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Hem Aw\j a,l;gn '{:he dupole a,u'! w;th i:he "f‘le,ld

@ Quadnpie
o e | ’_.3 Fauf C"‘;"‘ﬂe: 0{-;— db@\ﬂaby‘\f Signs
S FRAl Situaked ak the Verticeg of A

. Pa‘\’a.“etojrqm "fb'fm Knowna_("Qu;dnLPqef
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P"ﬂ * Qua drupo le
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POWC"" at— o PD‘\”'L' ‘F. due to dir)ole_,

2 ollese
QLo

LLK_EQ o L s

a- =L u
dyn e Q@59= Y-ax whene L = 3

m = Q&
"ﬂﬂ‘- Ay
R
Un €,%

s diver@d from —@Q ke +@.
but at ¥'

Note that he d,ipoie memendk MM
IYs nok abH\L aQyigin

T bhe d\Po\e Cemktes

omd qaz NnC-wm oL
vely- Fmd +the

~5aynt M

6,3) , wes Pezb‘

Two A-"polq wnth dipele moments
Locaked ok ponb (0,0, -2) omd (o,
potensal ok Bhe origin:

WK'TL
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l A L SR Tj_m_,,g:.
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“ 36T
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- L)
Conducboy amd Dieleckrwic .~ : |

- :F"rom the electncal Poinb a{l View , Ql) Subsbtowces mo.a be

C\assi-f—red in accovdance with bthe ._Fveedom oy eose with
st

o
which eleetric cha,vae)z Com wove 1m them-

= Tn broad Semse, mareiale cam be clasifred interms of
+the vy Cond.ud-;\‘\lit‘ﬂ G, In YY\HOS per metes (’U_/m) oY SiemenS/mT.
The Conductivity depends on bomperatune and frequensy .

- Conduckor is ome in tohich the oOuben electrong Of am [0 = 12%)
axe eas‘-id detachable omd Wil m?gﬂlbi wosthy the QPPlic,ab?oh

6f enven L weak electric —Freld.

©*) | '
A wakehial with hiah CDnd.uC,HV;b‘d (G“'7>|) y g 'fe-Fe_)(red

Yo as a webkal oY Conduckor.

—

insulakor ©OY Aietleckric. 7S one 84 which the eleckyons
1nSu

‘a)re Tig‘:dlﬁ b
fietd will ot be oble

placed in on elecknstatic +

—  Am

Oqu *'{:0 their "DUCJl.eLLS So -Hﬁqt Ofquhj

e\d il be Subjected o

eleckyo S bakic im ducon «
ledvos b
Lo’f)
A makerial With Low Comdudc‘.v;t-u (o-.u.i') Vs re—chre& to

as msulabtoxr.

—> “Theve s a —F—umdame/v\ba.l dﬂ"i’--&r&ace bebween the electrogtatic
Induction of o Conduckoy omd a dieleetric - AI faid above

the applicotion 0f am electic fheld Cupres the free eleetvong
+o ™MO Ve *&h‘!‘ouﬁh the Cyvtiye Voluwe, DFF +he Ma.bﬁv‘t‘aX_J
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Whereas | i o dielectric, the Charged elememts ane unable

to wnove . The eleckvic fiel(d will twitk omd Stain the

L

/ . .
olecutes o Ovient the pesitive chasges b the et
of The Preid_oud the negabe Crarges opposily T

r!

Cowndibion 1S called X Po JariFatbion
-

Po!ar':%ab“ow orfl B d?deatﬁc ¢ an
)
drc elemet S $n the diefeckric materiol.

- G\Wawd S peaking

elastic Shitt of - ele

T / e ;dm‘
Tf the @ectric Hield Sf'rwaldn ¢ too 8«(3@.}:, the A C

Loill break down €, i wil) Cease o be an inculator .

- N W;\‘Oke'ffa* whose Cv'ﬂd,ucb{v?bu Lics Somewhexs bebween
[} L4 2
+those o{' Condumctors aund ‘wmeulators i Called a Semi Conducker

- Alluminium g Coppes — one 8ood eK{tMplq of Conduckors
inSulatos s
et 22

Glass & Rubber one 500d exoumpl e of

SilPeon & Germanum  Are (L]ood example O Sewmi conduckors -
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Pola\':zab—ion
e

> Theve ove two clasces OfF dieledric meaerials’

~F:‘rst’ Cabcaovgl—bhe Posi(ﬁv@ owm & Y)eaab{we elements
cloce o &q;olﬁ’o‘b’her

In Bre
d Comdition O09ne SO

Lat Atheiy Qckion € neuwbvali sed- The app\?ml,—x‘rm of am
eleokrye fHeld  will Shift ‘Hhe PosiH\/& amd 'Y)eaa.t—iva charges

i the UMCerac/

Slightly  with in the molecules b give Tice to 'Dipole’

poles Bven
In the Other Co.lreaorg) the yoleeuteg form d,.Po\cg vew N

e absemce OfF am e)\ectfﬁcffe/td- Suh dieleetrice (&9-} waker,
ammonia , ether Qetone ,ete) coe Ccalled Folar Ai eleckerics.

| : - df ne disposed
Anthe Qbtence of fHield , howearer the dpole& ane P

ok Yombdowm . The wesultamd electric freld of polan dieleetric

's FevyoO -

a " (
On the Opplicakion of fieid | the dipoleg earvavige themselves

go ‘thak their axes ave m Ctl"rgﬂmw{,- with the Qpp\iecl .F;@;d_
This Sh‘n{l.‘t Yegults M wctanktomeows Cuonent Called Diﬁ‘?'chmch

which Cogges im a Very Sman frackion of Seeomd.

C},l‘rY’Ey\t "
//

—> E Applied

el @6
O G B

Fi‘%C’) F'i‘a()a
FO\G" dielectvic without Polar dielectric with
Qpplied Llestvicfierd - Qpplied electric field
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Consider a Qielectric makerial Cut in Ehe 'F"'”“ af o < lab

o.{‘. Permih‘\ﬁbj '€' (e ’f‘ﬁﬂO) omd  Situaked 'm o uU\l"Furm s

Qpp\ced rﬁ‘e!d Ea

E .
-
= r O 0
—
E:O E

»)

oo Aivecton Mmormal o <ley .

