances in multiconductor systems

I ⑤ Beer Multiconductor system wit
2

- acconee N a

I Isolate system:G,+ G2+... +Gr = 0
............ system equations:

V Cit to coefficients ofcapacitanceG, =di GeVet... in
Q2 = ·N V

N
run-Gi="- rwirground.

=

21
it see 2

+...inV
c. Do coefficients of inductionij

Qu =dr,V, tdreVz +...+C,V [Edesmor:drapins Gjaswor nasVicenN

ex Four-conductor systemwas system of equations
C,2 2 V2>Q2

--

V.Q,·
823 onarere ~

Mutaul

C
(i)celliI

cot - VisQ
Q2

3 alise = Cot???)eW
↑ Ccz

:Naser:
-

Q=-CV, +(2CizC2) V2 -CsVs i - *) isicinge
G = -GVs-GaVe +/423)V3

ex three horizontal parallel conducting wires, each ofradius a and

isolated from theground,
are separated from one another as shown in a figure.

Assuming da, determine the partial capacitances per unit length between thewires.

- ↳E

-

↳E ↳Mod V.o:ehatfact trade -im 55) unoz so) asse
r2a 2d

0. Pe,: 2(zen-Yoh)·red"; 24Vso"Peolug+Pelut+Pehig - is

24EsUN
SME:Pen an S

i
ines,see ITeraaVentaarere"

E.d

2TheProcegfalPeh- ---2

a Nab -o
->

⑧ isolate system:
·
"line to woC De actss rate, ten =0 = Pegt-,tfea)-re)

preciatehereintheNicehasanarefor
are does aree

:c =inter-are a

·

C4E Vn=2e&-Pele-4 <his

***wissewwterrwszy:W=ACV= QV=**
Eon 2

I 192Vo=Pe,le+gec

inzer in system Equations
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· Electrostatics forces of an isolated system of bodies.

↳ is Principle of virtual displacement -> suwadwrzpindawaurzwimsingsmemoriesandes sin (worsseninand is ei uns
() System ofbodieswithfixedcharge: ex A parallel-plate capacitor of width w, length L, and separation a has a solid dielectric slab of~

/rzgus Twoszwiwtwrentr esreursswos) permittivity in the space between the plates. The capacitor is charged to a voltage Vo by
· szwisova:dWsys:Fadl a battery, as shown in a figure. Assuming that the dielectric slab is withdrawn by the position
·raneousroswesaparize: dWsys=-dWe.de shown, determine the force acting on the slab

Fixed G Fr"- TWe </dWe=IN at a -oo, I Vo
as with a switch closed,

*st (b) after the switch is first opened.
-2 systemabodieswithfixedpotential its

soll is dielectric slab orwaimises:intessorone wit
Justassi-anwiswormaworer)

2 =EW eo)w=/gohts-2s.e
· Wesserundermeresureis: dWsupplied:VdG /b) Opened switch -> Q:CV, rconstants

· Weswosser We=GN => dWe=zVdG: IdWsupplied
was closed switch => V =No constant messinew We:a=Iranansw

I
· egarenwssir dWsupplied:dWetMechanical work

messw= We= 2V2 =1.90L+85-202 wVe Fixed G: Fau"te= IEdan)2:19-2)-

adwe:dWe+Fr'd dW=Frdl EdV: FcWers-col Fa
x

=Wrara)E = We
Fixed VV

22v
* Solution of electrostatic problems

ye Sartateteylindrais
· Poisson__Laplace.Equation Lap lacian:2 =J.:> ↑

~ Cartesian)

- !
↑

a T.E= 3 vortV) = - - -- Po Peori --- Enn) nising (sing)asinte rspherical)y veI-- - - O

110= E = - FV
-.. E iiuszg -
Poisson Eg.) Laplace Eg.)

