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Electric Potential & Capacitance
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We assume +hot +he exiermod force T’-‘:,t a{bpﬁd
J_é J'ué‘t guflicierd 4o comtey +he rq;u.lswe 2lechie fore
Fe om the Jdut C)\a)‘:,je 9 3o dhe met Jeorcn. o -“: +
cwle 9 4 zewp omd IF moves from A 4o B without
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Now the work done by external fore Js m_god;ve o}
work dome by +he dfdﬁz 1!)7:& omal g,us :f-ulms%ma\
n the Change 9 in e form  of 1S po 2] engy.

WorK dome by externad fofc& " mow‘ng_ Hha Xest
c}\aAje +9 A do B 4 -
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Hence electyostodic Poﬁex\)‘ic\l ener g ob-i jerence betwean
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done. bd o externad j-cr& 1) ,moving a test charge q
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Note -

. The work done by oan electrostodic anlo\ i mov?naq
given e dmL point 1o ampther clependsVenly
on the positons ofy nthal omd Final {>oirds. ™+ doeb’d
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1o that point without any arecelexadion.
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g Electrostatic Potential l

. The electvic Po+u\:Hod ob-btownw_, behwean +wp
peirdtse B omd A in an eJecah—na equod F0 the
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B What W work done in moving a 2.uc point
Ckgh.g’eﬁmm Comer A 4o Covrner ™ B ofy A =qwune
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Potential at a Point due to qroup of
Electric Charges ..

Suépo.se_ Hieve 2re a
numbey 65 pcﬁni c\qoo..svs
qd) q'ﬁ., q's,---. oLn C&*
dutontth 1, 2, 13, Tn
respec Hvel the poind P,
where  eledtric potentiol
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Whod Ju the elechvostate potendiol ot +Hae

Sunface a gold nucdlews of lameter 13.2 fami.
z 30!35& 793.0 b e

Sol. Howe Y= 132 = €6 ferm)

2
oy N = &&Xiw¥m. emd 9= ne
So Q = 78 x Lo X152
B W B ek = 9AIY” X 79X 16 X5
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V = |7 X10" Volt:

@ A po%rd' c,hm,g,e. G 4o placed et porit © as Lhown

Bt n +the F9.% The PohrdﬂaJ clifferance VA -Va
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sel.
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A

<Give ?lﬁ




@Two C}\ahaeﬁz 5%16°C and -3x16 8¢ au,l»ca.feo! leem
aport . At What poird en the Line juining +he two
ckah.abl 44 the electvic potenhed zevo ?
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5_'9_\_. Let P be a point on ¢,= sx10°¢ .= -3xI0°¢C
+he ,Uﬁe.\join'ana the s W 52 = e
+wochar-ﬂ-w tohere the «— X — > 6%~
potentia) ™ u zevo.
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s 16-2¢
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F»'a. Showe +he field Lines on ey
st o “pogitive chavge . Is +the work \Z.P

gt dome bj He fidd in mo'ving a

Small positive charge . o. - + .
to P posihive or negasive ? 7‘\
2}, The wovk olone by +he field

Aid negative. Thma A bBecause the
change 44 moveo| ogeunst +he fore
exented by tie field.




The fidd Lints of o ne,aovﬂ'w; point change. ave
r;a‘;' as shown N 361'5— Doesr” the Kimehc enexgy of
a small maaﬂtwp, chaxrge Incxeost oY decréase
"N &Mﬂg prom © to A7?
Sol.  The kimehHe enex op &
neaoive Cchaxae clecvéare3 while oA
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aivwet Fhe movement

ce. ob Yopu,u.c'm .

A cube of sidle b hos a chasse 9 ot each
950“&:’ verhcts . Deteamine the Po+mﬁoda;‘m}i eJed*»:
,Jt. ' we  Jo Hua th.ge arm# ot the 025

sel.

= The length of oh‘agoncd
of the Cube of each q,/: .(.

sideb 1S = J3b I

i
Distante betwean centre q”___ - v
0f Cube oand each veex q’./’ /
N3 Y = 3b|, € b > ¥

He & c}\w.ﬂu eath o Vedue 9 Qne Present od the
& verticer o the cube,” thorefore dota) potentiad s

V= Vi+Vy 4en Vg

v =L 8 - _49
4TT o {Eha J3reb

Further electrc fv'da‘ at the cantre dur 4o all +he

el chargesr 43 zevp, becawe +he fleld olue o
l\ﬂm}a!uod cl\MaoA cancel (n pa)rs. 7’:'



Electvostatic Potential duse to an
Electric Dipole ;-

Let us ~Hake +he omMein ad Hhe cordre o -Hu.oUpalL-
Now we havwe to Calculate electvic Po?‘thQJ ot Po‘m‘t P

whare 0P =7
-

\

B +9 - ///

Ld +he lutance. © P t‘rum C}\Nvﬂc. -9 ax A be
ond dustance ob P‘bi'ﬂﬂ'ﬂ C,h.unae_ +9 at B L Yo

Electrostadic poterhal of P olua o -9 amd +4 chasge
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_ -9 __a
Viz gmgy, % Va2 : gmew

So +he Po'\'-er\:H'a,' at P clue v He o&}r»'e._ 'S -

vV = V) + Vo
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av7a




2
Y Yo = r*a+a* =2rva Cosb

S;'m}/ah/g Coa ( 180-8) = q:" OY:L" v (-fov 'h';qnak AoP )
v

ov Y, = rv'ta + 2va Cosb
Hene we mosy write -

L
Y, =

al .2
g (1 2 +_$_Coz39)

W
rﬁ a <<y Han %JA&maU ovnd %_Can be m.aled«al.

TR (S }_;l_coée)
v, = ( 1+ .__CLC.er)
om o 1l = 'lr_ ( 14 28 coz,e)"fz
Y
5 ' 1 | =V
S‘;m;larlz 72. — = (l = 2-_;1_ COA9>

30 Ba e_q\«or}fm (1) -

_ )
1 __'..(I- 29 (pap \/1._ ) (I s B ] >
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Us)ng RBmomial +heorem we gd'-

N e [(.L-;-ﬂ_CoAO) » (.L—ﬂ.Co&B):]
4TL € ¥ Y Y

v = 3X2QCelk6
4TIE0 T

- P Corb As P= 9x2a
¥ L 471&,7'" Cs ]

A

As PCosp = P Y, ook.uu_ ¥ ol umi vectoy along
the position vector oP =




So the elechostahc potenhal ot P odue to a lpole
14 =

v - EL
C amer

(1) On the Sliprle axis (B =6 or )

=+_F
T 4Ter>

PoAyhve Su'Jn Ffur =0 and M&ﬂ"lve s}an ff'or 6= .
(1) On +he equadorial Plane (9-‘-%; Cosl}.'.:o)

A\

So Elechrostohc potential ot any poind jn the equatonal
plane o} dipole is zevo.

Po’iemh‘qj olue 4o a olipole Ja Qx;a.“:,
Sammd'ﬁ'c about P,
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Equipo{en{la’. Surfaces

W AW AT W B W A AT SR WA e -

P, e

wad .Suhjaaz ot every int ob wk:.ch electrHce
poterdal js the same (p,ﬁiol an’ equiporential
Surfate -

(.l) No work 44 done on moving  the teat chonge
ﬁm'm one point Ip +Hhe Other On eﬂ,u'xpofem.ﬁod Swfad.

equipotentio) surface bj Was - V-V,
g
/A- - -p-—-g/ —%_ (&)
\Va = Vo WNS = 6

(1) The equipotentiad Surface "rh'rbuah a point
2 vnormal o the elechic field at thad fpo'tn}-

equipotential suvface Al Wi = Fr v

qo4i Wrp Wag = FolYles56
;\ ---------- Heke 99 =+41c Se that

by F=af o FcFE

VazVe Hence Wae = EdrCesd —
X O bj eaq.@® Qﬂc’@
Ed{Cesp = 0O
=90

(i'\i) Two Equipotential surfaces never intersect each other.




