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Electrostatic s

Electvic Change - | _

It & the pvoperty associoted with madher
dut Fo which «F produces andl expehiences electyical and
maaﬂe%ic effects.

The excess oy dlificiency of electyons in a bedy gives
the concept o} Change -

S1 Unit - Cowlomb (¢ oY  Ampere x Sec. ( Axs)

Dimensions - [AT]

Basic Propexties op Chavae-—
L.] Charge 15 a scalan quantity .
e ] Chah,ae_ 24 aJwa?A axsociated writh mass.

* When booLtf 64:1‘5 +ve chq/&ge JJ’S mass decreqses .
* when bodﬂ au‘s -ve change its mass frcreases .

3. Chaxrge 18 quantised. A = tne
wWheve n-= any in-p‘-&aev’ valut and e = 1-ex1o"9c

4| Charge is congevved: (But mars 14 not conserved )

5] Siwilay Changes vepel and dissimilan chasges attyact
each other.

6 Accelexoted clao.flae yadiates energy-

V=0 V =z Cord - V # Const.
& ® Q@ a®
Produces only E  Produces only E§B Produces E ¢ B and

Yaduades eneraj
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7] Tvue test of e}e_c{ﬁf"caﬁov\ (g re,pt,dsr’on, not atfacton .

8. Cha&je_, given Jo a Conoluctoy a)mlcudfs vesides on g
Sutface - In mawlodoy 4 vemaims wWhene W 4 placed
Ll mmﬁ( vesides inside the bodd also.

3.] Charge dentity of a irreau.lah COYIO’(ACJ‘HY'\% body 1 not

unfﬁwm. Tt W maximum whehe the yadius of cwwyature

A mfm'mum Cmol vice -veysa. te- o o{-é -

Thia 14 why chw&ae leaks Hom shorp poinds.

¢ B /3 ™
ije olem.nﬁ’ T L= +Q+ +<)+
s +

10:| The apparatus wed io detect charge on a body s

"Gold Leaf Electvoscope".
Ch d
% sl Glaasrsg goa

Metal Foil —

Cork —

Copper wire I | (.

gold leaf

glass jar/ -'
! by U h Rajori
Methods G‘f Chﬁhaﬂg._ - SCIENCE CAREER COACHING

Cont, 8003024131, 9309068859
1.0 Friction -

Ry ru.l:biﬂa +two bodier j'oad'lnzr both pos;Hve
omal  ne 1ve. chahaeb N equJ amoundt™ appeanrs due  Hp
tvanspexr of elechmm grom lower work funchion body
1o boo'j Of L\Agzb\ﬂ_h. wovK fu‘nc‘;Horl.

+9 =4
C ) + Q G+t S;IK
Glass $ Glass

silk
Low Work ffunch'on H:’ah wrevk funcHnn
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2.] Conduction -

The pyocess of tyemafer of Charge b:j
Contact of H4wo bodiesr L8 kmeun as Cemduction.
Positive charge flows jrom higher potertied 4o lowen
Pofren;h'od, whaile ‘he_azed‘;‘v& chcuwge Hows om Lower o
lmlgxinlh_ Pé’\‘twﬁcd-

3.] Induction -

I a chaxged body AL t:fmuaw’ hear a newred
looclﬁ , the c:ha).aeol bocbj will athyact oPPo&;'l'& quvﬁﬂ and
repel Similan charge presend in the newtval body. As a
redult one side of the neutrad body becomes positive and
the othey neacuh've., His procesd A Known  induchon.

R 15

(a) k) Cc ) d)

Induced charge cov be lessey oy equal o indudn%
Cl’\qh,a&(b\d nevey cdreaie‘s’) and ots maximum valur i

arivan ba

& =-a [1 — -:IIE'] K= dielectric Comst.
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Coulomb's Law -

The -forc_:z_, o-b interachon beturean cma,
Pertnt CJnau‘:. e’  uA olirectly pxopovdionie] Jo the procluct

ct Ha c,lr\o«hﬁM end 'wwwelad Pmpnf'uhf!ﬂcp\ do the SAuare
ob the olstance between +Hhem,y omd acts chcma +he Line
Jb‘iﬂl"ﬂ% +he 4o C]f\aha%

+CL| +cfr1.-
F Quoe——y - — - — - — -~ — — — — — — - Ol [
<— Y >

F « qu’l
-‘-‘2.-

i F = _'f_j’ﬁ:_ K - Electrostahc Constant
-r‘).-

¥ Elechostahe Contlant K depends on
t+he natwee of medium se.pa&aﬂng +Hhe CJ’\aJvﬁ&S ond
on +Hhe system ok umts.

In ST svs-h:m, K = 1

4Tl &
X €. elechicald pormittivity og t—rua_ spaca.

= 9x{o” Nm*/c*
8 85 x16 1% ¢ /Nm>

Vector form of coulombls Law-

£

S Fovce on 9, due 40 9, = _FTQ. = KU ?0.4

5 Yo

-— —

g F‘O\(Cﬂ on Cl-,, df-{.{ 'l"o Cl; = F‘ll = __',f_ﬁ,zl_ql ‘?\n,

: T

2 Heme ?n and Yo, are tmit vectors ko 4 09 anel 2. to 4.
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Eﬂ:.d’ o-f medium on Coulemb's Force -

() when a dielectyic meolium s completely filled in
between changes , Yearvengement of charges imside the
dielectric meclium toke place ancl the tforce between
Hnre_ le\ahs.ae,b. decyeases b;j a tacj—vv ok K (dielectmc Const,)

chdium = _F_‘if.