2
ex Two infinite insulated conducting planes maintain at potentials and Vo form

*X* *Tawwine.Laplace Eg. in wentusestheBoundary condition are t a wedge-shaped configuration, as shown in a figure. Determine the potential distributions

Steps: Note En and the electric field everywhere. n 252π
our coordinates winwizw e =

0 was -No 3 wr -24Vo
2 -ru wot

v =AGB

v(eit) =0
) =

2-2π
↑Yee&I

E asworea
1sid I I 2 ↑ ~ ~10) =ca 12+-0)

keeeeee

V V · man or dr2: E =- TV =

r7-x

am Vo *V=0 vorwest Einensis Sol W50) =0 nor Vra)=Vo

V V resneiweiding:Iv=0
·· V18):Vo wo

wore, Boundary condition Hand IV=0 neWai J-EV)=0
&winiosg seawet as ansee how towins a i =-EVre ! FourarereinomiansPer V ↓

q

E: -EV understar s sito E: ECG) -V =V(0)
rx

I
S I

B. Boundary condition ex

~Infinite conducting planes
artonnossormo

insulator
(r) at ↑

I

"
I Find E for the region or dra-run

⑧ ↑
keener

Uniqueness Theorem: Emornos Poisson Laplacel Eg. Erwuswiseinser · Dielectric
~wider dielectric:V: Astz

Boundary condition isy Sell Bare EizwisPg = V=V,y)

Ery):0 V=A+B
v} V:*->E-

ex two grounded, semi-infinite, parallel-plane electrodes are separated by a distances.
⑧ Bank uswine free space:V, =A,+B, ! ·: E = - *g

EitEstAthird electrode perpendicular to and insulated from both is maintained at a constant

V
=

0 GU, =D
E = -eV,E,e *Some E,=Ez iws: Bundary condition

potential V.. Determine the potential distribution in the region enclosed by the electrodes
I
in = Ese: ErdoE inszdregietsrcasin

soll as Bondary actions:
-

i
---

v=0 > Vest zi v =V(x,y) ex An infinite conducting cone of half-angle - is maintained at potential Vo and-...viii,Itavrosy) =Nos Ned,y)=0
v=0

v(x,0) =Vrxb) =0 Ea isulated from agrounded conducting plane,

2

a shown in a figure. Determine
WirtoBare ze =0:E=O vir,y)=BDetrinby a vo as thepotential distribution vol in the region 2500

& U=Xra Yrys mba X
Yay,, (b) the electric field density in the region a 505E

Try,+Xras:o Vray) = ane*in
no Ia=-Ed: constant-4) Ware Krogys=Vo alc Sell VrO) =0

Mr () nowower Bandary condition No = eGein/nty), oryeb asino o/sinoo
Pi enstant=+h2 ozo Fourier series her orysb aford,
Xras:Fekn+ Beke, Yrys: Carsky+Deinky ca=(vosiny) bywirdVrse,y):Acker Behn)(cusky+ Dainky) O

= ()fas)-
7-asact

-n =ntn=1,.e
·Ura,y)=4Noensing

↑

F
⑧

⑳

I

-I

(c) the charge densities on the cone surface and plane.

Ural:Vo:A=erFmE) But conductor

=8
E=an

·: UrO): No nee Ps:Er Ern
sing:A constanti

n

V =/AcoscOdO I E=-TV ·↓ / WrO)=-Alu/cosecotcotol +B E = -votany "o

↑

VO) =Aluitan81+ B
: E =
= Reinventina, an enterone

run) NE) =u for B =0
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· Themethodof images ex Apoint charge g is situated a distance a from the center of a grounded
conducting sphere of radius vras) Find the potential outside the sphere and the induced

Z
↑+g (xy,z) -(x,y,z) surface charge on the sphere.
⑧

so - -je
R GIs,Ying planetr
↑ water image cheru g'Es V, =V, =o

-

Pr Via tso/rta +s) =0 eIrtalg'= -(r+b)y-r)
1X 05 X

2 G
1

a

Ve:Eola) =0 usfar(a = -(r-b)y -r)
-

q R
4

M 13 +(2):zag:-erg unwgRori:ra:ar+ab

Vray,z)=anburgrzud, szyztrztd)- 1
O

↑

r

2

:g =

-G ! :b =i

aX ⑧ ·

is Vies=was/i I r =R4a22aRcosO
L- I

=RibebRcosO

(a) q

**sown

inzaitrus conducting plane)
V-R,O):ats/ ina?Racosole-init?"-etRasos")"anso/aeai+reaoso))

-dwonaraBoundaryconditionnowuniqueness thereare ·8 V/D,O): has/naeracosol-ritra-seacosolt)
ra

1 1

=

9a,=
r-=Kya Lot!+TrasOr- Waters Pinanced"-Ethanfours a min-3Ern:-Erg

O
- ->

-I/ E- x
.. ~E Erat: - etan/rzgarger) an Pinduced" - enalacosar-racso) +drcracrot-sacosol] Ipir
⑧

-Gaussian I
-G

surface
E-
Exot Gauss' law:Ps:E0Etatan"EsEsot'(z)

=rtatzracso,wacusol-IvIazraces ofacastl

ga . Psinduced"itra?(rat-eracoso)"
:Prsy): 24/ty'd

induced charge)

Additional Problems

I neiweregz neinawatu'sdrag modes:am" esswordinsect 3 Find the potential on the axis of a uniformly charged solid cylinder a distance z from center.