¥ The eguwpotentiol Surface of « single poind
Charge :Z. PJMnMc gpl{:»ica) tsmjaaa 8"&4«#\'& ot
+he cha;,_je-

X For a unform dectrc Hed Sewy cdomy x-axis, e
equ)pofan—ﬁc'd Surface a}uﬁ Planeéuynorma.lydv the X awxs.
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[Some Important Equipotential sur'faces>
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(2) For o po;nf thage (b)) For unrform electric field.

() For an electric Slpole.




(d) For 4wo ldenticod Positive charges
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el _— |
() For nonun'dom electric fnJcl

'ACh Mmmd-bfumapmﬂ*A--foBLﬂ
rag"’; eq ol plone o) o lipole. without accelesation
S

2

Fnd e wam clone In +he process.

Sol. The eguadovial Pleme oy a
ohpole DU N c_czwpa}—ehba! Surface,
So +he work done in movmg
Cl'\amge will be zexo.

Va-Va = Wae
B A 3,
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> Here Vo =Va
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Relation between Electne Field and Potential

let ur Comsider two eguipdluttial Surtaws A omd
Spaced closely at a pepenclicwlon distane T -

Let +he potential of A L

be VA=VFD°W’10' po*mo‘l‘b'laj 1

ob be Vp = V-dv where
Av a4 clecreasre in
tenhal 1n the direch'vom

':O'b electric 7%10! E nomal ’ =
to A and B. =1's

A unit positive charge (3 =+1)

is taken along this perpenclicular
ddtance $om the Swiface B to Hhe sm.jqu_ A aaain&-t
the electvie field. so Wovk dlene

Wea = Fedr
Waa = —E oy (s F=9F)
wga = Va-Va

= V-=(v-4 —
Hente —Edy = dv olr

N ahve 5;8” shaws Hiat +he ollrechor ot elecHrc
fr o E s 1n the Slivechonm ab decreaA'nng Po*e.n};al.

* The MGﬁY\'I"’UdL o}y 2)ectHe fu.H Jd  Given bg
change. N magnitgotc of Poz“u\ﬁa.l per un displacement

normal Jo the “equipstential * swiface ot the poind-.
This 4 callid potential grodient.
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@ Thvee pods A, Bomd ¢ Lie in e uniform electric
—f%t:c\ fleld of E = Bx16® Nfe ar shown in +he f7
Find the Poﬂxd—iai oufference between Aand C.

S/O‘_- The Lire Jo;n;ng_ B to C Is >
perpendicular toeletric field, Asg----B
' _ \ v 1 >
So potentied ofy B= Fetenhal o C s, (3
l._,e, \/6 :\/C '\\|c » E
Distence AB = 4m >

Potenhod oliffernce between Aomd C = E x AR

= 5x)10°X Ux|10~-

= 200 VohH.

BE A WARRIOR
~= NOT »=
A \WJORRIER




Electrostatic Potential Enerqy of a System
0f charges ;. | |

E'ad'mshx}ic_ otentiol entrg of o &
OI oda,aeb I ED"M +otal qmogrd' Eb aﬂi done
b'ﬂ the kuouA ch e3 o v r ec:hve

Po&\-hom tmrv'\ mfmr}dd T:n%e muduaod sepw:hlm

(1) For a Sysiem o,f two po'mt ckaraes

5 ose < 1t ch e 9, £A held o4
73 p:ﬂrd Py :t}:h Posnh(f:\’ vecwa%? in .;Pqu_

Anothery 'Pos\\f ch q,,z ud Q} m nlte a’isfaﬂLL fmm

Q.. Thip Jd2 be Ln%?ld e potition P, with
Po'/.sv!-\cfn vedor Ta J
Tn 3 fivat charge 9y o podition Py (1))

no work \u o\o-ne bocause. all other thu,au are Ahll
mjm»{—a ' ano +hare J3 7o Held.

g ol W, =0 (at Infinity) ?

Now , wovK done in Car‘ram
chcvn.ﬂe 9, fmm 00 ? :
WZ = [PO"’QY\‘HO\J OhLL +0 ‘?,|] xqrz_ _'_q'

T —adih

Wy= _X1_ x4 P LY, P (.
> ATL &N - A .

Total work done W = wy + W,

Electostadic potential envgy U = W = LANLY

4TLE: Yo




(i) For a system of N point charges -

T+ W equal Fo the -total amount o)
work dome im wemblina all the cmaea cu-Hua,nren

pod'ﬁmns Hom 'mﬁn'l%g -
T bringing +he fivat chanse 9, 1o polition P(T)
no work Ji Jd neg. f e

l‘-e. Wy, = o
Wwhon e byin d\cu»_ae_ 9. ™ \lﬂfhh’a o PG
ot a dwtmece Ya m 2,Y, work "done s

W2 = [ Potential ddue 4o 9, x %2

\ FY'DT.Y\ W, = Qq Yo
mfml‘l'g 4T &, Va2 ‘F\'om
|nﬁn'l{g
—\}«\ s /
Yia Yi3

, Peam
m\f-vm{-a ‘/\/\M

Tn bn‘ﬂa}ﬂa I3 fpom @ to Py (va) . work hay o be
Adone aﬂa.imt elechoatedic forw Slua "“D both 9, omd 49,
Wa = [Potenhal due 1o % omd 22 x 43
- 4 9 R
- 41 & ( i3 M Yaa ) s

v+ Electroetahc potential enerqy of @ _Saog‘}em o} three dmaeA

U= Wi+Wa+Way = 0 + Hhe 4+ 4 (q'°'3+q4°'3>
AN& Y, 2 4N e\ M3 Yas

l U :41‘16 (q.%+q.°.a +°L,<1.~.> I

Yia Y3 Yas




Prng_olina in Hua way | we  Com) write elechostatic
po%erﬂ-\_’ enesgl °5 a .sa&lan ek N Point chavseges at
TN

',szu-a QA.-

U = 3zne Z Ve
AN Pajys

Potential Enuj! uf a_Single d«cwio. in an

external Field :-

Iy VY) W extenmal potential ad oy pont P
of positiory vector ¥ then oK done v b\ﬂ\nging
a Charge q from infimty to the point P 1m the
external feld s &

f W = 9 V¥)

Thua wovk is stored “lﬂ +e Ckahﬂ-ed panhcle jn
the Jorm of its potentiad entagy.

Pelenhaol energy of @ charge 4 (U)= 9 V(¥)

Potential Enerqy oj 6 System of two Chqraﬁ

in an external Field .