@)

olaxr atem or wolewle.

F.‘ﬂ: Po\axizcd:fon of & Hon P

Ex ampleg of Non- blar : hydﬂogem , Oxy gem /"n'i'{:vvgem anad Tamgqses

(49

A
: & 2.
< @ (9
=
@) (b)

FI%: Po\wﬁiab*on o a polan moleeule :
(@) permavenk dipole (e=0)
(k) Alignment- of permanemk dipole (€ #0)

Examples of po las ‘Waber, Sulphen dioxiale,hdctmchlrzri‘c acid & polystyvenp.
amp'sy oy 7 70

— ¥ ‘:'-*l
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el
-
A 'TT\I &'f'ft’d'.bF 'H'r_a -Fm‘elal 'S o ‘)quﬂ?e the‘d.‘e,seya—mv ;Y,U[udnj

Altowmic d"Po‘e‘ ,-L—hroutghbu_t— the Volume. of the Specjmen N

al ?Snmey\b with the -F—n‘e id .

> Comuvuwt to mMmeutralizakion ‘o.f- equol amd OPPOS-'{;Q oharaes
inside the dielecktyic ; ul-&imo,t:e,ty C,Ina,»rae;s veside On the
lefe amd vight Surfaces of tie Slab ; ~@ and TQ

v egpedcively ¥eprasenting the caxrespondiﬁﬁ Charges CSeFercu,ed

throujh o distouce !L') .

— The product QY is called the met dipole moment 0

“Volume  (CAL) , where rA TS the Suvface Q'u:reag,o{?;t‘)e Slab .

’

- ’D?Po\e *\r)‘om.entur)e‘x' unst volume 3¢ cated PD‘Q*H—L@‘—‘!‘OY) ', a

Veckoy Qivecked -—F‘\’b m o—® bt QT

g

QL &
o P . _’g‘-——y: —to ‘
AL . =5 Wz

wheve U, iS5 a UnitVeetor diveeked fom —O to TQ

o DTELECTRIC

€
— ]
oy po—e—e0—— € &
¥ 1. , ¥ i O
! ~ ne @) ¢t !
E — GO - + Q& Ea
a ~@&_ | - DE na —>
@/@9_,@@/@— & >

Fig: ‘ D-e,!ul-ﬂc ';S;Me,d—in d‘bl;ﬂi-F'o’irm -Fv‘c,ld in a Vacguw .
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2 Thus the polarizakion has a dimension of olipole mowteny pér’_
umit- volume oud alsto of- C}mwaa pen it asea i-e.,

Surface C,\narde dw.c‘.k—(xj) M e

G, = Surface C’Jqowde dey\s{kzj of- Po|omrsah"oh.

P
Thus
P - _@_’_ = G‘; . N @
A
N¥=>0 AV

- :I;) Cu vF‘Y‘eQ Smce \;‘eﬁjonl Oubs';de {:he Slab P —Fﬁe,[d I‘Y)‘:'WSié'H
due to the duced Surfoace df\am‘je p

[}
'S Eq , Howenver

due to polaxizakion , a fietd E' is induced in the Slab
Opposing the applied fed | with the Yesut that Fierd
cncide the Slab is the Veckor Sum of the applied Freld
and the Mduced field:

“The ‘miternad «Pre\d Vs

i
. e B, Tt E
E| , a =t @
The diveetion 0f €' is Opposite. to that—of E, aud
Qo it Can be fepYeSeu.ted by the Y&Iab\ion , with 'Y)&aqbivgsl‘gqlaf
] _ &
E = '_._B_ = P Wy (—?, @
EO Eo

The Cl’\avae, dem;(_—lj or the eleckric ~F[ux deusu’lzy d-ue Eo
pola rizagiox, Qivided. bH +the pWV‘I‘JHV'IlTJ of free Space Give
the Hfeld mdued due o polaxization . Thue

\P|:C"P:——QOEI -——ﬁ@
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J
inside the dieleckvic Slab whlll experience an abbadkive

Lovce Howards

KN(/aha)(
— Tt is cQear that Cma PO%RHVE tests C}'\avaa | Qp@d__ed

—@ oanthe LHS and a YePuL(‘}\/e erom
+Q o RHS -

“The divecton O{i force 18 -t us eF*fom Vlkﬁht— +to Qé’«f‘(: omd

s s '-the_ Aivection of E' which i Obvfovul_‘j GPPDLIE@%—D
Hat of the Opplied Fietd -

_, “The vesultant Joeld in the Queleckvic s wedued tv By

: i +o
>  TIn wmost of +the Makerials | —the d\amde N —fﬂeld due
polarizaﬁon 15 p‘mPoeral +o E;

=P = AE| —O

Wwheve ,7</ iS: a ProPor‘Honajjﬁ

Constant QM&\ a Scalax
q,umnlnl:d -Fmr ?So{—ru,ofc m aker ials .

P amd E; one Hhew n S awe d?'vec,@:ion

‘Tﬁ. obove Constant 76 :L is Called Aielerkric Suce:fa[-ib;'ié-j.
e o

E;

d,'cP:c,{n‘nj the vatio of Polarri,sa;!:-i‘on to internal —Fi'eld inbehsiba_

Frsom ch@ | ]

a -f-"‘éo

Er:Ea"‘ % E;

Eo

7¢"ﬁ

E = -[~r

a” BT
ey | @
D+“€Z’ y .
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S T bhe C{mfectnc ’s -rc,PhueCL ol HFYE& space , E; would

be the &ppl-‘e_c{ 'Fie(d ;'L’Sel-f

. E; = Ea.
H"ouoo\/'e/r) (}{l +he dieleetric 1€ yenserted , E.is 'Y'e.duc.gd,
. < E 4
OS a vesylt of Polar- Zabioy -bo
b 3 'ij

- Lot M %X = ¢
€
—the inkernal freld
E} = Ea

.Er .
(Oheve €, is Known as the velabve —Pwm-‘l:;v«'{—y af the

Aielectric - ~Thic s Yeafi?[ﬂ acaeF)'&«b(e Q/S,'FW'_F@eSPQCQJ

So -H'm,b/ Ex = |
tM whida Cowzparfjn"on it made "F"ng d?e,(ed:v\‘(__
From E = E. B AN fad
e i / a ! 60 ‘ j 4
MulHPl:ﬁnj with £ on both Sidep
QOEQ =, EOE,‘ + XN E; _— @