- ninne's ownas vrbrm), or or 0.5 frady, z=0 fm] The length of cylinter is L, its radius is R, and the charge density is pr. Then calculate the electric

·notos ofa5r5b (m3, 45051.54 fradz, z =0/mt =Rectant+ n/secOttanOl(

use Vro,0,z), Erg,0,z) Dr Cartesian coordinates 180 V=0 ona Sol
-

↑42
az
I cylindrical coordinates (4,h)/X =fafrechs, rz-+h/trz-+rz -h))) +5-))

sol
12 ↳user desk (0,0,z) andaging de dige

a de Fraudloch4dV=tz

L

I

f

-itmntourrea -

i_1z
-2

2

&(0,0,z) R: r4 /z-h)" V =P((+1+(z+2) - 12- 2)k2+(z-)2 +R(/z
+2 +1+rz+2))-224

M
turf cylindrical coordinates: 4E0 z- z +R2+(z-2)2

- I
IIIas y aV: ici V.

- 2 E = -z =
-Vaz

IIIIIIIIII) De I
I

2
- G

I dV=cnyPrdrdP V. -rivrirz-nah I - -- ++ n+/z-
·Drz↓r2+z2

C praud -

-nzusthrzsah n4(z+ I

are Vru,0,z) =yfartbread b rot,-drd/] V.t I - E = (+,2+rz--, + rz+ z
# a v v2+ z2 permstn /secado !

-aa"/(*a4?rzdr+( a rizidr] V.-
4 A charge & is distributed uniformly over L-L square plate. Determine E at a point

Vro,0z): fah/bbee Vrwirzine: Ercartesians- Zraylintrials) on the axis perpendicular to the plate and through its center

EmersE = -zV Sol -Y
Idea:we awareusingseries.IwobiEinova is an in inPearson

-

E =- (tan/E))az Wm
2

X

L

l+dl 7

- unisrosdic E=

/u

~- l >--Tab+ bezgzz - ataize"a4 =Vm E I is *~-

· E:Forlaizantbitzbibitzi)= Vm.
X E
(

L

⑳

sanaigrettes
e **

2 Aconical surface carries a uniform surface charges. I
=2ld

The height of the come is h, as is a radius of the top.
Find the potential difference between the vertise and the

center of the top of this come.

Sen zA Ps spherical coordinates
the top's center

h
B
~ - adg=RsindRd=PsaRd
-

·R
h r = Dhcos: Rh
E 9
N i
d
e artex): dV"inst

A ⑧ --
⑧ R

I

2x
↑

Vortex
V= yad_s-

"B:dV= S
da -
-

B 450 u=innEich -dn=edR =-

Vg: t
2π YesRARAG me-zend= (l-ntul d44E
O
do Bih-Rh I

anin-sen dR -)

-/nety-ninegah-hurse
B =and() -Patch( ) - ) ·

=>0.1186

Idea:

e

Diz
/c0sO I

Swewonein
M2

rgvelase. z E=fli) zGldl

z-x z+x2
l =0 24202/z+4) zaz~ Or

- sitehere 3/2
de I -er? orzel ze al

z4zu

-z-s
Born is:d↑= du=ld-lal=

2du

:ez-eeesiand -1en! zzzudu v===zu
ir4 +e

Elside:
g'

I =(4
r

=Earctan()
2) dr= du

442Exz2+124 vZ
u=v2z2

56 4 si --- do L 12+lY2 I4xg! L ....
=Earetan z

~COSO: z2+12 - -2z-
z2

-square-loo =

445 rezer
L 24322/arctaneIrezk- I -

↑ -

-

z=,z+1Y4 :Esquare loop sheetal zi ! ·: E =r2 arctan/1+2)-} az
I

↳ aruscrewmement'rag orsums prt1-remt aaworiswam or ram] onaussnow
So R =sa im] avororswasseewardadwarewe nowwowwrag-a winner Jawwarszgwawa al