Subpose 9, emd 9, are two poind charges ad
Poéiﬁm“f)tednrs' Y, omd Ya mpec;lf?d:’ In qiaumjom
extenmed electric »ﬁ'dol

N work done i bringing churge 9 and 9,
Fram inj-r'n';%v:’ to position Y, and Y. are

W, = %,-V(?;) and W, = %.v(?;) |




while brinqin mﬁm 4o postion Ya ,
work hot aleo 84 3 a!om_ ageunat L‘jm Frele] alw.-l'o;w-
Thia & -

9,a
= )
Wa 4T 6 Yo

Where Yo w3 the dlictomee bdween g, omd 9, -
So  Potentid ensngy Of the System = foted woork clone
U = W| 4+ W;_ + W3

_ AT Ap Py 9,9,
[U -— qu V(Y|) -+ %1 V(Yﬁ-) + m‘-l

RIS




@ @) Defermine +he elechostadic potentia) entrgy
625 a Sgctem Conatng  Of +up chaxges 7MUc¢ and -2uC
(with mo cxﬂrnal.-ff d) Plaud ed “(-9em,0,0) oand
(9w, 0,0) YuFechvdx. ‘

(b) Howo much wovk Ul regured +o sepwmi'c Fha too
charges infinHeJ\S away fom each other? '

(€) Sippose “thal ™ +he Sawme system of Charged Is now
plated in an externed field E = Ax.L, whure A= SXIDS%,}.
what wowld be the electwostadic T enngy of the

chj,‘JumH on ?

Sol: (a) e tita
4MNéo Y
- 7xlo"’x(-zx,56)x9st = —0:7 T
(2+49) x10~2
(b)) Wovk fequu‘lr@{ = U-U, =0-U
s O] J
() Ty the elechric field fotal P.E. ::;;Z:Y +UVE) +9,VE)
—— | I .
from E=-9L 4 vz [-edr
. LA - A
- j ?:clr -
s Tota) PE. =B + AU 4 A%
4MepY T Yo
- -0 4 3 x18° (7x165°¢) " gx.os(-y_uc?")
009 o 09
S Total PPE. = — O7 + 70 - 20

- 49\3 T




Potential Energy of e dlipole in external Field

"-

Cons)dey a olipele placed in a undorm electric field E.

/ -
v L’.q' —

20, -
R | I -
P
F— >
X 4
i »

Here Hae olipole e:cpe)éengu no ned j»orcn. bud
experience a +arquz T given by -

T = BXE = PE Sing

Which will tend 4o totate 1t ((Unless B os paralled +0 E ).

Suppose on extenned torque Text s ed in
Such o\“tt;nne'( Hot \)u.&!:‘1 neutrali sed ﬁi«fh-}o

and rvotale the Supole prom angle 6, o angJe
without 'angulm accelenotion 8A

The agmount of work done by the external Hforque
will be arn‘vcn b&"

8, 8;
w = Teat (B)dHB = PE Sinf 486
| Ta [

W = -PE (046, — Cos6, )

Thid work 18 stoved ai tha potential +ha
sz,b‘rm(fm 13 e po lad energy ofy



If we take 6 =742 whoe the potenmtiod enaagy U
ad taken 1o be zevo.

So  U(B) =-PE (CoaB, — CosT)

| U(®B) = -PECos©® = -P.E |

Special cases: )

Stable 6 =0° Unstable 6 =180°
Equilibrium Equilibrium
> »E
-qe *q qe *q

>

(a) ®)

>

U sty
fec




Electrostetics of Concluetors

(1) Elechostahic 'ﬁda‘ ud zZeyp ‘mside a Conduckor.

(2) A+ +he sundace o} a ch ed Conductor, elettrostaic
fq'dd must be” novmal fo thi- swjace af every point.

It E were not nevymol 4o +he suh.lqu. ’ ~ wowld
have some. nom-zexd Cemponeds ol ™ the swface.
Free Changel em +he ;Suajac.a ob +Hre “Conductor wouJ.d
+Haen ex ce fvrce_ omd” move. Iy +Hae Stadic Spuahon
'me_jore. E showld have mo f-angud—;QJ Component .

(3) Thene B 7o excess d\aAqe ed any poivd inside
the conductor than +he Stodic s;wﬁw‘m . omd any

excems chosge must reside od the sweace.

(4) Electvostatic potentiad s Constont Hhvoughowd Hne vekime
of the Comoluctor omd has the same valur a4 mside on
its Swiface

Hene  ivtide HaL

C(Jﬂc‘u:;\'b‘( E =0

So tHhat Wae=o0

Hewn ce O, :vB-VA

q
Va- Va =
Va = VVna

Herne 1 w3 unit vettoy nomal 4o He susface
omd o W .Sijaa c,ko.h.ge. cLu\J.‘\-P:,-




Electrostatic Shielclini

Elect~osted ¢ .suejounﬂ / Sue_en‘ma 12 the
sz,nome;non ot P'wrl'et\a\-'mg a centelin Yv%'m‘\ °b SPQCL
4om  exianal ekchic field .

We Knowd +had +he elechnc ffe)ol inicle a Conduetos
i zem, Thoatore o prvtect cllicode Instrumands

extonal electne fields | we enclose them in hollow
conduetors.  Such “hollow  concluctd

s are Calld Famolm,
ages Thay need not be eonthed:

TR.2. ,funo{amud’qj -/ac% it that electric f—r'do' mside.
o cavH'y IS um),zoka}we/._ be the sSize danol sl'pqm o
He Co«vH-g and whac{wu;,‘be Hre chthe on e Condudtor
and +he “exfernal *LJA i which m?l/u‘ be placed.

In thunderstosm™ qccompalm.ol Ba ¥ o en‘rg@.id'
o sater 4o be imside a @k or bus Vih +v s
+he o’pen a:nwno\ or uwnder a +ree ekt The medellic
+

boalA, ok

(% oY bua vafo(eA ectyostahc SNMnﬁ
jnym the L«%}emng.

/ thundevstorm
+ “+ 4+ & 4 }

+
oy suudad\‘_-r*
4"l' + 4+ & ’_4'




Non polar and Polar Dielectrics

__b|e.lee+~.—1cs oONe Mulodﬂ mod-erials h)ludw
Fongmt olechric ehfects wl#wu.:" ackually Cmnaludfrﬂ

elech u-l-g

Dielectrics

v N

ANov1 poloi Polan_

(a) Nowi Polan Dielectrics
The molecudes n whuth +Hhe cantre

pobwhve charge Comade with the centre ot ma

charge  an e Called mom- polas meleculen.
Syehh molecudes wfbsdmwuna N Shc\.pe

Exqmples~ 0, , CO; ,CHy et

(b) Polar Dielectrics

I the WQ; H-ive anno\ W—
Ckahﬂ&s do not " concide beca ot
? the molecules, Honm +Hawse " anre mwil polws_

malequ
Examples ~  HECl, Hi0 , NHa e




Diclectric Polarizetion

When a non-polan. cleleetrdc Wb hedd in an extemal
elechic fied E | the candre of potitive thange (protonas)
i each molecude d3 pulled in Hae Shivechom of E qpo’
the Condre of va_.c,)'\w._ae (edectyoms) is PUJ..LLD' In
a oclirechon appsite to E .

TV\MJBre_ +the H4uwD Cerdver ot pos‘\ﬁve- and neﬂfdw'v&
charges n Hhe molecule are seporated . The molecule a.ds
dirtorled and is said to be polaused.

E=0 E#0
r*.
® @@ IR
® 6 0 K
on -Polan_
:AJolec.u.lu ®®® '@@@

. Whan no external j—iejc\ is appliecl to a didectrie
with polar molecuwles then +he ol,«*#)wmi' peumanent clipoled
Qre Oviended mndomhd due o thermal agitation, so +he

tota) liple moment i zeyo.