K

[ — 1 . QIQL
F meddium Ak T . '

r

x © ™

(b) I o duelectyic. meduum ( Alielectric Conrt: K anol tHhickness
t) B parhially filled between the chasges then effective
QY seporation betwean the charges becomes (r-t+t[K)

Hence Fovce 1A aavu\ bj

F . — l_._ Q'Q_‘I_-_ = |
med ium 4TLE, (T- £+ HE)?- « r 5

Dielectric Constant ( K or €v)-

T4 4 Hhe vatio of absolude electrical permithvity
03‘ the medium o the electricad PermKJrHij of frer space.

—

1 FOY a»i'{ K =
L=Es K or Ev = -%"
o

=5 Fov Metals K= e0
A’l.SC) K oY er ‘..-'——-—-NY

F medium

Henee| 1€ K £ e0
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Force bewean muthple Charges -

According Ao the prindple of superposiHon,
total Afovce old%n% N a given Charge elue 4D Number
0-5 chah_%e/s 1A tHhe vectory Sum of the indbviduad fovees
ac;H‘n%, o Hhad chcu-l,ae due. 4o ald Fhe Chqrae,s,

= N A A
C = K?.QP.CL._L Y -+ ___LK% B V= o K%;% n
| 2

=4 o ¢ A
oY F' = K9, qi e
Z— T;_’ ‘

L=l

For equilibrium pesition
T Coab = m%

TSne = F = Kjf
Y-?..
or tonp =L = 5&1
Mg ¥:mg

I whole sefup s
taken ivndo an sadellite
(Lolwzz %KO) o

T =R = &
41
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Electric Field- , , .
The Yeaiory Suwhrnaumdi e ¢ e in

b hue s edectric effects can be jel A Called -the
electric JC’IQ,Pc’ ok tihe 34'\,{)4 cha;LaQ.

Electric field inferaity due 40 a pet Change -

T+ s olived as the foree
experienced by unit posihve
chorge placeel ot thad poind

—>
E

— T
E:U_":‘OF :)E'-‘—'.Kj;_'.‘?’ +9
. -]

* The electric field i mOuGLU.l1 owdwore from & Fesitive
dﬁou;%e andl vquoJlj nwaras towands q neaqﬁw_ charge .

ST Unit = Nfe , V/m  Dimensions = [MLT>4a"]

Note - The clivection of AHovce on positve Chanrge 44
ﬂiﬂﬂa the clurection of electric fleld and on +he
negective charge is opposite Jv the eleckrie field,

»
0 & ¢
,

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859



NEET / IIT-JEE

()JSCIENCE

44 CAREER COACHING

Umesh Rajoria

www.sccsikar.com

—» E —
Bg P)Unu]a\f; Ob S(A-FG-YPO'&IHOY\ q Enx Z‘ 3zE,_
' —s =3 —> — e ;";P\ ET
Nd' dech"l(.‘. ﬁ‘dcl E = El -+ E,.,_-i'.... E“ i s \\
- ! N
O n ./,/ f‘ :f:,‘
¥ (
<2 f t
s 9. )
L=l § 5
|
.%

For Conhnuous Charge clistribudion

E - Kf.dfi}*?
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Electric Lines of fovce -

e

An electric Held Une & a cwwe dyvarn 'n
such a now Hhat the Mﬂaudf 4o U4 ot each pownt s
in the olivechon of the ret electric fleld at that poi v

€
The maa'm-%"uok o}y electrc ][—1dc|
A Te,prczeru\'ec\ b% the olenbt-}ﬂj of B )
jcteJcP Lines. -

Properties of electric fHeld Limes-
da Imo\%{'ﬂaﬁ}é 4 Continuowd Cuwoneh
2.] Stoxts fvom positive c ond end od neawhw cha)%g.

K Gebat

3. Do mot »f'oum Condhnuo s closed J!.ooPs

__'J Alwcud.é novroed 4o the Suqu(‘.ﬂ__ O‘b Hie Conductoy.
S| Con nevexr Cross each othern

6.1 Lines OB fo'rc_a__ pex umt axreq M&nijﬂov
a peint represents magfnthdi_ ofy ele kleld .

7.] Avound o Sywttem Ot +wo Pa%lﬁ\rﬂ Chmﬁ%@ relol Lines
ai\»e)—s Pr’c'hm'QJ represevifation of Hhaady mudu repulsiom.

ig-_I Avound a sgrtem o)y +wo m_gad-w\e chmv_%xb b—;e}ol Lines
shows the muduod attyactorm -

O K
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Electric Dipole-

I+ 4 a paiy o} dwo egual and
opposlte, chorger (9 and —9) separated by a shovt
AMstance (2a).-

— Q?unﬂ‘OT'\o] Line

1
I
I
I
{
{

=3
O — - — - @
-9 TR T 049
te 24 — e
: Axied Line

Dipole. Moment (P)-
T+ e;]uad fo the product o the ma@ﬂihda
of eithey chatge (1) and the distance. betwean Ham (29).

—a

P = q,xz_a

T+ 48 a vectoy quanhty whose clivection is from
—ve Chage Yo +ve Charnge,

Dipole's Electric fi'dol"
(A) On axied Line -
Electvic field ot P dut 4o positive change Euq = %1

Electric field af P due 4o negedive Charge Eq = K9,

+a)”
£ Net Electric »f:e,lo? E af P
- _ - - P
§ E = __ﬂﬁ——K - __fﬁ;_ LS Zq"— ¥ 4 —q’—ﬂ N
2 (x-a)*  (r+a) a

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [ 9 |
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E = Kax yyaq
(%ot
= 2KpY o
L Q,q___Pm>1 [+ b= Lx2a |
Iy r>>a  then E’E}%E > | E = <P
=
(B) On Eguatomial Line -
E ;
Electne Fled due o &oind
osiHwe  ch E,, = K% E4q (036
P “"’31 1 %D Bk \P
- Co0 .
Electric Fled due 4o e/ % o\
r =D \
neaa.hvf Chowae. Eq = (rl+a2) K » \\,hw-g-qi
/ ' ‘\
Verhcle Component of Exq S : \
and E_ci will Cancel each othex _?,03 i, e ——G—Cb_ﬁ
k————20 >

and hovizonda) Components will

be added.