·worice werewe vordeWinniccsy
OR a:Sel ua:c-1/4-inodRdod (C.1 E.-e) am (V/m], osRs aims 3xa ~

VIR) =-Sild-1i)dis
G =4π/-Iercs :ER) = 2a

- E)d

- :Q :sta is I
602.?*-10+za) V.]= I

Warm Renal prowaba spherical Gaussian surface:

Barnr.men,as
are a

E

↑
44/) 55], OR a ums

d starfast-ocitza?) rVsaeGence:a rC],arR53a(m)
/R) =

-a (c), a<3a (m) arr32:
&

Gene=G+13G) = -2Q R
-

~ isVI -R>39
~za d-WR)=-,and- ↑jal[o)

Gauss'law,Gods -Gene an ene 152./
E

- R

V

R
2= Gencl

--+ -Ea]=-7.
: Wi!

↑ a
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↳ ewubostwards free spaces drownie beinwirdnowmein asaweiwswe yz dawn a dryersauwiwassammisner z dus 0.03 Xzs 0.08 (m, Bermuda

- meine Sawareness - norm assigns: m. wre 50 incms nseriWesenwawidwassamiserurezdus -0.085z5-0.03(m)

nowminerary - 50 (nC/m]
- rinse ammuniziertes, namesasognce =-m. vi) osumwassendsqu (0.05, 0.05, 1) [M] 10w 50.05, 0.05, 1) (m) weren
-
nhs Emenunters3

ncm2score = -3m.
ii) somewasqu vo, 0,4) Gurewwnerwardiniaross awo

ivePu 20=8.854-18 Frm osur

Ratt,isoverward
concretender escales are the

(i) Electric field intensity of15,2,9) 1: 10,40) /cartesian coordinates Petzar

i switan.Santa neveraaza=Falutay*e·is sentinosPendrequwwe yzar e=10m.In a =20m. I
+ 1x44+

- I
col" meantimenimus s superposition Principle. beu r0.05,0.05, m: nsweowriquasowdo
M

-
Gauss' law:D.d:Gene

=++-namerate ↑ Be, 50 nm, a
=0.03 m, b =0.08 m.D

...

-

sts d I
z it E; 2D5 =P,S

Yru.5,0.05,7) = 44/50x189-en /-0.83+ bussrostr-0.3? W. =13.716 V.-----

Ps
-I D =m o sotherwise 1 - 0.08+ (0.574(0.05)(-0.8

do 8.89
a V(m, -3525-1[m] ↳ Per-50 nolm, a = -0.08 m., b = -0.03m.

451.8x V
metu afate researche E == m,- 159512M7

II kms otherwise 20.5,0.05) =44/som")In-o.us+ bussrostr-fo.oss"
y.=-1.254V.

↳are remnanzinefor · E/5,29):Vm
1-5.3)+ 10,534(0.05)4( - (-0.03))

insie:

Di-zunamx1m! ↳wideare E(0,4,0) =451.8 sVm superposition:Vousio.us,1) =V,+V =2.462 V.

GSN =2.462V.
~ nCm2,xe 1m nnCrm, 25-1M./case " ncm, 2e%-1m

⑨ranwiswamos' mot vruns,0.05, 0) =0
0.50

.. . ..

iiig
D
③ 2 ① Di

Weer"-gdewidow --aan =0
is aware dipole moment dory:P =(dy).(2zg)az: Pedzy)(2zgzx=10

-
-

I 7 I I
- -1.5an name, 2e5-5m. Is - ⑮z 68 W =0 I R

Y =(2zq6zg)/cosOp-sing
D I a

+ +da
".5u normse<3m. 53 z

- Is ↑zu instantme dipole:Vdipolea
--3 -1 I d B =co Vipule20,0,0) =

(Pezg6zy)/zuwsf)

ziersresumeswomens free spaces wiser ram. Samwanweise Po Sim aware
-

-dq

assir Engageinterso
44405103)

mensrecrosshasnew bi noeddworem. nonuniwonrosmaso now runnerson sendst
V(0,0,4) =beo.sZgdZg= e/os?o.: 7.375

x 785PecosOI

·or Zonized gas is DielectricEr nen DE, Wanmisfam
90

unwa et50 name not so old V(20,0,0) =0.024720s0 V.