. Whay o) ext+exmal elecdnc ﬁc,loi a3 appu-eo,, Hhe
induvidual lipele moments tends o &Umw'fh +Mf¢10|-
Wwhon summed over all the melecuder | appears some
nt Slipole moment in the divechim of Hhw external ﬁdo‘,
t-e. e didechic is Po\au‘seo\.

E=0 E£0
2 8\ | @ o
S ¢ - .|
Polon_ D D ]
Mo?ecdaM I



L Thus In elthur Code Whathar polan or von polar
a clickctvic  dovelops @ met dipdle momenk in the prsence
of an extenal field the <lpole moment per unt volume
is callte polarisation amd 4 denoted ba P.

Electric  Suscephibility
It i found thod the elechic, poloamzoton

P
a4 oﬁrec:HU proportionad 4o Hie e.t%tt‘-hvﬁ electvie :ﬁdcl
(B) im a polanizeol clielectde -

E,
o
P o E -or pihad

P=XE ED@GD
where X Is o Conatendt QD‘@— QB
€

and is pronouncd a4 "eki . =
P
h an
crb t+he Selectrce. ) @ CJ
—
¢ The electrc suuzpﬁb\nl‘lﬁ
drevibes Hhe electycal behavsour Eﬂech‘ve Elechne field ina
ob a duelechic. po!a)zi-z.n_ol olielectHe s -
® For vacuum | X = © E = Ec-Ep

oY

*X W Callid elechrc susuptibility

@ Whay cloer Hhe eleehic Helol inside a duelechic

350? clecveare when wt i placedl n an exieanal
electhric *l‘dcl ?

2 ohen a dielechic s placdl in an external
'b';dd, Haa ~b1do‘ Causes P0|M»'.w~.-1-1'oﬂ o-b Hao dielechic
lnoluu‘ha a -bfeH M Haa oH;os'rte. Slvechon. Thua
tHhe retd elechic -b-l‘eH mside.  Fhe. clielectrc Q'QQYCG.&M.




‘é:i @ Expleuny byiefly wsmng o pvoper ol ™, the
By 7 Q Condtgc:Y avel Q
Adielectric TV tHhe prtsenca of extesnal electric

o  ufferonce 1M behavidus o

freld .

(b)Y Define +he Henm polanicadion of a olielectric,
omd wdte expressiom Fox a Livuwan ischopic
cielectric v Feums ofy electric field.

__S_'_f_DL. (a) for Cenductoy :

Due to electrostatic imduction
the free elechovn Collect on
+Hhe ,Lub:l‘ face o +he slab
cma.ting equal positive chawge
o the via»\.d face .

Tnternal elechde field 1S
equel do the externol field,
hence net electric »]av'elo{ sl
Hre conduct~r s =zevo-

Fex Dielechric -

DPue Fo abamrne,nf o} atomic
clipole.s OJ,GV\% extennod electnc
field , Hhe met electric fielol
wWHH I e clielectyic olecveases,

E = Eo"’E.p

++[+ ++

V Vababal
m
-

+) (1) (1) (D) (B () (F

6B0OR606

|

>

(b)) Tre met electric OUP(JLL moment Pruduces per
unit Volume v Hie presence ofy externa] elechic

field 48 colled polanisation P.

P = XE

X = Electrical Swsa.pﬁb'.)'n‘y




Copacitors and Capacitance

A Capau‘w‘ov s a System ob +wo Condudors
_S’ef)ojz,cdco’ bl an imadahr. I+ 12 an a)oz_anaememi’ +or
s*ovmg‘ laxge. gmounts ob electyie u\w:_ae omd hente electrical

enrgy “in Smal) space-
Principle of Capacitor

Lek Somne. potiive Shange Lo oo o T pleder Sl
Pofehﬂ';a.l become moaximum .

A 8 A 8

+l+ -~ +|+ -

++ -t ca

+ 4+ — |+ + |4 -

++ |7 v =

+|+ =]+ el I

= O | = gromded
1) (b)

Now Confidet omother insuleded metel plode B held near
the plede A. By mduction a negodive Chonge is produted
on the nearer “face of & and v egual poshve charge
clevelops on the fasther face of B.

Now Covmect Hae Plote B 1o eonth. The

imduced positive change on i be) ow AD
eorthe Tha Fnduu.c:f)‘a negodive Chung T\ae ﬁ:ﬁ 'i{ , hewevexr
ctays om ax it is bound 1o podiHve charge on A.

Due to the nduceol n.o_aaj'lvt charge on &,
Po‘}em:howl o:f A s rea:Hﬁ veduted. Thuir a Lasge.
avrouant ob Charge aCar\ be 34vem Fo A to yodse Ak
to +he maximum potenhal,

Hence we tonclude +hoat +he tonce. of an

mauleted cendudor s Increased caﬂ&\ol_z)..abha by
b»?ngf'n neak ot an unchou,gtol ecothed  conductor.

A\




Electrical Capa atance
The Q.lo'\,wa Ob’ a cenductos Jo Stove eleckric
Charge u Called =lectrico) cspadtemie
H a charge @ given do te tonductor vaises wfs pojenhiol
by V Han ar L Jounel Hhad
Q <XV oY G =CV
where € s a Covdtomd Colled e=lechHiced Copacditance.

l L = %— I ST umt o} Qp«Pac)‘fanu.-mea\

A Conductoy b said 4o have a capea 2& 1 farad
boknanu charge of 1 Cowlomb rvaused e :9 ‘odj 537
1 voH.

Capacity of an Isclated Spherical Conductor

Let a charnge +9 is given
to a sphere | s &

As Hre Sphre bohaver ax '|b

He entire ¢ e w Conantyated
at the endre, of the sphot ,
Se Hre Po‘}ex\haj at om po-wd on
the surface of He sp ud

- .
¥E 4ME,Y
As C = %_ Sco C - 4‘T[- EOY
Capacity ob eanth
‘ We can Caltwlade electrical Co«pqcl\-:p o4 eow)-h.‘hh'rﬂ
~dat 4o be a Condud—i‘na sphtae of yadiwt' ¥ = €uso km.
C = 4TN&Y = ' x 6uxip® = T MF

93X )02

Thas the Csupac\rbj o} earth O o“.hj T JE.



Parallel Plate Capacitor

A Pa);.a.ud P’afe, capch*}o{ Ccongust mb 4o Hun
Ctmdubﬁwa #\;che/s 1 omd 2, each o} area A hdd parallel

1o each ‘other | switable distemc d apart-
The PICU,Y/S kel "Mt& b .SMfQ(L.Cb\w.ae_
an inswlohng medium ,Lkz_y clwsdy\
aly , papor, “mica , glass ekc. "_/ _
chans O+ 19
‘UM\ a (5 "‘Q i.S >
\VQX\ 4o the ?'ﬂ&uldj{d P‘cde |- : : /A-:\m
thn o charge - Q@ ts induud 1 =
on the neason ’fOCP. cb P)odq o, H -
swiface Chasge censy o + i
plate 1 omol 2 are & omnd SR g
T Arouncled

In Hhe T‘eaim botuween Fhe plates | separated)
\JU cay | vacuum | electric »}—v‘do\ i'rdem'ﬂ'y u3

. = Ax8

B S~ B g

If E w the ‘eJedﬁc teld betuwean Hao plodes ,
' the potendial difjeionce Vv betwesn the plates

ad =

= s ko
W = BXd = E%o‘
Se +the Capauty of paralld plede Capottor s -




Effect of Dielectric on capacitance

when Hhere o o vacuum betueen Hhe plotes
a Capaitoy Mvina the Chorge Q@ om its plodes with
c e dﬂulfj to Y +hen -
Eo=ZL 1 Vo= Ed ; Co=8 = Sf
Now constider. a dielechic 43 Ivsexted botienn
the plates which oceupying the ?'rdva_\rznmg Tegion.