So net electvic field ot P U4 E = EqCox® + E_CosB

E = 2 E4qCotB [+ Ew« = £47]
E = o T G [ Gt sgi=]
I Y>>a 4een E = ﬁl_%.
Nete - Eaxiat = 2 Ecquatovial

Piprali Road, Sikar (Raj.)

Cont. No.: 8003024131, 9309068859
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Dipole in a uniform Electric Feld -

Net FD“'CJL Fnd- =0 +_¢'I, >

p——> F=4q€
Erciu.o, QC;Hﬂ% on oUPcle / R

/4
T = Fxd /?-V id .
T = QE x2a8n6 /{9 ; »E
T = PESIn® F=at T—q"" """~ s
T = BxE'

Case 1. When P 4s aJcm% E.,.0=0 than T=o
Dipole s in stable eguu Li brium.

Cobe 2. whon B 4 opposite E , 6 =180 +hen T=0
Dipole i i unstable Equilibrium.

Note - Tj E i nonimiform Haan the dipdle whll experience
both a rvesultant fovrce and a torque, so its metion
will be Combined tyanmplatory and votadory.

Oscillation of a Dipdle in a Uniform E -

Whan a cipole Us suspended in a unifoym E ,
ol alj%n atself porallel to the gield. Now 1 S 4 %-\'m
a small angular displacement 8 about Udts esu i brium
position then the vextoving tovque will be T = PESIing

I 6 & small then T = pPEBD +q
i Bt T = Io So that /
8 == — = PES oy
: PED W= e [ Angulon s-H.M (5
o Oy FEU <= HM.
g T 8“" ]

= = ,1

g Haon W = _E'_f_r::- > zni;é ~q
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Conhnuous dirxtnbuhion of Change-

4] Linean Charge dintnbution -

Linear Charge density | A= %

Example - Chaxrged W1YE o n‘na etc.

2] Swepace Chorge dlistvibution-

unsi =
Surface Cb\;uxge. {"j a %

Example.— Cha)’ge_cl p!qru'_ 5|Nzat1 e.pkuu, efc.

2] Velume Charge diatribution —

Velume Charge oclensity | p=3

Example - C,h&h%zcl fw&douHha Sphere efc.

Avea Vector -

By Comerdivm , the vecttr assodiated writh every
QfLG, oba clesed  swyace A taken Fo be 1A
Hae olivechon of Hhe odrond noymal .

A_g = (AS)?L n
Here AS b m n‘thoLLAob ’
Hae akia ond N |
a umt vector I tHhe divechon Avea. A'S
D’b’ ouhvyord normal at Haat
poin

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [12]
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Eleetne QCILIX (‘b)_ + Ju o measure of flow of electvic

f1eld 'Hﬂrouﬁ)a wdace - T+ L egued do the produck
of hg) d.unud' cnd  the Q}LPE’_Y\OIAC_LAJQ}L Cnmpmem?'

o} eleetrie el () LYﬂ'e_%erftol OV O SWrjace.

= E.A (for plane surface)
For open .su.wfac.e_<
P = fE ds  (for nonuniform Surfac)

P = Eras, (b Ol.ub‘i'n'IHOﬂ>
Fox Closed Suhbau< i 2
P = %—-— (ba— Gaund's LC\LQ)

o
ST Unit - Vm. oy Nm¥c

Dimentions = [ m'2 T2 A7 ]

Note— The velue ofy & coes net clepend upen the distribudion
of charges ond the altance betwesn Hem inside Hhe
closed sSurnjtice .

For a closed Surjace owhward)
flux s +ve and Mmward flux
Ja —\Vve.

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [13]
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Goussls Law -

The Aotad Hux Llinked witHh a closed SWjace
Q "'Le'.'.; times the chorge enclosed by the closed swiace.

¢= JEE = &

Impovtant facts about Gawsd's law -

(D Gauss's daw s valid only dor the Helds, which
follow Cowlomb s “inverse Sguare laws:

(i) AccoroUn% do Gaurss Llaw , electvic flux Passing

though a closed sweface doesn't depend on shape ofy
- Swnface -

(iV) Electvic Hux Pw&éing d‘hroua—h a closed surface doent
depends on chsutge clstnbution or locoton 2 cho.b_%e_
maide the surface.

(iv) Net electric flux oepends on vadue end najufe. o} the
charge and medium-

v) Tf Ia 53mmdﬁt body hat n ickntical faces and
Clnaha& q 1 Jocoded at its cenhe then electhric flux
O.MOCJQ'FEd U-"H'h QQC"/\ Of H:S ’FQC'-E j.é ':b/n = qyneo

(vi) Net elechne fux associatded with a closed susface
placed in an electric fHedo (uniform or nonuniform) is
zevoy 1§ there 15 no Charge insicle the Surface.

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [ |
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Electric Feld dut 4o specld Clhonge Matributon-

41 An 'mfin'rl:e. Line distribuwhon of Charge-

Fyom Gauss's theorem -y )
1 A Gauss:an
—_— —> . C?/
$E S = 2 { Sunface
o __f __-I'B/
B e g | Pedel E P2
. -+ -ds ld = = ¥
v[[—: S J;E + 3E S = : I
_ q L] x  Jds g
J;Eds + € FD = a : $ \1 —3
o i
|
E x 27. YL = -C-Lé' I .t
° [ o
,"-‘.' ~
Ex2nyl = AX é—‘y— 3
Eo
¥
=_A = KA ds !
o = - < !
N sher 7 I = !