Sol ·ossrszurezwafenesher Ram. ToRn Ym2, OWRra(m)

~~ - Ensere Gauss'law fow = Dpu :5 = doX -I apam, arrbims
10 Consider an infinite chain of point charge Ig (with alt

X↳ ↓
I

7 - ↳or if Gaussian surface insnow
C ~~ I Gm2, RC bims- ~D.d: GencEo

E~?Er M↑M=5-rosinasody an E=, sagebru
Dp144Y:Po/4)(4)

:E.Baan km, or a reDa =Po em a*, ap km, a5Rub/ms
wido I: PRan Omiso orera ins I

8 Vm, Rab m.

NaRub: Gens:for) neinoadody on V-Vs-fed nor nies: on. Mass

Cenc Poat 80R>bm.:E=

0 =V =0

on Gauss'law mat -an am
So asRubi: N = -/area

wea bit RSC: maer c I =crm
v =so-)V4

to or Bram: V=-ead-fr
y

---:sanunderofgasesnonee v:-)-ana) V.

d

x~
M Q M/ F" error r . So Ginduced: -Pottat a

y

I
fa/-b) rR=a] V, orram.

-Q

I
-

assian Surfer i. Qena:Ptat+fpta4):0 :V=fat) V., awRubims-

Yat = crm2
0 V., R<b m.

8 Dielectric lenses can be used to collimate electromagnetic field. In a figure, the left surface

of the lens is that of a circular cylinder, and the right surface is a plane. If E, at pointPiro, 484z)
in region 1 is sar-3yYm, what must be the dielectric constant of the lens in order

that E, in region 3 is parallel to the re-assis.

xy
sol" Wore Boundary condition:DintDan:Pecosdig) Ur E,: Est

usedauracos Dielectric manurese nine Es mswedenmise

are Earsag ireonewomen weareaofener1
S -

E Yan =GEin:5Erar- r)
3 - -

~

y D

T ↳
E

450
3 Est = -38 - 527

-E,s
on emera mad E:ar-say =

=3. Es = =1.67

10

ernating signs?
strung out along the se-axis, each distance a from its nearest charges.
Find the work per particle required to assemble this system urgaster
Sol wmostumesNot E,Vi =>awronry, a W=aKindrsgate

·nursgas. ruantrc Samos-range

q q
.afakartatokao ig ..e W=x2fat-at...)I

Taylor Series:
W =
-1-+5-at...Inrats) =

e- taitsee- fast... ~ Madelung
constantfor

-- dimensional arrayG68((z) =2 - 5 +5 - 4+... W: -anteurz) Note:W==thpua

1 Asphere of a carries a charge density JoR):LeR /k =constant)

Find the energy of the configuration. (Calculate it in at least two different ways)

/4-R) inOARDOSel" rddinonW:fUdyW=
Worse, Gauss' law: 0 5.ds:Qens W = t4)/aB4-=Th*
-Rra:Dp4TBY:*Parcsinodidody 7Ep

D/44RY =2/4π)/") Rod# W =1 / 5.Edw
all space

=In nor E= bak
* R>A:Gon:bua*

W =I *)..Ec pinOdRdOd
- -

= voE= a =44)/(IRid +/a/Y*")RalI

de VaVs:E.de nativ=s

~Weare
a
Fand/4a-3)
: atafanea PaERIAR- I

128

**
12 Apoint charge g is at the center of an uncharged spherical conducting shell,
of inner radius a and outer radius b. How much work would it take to move the charge
out to infinity (Through a tiny hole drilled in a shell)?
Sol ~-~ex Pumownside to atomiseas nice nonew nous die Wing,ment,r- q↑ 9i

g~- M
~ -
↑ ⑧ b ~ Westerng kondswortg, mwissensnarzw:F X

-Fr M method 2:misindunesssicst method It:unfusses me interiesvos
· sow' puzy, guess =0 J. Mamatory, ow

woszeszeteswarwewill shall amou

- swarmischer2g -g ↳Ter sdat a) wissenswarned:

Wa=/Vadea"Xsada"sta w, =arrisinodrdode=ad
- warminEq meowon serb) wessinterwent shell mason Efrai=(