Dielectvice -

|
|
|
|
qQ

The ou‘eJed"ﬁ\Q. 4 polasised b& Hre Ja1'do' wi+h swzjnu.
Chorge densities op omd —op  at “the siufawe of the
Alelectric - So the net Swrdace Chorge ol.uugi'l":‘ on the plades
is *(-op).

So the -f-\"r\cu' elechic ft‘eH aele the <ldechde i -

= = gp
E €

amd Hhe petentiad oﬁﬁgemmm. betweon Hne plotes -

V= Ed = 2—-9¢,d

o

For pﬂem o&'e)ecl}—r}cs, we expelt op HJo be
proportional 1o E, , le. to o« Thus (-op) W
propprtional Fo o ond we can wute-

o - 0p X O



c-op = T K- dielectric Constend
K avd Kl

SO V = 0_0' -_— &) O'
€ck A EcK

So tHe Qm’)ac:r}c«no'. C with duelectvic botwean
Han P,adeA aD —

c = @
Vv
— = - K& A
- a4 d
A EcK
Or C = K%;A

Here Kk =.§_ 34 Coleal +Hhe dielecte Conatant o} the

.subshnu_.o
So 4"’\&} c = kCo

K

® When Adelectre s jn)m)o'uu.d,-’rw ff-ieJo’ befuween
the plates ob the Capacitor alecrews@sT\:il‘(.J;u Jo
oith V decreases by a J'adowr o} K- ymples Phat
tHhe Cg,Pad‘{'Oncn. Iincyease bg K.

@ Diclecte Censtant of @ redium s ined a4
the voatio of +he Capacdant of Has Capaditor with
the olelectric ab Hao meduum do ods Canc.}-hnUL_
with Vacuum belween Jts plafes.




Capacitance of a Parallel plate Capacitoy
with a diclectric Slab -

The Capactemce ok o paralld plate oy
P\c&e oL, ‘Z‘Pmd plate Aquth.Hon clPuﬁ'l'hcavﬁ:;tbm
oY Ol.;‘f inbetween Ja -

C_oge;_A

Suppose TR are the C er oM Hae acitor plotes
Co:tﬁ Pmc\uuz a uv\'ltomhog)%ec}ﬁc %—hdd E,,c?ﬁ +he, Sfr;'qu,
betwean the plates.

+ + 4+ 4+ o+ 4+ o+ o+

. . X
e Y R
t
|

I |

Wharn & ddedectric sSlab o Hucknus <4d Jy Mhodued
between tHhe plades the molrcules I the Alab gut
Polwu-u.al in the olvectiom ob Ep-

Tkm-bove. Hae e.fybed-;ve_ -b-;dol inaiole Hie dueleehic.
E = Eo
K
oudsiole. the cleleatric 'b"\d‘" remodyd E, chAd
Mbma, potential olijferance between the two plofes
e V = E.(d-t) + Et
Ve Bsldet) 4 EK_e.{'




V = Eo[ol

Ats Eo‘—"g‘e:;

-+44]
._n

A€,

voF —%Eo[d- +%]

inbetween U2

X Hence on Imhoduun

c = &
\V
CoA
C =
_ L
d=% +.5

QAFo\d-lq'nCL °b» Hae CQPQC:I"'OT with cueleedrc

_ Q
e [4-+ %]

Here € Y Co

o duelechie sledb inbehwesn

the pledes. of a Co-.?qc,i-l'o*r,.i.}s capacitance 1nureases.

Case |, Whun @ number of dielectric slabs ave nserted

betwean tHhe plate

A

-

EoA

d- (t,+tp4-..) + (%l' + %‘;.p)

-0
A

AY I W T ¢

DU U W N

N

—_—
—_—
—_—
-

Cate 2. whan a metallic slab (s nsertec] behween Hae pledes

- EoA
CEEEY
C i eéA
(d-+)

A

+0- metal

X » X
¥
YR =i T ¢

o
\\ w
]

M 2 I o X
f

o —>

-a

A

¥ Xald o




@Tke,'l'wbplcd’u ot a

c@st

4 mm opart. A slobo of

plode Copaciter ave
liddectie Condtemt 3 and

22 Hlckness 3mm Ji Inhoduad bediotan Hhe plates with

wts tau/s Pa’rod'd Jo
the ‘pledes s so a
%W Cada

ue - W

citox become 2[3 ©
hat u the now distanee

+Hawm. The ustence b—dweu\

djusted thad the Copacitomce

uts o)Ja’inCJ
een the plades?

5/0\' Here oladance bedueon panalld plades i d=umm

d = 4x06°m.
K=3 , thuckness €+ = 3wmm = 2 x107> m.
A
C = €A omd € = =S
. ey
d 4 - B
S;.‘nCL. C, = %C
sy £ R
dl"‘t( -T{)
oY -L e _.2‘_..
oy - t(I- %) 3d
1 . n
oy~ 3 x5 (1~ -é-) 3 X yxw3
So d = gxie'lm. = 8 mm.




@;5 W"‘*/ oloes Cuvvyend Iy a S'h&aoty stete not fHow
2 M a Cc«pqd_’f‘of connected acyvss & batt ?

Howearen ‘Yho-nr)e,rd‘ curvrent does rflou) uhjwna
Chw‘tai'n% oY ou,bchawaiﬂg of the Ca..pacH'DY. Explain .

£9L () In the steady stede no C“: o

Cuvrent flows thvough ctor
because , we have hwo souvces

(botd ond fully charged

c amv) oy equal potentiel s
Conmected in opposition. Ly
G_.\) Duwun C_ho-)!q"ﬂ oY ou.AcV\ab_ai‘n tHhene LA &
momm@ahﬁ j’-og of cuvrent aba Hre potentials
of +he #Hwo sowhrd ane not equad Jo each othey.
Find the charge o +he y | E WF
ERe  Copacitor ak Ahown in /1
+Hhre ciycwit.
se|. In ste state when RIS bt
the capacitor as fully
Ch , Mo cuvvend Flows +,-
2v

Hm’oua»h it.
Total veswstance. R =10 + 20 = 208
+Hhen Cuxyvent I = -'%\-

=2

I ==

0
0

Potential oL'ﬁ‘mncL V= IR
v

)
s
Chah.ae_ & =CVv = Q:gx%: 4. MC




Combination of Capacitor
(i) Capacitors in Series

Thyee Ca.Pqu‘i-or.s o} Co.Pacrhe»s Cy, €2 ono Cz ane

Connecteo) N senied ofexvhod olfﬂ;aumce Qpphea)
aevoss Hae Co"rﬂblﬂod‘)oﬂ

+o—
o +
| - +
e 4—

4——V,—> “ V,—> «— V,—>

++++

|I|||r’
\
I
+
2D
[ I T |
\
D

+ A\

In cemien Comb?nod{m eacn Caf'quhr yecaives Hae S’am.e.