2.] An Covduding or Hollows

SPhere —

(5 e Ouieidly) pard
Us:'ﬂa Gaurs's Haeovermn

fem - 2
§EclsCoe>o‘ '-'%o
c gas - %
Exumy* = _g:o
%(ii) For Suagace point r =R
g € "l 7 E:%

Piprali Road, Sikar (Raj.)
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(W) Foy Inside point (r <R)

Becaure. Change imaiele Hhe
C.ono[uc;h"hét ox hoellow sphere.

2exp.
fEd& a = O

4
€.
E

Hence

3] An solid noncorducng Sphere -
(1) Outside Poivd (r>R)-

From QGauss's 'H’IP_O!’EM

§Eds =
; E e He
E xurmny Il
] 3 = K9
°v E "Tme, v T|ET

(i) At Swejace (r=R) -

S - K9
E=tnea /> » B s

G.l'l) Inside Poiyd‘ ( Y L R) -
From Gauss's 'Hr\w’rzm

fc;ds =

_ | y?>
c e - 8D

=
E uﬂeu%s- €= %‘r

www.sccsikar.com
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U] At the axis 015 q chah_gecl Rln&_—
Let a small eltment ol hawve

Chokge.  Jo = xdll =9 st

Electric field oue do this change

ot P
? dE - a9
L(TEEoYZ

An another cliametrically Opposite
element of; bmgd‘h d also produces
electyic field dE.

The veatical components will Cancel each other and hovizontal
Com]r:onen;fs wil] be qdded-
So net electric fidd € = decese = [dEC20

= [el% _yx o [ qeld 1 LK
E Iunebrlx Y o4 E 21ta . UTTEo Y3
@ B, B jou = 9 X ____«a2na
e 2na uneor? = B 2na Uneer®
E = _94Xx_ _ - X - __Kax
Uure,v3 > E %

TS (0% x2)¥2 ; (a%+ T

¥ At cendye (X =0) E =o

* I X increases Electvic fidd E olue do rin% fivat 4
then ¥ omed o X=J-‘im it L maximum.

2

www.sccsikar.com
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By Gauss’s theorem fﬁ_g"g'; = 2.
E.ds + [Eds + [Eds = &
[ o 5 B &

\ = 9
J:Eafs +£.Ed5 +o =

En
ds + ds = &
E_{ EL T
-2 -ocA > = e
EA + EA x 0;0. E XA

6. AV\ ;m"'-n'r}(_ C-brduc_'l-;ma Plane. Sheet 05— Cka).ae_-—

when a Charge 4 34\»0.?4 4o -
a Cowo’ucﬁﬂg placte , &t olistributes +++ oo
i1selfy ovey the  enhve sunjace. off E i *:*:
the p(adt. The Sunjace demi{-wj G -— . + :***
1S Uni‘fof'm and I1s +he same om E P ot :*
+ X
beth surfaces: N £

1
N
®
9
X

o E =9
Hence E =

www.sccsikar.com
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Equlbrium of suspended Change from string -
In eguilibyium -
TSMOe = 9E —
TC86 = mg — @
Fyom €. @ andl @

=J@eT +(mg)*

and tang = 2E

™3

Equilibrium of charged Soap Bubhle -

The ady pyessure inside the Scap bubble is
4T/y wove Hyon the oadmospheric pressure.

Pvessuvre excess P = ﬁ'_;r_.

Now u}; the Sunface chasge density on charging
the Soap bubble 1s o than electyic pressure omn +Haiy
chonged bubble towards the outer side of the Surface

. s |

whon the bubble 15 charged thon a Condition comes
wheon +Hhe pressure excess becomes zexo. In thas Cond-
iHon the charged bubble bursts.

(L 1 - 2
Now imn equilibrium state ﬂ‘?".: = "%-é, |
Radius o the bubble TR

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859
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Electrostahe Pressuve —

The electyic force ad—?n% pey unit area of
Chqh.ae_ol Sweface s olf.-bimol as electpstedic pressure.

Force. on small element ds of chaxged
Conductor dF = (CL\C&ASQ on ds) x Electric field

adfF = (c'ds)xi‘?-"é; > dF = ;"Z’ s
- dF = ot
Henee | Fye = SC == | (Novmally oudwards)

I"Y]SI’OIG_ E_i = Es 20
Owtside E, + E, = E

=5

=)

= O
2€,

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859
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Electrostatic Potential Evergy -

The eJ:ec'l’*m&TC«:HC_ poteantiol entrgy ok o charge ¢
et o point In an electvic fielel egual do the work
done bua the extexmald fovce In br{ngjn% the ahwlaaq,-ﬁrom
nfinity to thet point without any accelexachon.

E. Ly —%
Up = Wep = fFu+-alv = -—fﬁ-clr
od (=41

Also e,lcc*fmsfcdﬁc potentiod enevay cu‘h‘arcﬂc,a_ betureen
+us0 Po‘wd’s A and B «& equed Jo the mimimum worK clene

ba an externcd fovee 4o move a clncmﬁe_ 9 jiom A fo B
to1thoud accelevedion.

5 B __
AU = Up -Ua = Waa '—‘jﬁ‘:,r_;.?. = = I F.ay
A A

NO+€"7V1¢ work olone b‘d electric fiedd in moviﬂg the charge
cloesr not depend on the padh.

Electyostatic Patenhal -

Potental ot a pant in a fledd dub!md as the
amount of wovk clone i bringing & unit positive test charge
$om infinity to thet poink
\f./o: L%J:OP :) \{, = ._%f
| Also electric Po‘fw:’al oUﬁerence betuyean +uro PO;Y\}S
A and B n an electyic fr'elo( 4 equad Jv tae work done
% moviﬂ% unit pesitive test charge fmm A 4o &.

AV = Vo —-Va = Wan = Us -Ua
9, 9.

