Class 12- Physics Board Notes

ELECTRIC CHARGES AND FIELD

ELECTRIC CHARGE
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\\_ELECTROSTATICS //

. The branch o Physics ; which cleals
with Hwe studly of charges at” yeat™ (static Charges),
the forees , dields omol  potential due do these chasged
A called Elechrostadics ov stakic Electricity.
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Lmpevtant Facts about ckarai
(1) Thexe ore ov\lt, +wo +~atpez~ ot electvic charge-
@ &
On Protens On Electvons

(2) Like C)\Gh.dd vepel emd unlike C.Mhabl attyacts each
0 tHhey.

=@ G => De=> =0

(3) The umlike cl\m.ﬁu nulliba ( Canced ) each ofhers eﬁsed
Whan +hey Come M Contaet. Therekove Wd«an.&u

are vamed as poavhve omd nea 've ba Haz Amenican
scientist 'Benjamin FrenKlin’
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(y.) Normqlln the. moterals arne electvicall Y\Cu:l’ra],‘i'km
do not Y Contaun Charge. becavae Haaty Ckcu..,a% (Protons
omd clectrond) cne exqc:H(tj bodanced,
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(8) The electrom o-b- e oudernmodt orbit ob an odom
are for from Hae nucleus se these electrony are

Loos::g boumcleal writh the nucleuws omo com be

3 <o) i | I,
= g e_a.&nll)imwx +he orhit b 8—wm§ some.enexag-

(¢.) The bocb.l or adom com be clorged posihiv b
Lao.:ina some. of ds elechond ondl Can be Q:i_aoi!

maqﬁvdj ba aodn'mg, electrona.
9 = = @ Posi{ii:.lzmdf\avacd

@ te = @ I\Icaa{il-ve‘:; Chavged

(7)) e arotus wsed do detect el bOOL‘d
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(&) An elchg charge con Creoter <lectric tidd E),
mouamhr. tid& (B) emd eledwma@nd{c_ yadUadiond

V=oé Onla Electvic Field
& Electvic Field + Magnetic Field

\/ = Constant
& Electvic Field + Maaneh'c Field
+ EM Waves
V %= Constent

(2) Eleehric Chouzﬁe_ Lm}tmm\ dishibute on a uniform
s . bud the c.kw-_se_ i e @ mon - unijorm
s::%?u us moximum on thot poinds whera the vadius
of Curve b mmmum.
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Conductor, Insulafor 4 Semiconductor

Conductor The modenal tHho whith the elechic
c,lvw..ﬁe, omd Cuwent Com ﬁ'fow WHU ore Coalled Conductors.

ExampleA- All Mctals , Human bo&a s ot edC.
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Conductor Insulator- Semiconductor

Insuledor

The moaderiads which vealst the tfom o
eJ&c:f‘H'c, CL\M{]G_ omc" Cuhdent ahke cpvlb.p’ IMUJW.&.

Examples - Woool , Porcelene., plattic efc.

' S
Semicond uctor The moteriods which yesjs1 +he #’M
ob electrc cAaAﬂe omd cwrsrent bud the value ok thalr
resstante s m betwean the Cenducty omd imsulafor are
called  semiconductors .

Emmp’es- Silicorn (S1) s Germenium (Ge)
Conbon () —>»Excellent thermal Gmdtrc-ﬁvi-}y.

N Sharpen Your Renci

@ Charge is the property associated with matter due to which it
produces and experiences

(a) electric effects only

(b) magnetic effects only

(c) both electric and magnetic effects
(d) None of these

——— . - - e  w-m




d Properties of Electric Charge h

Q) Additvity of; C.l«qraes

Electfc Choage o a scadan guanhty so
Hae ot C‘—‘Mvﬁ.ge of the syatem Ja obtourasl S
ba thoUﬂa Hhe e(.«-kvm..nj- c;kao..avs odsebﬁca.l\;( Wi HA
Propen s‘;a—n acccwdih? Hov Haoly d'\ou._@e_.

? L=% +% t- In !

(2> ckmae is censevrved

‘ Ckws,ge_ can mot be eithan Creaked o
C'L‘*H-'Yvde"t I+ con O‘Vdg be ﬁQMttrre.d t'rm one bocl:,
4o anothey. Hemce +Hae Hotod cl'\ouz_sc of e Iseladed
System Ua waa.a.a Ccenselveo!.

. G % I-a.

Glass sk Glass silk
Total change = o+o =0 Totel change = +3-4 = o

(3) Quantisation of Charge

The electyic Cha.kae e o boobj oA ajma?rs
an ?n*ca'm.l mulkiple ob e ( Charge on U electrm ).
T2 W Cedled qMﬂJHSQJHO‘n ot chovkae.-

™ = o0,},2.... @

Q =fne g

e = {ceo2x10'%¢c

X The umit of electrie charge s cawlomb .
Ll Couwlomb -

The dotald chw..gc. on & 2yxlo'®
electvons equal do 1 coulomb.




Tke.c.ha&_ge, enn one elechsn was found by Hua
oil dwp cxpvaimn:t' ba Millikan in 1912 . ‘ﬁ J

- . .Atomizer Fe=qE

I ‘ ' i

Positively
Charged oil
plate drope

Microscope
Negativelty

Charged
Plate Fg=mg

When the o1l dnp remam sfm‘ionary in the experiment
then +he foraes on oil dvop

Eleetric Foree (Fe) = Gravitational Foree (Fg)

QE = mg
o = mg
s E
We Know that - mass = dcnsi{y x volume.

m = olx.g.n)’:;

where ¥ —  vadius of otl drep ((0:5mm)

* Mass of Electron (me) = 91 K16 K.
¥ Mass of Protm (mp) = L67x67" Kg



Q.| An o dmp 0-5 12 excess elechona 1w hald
Stodena undey a Covdtomt elechdic jield of
2.-55 X10%* N/c N MilliKﬂm'..S o) dlrop e.xpe)ummi'.
The Jlens of trhe o1l «a L1.26 3m/cm3ﬂ«\m
estimadte redius o i 6l clrop .