Ckahae. AR. As +Hare cp..pqc.vhv_s ore. S Wﬂ'
potervhal ouﬁeamu.a across tre theee co..pau+ors

Qre d,:tbvuzmi

= Q& AV - O = __@__
WE S Meegny B EG
Ib Cs wa he otay CA.,PQC)"’QT\C—O- D‘b Combinodion Hamn
v &
Cs

As 4ota) potendiod dypp Vv acmse the ombinodior is the
sum o} poterdial o\mp5 Vs Va ancl vy So-

V = V) +Vy 4V,
' & = @ 4+ 8 1+ &
Cs < Cy Cs
1 = 1 4+ 4 o ek
Cs C, C. = ©a

ﬁug g:ﬁao‘-’ovs Connectes] 1m Seues | total CAPQd‘fan(L




(i) Capacitors in Parallel

‘ Lo} -{:yez. gqpadgoti{:j o Ca anch\ Lz, cve Connecteo)
in paradled omd 'V be oterha) S ac
-H\Q_Poomb\hodﬂ' 09 . d pierence. acmss

+ &

+Qq

+Q

So 4he Charget on +the Ceapacdors cwill be
R=QV , Qo =CV ond Q3= CV
So +the fotal charge em the Capacitors -
R = +Rr + Q2
ket Cp be the equivedntd Capatitane 1 Pasedl
thin  Cov = v + €V, +CaV

CP = C' "‘C'), +C_3

When M Capqc,‘ihrs ane ConneCled o Pﬂtm\h\ Haon -




Go19 Ob £Five C.apac.u'}ors connected 52/\1ouF
to a lov batevy. Calcwlate 15 F

the c acquived by the T 10 yF
e change aca / 3
so). Nef Cn.,»a"/‘zmco. ok Pamllej

@l

SLol-

The f—{awu_ shows a nethwork

(@) ond C, = C+ G
Cra = 1S4S = 20F Nk

' 10V
Net (opautone o}y parallel
CyuondCs = Cy +Cs
Cus = 10 +10 = 20MF
Cz 5 Cus n seruer Cg = C2xCus _ 20X20
Ci2 + Cys 204 20
Cs= 10 MF

CC(PO«C,H'OY Cz m pasalld with Cs , S0 Hhot
CP = JO +20 = 30MF
Poterded oUﬁ‘ewmcL ocyoss Cs = loV

Potentiol oiffexence. OCrO8S Cja = Cus = SV
Chouzse_ orn SMFE, Q =CV

Q= 5x16° x5
= 25x10°¢

Find equivalunt cﬁ.fmu'-hrﬂce beturton A and‘ >
in +Hhe commbiviaton a—w-e,n below, Each Capacitor
A3 ofy 2MF capacitance.
Co«facﬂ'ors Co ond Ca emd
Cy ore in poralled

C3 G4 [ GCs

G G
Cp = Cat Ca+ Cy A ”‘pl At
Cp = 2 +24+2 = GMF




. C‘Q.WC:H’OYS Cl P Cp and CS O ;Y’ Se}b"%

I

Ceq Cy Ce GCs

S e L et wd =2
ch-2+6+2. 3
Cegq = %,u’:

@ Colewlofr the  eguivedont Ca‘,ch‘a—rance between
ces€ poirds A and B in the circuit belowo. Iy
20\ a deery o-b- lov 14 Ceonnected acsoss A and
B, Caladate +he chasge ohawn grom +he
k:wi:hnj by #he ¢ivewit -

Sol

el ML _C_L - _C_‘.'.__ C,=10pF C,=20F
e 2= 8 AF——
TRAA 44 the Gndition o) | | -
bedaned Wheatstone b“ridg&, T
So Hhee unll be mo c‘urrenj , :
acvoss SO MF Copacitoy, l

N , Cy=5pF Ce=10F
Now ©, and €5 ave 1M Sexeh
Cin = 8 %XC2 - JOX28 Ci=10pF , Cy=20yF
< +C lo+20 {F——
= - 20 A B
)2 = MF
Cz omd Cy ave clso I Seued —s—i|
Cs=bpF R C,=10yF
qu - C3qu = SX‘O
Cz 4+ Cy S +]o .
Cay = 10 4F 10V
3

So thodt eﬂuhvnle,ni Cq’oau'-!-anq between A ond
B JA
Car = Ciz + Cay

C,AB‘: 20 4 o = )]0 MF
2 2




Hence Chahﬁe Axvauwmn bfo-m bq,bl’er\tj Qs ey

(R = Jox JoMC = 100 Mc

@Fa‘a- Showe +uwo lolenheal copacitors €, Ca each ofy
gﬁ%iUF Capqc,:{n-ncn. Conmnectes Jdo a bo.l\*cné of 6V- In‘qull:l
Suitch ¢s? b closed . A Sevne Mme Y87 U
open and dielechic sgleb of Slielectic comatend K=3
are vaerted Jo -bﬂl +He space szpkj-d.«j beturean Hhe
plodes ot +he two capacitors. How will Hae-
(i) chaxge omd (i) Potential clifferance betuwrean the
pPlades of the Capadtors be ajfected o.glv:. Hra Alaks
9
: s

e INA
~

e + Ci=IMF -l Ca=lAF
.:[ & i
S/O\' wkm S(A}';+Ch K J_A dO.SQ_d bO+"\ C| Oh'\d CQ_ Qre.
charged do 6v potentiad,
Le. Vl - €V omd Vo, = ¢V

Whon s & openn, C b still Connectesl Jo
batery .
on ?m-roo\udng Slad o Shelechr o cordtomt, K= 3

C'z = K¢ = 3 xixo¢ = BJAME

V" ‘.:V‘: 6V

& = v = axicéxe = 18x16¢¢c

However ¢, dA dlisconnected 'b‘a.m'\ bo.ﬂ'bﬂd battery now
twhan s ,.Lblbbf openi. Bur o inhoduchén of sv:djab, ’

C'm = KC = 3 MF
= -6
R = Qg = CaVa = 1X106¢x6 = 6Xl0o " C

VL = Q':- _ 6 )(“3-‘6

- 2 Vv
ch 3 x |0 ¢




Enua\' Stored in Capacitor

The. Stores) 1n citor L2 +he Same
as the mm Fo builel upwqm Ctmv-.ae on the
plodes b‘é' external Source Cbodlery) of voltege -

Let the jwo plater of the Capacidor are initially

uncha;.ﬂeal Now -HM_ cJaq,Lge. i transkerces] Ho  one

plate ~ in v amoll instalments of dg omd egued
oHoaA 1t Ch Induce s ©n e oHaza Flod-e.

+1 ‘
+ 4+ ++

lzl :

) ‘
At a imtermedliote stoge , Suppose
o UMPI«:??_MQ,MOIMOW_PIMCM—‘L-

e Potental &ﬁmm_ berwean the platesr = %

Smeal) amound oé wovk done N gwmg an addihoma)
ckoo:_ﬁe clg to th Cnpau{or oA
clw = %_qur

Toted woyk done m ?v‘ma a change Q@ 1o Htha Capatifor-

=@
Q
W = a = -'— .9_:

‘i[occ'ct C'[?—:'o

1+




ar R=Cv omd CVv= @ %0 we Coan wWnte-

U

=.LQ_1:' = |
¥ Lo i ]

@ A 12 PF cmpadkhr JA conneckted Jo ¢ Sov

ces bod:tenj. How wuch ‘eJechos-iuHc_ energy A

2270 stoved” in the copadtor 7?7 T tmother Copacitor
0f G PF s connected v Sexien with 1+ with
the Same badiery , Hien Ffivol the chavae_
Stoved omd porerdiod ol fferance acvoss each
Capacditor.