¥ Electyostatic Potental u a Scalan quentity -

ST Unit — Jowle/Coudomb or Velt Dimensions - CMET3A"]
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Electyostatic Pstenhol due o o Poind chasge -
Force on test Chaﬁa 9, due to

Sowrce Charge 9 point A L
= K49»
k= =3

Now Small worK done in smald
oLL&Plac,zme.m:!' ax a4

dw = T:;*J?Z = R dx Corizo’ v
dw = - FRdx +q
Toted woxk done 4o move. +he Chﬂt.hﬂe_ o o0 to peind P Ve
¥ Y
W = |—FRdxe = —| K9%s Jx
R
Y ¥
oY h = —_ K%%..Ix""‘ol'x_ = —K9% ,2’;%_—]
et (=]
= L _ L 2 = 0
W = qu,o[Y L > w o= Kas
By odefinition VvV o= [‘:; D v = K4
o L g

* I 4 uu posithve than V Ua posihve amd when q s
Ineaq_sﬁvej Hrion V L& ne;gadf\»e_:

Potential at a point due o group Of electric charge.a-

23 Y Super Po_%; Hon Pm'nu'p le
Net electric Pof‘em.:"‘llcd od P is
V = VY[ +Va+ o Vn

nc
V= K;%

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [22 ]
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Electric Potentiod o a peivd due 4o an Electyic Dipele
(A) At general point -

X An e_bLi’wf_th__‘aﬂolT:?

E = _F;_sE.Jacw“e-u is (8 + )
v = KPCotp Whowe & = tem* (3 tans)
-r:-
" \ P
(8.) At Axial point -
F = KF
Y3 rd
v = KP
g )
: . o- 2AS 0
(c) At Equadonial poind - -q P +q
«—— 249 >

E':".'S—E and V=6
™

H)‘I'-CMJHQJ Ene‘rﬁt{ Ob a oUPol& l"ﬂ an ex-k».ml FLQIO' =

Work dlone |n Tchch"ng an ebectric +q
olipole ba d0 is Cext Q€

A = Tyl
Tota) work done 4o votate +Hhe ® o

B+
W = jdw = | T d®
B 64 1E g

B &
W = jPES:VIGdQ = _PE[,C%QJB:F Text X T
&

[_A) = —'PE [CO’SGQ."" C—-Ofbelj

www.sccsikar.com

oY AU = U,-U, =W = -PpPE [Caa.a,_-cose,]
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‘o +he FAven uvechon.

Umesh Rajoria

of o oUsPc)le 1% un'i-fov‘m
electric ')cfe.ld A aLLbiﬂLoJ oA worK dene v yotedin

™ a durection pevpencuculon Fo the tfe,lo\

U= Wb -Ws = PE[Ces9 — Cosd |
& ot
UIJ = .;-L-:j’ — ?Eq — » &
P, TP PR A
g +9, +% =%
> 1 > >
e -9 i B _
®=0,z=0 6 =95, Toma PE ©=186, T =0
Umin = -pbE U =0 Umax = PE
.S'I"ctd?lc..l Unatedsle
equulibrium E'.quilfb?iu“"l

Piprali Road, Sikar (Raj.)
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Equipeferdial  Swefacon-

A surnface on wWhich the electric potendiald is
Same ot every Point U callecl equipotentiad susface.

Properntier of equipstentiod Sunfaces-

1.] Ne wo':'K 1A done. omn mov?ng 'H?e_ ‘l‘e.&i‘ chcu_je From
oOne peant 4o cmotun. on equipstentied suhface -

2] The equipstential sunface +Hhugh a point is nomal
to the electric Field ot tat points

2] Fov uniform  electric fidd +the equipotential swefacus
ore equelly speced! penelded planes perpenclicudens to He
Ffledd  Lines.

4} In a Tea«-;on where € 3w shong the equipsterdiol swefacuy
are Close together anel where E 1 weaker  the equi-
potenticd surfacer are forthar ogeodt.

s 2
> ‘:/“;/ > ET
> > > '-;E
- 5 A -

Uniformm & Nen uniform &
agy
E

5] Fov a povd Chasge equi potenthe.
SWifawr Qre Concemdric sphooed.

Foxr am electric Slpole. For fwo ldendico) Positive charges

www.sccsikar.com

6| Egquipotential Swrdfecet Nt intersect each other.
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Reladion between Eleetric field and Electric porentiad

The. megmituele of electric Heldl {2 given by Ha
change (n magnitude of potenticd per unit ikplacement
no¥meld o the equipstenticd sunfac ad thhe poivd.

E = —%\?{' = — ( Poterhal Graclient )

Here the megodive Sign ineliceder thod in Hre livechon
of electric feldl, potential decreares.
Special Psints-

1] Potential W a Scalan Guantity but the gradient
of pefenkial J»n o wector C?rugn,!-;-]-:j.
2.] Divecthion o} E = Hrom 1/\48’/\ Po‘f‘*eml'lqj o low Pd'fevd;qj
3] In cone of Cardesian Coordimnades —
E = &xl + EyJ + E.R

WOhwee Ex="%—:'£ > Whan vy and z arne taken Constand .

Ey :—%,wmxc\r\dzm-}ﬂ:m Covustend,

—_aB_Vi , Whare X and YV are taken Coniiant,
. By {Dfmu,lo; E= -dV/dy , potential cu fference betwen
any 4o points In an electric Held cem be 84‘1&)4 as
Yo
dv = -E.dy 2> AV = -I-E':'J?

¥

Ez

i

5] It at any point E =0, +hen V= Gvstant (ze¥o
o¥ noviZevo) becawse o - _dv ,

¥
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&l From  dv = - Edy ar. -7 R
=~E ¥ Cot6 e
®
We gV - ecesn A >
La’d-’ v ' 7_57

Thuia “3_{’\{ cd.‘:w/.\.. Hre Com[mmfr\* Ob Hhe electric
-Ffdc? iva Hhe Slvechon ofy v .