E lectric ~(lfq,( de,us:f:j in the C{iele(,brfc
(nomal + the Slab Su"‘Fa.ce)

ormal Componeu}: of the &fuJ:ﬁc«-F[qx dwsle-j’

\

Tf D =
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Bf €o ET i3 'P e @ '
= _ P "
B = J:Eo" —-—E_—' E: S [
D = & E- P Y @
where € = Absolute Pezrm"({:ﬁ‘v‘il:y of Hye dEded,-ric
= €o -i—___P__
?@@ & E;
2 i %

<]
= e A
1o
[f=eu] — @

corizakion  nteoms of the applied 'F"e'd amd the

— “The PO‘
s ntemal «P—;elds-

™ [t e

E, = E, TF
1
Ei = Fa ¢

“The polarization equalk —the differnmce bebween the applied
ond  internal elds Mulbiplied bd £, -

PR =~ |
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@ A dieleetric slab of Plab Surface with £, =4 s ds‘_t.[nsed
wibh ks Surface mormal tov @ uni form -—F—fa(d Lotk “P‘thdws’.’kg
1S Cfm - TThe Slab Oceupies a Volume gf (.08 Cubic metes
ovd i1s u.ni{lormls Po\a.r;;ed. Dekermine
(@) -the PolaﬂQaJn‘on v the S[a.b, and

(v) The totat dipole ~moment of- slak -

'S.;’L.:-' @'\) Frem E qroloitns

b=¢€eE
- €,ex E

\1

1«5 C/mq’

D _,,’_,f_:-f C as E¢=4)
QoE{ 4 £o

1

A

£ €

o E "E:UE
Fvow Yelation p = D — €, E Eo€s |
e — 2

Yy
~ p1as cfm”

V|

P

(b) -The -botal dipole moment =

P 'y volume

0-09 C-m -

-
—_—

_—
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KNLCMAY
! 19
OBSERVATIONS ! r———@

() Un polar‘-ked Atom

~ lanized Atomw
Charged 1 ucteds Fi: Unpe 5
2 of a DielecC

4

Ngﬂ aJ:\'\/&lﬁ C’J/ﬂ'fﬂe

0 letk¥n cloud

: - um ber of
> Wwhew e s Not a‘PPH&d to an akbom o,f d‘&/'e&ﬂC}m

) hu\(,e. -Hne
posibive Charges is §ame af the megabve Changes aud
otom ;s Cleckrically meutral: : -
O abive
- posibively oharﬂed neckeus is pmsen{: ak the Ceuter g

( i the meclews M Ovbits-
C‘narﬁed eleckyons (e Yevolv.hg aroun &

in th electyon
—> NIl the meacvb‘vﬂd C)qaraccl electyons  ave m the foom of

Cloud -
(i) PpolLARzIZEP AToM :
=== Ecvu.i\mle,udr C‘L‘Pale
—% -
Nuelews
& . »
o 0-‘\@ Far TH P o{» 6 ““““ @
= Cleetyon Cloud i ﬁ‘ ; ‘
—— E
—_— APPIied-Fn“eid

N o 5 [
— When E is appl?ed , Sﬂmmg%ﬁcd A i bution o %araq 3ﬁ

djs%w:bed,
- tve C,ha,rge,s experieme a f-mrce F=@QE
—Ve chargs ex perience QA foree F = -QE
~ . \s 'th
—  Now the Qtom Tc catled Polqvi%ad atoem m which +here | e

Ceperak o bebween —the nelclews @nd the Cemtve of eleckyon cloud:
q) .

—>  polavization od Cueleckrics 1S the process Ty which the

dFPO\e 8&:‘; al?gnad with the c{pph&d «F‘e,ld(,-
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Types of Dieleetvils
ypes oy e —
(V) Non Po\cw Dieleckic

(&) Pa\ar pielecdvic

Non Po‘cvr Dielectrc ¢
MORIROY =

E .
DlPole QB'\)!OW\ﬂ?ﬂY)EJA{T s %{70'{711“7/ q/bi?ﬂ)-ff H) H»’)e absermce o,f.

Tt vesulks Only whem E i G\.pphad

Ex: Hy doogen, 0 xygen om d wa%g,agas.

Polar Dieleekvic :
He e

'D»po!z Qrfaﬂ\jemwb eaLISlrs W 5

' ' s {:—ab\mﬂ
bulr uu.bk Y_CLV\d,o'M Mﬂﬁmmﬁ' Orvien

Umierr bhe a,pp\wbm of E dxpaﬁ\c,‘,alfﬁ\q'wibj-\)‘) -L‘H’Q

divection of E -

-{:—hou{— dpp\iCab‘on_ 04 =3 )

Ex: Waker , Sulphur dionide ebc-
" ; ’ B

il
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KL o ;
’ 0

Cuvrent . Curvemt 38 defined, as the voke 0{’-{1000 of
Chara&-

Uniks: -A—mpmu (A).

Current omd Cunseut dmu,id :

CU.T‘TEMb DE‘)’L‘-\\EH . I'b ;S de.f_‘jned Qg .L-be_‘ CLL"‘Q)M Pa&s;nj
”H‘Wouah the wnit Sdn{lac& avea my Whem the Su.(aeaw
is hetd mormal tothe diveckion of the Curvrent -

UOniks s Ampm/gqfum mebxes (A/mb)

Curren b

A7 S

1o Drift Cusmenk
(ov)
Conduction Ceveut

a - Dicplace memt Croneunt™

oY
COY\VG,UD‘OY) Ve o uryemk

Drift Cuwwment: “ThiS Cuwenk exitts in Conductors due o

-Hhe. dr;f{;;nj o eleckyons Undex {—};e mfluemce. 64 the
appled VO\%aae/-

D;SPIMMW Cuoneuk : cﬂ;\-?-.f Cuwomeuts @xiste iXg) d«'de_cb—h‘c,s/d.uﬁfo

the  £low of Charges tnder the influence of electric freid (E)
Eg’ Cuwveunt 'F‘owina -Hﬁrm;ah the Cﬂpadf.—or,

Convenbional Cuovmk : Curvent -F[ow r{lrom +ve terminal to
+the &Vve terminal.