Wo = E/Vders: (3bd8= - 82 Wa=sYar/Fedtndr]in

8T20b

-
:Wi=W,-w,--Fad -- (a-)

EF aWingwasabitwithour do wewisear(atei
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is Avery long cylinder, of radius a, carries a uniform polarization I perpen Find the electrostatic energy stored in the region of space R>b around and electric

to its axis. Find the electric field inside the cylinder. Show that the electric de dipole of moment E.

outside the aglinder can be expressed in the form E = anderparar-1 Vdipole:P.R -
passO ~E=-TV:pps/ecosos+sincal

Sol Basesewonweg Drs Esenz ranner on8201↑wor: Erzarr)= .Patta /RsinOaRdOdG:set/sosivosinodoed =t)(4)(33):zeabs

in Gauss' law Eds:Que /s
: E=fai

i morenzeror: Erztrl= I. Puttil
rosesion site:E:Pratart. Ie

m E drzwnwrawant,UnseruseunturTawn
-- t

⑧
F
I

side E:Pear · SVaerial
are
r I~Er=2sens toswineworsosderwires a warswor =-)(-) Binomial W

+
rendipolemetresol

-((-)(1+) "......I

expansion

aj
soo

use
ap matt Einside:EftE_= r-) inwosime

= I /r+E)-
------ E =izedt

+
It ↳dipole moment:y

=Gd =g(r_-rt) ad
⑧

-
-

82ar
=ine made =p-1) arr=ar+dr-)-(-)

- -24d
art secret meunserondo E=-fit inside

: E=car/2/.(ar- 5)

14 Assuming the earth to be a large conducting sphere radius:6.37x10"
surrounded by air,find

is the capacitance of the earth

vii) the maximum charge that can exist on earth before the air breakdown.
Dielectric strength of air is 3+100 Vm)

assistis a veteran 25 cm2 estwee y =0 vey=2 remy fosesendeswewie, ryweremy to

Sol is award,andsuga C=
vii) Ease Ebreckdurn:inso -Er:5) ownerwas rendeswari 15 V. Inwasnein y =0 cm. W 15V.

+ on Gauss' law ade - 44203r:Re : Qmax:4NER. Ebreakdown SamWar era
t

R2
t

E- je re I am Er =1.0
=44(8.854x1656.37+16)

t
f - za.se =13.5GC

Er o Cearth"0.708 mF
Endo v =- 1near=ynase. Re

15Suppose you have enough linear dielectric material, of dielectric consta
to half-fill a parallel plate capacitor. By what fraction is the capacitance

f

-

f

Ia

Drettrl) =Q

I

So3AdE

--
Q

b

Om

:
4HEORY 4HEOR2

I

increased if you distribute the material as in figure ral? How about figure (b)

For a given potential difference between the plates, find E, I, and I, in
region, and the free and bound charge on all surfaces, for both cases.

Sell plate capacitor:C:
rent ras:3 ownerware r ↑b):a derminwin

Figureras as I:******4 i
satatthe

:291/+ u) b 96A/)

Ca =4ot/eer) ~ = Ert

Figure(b) = ar *Esinade -atareheri
↳user serwurzy (a) sise Berea,sees by sit

p.
4* Boundary Condition:Dnair:Indielectric ↑Bowndary condition:Ex

Gauss' law:Genc:CV=S*e)V Seward: C:
Got

V V 2d

PsPsr

/as

as

↓

I Gauss - EsSo Fairras"Ediras" /,aa law:Gene:1. Dair"iDair: Va
E ==Eniras"cm)as not Eadfarlan Eair:Edi= Ez - 5G:EerVaz
P:EEE Pairra,nor Pairas"Evan fair:, Pa, (2-1)?z

↑an sciwouzens: Ps:(i) wragun · awfour:Sawn'sidelectric :EV

unww surface ons:
P =ee ressosplate+)

reszer) Trivia dielectric , :ere
tan ban · isdielectric:Ps- (1)