Cate 1! Ty oY 1 v the oclivechon of €, 0 L zew
ana hence -g_\é - E JAA Mmaximum .

#* So the eleetric fHeld is along the clixechon
i which +he po'i‘tvd—;q_l decreares ot Hac
Mosmum  Yede-

Cate 2 ] Ib‘ 9:363 CorB =0
So Hwedt dv = —EdyCes0 =0 ox V = Corstant

& Thus +he potenticd Yemains Constont in =
clivection perpendicudarn 4o Hie elechic field,

Coﬂvmdy; Hae tidcl SN pe.mpmdx'c.ulqr to the
Livie ox PYQM Cblb\'\% whuch the Po+enj1'o..l 1s Conxt,

www.sccsikar.com
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Electrostatic Potential Encrgy of a system of chaxges-

Wovk done In assemblina o saMun = Usyetem

_HFE:YQSBARM o} -h«mchqa_le&—-

bj definton v = We q,& _'QCL
9. <—— Y4 -
= CL,L\/ = R X K9

-

Henee US'J"‘“"" = Wnaet = Us-a.a-hm = K9u92
N

2.) For a SH‘S"’C—N\ o three oy n &%a—
l/\’l — O 93
[AJQ__ — K%q'z_
Yio
SI'M;IQ)LJ‘L/ Wz = 9.V Vi Y23

Wa = 94| KU + K22
Yia Yan

9

Yia ?
HQHLL Ugy_g{-(_m = L\Jﬂ.ﬂ_" : >

U.s-a.a-h:m = KYU%2 + KU9s + K291

r‘.I'l- '1.3 Y-:..g
Simﬁ/@dy fov m ch%az. sbca.’rcm
K q.iq,j
LJ“?M - L#] YEJ
A\ paivs

Note - Twn CQJCuJaJﬂna pohmhod env-_a»j Hae valuwa of
all Cha«h,aer!- e tokKen with —1+uz_n" SAM 51«34\5
Hence po‘renj'lqj energy O o\sa&%un mowy be +uwe or -

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859
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Fotendial Enernsry ofs a system  of C havges N
exteynal  field-
1] PE. of 4 Single chq,a.ie,_—

Ba olpbiﬂiﬁov\ \/ & _‘i%i > W = 9V

Hence U 1 = U = 9V
2] PE. ola s%'l'cm ob +wo dmﬂ?:

BH cefinition Wy = AV, and W, = 4V, + KA

Vi

Henee Usprem = Wit D Usparen = QY -&7,,\1, + KUY

N

by Umesh Rajoria
SCIENCE CAREER COACHING
Cont. 8003024131, 9309068859
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Electyic Rferdial due +o hellowd or Conductng Sphere —

(1) At owkide sphave (Y >R) -
oo Y—; —_—
Ba d,bbfmhov\ V= - E'ch"

Y
- 8 __4
¥
- _ a -2 - - q 3
vz B a
Une, LY e UTTEs l:vlo
vV ZC [:-1- -Lj >| V=
unéo

() At Swsface of Sphare (Y = R)—

- L 2 - kaq
VE Tme. R = “®

(1) At imside Hae Sphoat (Y<R)-

www.sccsikar.com

i =

By
=

O

-~
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Electric Potervvhal due +o <olid Non—&nduc#n? Sphare -

1) A+ owtsicle .SPM.O_ (Y R) - +q P
v = K&
Y

Ui) At Surface Of SPhuea (Y=R) -

v = K&
R

(1) At inside the Sphare (Y<R) -
Eaa olpk;ﬂ;—!-:lon V = - %3’

oQ

2 v=- _rth-ffE_lal‘r]
:>\/=“f dr+JKquvJ

+q

L [3R-r"]

Z.R

>
o
<
&
8
N | =

—
i

www.sccsikar.com
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Electrostatcs of Conductors -
A Trnsiell a conductoy electric Hiedd U zewo -

2| At the Surface ob Q chaut%aoﬂ conductoy , elechric -_Ffe}d
must be novmal do the surjace e every poivd.

32 The intexior off a conductoy Can have. no excess charge
Ivn  +he stahc gituatiovy-

_L_l_'J Electyostotic PO"‘-&Y\'JL;CJ LA Constant "H(\’rnua/hou_j- e Volume
of the wnductoy and how the same vedue (o inside)
oNn urs Suwrface .

Hewe imiiole Hne T

Cenduchy E =0

com

5. gec+_ﬂ° ﬁelol at Hae Swjaw Of a ckwL%zcl tonductdy
A E:_é-:%,whmo-izs&w#qu_chm%e density
ol ch Moy be +w oy —we and N 4y tHhe unit vector
noymed 4o Hae Suifrce N Hhe owdward direcHon.

www.sccsikar
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6.] Electvostehe Shielding -

T+ 2 t+he Phenomenon of pw'l'ecﬁ-n% a Cextaim
Yegion of Space o extexnal electhric field.

I a torductory cordauns a
Cavity and 1} no charge is
P*r-e&enjL irsidl Hae Cavity,
then +theve Can be no net
Chaxrge anywhere on the Surface
0f the cawvity-

Thas means Haod 1Y
Nou are inscle  a  chaxged
Cmduchﬂa box,you Can Sajely
touch any point on the insiele
Walls o +Hhe @vity without
beina electyocuted.