E\ecbvon -Fbw Cusnent . Cuovews {[ow me ave beyminat to

"4 ve terminal -
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Cof)Vech‘on omd. Conduction Cua'r@:r\bs :

“The Curvent (o amperes) *fmro«.(ﬂh a 8JVBB Qrea i5-the eleckric

C\ﬂarae pass.m\c] -H’n’ouah the avea pey unit {—1me

== (02

b
Te Current dwsf}j O-L—O.Md poif)l,' 15 the W%muﬂh

"
a Wmit normal avea at -anbpomb-

DT = JT-DS

Thue -the total Cuoneut ’f‘owma Hﬁmugh a Surface S ;IS

= [ T — (2)

DGPEMdfnj 6w how T )$ produced , there CLf-F-{‘-@rmt Kinds of
CuTYEMt dmg‘:t—d « Convebon Curvemk d,ur\snl,—d y Con duckion Cuomnent
AQemsity  amd displatement Cument demsity.

Case(p): CoNvEwcTIoN CURRENT:

Conveckion Currenk | as Ok dictincts fyom Conduckion Current
Aoes not involve Covmduckors omd ConSacvuwuH:j Aoes mot Satisfy
Ohm's law « Tt Occurs, Ohem o Cusremt {—Iows —-Hrrau.a‘q an

]nsu\ab—;-ﬂﬁ ~medium Such ag chu‘fd. , wavef~ed 8q,gjorq Viaceum.

AS v
R o / z
z/ A
LIt
1N Y
| / x
gy

_Fig: Current n a%’]qmeﬂb.
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=
Consider a 'F-'!amem{- Shewow in f-.“gum - T Ahere is o flow @

of Chage o demsity p, , at velodiby w = g Uy Ay
“Tthe Cusremt "cph’o\ﬁh the FF-\ameM:t 18

AT = bo p,- Bs-by = p, DS Uy s @)

—

ol At

Thel Y“ djrec}.—td Curvyent dﬂnﬁ:{—\'-j IY 18 aivw bH

—
B —

\Ty = 123; P Uy — s (4)

Hemee n 8eMera\

T=pu|l — &

Trs Curvemk T s the Conveddon Cussyeut amd T is the

ComnVveckion Curvemt dm.l,—ﬂ m ampmg /S : A slei (A/m"*)

Case(s): Ceedts CoNDUCTTON CURRENT :
__’———___——:""_’_————)'

—>  Conduckion Cuasenk Yeguives Q Con
v of Fyee eleckrons Hhok

duckor © A ConduCkos S

e Mumbe

Charo.d:ﬁ\’i%e,d b;j Qa Lava

Conduciion Curvent Que o an mpressed eleckric fietd.
n ‘

P Yovide

s When am eleckric field E 7S'app“ed. /{7;“’- fovce on am

electyom With Chavge -¢& 'S

‘F:—-&E I — ()

< » v T'\
S;nce +he electrwon ¢ mot in "F'vf\@_c _QPa,ce_ , e o il Mot experience

an Querage occelexation under the mfluence of the electic freld

Rabhey it suffers Constaut Collisions with the atomic lottice
and  drifis —Pmm One oadowm £0 Qmnothex- Thigc s« called
“dﬁ'f{“"‘ﬂ of eleckyoms )

—
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:1:{_ Qan ad:am&lcctmn withy masc'm’ ' S mov}ﬂg M am el@ﬂbﬁé_
"P\\ﬁ‘d té‘ W;‘lth an Cuvp,\faa?_ dﬂ‘{t VelOC,Itbbl 'U.} aCC,OYdJ.Vlg {0
Newbon's law e avarcae chamae, in momentum af the

Prge electron must match tre applied fbrce . Thus,

oM W
e S

. -e¢ E
27
e =

betroeem Collisioms.

Wheve o 15 the a/\/ymﬂe +Lime interval

C attain
. Drift Velodty s  Afteq Sometame the eledvons
e e

- "Lipt Velooby
+the Constoul avwm.(z]e velouby Calted %L_f_i_f EU
Drif & Cuvvenk s The Currembt Consts tured Aue to the

) 7 Auckose 35 Called
d“f'l-f'ﬁ"\j o oleckvms m meballic Con

dﬁ e cur remt
___.—-——————__’__'—-"

Mobiliby ©  —TRe drift Velodby 15 divectly proportional

4o the a[)p\fed Cletkric rj-);e Id.
w d E
— M dwo;(,-e Constamb O.F. Pmpof-b‘onaii'hd 1€ Called

mob‘-l‘.lrﬂ of the eleckons.

- — Ve Sﬁn jndicatey thak the V':-/{odb\\.! of electromg

¥ a_gaun_st the diveckion of electnc {:ctd E .

7
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N LChay
T theve ane ™M electvoms pe unit Voluwme , the ’,’g

e‘ec,t-m-q C,havje dwgifry < 3iv2y4 by

Pv =e=Ne

Thuy the Conduckion Curremt deMSJ:\J 8 |

|

—
{ J =0E ‘ £— point form of Owa § Law .

Where o = ne’ T vo bhe Condwb\/“{‘j of- the Conductor -
o™ e

—> E
T @ OO\ L, The divecbion of E
<0 <O <O Came as the A iveckiom
; — O{i the r_Flouo o{‘— Posﬂﬁve
’ 4 } Ckarau oy Curveumt T-
] o ais divection is Opposite
b ‘
D 4o the divecbon 0£
VT flowo o} eledong.