S/o[. E lechostatic Ehera«j ¢toved U=Ecv1

-2 2
U = —?l:xmxlo x(sD)
U= [+sxlfs s

Equivalent Capaditance of 12 PR omd 6pF

l.'f) S&‘JUS CS = C XCgz
<)+ Co
Ce = 12X6 = y pF
12+ &
C,l'\ov;%L Ztoved acyoss eadh Ca.bed-lOT
Q=cVv
@& = ux)6'?’xso = 2x10'°c

* To semer Covobinadiom chasge om each Cafadﬁr(
AA Aame. .
'+ Potentiod differance acwss 12 pr capaator

\/, = ’Z—X'O-'o - 50 v
2

l2x10'2
Potential olifference. Geross 6MF Copacitor

V, = 2x16'° - 100y




Om O“\D.Aﬂ;‘n a poralle) plote citor 1o a potental
V, the spncan'nq Pke;}wem P'Hv. m J& Tedued Ho
2.9 P\oJJD oma a Vdieleehic medium of e&,=lo &
inhoducd beturean the pladed , withad dliscamecting
the DC Sounte: Explam how the-
(i) Ceapacitance (i) eleetric t'dc' ool
Gii ) eneAgy dem'vlg_ Ob the Capaator Ckanae.?
sel. Convnected loodde.rvd enduresr SLcnme Pckr\zh‘q.l dxﬁemw.
V Qcx0ss Capadior eden a.bka redudng the gpaung
betuween plodzs upio M”b omd ?-n,‘n—oducjna +ha clielachic
slab.
(1) Tf mital copactamce ¢ = €oA[d
Then final Capacitemer ¢, = 10€hA

Af2_
C.g_ = 20 GOA = 20 C(

Cmpad'i'a'ncz Incyeaded Fo 20 times °b ow'ar?naJ veduwe .
(ii ) Intial elechic fied €, = .

F:"Y\QJ' - _\/_ - 2'v L
‘3 Ex 54 = 2 E,
Hence E., & 28

Elechtec #‘do’ !‘nf'enbl{*a a—ds SAoubled -
@) Energy dentity of the capadtor U =1 &g

OVY\O' U?. Z—}?:GQE:-
U, = '%_Go('zel)l = 'liebL'ElL
So U, = 4V,

Hemca_ gy clg.m;'&a betnorner 4 Humes o oﬁa‘md

Value .




Thyee ;.A—‘—Y\};qu CﬁthC;'}OYS c—‘ o Co q-nd Ca ob Cth(H'qu
(st © MF each ane Comnected Fo a 1oy badfery at shouwon-
2 i d i
() CMhﬂe, oNn eqcl'} Gtox e
(i ) Equ)vdud' Capacitanca. of the. Civewt s
(i) Energy stoved in +he nehoork v T ¥

Ca

ol

—Cs

0‘; c.a.Fqc)'fm'&.

Sel (1) Here V= 12V -
omd C) =Ca s C3 = (M4F = 6XI0°F

So the Chouw_aa oM Qmpqd*l-ov Ca o

Gy = GGV = ¢xioéxilz2 = 72x100°
93 = T2 ML
Sinte ¢4 omd Ca ane 1N Se=ied Se the e_qul\/alm)r
CAPQC‘H.'QY)CQ __-L = 4 4 1
Cs < G
i =41 41 =2 =1
Cs 6 6 ) 3
Cy = BMF
So the c_.ha.hae on  each COL.PQC\I‘*'DY ¢, omd C, A
Q@ = Cv = 3x10%x)2 = 3¢ x100¢ = 2¢ MC

<+ Chorge on each Copacitor € omdl €y W 36 MC
(i) S:nc‘,c C\ omd Ci are n serded hose equl\m.lebd‘
Copacitane W Cs = JMF
Now Ca omd Cs arne n Pavealle) Se +he equu valunt
CA\MCA"“Q*\LL ob the Uyowot 4y C= ¢a3+Cs
C= €+3 = SMF
() Energy stoved U = Lev:

- 1 2
U = Jixsmo‘x(lz) 2 g.ugx;oq;r




Two Po.)z_n.lh.l Plote Capqc_,‘\-l'ors X omd Y l:\qve the_

2? Same Qr2a of plates omd Ssame Scpwr.ad’!mbehum

" tham, Y has aly betwean the plates while X have
a dueectrc medium of Er=4.

I i
x I | I3

L2V

(i) colewlede copactone of €ach Capadtor JJDecjuJ\nJ.mi-
Cafqd‘ranu_ ob the Ceombmatien J& 4 MF.

(ii) Colewlode +Hha Po’ren:ﬁd &btoumuz. bodureen the plodes
Ob X ond Y.

() what B the rvoho ofy elechostodic enpngy Atored In

X ond Y ?
2ol (1) Since Capacitance € of the paalle) phie Capaditor
‘:A ven - = GEoA
T J C = S
Y = €A omadl X = GCRA = 46A
= ) |
X = yy
Shnce. X omd Y are n Seued Combinahom
k. = A i . (R
Z - x Ty 2 F Tty
1=z 5 _ -
L 4 4y 2 Y = 5 MF
So Hwead X = 4x§8 = 20 MfF
L‘i) SI\Y\CL Q= Ccv
q = 4x10% x12 = 48 X16¢ ¢

potential liff on Capaator X da given by
v =% = 48xlct
. C—K 20 )(,D"C

= 2.4 V




emd  potendia) i on Capacitor Y 33 given by-

Vy = & - _48xi6f - g( v
Y 2 = g g 9.

(i) En%ﬁé Stoved In quadhf L = lzcv"
s Radho of elechostakic enagy Stoved Ln X omd Y 1S

Ux _ - Lav” 20 x (2u)*
Uy Leow s X (2:6)"
U - 4
Uy Y

@ Draw 3 upo’remha.l u’v.,bG(M Cavvesponolin ? ﬁdd
cost thad “"“‘b"""’l'i incyensed m-b.dg. butr remauini

55°® Conatant Z o ourzdwn How "~ axe Haese Sux dacer
i Hrat of a Conatont elechic -bt'el
z-ivechon 7

Sol. The three equipotential y
Su&bqw: axe N XY plam X |

maam’h«ch_ ot t\dd mcmw,

d&A'\’QﬂCJL botureeny  Succesdive \

%jwpo’renhq] swekaces (for y\ |

ven ov ) decrdaser axn Shown

1b e)cc:hﬂc t\dc\ were Conadamt, Y
drtemce. betureon Succuxsl‘ve'ol v
Wipstential surkacs uwoul *




P Svad’rem of Capqu'-lnn Connected ar Shovwm,

ok hos a Fotel eneagy of 160 mJT stovedl in ot Obtain

* the valur of the valent Capacitomce of Hhia
.suA-l'tm omd dhe value of Zz.

IS
7 MF ( _y

| 1
1]
10 MF

3MF

|1
Mz ue

4°°c
g N o

,Sﬂ*' Ca.Pac:do{ ot BUF emd TUF are In Pa)m,ud_
C, = 3+7 = 10 MF
Since 10ME ., Jo MF ond ISUF are in Semes -

Yy .!'_. = R A + L ~ .ﬁ_
’ Ca lo 1o IS Ky
oY Ca = 15 MF

L’
Hence ‘b‘fd Cp{chHQnLQ C 2 Cadl

C=£+Z)F
(4 &

k) EV\D:,% stved = leomIT

—%cv‘ = 1¢o mT

%x(% + Z)xm" ¢ (200)" = 160 X16>
> —E+Z = &
Y

2= &=l = 4.28he
4



@ mﬁ[c&t acHoY W do be olu'lamcl with

550 Vohag ikv ubmg a wmateral of duielechde

= fafd‘ 3 oLLeJed‘rlc stmna)‘h abouz\' 107V Jm. For Sapety
we wowld .L«Kn., the Jfelel  never’ exceed say lo% of
Hha ohpole sﬁenai’h Whal™ minimuwy  asea 1ﬁﬂl‘m ploctes
0 requited Jo have o Copaditance o} 5o PF?