_'LJ Iﬁ Qa uﬁnchaux_%e_cl Conduch‘na, > E
plate 14 placed f)lq a Yeaion 3 Concluctoy ':_
lf\qv;“ﬂ% electric field, Hhen due s ;
to electyic fovce om the jree 1 E o
electvorit In the conductoyr, i t
they vedlutributes Haemselves = . B +
i1l the electric field pyoducd = ) t
due 3o Hae yvediatrnbudiony Cancel = Enetr = 0O :

Hre oviannal ex,*.e)mal @‘UJ.Henu_, -
the vt field inmde the conductor
becomes =zexo,

\J
m|

8:] A nonunifoym chargeo conductoy have nonuniform
Surface charge ..ol.ﬂ.,vxbi.'f(j at oliffpervnt poirndx. Swrface
Cl/\culﬁe_ c:lfzxv.&d-‘j M Mmaximum Where Hae veduua ob~

Cuwnatube G& mMinimum. (e. o }F
- +
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Dielectrics- Dicdeetrice axe fmu.,lcu‘-}ﬂa (homCanolucﬁhg)
moderiodd wihich hransmit elechrical efject wiHaoud C_ondudina-

( Dielectnies )

/\

(i) Polon Dlelectries (i) Non-polar Dielechics
—> Molecides have penmanent —> Moleewles has zero dipsle
electric dipole. momevt (F) momaent (B)
— Ex.- HCl, H0, NHy etc. — Ex. - On (o, CHy eit.

Prlauzation ok dueleetvic slab -

T+ 1 the process of - Eo
induu‘n% equod and opposite C_hqrau. “'“"7': 7
on the +wo —Fqcu.. of the ol:edec.fn'c e S 1
oNn the application of electvic field. E. [SUSE
Net electvic field inside the didectvic |- ST 7T
1A a'}\ﬁl)f\ by -

Ene = Eo—Ep OF | Epee = £2 | Ko» clielectvic Const.

Thus the effect ofj dielectvic 1 4o weaken the applicd field
imsiole the olielectvic.

, Note-

- Ij a veuy MEJ\ electric Fiedol 1A D‘-PPUED' in a diddetric
tt Moy behave Lke a Conductoy due 4o detachment
of thr elechoma oM Haay Pornant odoma. Thia phanomenen
B Known an the dhedechtc breakdowm.

The maxipum «F{do\ Hhat a helectric moteual Can
tolevade writhout e electyic breakdswn 43 Colled ite
dielectyic S'h-u'\a;f-h,

* The dlielectrie shongihy of ady 14 ax1o® v/m.
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Electric Capacitance

Concept o} Capautance -

Whan o Conductoy L4 Charged thn s potentiod rises
The (ncvease N potemtiad Ja olvectly pwpoyHonal dv +Hhe
chaxrge 8—[\/‘9_,\(\ Jo the Conducdtor.

B XV oY Q =cCv ov & = &

The Comstant € L& Known ax tapacitenee . 0f Hhe conductor.
SI Unit — Fazad or Couwlomb/velt.

Copacitor oy Condunsgey -

T+ W a cwyice thet storesr electric enRGy or &
Cc«.{:au-h:.v X a pely of two Conductorg, S¢paha;te_d by an
nswledoy (0 a vacuum) and havwe 2qual and OPPOS!’re_clmrae

A capaufov ﬁfd.s Chargy ed whan a

botdery us Gvnected qcmgs Hhe pledes. k/ _./
Once Cmpam toy get's aFuJJy chqraed ¥ _ -
flow of charge stops in the civwt x _ <
anel  the Po*fem&haj oUﬁercnu_ Qcyoss x A _ -
the plates of capacitoy & same ab / /-—=—__—

the potentiod ohﬁehmu_ acyoss tHae
terminals of battexy

Copacitemer of & Spherical Condudtr-

Potenticd V = ko & g
+
By ¢ =8 | C = 41meR v "
v + i
] -} _r'
In a medium Crmedium = UTTE.EVR ik

* Copacitance olpends wpon (1) Size and Shoape of Conductor
(i) swuvwunding medium (i) Presence of other Conductor neanby -

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859 [35 |
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Pasallel plate Ca{md'l-n'r -

It Comeiat of two mutal

: 40 ="
f;taj'b?:. of area A at Aeporodon ) */ /A
Electric fedol betwean Hhe plates *: -
X -~
= 9 = Q ¥ -
E c. L o A ] X X -
A ~
Potential dljcfermu_ betuween tag / / s
Pldd-% VvV = Exd = _2__"_,(0, < d > *
oY ¥ = /C:D;':n by Umesh illajoria
SCIENCE CAREER COACHING
. Cc =8 =N C = E oA Cont. 8003024131, 9309068859
V .
Force betuwtan the pledes of a paveddd plede cpautor J4
F = &%+ _ evi
26&0A 2d
Prexsune on plades - F Q% _ _o?
P =27 =sacm -~ 26

Effect of duelectric on Capacitance

Case 1. Whan mesium 44 fully present betwen the plodes -

Whon dueleetrnce b Introduced Hae

S i P — gy =0
electic fielol betwean Hae plodes A5 |lielectric | A
decveares by K (lieleetvic constant). A - BEEE
£ Dur do whith V decreares by K, :* K o
5 ie E:E and V= ¥ e
2 Hente | Comedtum = KEA —
: e -« d—> =

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859
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Case 2, When medium 44 pashially presendt behweun Hhe plates

Electric ﬁ'dcl oudside the slab
in Space (cl-t) LB Eo= T +o . =5

o E

= A X § y ,/'/A
Electyic —Fu'eJol insiole the sledo of M - -
Huckness t  us E = 9. **‘E; NP
KEo X -
X
Net potentied oli fference  between 3T D

\/ = Eo (d-—'t)'l" E-t e —>
OY — ED — 't _— qr ’t
v Ecl t+”ﬁ] > Vv Aco [_d"{’Jr'E

C ' = 8 = e N= £c4
Hence Capactance C x> > Eal-b "’-ﬁ-

Cased, Whun a number of dielectyic slobs ave nsertes

betweenn tHhe plate - s —o
A 7 A
X -
_ Eoch -": ’:
-— X K| Kl K3 -
d-(t)+ty4+...) + (% + %-h") LA ,/:

Cate U. when a metallic slab (s nserted behween Haa pledes

oA e e
C - o A . o ’,.A
g E::l——-t +%] ’:*> -~ -
_§:“ a2t s | - T
S . g
: e = (Zi‘:) Nk i
: T =
E o .