A Conductor of wn form
Cnoss Seckon under M
applied E frera.

eld Opp‘f&d s uni'F‘urm omd A‘tjs Mﬂﬁm‘l-ude

Ffﬂ '

& THE ele ctric ']C"
v s 8»\/&/\ by

Since the Conduckor hae a uniform Cnoss Seebiov
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o)

N - Vel ) {—h& YYLDUL-MJ"al
wheae [ :__’,_ 1s the m&asb\“lj of

G %

@ A wive of Aiamveter 1MW and Condua&ivztu 5 x10% Sfm has

y oA ,F_m& electvome P& cubic. meker hem an @,feobn"c-[?retd

of lom Vim i apph‘ed* DW/ ine
(@) The charge demsiky o/ free electrons
(b) "The Cucvent Qensity

(¢) "The Cuvveat ‘v the wive
@) The dript Velocity of the eleckvons (Lake the electonic

-
Chavge as @ = —l'6 %10 e

(1621) (-16x16T) = ~1-6 %100 C/n3

S

\—

<°
\
3
I
i)

S

0):
il

500 KAIm ™

V)

(5,( |o:f) (mxi o"g)

=
=
\
A
m
n

. 2
CC)I:JS = (5X105)(;7S%J): 0:%a2 A -
e 5 %100 _ e
(ol) Since J=pf u, u =4 =315 X0 m/[s.
Pv "GXIO'O
e

_—h
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For theoritical Convenmiemce Cuwvemks Com be classified

10 o thrvee -fﬂd,Pes

Clac;i-f—»‘cction o,f» Curvenks

—

(@) Line Cusvents
@) Swfface Cusncuts

@) Voluwe Curvenks

N

(@) Line Curveants

=  Mobiom of eleckric chwrﬂe,z aloné] a Q«‘nerr@,?mmb M
- The amowts of mobile ckar@e, Contained at—omy nstant
with n the e\m&v\t—avzj Se_ame,w,t 15 P‘— (\/-At—);
wheae V = \/e,LodEJ of C‘f\aﬂau

—3 Al bhese mobile C,Haraq Coming out—of Segmect i At Secondy
ts called Cuvvemb-

T = PL (V/A’F)
/A/é'

wWhege l)L_ = ,_2:_ - Ynob‘xle C/LLQY(CJQ dw“”’&
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(b)  Surface Curvenls:

‘()5 C/"’L

s embs
—  Flow of eledric C‘,{qargq Oven a4 MYchLce vepred

.Suffaw Cuxvemts -
—/’—’/

P, by (V- at)

Kt

AT = /_’; v. 6L

DT _
= [V =k

AL,

K = Cooh ek
— . Afen = whene K Smrﬁau‘.t (’*/m)
K o P_g' 4 e»"\fl‘f_y

¢ iClm

- Flow °~F €|eéxﬁc C/‘f)aﬂ‘au over a Volume Y e pvesemts

Volume curvembs .

7
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whene T = Volume C«mmw!rdwiffy , A‘/m“‘.

ConHﬂujlrJ Ecvuab\‘oﬂ‘.
:_/’-/’_’_:"
— “The Conhnuilnj e,q/LLabcm D{lthe‘cxpmw e ba_qp_d on the

principle of Comservarion of Chags

tabes that
ither be cneated noy be Aegtroyed

- —This Pri‘ncjp\e S
“ Clarqes Cam Mel |
e
but tn C,ﬂhﬁwau Oam bransfer from One P\aca_ Lo Qnother pla
Vi o e

i)v C[mg

Eanosu‘Vg _(‘wr-f‘—ch..

-
.

(\/J
Leb ws Comsider o Ye,au‘o‘n Commﬁl'nﬂ Volume Cwvewts . For
Convenience et the (‘Jawraeﬁ 'f—[ow Oubward.
The wneb oubward Cuvnmeult -bh’fouﬂh ~the encﬂDSinj Suerace

Cam be obtained as

—> @ [From volume C‘*mt{)
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A3 yvale =f yoduckion of eleknt Chacje.:

e ila 3 tiez Cpm-lagee d

‘-7‘ 1 7Y ':r.—* AL A 3 e — f _d\/ @
— v rd
at
vV

\ et r 13- Law of Comservabion of Charges
\ o0 T O A J

- o = ey

el s -—':1;;: :_,'.:I-.:_’Lb:r.; ans u-wﬂ-u-l

!;A; :]-:- C]'_E.- = ‘__.—d——’ ( ev 'dv
>J de
g Y

— D N N
D udamental Thecvem of Divergene

]

. | 1

\ - —_—
‘p’_‘,ﬁp,{.\ g —O0 T-\(

5 Ovd D-F = partial D
j raaldy = —— F_f.dv L Whey oﬂl‘j on¢Varakk

__,/Q_\

Shows e -[-:o’culoharﬁe eaving
a \/oh:?;e PEY Wh the totnd
Charge Gmteri 1t

So f if a Solemoid Vedsr @
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KNL chary

Effoct of 3“0-bmcLuu‘n8 GMMSDW)& interior point of a

given makerial (Conductor Or dieleetvic) -

We now
poiat %omoff-Ohm‘s faco
JzoE
We Kaow Bows’s Law
v.E = _fv
[
Conbinuiby equabion
L4 Dt
- 9 fy
.cE = <R =
2_8‘1., + T P 20
DL

“This is a \f)omo(jweou.g Qineax Ordim.ﬁ dipPLerentiol equabon .
B&J S&FM“:J Vvanableg
e 8?/6

W, - o pot
\% - 5/@,

o
Ry

omd. ,;mcamm\j on both Sidy

- ¢t
‘Q'nPV - ’g +9\nﬁfu

Lohene Qﬂf‘w is o Cemstautof tﬂbﬁg‘]*‘aﬁm. M ug

wheée, :
T.- &
=&

Gmd. Ty i the Hime Comstaut in Secomds.