Sol. Maximum Permissible Voltege = Lkv = 16® v
Maximum Povmissible elechie -b-q'e,lal = 1o Ob 10’ Vim
= lo® V/m
Mimimum  Separatimm quwwco‘ bobwean the Capautor
PIoJ-eA A8 -
d - XV - LO__ - e
E 106 10 73
Se +he MmMmimum axza Yeauirco\ tor Ihe CmFadhr plc«fos
A = Cd = 50 x16%% x)10°
K&,

3x 8 g RJo~I*=

A = [88x16Ym> 2 {9 cmr.

The elechice -b—ve)cl and elechdc pa+cn}1od at- any pa n:f—
st <lu 3o a  point charge Kapt in cuy O 20 N/
2% ond 1o T/c rusped-nvdza- Compute +Hhe megnitude o

Hia C,Ir\w..ﬁe
’S,D_L Eleetre Leld ot dlatancwe v <bro~nn Haa ot
Chorge o E =4 _,92 . Fe
M—a 4‘“&: ';'i = 20 N/C,

Eleetric  Poentiod ot Mdtance v $o Haz pont

(‘\r\a}'.so_
V—___-!q’ = o T
4“60 Y 1 /C
so that f=¥€=.§%=o-sm

Hence Chasge 9 = aTteoy xv = QiSO

9 = osg x102 ¢ [‘ C = 4TIE, Y ]




Q.1.

Determine the potential at a point 0.50 m (a)
Jrom a + 20 uC point charge (b) from a -20
uC point charge

Solution:

potential due to a point charge is " = kQ
r

(a) Atadistance 0of 0.50 m from a positive 20 4 C
charge, the potential is

o
kO " ., | 20x107°C
V==%= (9.0x10°N.m*/C*)| —5=-—
= 3.6x10°V
(b) For the negative charge,

- -6

V =(9.0x10° N.m? / C?) it
0.50m

= —-3.6x10°V

. Infinite charges of magnitude q are placed at

coordinates x = Im, 2m, 8m........ oo respectively
along the x-axis. Find the value of potential

at x = 0 due to these charges. (k = L )
4re,

Solution: Resultant potential at x=0

1 1 1 1
V = —_t—t—t— e
k1T 27 3" s ]

—kg| — ]=2kq




Q.3. If 100J of work has to be done in moving an
electric charge of 4C from a place where
potential is -10V to another place where
potential is V volt, find the value of V.

Solution:

Here; W,, =100J , g, = 4C,
V,=-10volt, V_=V volt
WAB

Since Vs — V.= >
9o

100J
Vo(-10V)= — = =25V

Or V=25V-10V=15V

0.4. A particle of mass m and positive charge q is
released from point A. Its speed is found to be
v when it passes through a point B. Which of
the two points is at higher potential? What is
the potential difference between the points?
Solution:
The point A is at higher potential than B as the

particle has gained kinetic energy while moving
from A to B.

The kinetic energy acquired by the particle is
equal to loss in potential energy. i.e.,

1
AK=q(VA—VB) = Emv2=q(VA—VB)

2
= V, -V, =%ﬂ

q




0.5. Calculate the work required to be done to make
an arrangement of three particles each having
a charge +q such that the particles lie at the
vertices of an equilateral triangle of side a.
What work will be done by electric field when
the particles are shifted away so that the side
of triangle becomes 2a?

Solution:
The work required to make an arrangement of
charges is equal to potential energy of the system

2 2

w=—A X3 = 5
4 e, a 4w €, a

Work done by eclectric field represents the
decrease in potential energy. So, we have

We rieta = —AU = U, _Uf

qz
L= x3
Now, i 7z <, (@)

q2
U,= x3
Az €, (2a)

2

2 2

3¢~  3q 3q
Adre,a 8B8mey,a 8re;a

B WE.Field =

0.6. A bullet of mass 2 gm is moving with a speed
of 10 m/s. If the bullet has a charge of 2 micro
coulomb, through what potential it be
accelerated starting from rest, to acquire the
same speed?

Solution:
Use the relation gV = 5 mv? ;

Here, m=2x10"kg; v=10 m/s
Therefore




mv?  2x1072x(10)> 10"
2qg 2x2x107° 2%10°

=5%10* volt =50 kV

V=

0O.7. Three equal charges Q are at the vertices of
an equilateral triangle of side A. How much
work is done (by an external agent) in bringing
them closel to an equilateral triangle of side
A/22

Sol. In this problem first we have to calculate the
initial and final potential energy and then the work
done is final potential energy minus initial
potential energy.

Q
A A
Q A Q
Initial 1al 1 3¢ f h
nitia otential ener or eac
P gy 4re, A (
QZ
combination, the energy is -, __ , and we have
8y 4re, A
three such combinations)
: 30*
Final potential energy = Aze A/ 2
0
307 307

Now, work done W = —
Are, A/2 Ane,A

307

Ww=——
Therefore, 47, A



0.8. If electric potential V at any point (x, y, z) all

in meters in space is given by V = 4x? volt.
Calculate the electric field at the point (Im,

Om, 2m)
Solution:
As electric field E is related to potential V
through the relation
av
E=——0-—
dr
B om B P Y m BBl =
dx dx
Ey - _d_V - —i(4x2) =0
dy
dv d
E =——=——(4x*)=0
And E, e 7 (4x7)
So, E=E,i+E,j+E,k=—8xi

at (1m, Om, 2m) E')__g/,-\

i.e., it has magnitude 8 V/m and is directed along
negative x-axis.

0.9. An electric dipole in a uniform electric field

FE is turned from @ —=(Q position to @ = 60°

position. Find work done by the field.
Solution:

Work done by external agent

(W) = pE(cosf, —cosé6,)

(Where p is the dipole moment of the dipole).
W = pE(cos0—cos60) = %pE

1
Work done by the field = W = —5 PE




0.10. A uniform field of magnitude 2000 N/C is
directed 37° below the horizontal as shown in
the figure. Find (a) the potential difference
between P and R. (b) If we define the reference
level of potential so that potential at R is 500V,
what is the potential at P ?

/

S5cm
37°

/

Solution:
(a) Here

E =2000N/C,0 =37°,V, =500V

dl = PR=5cm=5%x10"m

E.dl = EdIl Cos®

= (2000N / C)(5%x102m)cos37° =80V

Thus, V, —V, = E.dl =80V

(b) As V, —V, =80V and V, =500V,
V, =500V +80V =S80V




Q.11. Find the p.d. between the points A and B in
the fig. The values of capacitances are in P\ F

2 C 2
|| | 1A
1IN == —all. | 4-—=
'B
Solution:
Capacitance of system
( N\
2x| 4+ ER
_ \ 2+4) 16 uF
- > < =
2+ a4 2x4 11
\ 2+4)

Charge on system
16
q=CV =11 x ﬁl—lc =16 nC
Charge between A and B = Charge between

_ o 43 _q_16 _
CatndB—q4+4/3—4—4 4 nC
P.d. between A and B = Charge between A and B
Capacity

= —— =1 Volt