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859
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Sphuwnical Capaator -

Tt Conmat o} two Concntric
Comduatng spheres of radius a and
b (a<b). TInner Shhere s Give

Ch% +Q, wihile outey Spherne 45 “
ecvthed . L
Potentiad clifferance betwean the =
Sphe_re/s LA o o R
UTi &ag UTT&ob
Copacitamce. € = & > [e= A4N€ b
| Vv (b-a)
Lhen duelectyic medium Lo present between Hae Spheres

€ 4Tk ab

Cylindexical Capacitor-
. , //_\Q'—%’

I+ C-DMI/&{' O‘b’ ‘E“\A}D Co- q}ﬁUCL! A
CULm:Jm o vacliur a4 and b(a<b),
Innerx ey Lindlex i3 54\&.»/\ change +Q
while. outesn c.ybnde,v W eardthed. L

Cormrmon LunazH/\ o}y CAf..Uﬂc‘E‘(.S ls L.

Electyie field betsesn Hae (varh)’\c'm v

R
ot dMitanee ¥ A& g - 2KA - 2K -
\g T A
Po tendiod oL'gbuenc_a_ bebuoreon Hae c.a,h'ndm
bé’f RV ___,‘lK"'ffbi d 55 2RO T hyar]®
= ' Y — = = Y ==, -
a‘Lf £ a Y "> 1 [ a.r.]a_

www.sccsikar.com

o V = 2K% L’Hﬂ(;?) S ¢ o= .\% > C = 2T €l

9-E)
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Eneraj Stoved In aq Cl'\m-ﬂeol Ca.pad-lmr'—

et a CO-Pad'fof oty Cc.,pqcu"rcmc.p_ C 1A Connectes do g
bo«_ﬂcf'd amndl clr\cu-.%a/b do a po+cmh'cu V-

Let batlevy supplies small amourd of charge d
+o the Capacitory at corstandt potentald V. Thon Smald amourd

05 woYk olone ba Hae baﬂtﬂj 4

dw = vdqg D dw = _g’.oiqf
Q
= [ - 1 rqx+>®
Net wovk dene W= !E.dq, = ["i' :L
-~ 1 &%

Thaa Wwork done wa Atoved by Hhe Cc:x.ch,;rh)Y N He form
0f the elechric potewchial entngy.

Hemce () = _%,%2‘ = .i-i.C.V'z" ::%&V

Combination o Charged drops -

Suppose. we have N idunkeal dyops each having
vyecluus Y Co.pqc.i-}aﬁc,t_ C, Charnge q, potental Vv and
entey U .

I these dvopes are embmed do form a bfg drop ©F
vadius R, Capacidavice C, Charge &, pstented V and CNhYY
U Hron

(t) (‘J\nh.ae on bf& drop S = ng
(i) Raclius of big dyop
(Volumz)n. =n (Vo’umc)-r > R = er"r

(iii) Capad+anu ot b;a arop C = nVa.c
Uv) Potential o bfﬁ drop \V4 5% D> V= Y{'{Sv

S/

(v) Entngy of big dyop L= -f;‘_—CVl > U=z nhn
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Combination of Copoctor

4] Capacitors in serjes -

Ca Ca
T series Combimation e +Q| Q +8 I'Q +J !"

chorge on each Copacidoy LA
equal.

e B =V, =GV, = C3Vs

Thc Hoted Pm‘b»{txa.) olxﬁtvmnm +| =

is Shm::’ bg COJ\PQCJ{'DYS %) v

Hae Inverse yodtiod of the CaPc«u'\-aﬂu_
vV = \/ + Vo + V3

l‘t Ce JA Hae net C@qdhﬂ&,w
& =Q 4+ & —r-_@_ =
Cs = Cy Ca,

2| Capaaitore in parallul —

In parallel Combinediin Hre-
Potential ifferenee acvoss each
Copacitor L same and equal
4o the tota) potenhad applied
(e V =V, =Va =Va

The -oted c,lnc&_ae, A Shased
bU eqch CQ-PC\QA‘H}Y i Hhe olivect
recho of the Capacitances.

K = Q) +R; +Qa
Ip Cp as the met Capacitemnee  Hhan,
GV o= GV + 0V 4+ Y > Cop=2C +C, +C

V:_ V:

P
D
O
e

<[ <|# <l®
N
v

———
T
<h

Note- (i) Iy N idunhical Capad%vs are Connected Haan
Cseries 2% and Cpamlu = NC

U".) Foy a 841&44 Wwitage 4o Stove maximum e.m)u!a—'j Ca«.pau%r_s
Should be Covnected im paralled .

Piprali Road, Sikar (Raj.) Cont. No.: 8003024131, 9309068859



NEET / IIT-JEE

Common Potential

Umesh Rajoria

¢ =
g owe
+ -
..'. —

Common Poterifia] = _Teted chosge

Totol Co-.’:qcii-s

“—Vi—

A Ca 28

- \V4

+

'V + CaVy

< +Cq

- V?_—p

i =

Common Poterifia)] = Toted chorge

Toto) Copacity

\"4

iV — GV
G +Cq

Poterched Dur 4o Concantrnic Spheves -

1.] Potential ot He Surnface of

eachh shaetd
Vl = Ka! + Ko
Y Yo
\/7_ = KG.F -+ K 2

2. Pokrntiad ot the sunface
of ouwter Sphune

\
V, = K& 4+ K& _
= - Te: °
= a=-Q

g Potenhad of Hhe inmex spheve

= v, = K& + KC&)

S Y, . 5

3 v, = K& - kg

g Ly T

Q2
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