- Pvo 'S the mibal chav‘je, dmsiby Ci-e.) P, at t=0)-
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- The eq uakion chowe that the Jabrodueton of Chmj{ at Some
imtexrver point op the material fesults ' a de.aaﬁ of- Volume
C)‘lar(cja de,msiird [

Anodal:&& with the d.em}j is dﬂarae_ ynove membk »F*vm'lf:c mbexior
point abt whidah 1B was intvoduced -t the Sqa—face O’F e

makeriol -

-

. . 4 ot
- he time Conttant Ty 15 Knoww as the Yelaxation +iwe or

[

v "
Yeavrangement Hiwe .
U

?clamab‘ov) -ime S the Bwme it takes A Chavae P\qc@d n the
jobverior pP a mokerial te dwp to €' (=368y.) op SEF

il Value -

- Telaxodon Hime is (—;ﬁ{m ﬁoo& co\ocl,ucbors O B\ ondl ‘Pﬂ‘\’

9 ocod dielectvics

e
Ex: For COPPQ/Y‘} —= §&-8 x[o"’rS/m /'5{:\ AaALA
l‘ "af \
T - Eofr  _ Vxio —-—
L 36% 5-§ K10
~ (53 xw0 %

Show“’\ﬂ a wapid dgca)d of Charae Plcwad inside @ Coppes-

= Thw for 5cod Conduckors , the yelaxakiyom tiwme is so Short

+hat mMmost O,?_ the choarqge vl ish ™ 0""‘;‘\J interioy Poinb

and appear ok the Surface olwmost instankaveowsly -
-_J_-—_/_——_’—’—__‘ 7

— 19
- Fox rFLULd q/u_mr{;;,’ c = |o S/m y £, =50
— ) =
&x 10 q % Tof'?’ =~ 5}.9 O\Rgs. |

36T

Showinﬂ a vevy \arae, weloabion time - Thuwe vf-mraood diel’e,ozt'n‘cg7

Ovne ™Moy Congider —the Wt duced charae, +o vemdn wherever placed
Fox -bimes  up to d.aﬁs-

i 4

Scanned by CamScanner




| “ point form of Ohw'c Lo 3

Curvent —{‘—lowina -H‘wouﬁln a coﬂdmv i< .dir&ablg _IPY’OPO"'E"‘\""‘“-Q
o the porembial d;{‘—-%m aceross it PnVIded tem porakure
IS Kept Comstonb-

TV

W P@POYHOWW Constomt 3§ Conduckamce

T =6V
-—I,V
’T
Vv
—_— —
PL
. A
VA
N 2
I‘:,\L—k""
X
: \ ]
= L == — g
J =9 &\ -Lr

" TThe above ewbrm s Ca_lledpo‘mt— —f—orm oY -f-v“eidfo‘fm
of Ohms law. ; 2
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KYNL Chory
Eﬂdrﬂy du\g\l’u n EleC;tY'D.S{'ClﬁF«—-FfUd_f -

Qg_ A'ssembl:n(j of C)qargeg.

— TJo determine e energy Pre.semt n om Ossem bld oj’l Chanﬁe: ,
we must —F“‘Tﬁ:‘ d&{—crm;v)e e owmount D,F- wo YK ﬂecgjfwj
+o a,Ssemblj +Hrem .

- Supposc we waith Bo potition thyee pomt C}‘a”j@ Q,,Q, &

' v) Olv:m&t—:vﬂnjg‘cy Space Sloou.m Shaded in j‘"'-:ytme-
~

-~ No work s qu/w'vec{ ql;-o-l,—hamsfw &, From o +o B because
tire. space Y e ir\i(,—l“a.lty cbm'ﬁe'f‘ku ond thene it mp e leckric F‘kefd'

— TThe Wordone v ‘L—‘navrf—er-rh»g -—-Ffvnvv\ ‘MF—MFEJ +o Pg\ 'S Wol
+v the Pmd,udrd-fl && amd the potential VB\I Q}:P&d‘&b@i

—) S?M\im\_«f/"e")'e_ worKdona m PO_S)"&')‘UY]W‘\? Q_’g ak P3 ;5 .
QJ (V?,g\'f-%,) , Whene \/.lga OMA \/-?l one -the J')D't‘ev\b‘aLg
s P, dwe to Q& au d Q, yrgpeeively

Hemee ,'H’re toted wovKdone 5w POSJ"HMf‘"j the thee C"'mqu Xy
'/Je = w' + INZ"‘\‘Wg
=0 + &ng;+&lc\{3]+vgz) —— @

il

Scanned by CamsScanner




TA the Chamdvg ane ‘gosi{:\“oned v Tewpmse O0Nder

Wg = Wyt Wy 4=
,.04-&,/334-&(\/ + Vi) ,_9@
Where V., is the poteatiel at Py due b 8,
Vig gV, ane te poteabials ok p, due to Q, & €.
Addiv\a@&@
que = @, (YatVis)t & (vt vas) FO(Hate)

= Qv @ Ve T8V

é— (Quv, +C,V, + O3 v) — @)

m
\!

wheae VvV, V, ¥\, an e total potentials ok p, Py & P, Yesprhivd,.

L, TIn é)eMWal P Hhene ane 'm point Co’\ar , Eq (@) become

} ! f
NE = E_ ®K K. (!n JoqIQJ) t_}@

- Trnstead of Po:'nbdnavaeg/ e Y'éji‘o‘ﬂ hos o Gontindowus dla/Ue

Aictrbution /'H”'C Sunmwmmat sen in E‘[f@ b&Cche_q I Etjra.i:{on/

\A:)E..'?

__‘_S p.v-dd (Line Chauge) —s ©)
2 L

Wi :,;:. f pj.\/.cU Cgur'f‘ch charge) — @

i
We ::i'T { R/\’OLV (Voiumedﬂuv\jg) ,___>®

\"
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KL CAZZL

Sace , wD=f 0 Eq/(3) | nE b
We :%f(v.D).\/,'o\\/~ ———9-@
]‘Bur for oy Veekoy A omd Scalas V/‘{'J"’@.’de"\b"}rlf

)

VA = ATV +‘\/-;(V.A)J

(o)
L

(wm)V = V-VA 4§ A VYV

Aﬂ;lg‘.vg thisidembity -0 gﬂf@

:Me ’%[ J'CV:’VD) dv —~ '}E J(D-vv)dv- @
| By APPIU‘M::J Olnvehamcﬁ %Q’QM,{TO_BU&’—E;G,{- ‘(TO‘HM O:q %Q;Y—f:jl”t“haud
Sher o;ﬂ bhis equabien, we hare '

......