16 A capacitor consite of two coancial metallic cylindrical surfaces of a length so

and radii 5mm and 7 mm. The dielectric material between the surfaces has a relative

permittivity Er:1 + 54/r), where is measured in mm. Determine the capacitan

Sol insiderasinistr v =-/E.dr = -G /exter drab D 2TlEo
y

"Ta 442aedr=-yFale(r+z)
① b

Dr =aitre rarrrb>
-Goen/a?) -> c =E:*Hol-

a =5mm, b =7mm. wrote: orfarrrby en(12)E Q

24E3rrl 68 C:13.28 pF

17Two long coancial cylindrical metal tubes inner radius a, outer radius by stand
vertically in a tank of diectric oil susceptibility be, mass density Paul. The inner one is

maintained at potential V, and the outer one is grounded. To what height he does

the oil rise, in the space between the tube.

intergen nor Bergartenz/zare)ofyou seemoreownerneartherewereawarea
en/bal

We= OVI isdrawsewz
E =tWe =We=Iva)Nelenteringata 1b2a49

Farrundenwow Dielectric surfacer

V=O O-90s V=V. V. G=450

· Frodo (or) inBan
~ Sol Ease E and Tunis n WudoV= V(O) EsEn,-Eorz Ens-

·h Es=1
weinrendswep, =0 =>IN=0 201-8V,) =2205-FV2)

rising sin&V) =0 Eol-A,c/tan)(ag:zo-gofentangs + Blo
sinOdoV =A

20/-scO)g =22/-cscO) o
:: A,=2Az

↳areBrundaaditionsen
v =Altang)+B ruwe: 2tydultant):Feltan)+BuW Ex: V, =Aihn/tan?) + B, Ba =Azln(tent)

0 =AM/tan?)+ B,=> B, =0
Eriz: Ve =Acluftan?) + Be de No: tz/Mutant) +lutants)

·IsU=Vo V., Es =2
- ·teetan.Anty. Asentantitemth

on E = -EV
Vo =Aln/tan) + Bz - VoCSCO2 -

· srosdo:V moscio.Do A, luftant) =Aslhttant) +B E= Rlutantants)
o, Or

4=(VE)=Y) d- pentant)o, I20r
20

derWarmatuder Bakelite on mismannregWamowesay=e ii

.rmnedodsendsswim ory- rent desciola
ris Polyethylene (g=2.3) ya assistan 25cr

·ii) forese
2cm

-

v

~Bataliee
solt is nerdier Rolyethylene. 1a

-

-x
·

2,=5 -XXXXXXX Bauereher owyr(ams
O

Er=2.3 - suregwang:3V=0
1 - V=5V.

BaversawPenwsy: V=ay+b
wieDe Vrory,1cm.)= 150.

did De Batalite:V=a, y+ b,

note Polyethylene:V2 =ayeb,
Enter which a system sure

Bare Boundary condition:
necessitiesof Penney

I

·WY=0 [emy, V= 15V. -> 15 =a550) +b, == b2=15 417
iV =0 =>v =ay

+b

wi
Viy>= -15/y-2) V.

·gm):V=

ve - a,(x) +f2a,) =a2(x) +15 3 180 1ry=2[m].- (a, +15) =0z (4)

5=E0Esf-8V):52/15 km) ay
.

greenaSirDareninarece B =16.647+184y C/m2

550/-a,)ay =2.32/-ad) y an=-ayi, =66.41 nm2
52/-a,)y =2.35 (a, 75)y

Ma, a, = - 4.726

-

maszeskieaweuru: s: Dan

---- 5 =E0GE =90Erf-5V)

ot =540/4.726)y2
5 =12.092+188Gr

y

an=-y ,"-20.92 nC/m"

21 A uniform line charge be is placed on an infinite straight wire, a distanced above a grounded conducting

plane. Let's say the wine runs parallel the re-assis and directly above it,and the conducting plane is the
say plane.)

as Find the potential in the region above the plane.
(b) Find the charge density is induced on the conducting plane.

Se" azr rsy,t anew to Gauss' law said Ex fastareZ X

-4

Pe

+Pe

r- by draw sy:V=Indo V, rr+= d) =0 a
at

- se
-Se &

v=-f*cfro,r+=efail(f)a I -z-d)r+ = if
-l

↑image charge
r
=

=yfz+d) ewoordade:V = Eol()

a
sy:=Superposition:VenVernar):fa"?

e
Mess

tostar
a

syEn=- a) ↓(cosOr--

ou /-
·S.E

En
En=n,yzae"year-azl - 2 Et

Ent - sydy Is -> is:
Boards: azos"-an