e =L g /(/\@ ds-1 ((pvyav. =@

As we Know V \fa,l"!e:gqg__!_ amd Da,r .-’ ‘FDT Pombdaargeg

\/V'“'”éfa.s,‘_. o d B as 1 i Lo dipoles .
‘ p chay

VD ™M Ut \/amj - wihile 6‘.5 Vaniey al o
; X

CDVLSEﬂV«.(u}{l—[y /"7&& —Jc—y‘rsfr l‘nt-tjfvu.l muwt tend o Zeav ag the
IS':ur-[?aLcc —5’-béCUV\a.t€,{ : fomﬂe. '
G Y@ peeiia

We = ’f"iJ‘CD‘V\/) dv

1y

.-fa ,( (D-E)‘dv.

v
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(\V\CJQ S‘lncc‘_ E = ——vv 0/‘4({ D ;EDE: 5

e electrostabic eviengy Vs

e —

ve -4 [pedve L (&€t | @)
V v

Fowm this e Cam (L]C;n@ alectvo stalic Cuerg y eusity L we (in :T/m9a4
/

NU)E = = —/“DE z — EE = D |
v a 2 S¢c. -——%@

&y We = | wﬁ.avj — (@)

The pont Charges —InC,%nC omd 3nC ome Uocored at
CO/O/OU/ (0,0,1) omd CI,O/O)} mglyeab"vniy. Find the

Cwnery Yy in the -CS.S“L‘G/VVI-

So)s Mednod C1): W = W, Wy
g B il el <
= o0+t &Lv&l k= &3 CVIJ o V.IL)
= &z. ®~T
Un €, [[o,o, OP(O’OI")I
Q.
i ®~‘$ Q 4
Ur €, ’(,/O/D)"(O/D/O)[ [(;,o,o)—(o/o,l)l
L lae,a_+ae,+ B9
UrEp ‘T;’—d
= o9 —_u -3+ J2— ~[D'—’8
Un x (;’
26NN
= 3293 nT =
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Kntchoy
BOUNDARY CoNDTFToNS

—

T—F ‘B‘\& '—F%eid exists In @3 Yc(7ian C‘oﬂs;sﬁnﬂ 0'f- *h»odiﬁerawf
'rﬂedu‘a,-tha Condibone that Hre —Fietd ™ ust Sai.—-isfy at-

+he ]«)E—er-ﬁqc}, ,ScPcvab‘nj the wedia ave called boundav\f Corditons:

— These Comditioms are helpful in de-&irmiﬂ\nc? the —F"eld on QOne Side
i —’,—)f
of the bound.‘omd 3~F the —F—;eld on the other Side i85 Knbwn.
e

— We Consider 4he boundard Comditions ak—the interface Séfembﬁ
o Dielectrvic (£,) and dielecknc (En)

o Conductor omd dielectrc

o Conduckor ond —FYQ&SFM'

ik ¢
= To Aeteymine +he bouﬂdo-“\j CO’Y)CJU'bIOY[S} voe Meed to ule

M acxwel U'S Q,LV\AO-HOYW :
é)g.dl () — ()

ov d — 2

éD-AS :(D\enc

Where Qone. 16 the —fﬁ’mchar{jo— enclotead b\d the Surf-ace S.

Alco we need 7 decompose —Hne electvic frold Intensity E

i o two Orfho(jmai Components :

E:Et+En

o ud- voly 4y emtied  omd
O here = and E, aﬁwe,va’e,slvecb Y, eko,«ﬁ

o Co ponwt‘s G{LE &g the mterface of- D imtevest-
) Orm ™

E = 5t+6n )
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(1) Dielectvic — Dieleckvic Bounda'rd Comd iHons -
Sl Ty

Consider the w E feld e""ﬂ-"'"fj N a Yeﬁgon thot Cmcists D'F

+wo different Alelectrics Chavockerized bd €) = Eobp, omd
w ]

'h Figqure ()
g& = @ogrl Qs St -ﬁﬂ

© T ® & |
€
€\ Em
o
Evt b
/”_\
£
& “ d &
Ea &AW\>C
® €y
@)

(b)
FigQ) : Dieleetvic - i eteckric boundamy
@) d&L‘erWg[j = = E&t
b) dettrminglj Divm = Day

) : ) Com
—>"The —f+elds E; emd By ™ media § aud 3 . vesPcobvwlj/ be

Aecompoted  as

= —
E\ = E,tarEM @

—>®
We QPP‘(‘j Eq () ot e Closed. path aveda  of i) , Cussuming
Hror the pedh ) § \/w(j Smal|

w- -t the ,S‘Pa.lﬁag. Var iakion va- E .
toe pbtain

O = Ep AU\J'“E?/%’— ~Ea/%i—%ow 4+ Egp, ;'&‘Em%‘—‘.—
S

d
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KNL G
E\t :E&t — @

= Thws 4he -lraN\aU/\bfai Components of E ane +the Same ow the

Sideg o,F e bour\dar(\j .

ange ON bounciarj omd

Ty Otrer words » E4 underjoeg No ch j
Hic ggl;d%o be CombBinuous Olxoss the boundavy -

Since D=6E = Dt+Dn

Ecv@ Cam be wYitten o

vt D)
BE‘:EIE'E&{:"' 2
8‘ Eagz-
_EJ—S:BEL—: @

aCross tHhe Interqace Hesmce
- e, D \Mde/rﬁoes Seme d\arge f

Dy s Said to be drson-{ﬂ‘nuoug ocxvss the Sur»ﬁ;@.

| ' i don ¢om Sux face
S‘s.m-[\a'flj y Clppp\LJ E(v(&) o He P:H box Cc,alndmazl Qaw Fzz)

of 73 L)

—tre Conbrbubion Aue tv the Sides Vamiches . A\Bwing My —o 8.\@5

po= Ps-bs = D, A8 —Bg As

ID,T/D‘SM :Fjj __’_;@

j al i beratel
td here PS ;s the —F‘Y‘ei cJ/\,a/»aq_ Olthl(T:[ Pl U—C( Cie e ai‘ﬂj
ot e bol,w\damj . Bt Sheutd-
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T4 o ‘FYﬁea Qﬂnaraes exist at the 10(rer_Fqu_ CF'Q-) CJ’lcurau s

ok deliberately placed Heve ), Pg =0 omd Eq,(3) beCome

[Pn=Pu]  — @

Mo , the novmal CUWIPOY)E/M.!:E O«P( D is C/"“H”"‘Duf Cuixoss the

e

yntexface | that s, Dn uvwde/rjo&s o Oha«ﬁe. at-the boundavy

SR el S

Cwce D'—‘-@,E/ F:cv Com be Lovittem A

z £)Em = eaegzn ———%@

,S‘houg}v\ﬂ Hhek wmal CU\MPOV)G/Mb ol ISR deCon'\'rinqouI

ok—Hthe bouvxdﬂﬁ .

> Equakions 5) & @E) e Colled:‘mve[j veferred ¥o as M
Condiioms.

o, As memtioned eafl\‘erj <the bOuV\d@j Condibont ane u_;uqud

applied i findin the eleckvic field on Ove Side of the boundary

\e—tcian

?.‘3 (2): Refracton ofp Dov E
ok a ditledtvic — dielegic
bouydary -
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KNI/WU @
— e WUSe +he bOU.Y)d_ay‘d Condi'HOﬂS +o de/l:erYYJ'm& H)Q ”Ye-je-racb;o'n‘
of the electvic fHeld across the ‘mterface .

Consider D, or E, amd D, ov Eg MaKJ'r:j Mﬂ‘ef S, amd g,
with the ymovymal to the ?n-&nr—{lacc as iustraded 1n 'F‘;‘j(&)-
i h
Us YLJ Ecv@ /wa ave

Elsjngl = E”: = E&‘t’ = Egz Sineg}.

S‘-m‘l‘amlj ) bg Q.ppldl‘vg QJV /UUQ 8&:

Q,E‘Cose, = Dy, :D,-m = e;zEaC"SQ:L

=) (@lE;COS Q, ,= ELE&CCAGLW — @

J

ty @feq@ o_F1Sv0 _ Fasines

€, €/ Cosh, €, Bl (056,
Tom@ _ TonGa ____7;
£, €y

Since E&,° @067‘ »C‘Md E&: €o Qr&

TOMQI -+ T_C(MG& — @
_— = BEEEEESSLa S
EO ET’ go Gfa

Ly i is e law of  wefvaction of the electric field at the
boundavy —fvee of C‘Jnardt’. (S»‘vncc P =0f is astumed ot the

]Y)H:‘Y—che). \ 0
— TThus, ingeuexal , AV imterface bfw two dielectrics Pmc{uu,( bwdmg F

e Llux lines a5 a yesut-of  umeqmal polariZakion C‘/L\arJeg ot
ocumulate on the Oppog;+c Sideg of interface
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() Condtr - Dietecric Botndary Cndhbin

I
} Dielectnc
Dielects C (E:EDEf) - @.:&gr)

Condudru’S(E =0) Cen duckor (e :o)

|

@) )

,_,_Eifj—ﬁl: Con duttor _ dieletkic bounda-rd.

— The Covdludr % assumed o be Perfcd,— Cive) = oo)

To determine e bouvxdamj Conditiomg 'Fmr o ConAuckor- Aieleckric

the die(e(_tvio—
interface , We ~follow the Qame precedure wed +for

dielectvic interface extept e meoy porake -the ,fac&ﬂnat E=0.
nside —the Comductor

Apply Eq (O to £he ¢loted r?a;t:h cbcdq of 7&3(3)(01) J-}V‘fy
o =oom 402 4 En bh e -8 o

B As bsh =0,
+ =0 — @
Simi iwllj/ Applj Eqr@ *to the Cao.«‘ndrfcd pll box of ng @) (s)
o"’ld Q&E‘Hv\j Dh =0,

il & AQ = Dy-bs —0-As
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- ®

Conditions /-H‘re —flollow;y\,j

Thut under stabc

made obouk O Pe/r—f—e@lr Conduckoy:

(M No e!ed:—vic_-F-i‘&(d maﬂ exict within a Con:{ -
E =0 - @

PV:C)/

@ GCince E = ~VV =0, thene Com be Mo powha!l d"Hch
Pofnl—; i ~thye Conduwckor y-ee, Comduckoy is am

blw cuy +two
eq/uipo{:v/\t\"al bod;d. ?
external tothe Conductor

Conclusiong Com be

(3) AN e/\e.d:wﬁc,-ﬁ\‘e/ld E muwt be
amd mutt be vormal v b sur—f-aca

@

@ Colowake the Cme)rgingj O‘Mﬂ‘g ba wohich the \edor E Olﬂawtﬁ@
its d,imch‘on as 'nlrpcu;e,g f{lmma mMedu uwt  Waith Ey = JOO in
to our wmw'na Omawglc. of us® with Hhe nterface as b

° f

emters. -
So). €x, =100, Ex,= LG =uSs
[0, 3
’—[;a”M’Q_j: = ,_,.g.r' o,
Tewm0 g Ery
= TomO ’_——)" ¢ :
e ”

Trom uc
= !@J = o.s:}“’
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(3) Conduckoy — Free SPCLCe Boundamj Comditions -

Freespace
CE =€p 9‘)

Conductr (E=0)

F?a (#):  Conductry - Pree_gpace 'baundand

—  TThe bound@d Conditions atthe ?Y){:e?]aac@, b/w a_ Con duthor
o —F'r‘ec, SI’JCLC/e Can be 0 bt cuned —P—row\ Ecv@ 58 ‘raplamnﬂ
s ba i '
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Capacitomce - CO-paCH:-oYS ; @
-

- A Wdhf ic an eleckvical Aenvice ComPDSnd of two Conductors

which oxe SePeroJ:ed -l:"n’ou& '
and OPPOSHTC O"\avaec Ci— ®), mdgpendeﬂg

or Nob -

h QA delectvic ~medium and

which Com Skore eovua(

of wWhether Other (onduckors i the SdsmmJ axe char

j ) b
> “The C(Capacdtance bet ween bwo Conduckors is de»f—med y
Simp\e Yelotion |
H C
wWhevre ¢ = Capacitance i ~Fz(rod_§
iRe) Cou(omb on Eath Con Auckoy

+e

A = C‘navja
N = pot\%i:ia( Arpference bfw the Conduuchors

Aue o the gevual and opposite (‘Joa«{jex
On them of moﬁnf{-ude Q -
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