Sol. Coiven that - i

Charge 9= ne = I2xl-exio°” C

De_wsH—; d= |-26 x lo': =12¢ Xlp> Kg/m’-"
10~

when +Hre ot droF o heldd S‘!’a:!';mo.k_‘a Haan

= 13
1 E

We Know m = alx_g.nr3

3
So  thod q = olxksirtrxg

3
oY Y3 = q'E
AdxUdTmn x9g
3
y2 o 12X rsx:o"g % LT X101 - 9.y7 xL318m3
1"26 Xx10° x 42314 xo.8
v = (9-u7 a2 Y = 9wl xisT m.

@Mkod’ ib the dotal charge on 75 Kg of elechons?
Sel- Number of elechons in 7S5 K3

n = totad Marr - 1S
masst of L elech»n 9 x16>!
n = 83 xio°t

so Total chcvzﬂe Qs mNe
Q= 23 x10° x(-re x5 ")

@ = —-133x1d®c
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Methods of Cha.h&'\n

4 Charging by Frction

when two ogjects ane vubbed aganst each other
then electrons from the atoms of one object (having low
work function) go 1o other object (having h"ah WYk function),
The moteoual Lleoses elechrond gets pob\HveJAj cho).,aed and
the mateual gains elechons gets nagatvely changed.

-
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2] Charging by canducton

When o charged object s brought in Condect
with an uncharged conductor, then the seme iype of

Chorge spreads on both the tonductors. This hapbens because
seme elechons are trvanskerred at the cordact peind.
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Uncharged  Charged In Condoct both positively Chaxged

3.| Charging by Induction

Method L. (Usina a amuno' Cormection )

(i) A positively C.l'\ah_ﬂgo' Yod . lbroughd nean a newd '
meted sphare omd palw'siﬂa ut-

(i) The Sphore s amwnoleol ellowing  electrons o
be cdtvockeo! grvm the eonth.




Y

() The 870\4710‘ Conmecton u» byoKen.

Gv) The positive vod db removed leav?wna the sphone.
tith an  [nduwsdl negoacive charge.

Method 2.

(i) Two uncharsed metal Sphares Qne im Contact with
each other but imswloded from rest of +he wsorldl.

i) A pob\'Hvdv ch o] vod Wb bnva&d‘ 2o Hae
Sphare. , Qﬁ'mcﬁﬂmn odive charge “omd Jawm"r\a_
the othen 2phane ” poxi 'vdﬂ Charged.

G 9% 9%

(a) (k) (c

(1) Now the Sphares are Separoded] bejove. e vod
Jd vemoveol omol Haus Aepa)u.asﬁng posihve. & neﬂad—?vc
Cl«o.hﬂe-

(v) Rewmove +he rod - The cb\qh_se,s 24! SPM):_QS wrll
Yeowange “+hemselves omd uﬁ.torm\j duhibuted over
+Hhe sphores.
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Coulomb's Law

The ferce. 0~b intferachon betucan emy +wo
perimnt c,hwv.ﬂu 3 olrecty propovdiovie] 4o the product
oJﬁ Hhe ckahﬁu emnd invu..sd.-d Pml:o&d%oﬂa.l 3o the Square
of the distance behuoeen Hhem, omd octs cdcma +Hhe Lne
beﬂ‘lﬂa +he +wo C]r\a.ﬁ-.sva

Suppose two point charges % and T2 aae 2eparadted

N vacuum brd a dutance ~ Y.

%
Fe—G— —- Y~ -G F
Accoval.ina Jo Cowlombls Lowy,
F « Q|q/1

od F oa L o on N
oY F - E%Iq"}- l// Ma
r,_ Charles-Augustin de Coulomb

¥ Elechostahc Constant K depends on
the nadure of medium separating the Charges omd
on +hae System 015 umts.

In cgs sgatem, K =
In ST Svﬁs"’m, K =

X €. electhrical pormittivity ot' 'b'rc_e space
€o = S'SS'XLO—IQ'C;/NM"‘




Cowlomb's Lawy in wvector form

Let +he pesiben vecter ofy chesges 4, omd % be
— o3> '
Y, emd Yo Y%Pedwvda,-

We denste the foree
on 9 duc to 9, by
Fla omd the $ovee on
9, due to Y by Fa.

Fn. - Fa.x
—> — —>
HE)LQ_ f, + Wy T
—p -—
Y-;_‘ - Y‘_—?|
—
adse ¥ 4+ %L = T
—_ —>
o T o= ¥ -7 omal Y2 = — Ya

The maan'\'ha\o'e ob vectors ‘7::-; cw_\o' —Y_':\ is o\e\r\o‘l:'eal
by |Via| omd |7,,| omd their unit vectorvs @ea. given

ah - i —>
A _ A r11
Yo = T2 omadl V2, = —

k¥ 1%

So the -t—o“ru:. E,.,_ ernd I—:;, Can be 84ve_n oA -

P Ire v T ame |,

('I) It ‘L_,_.m\a' Qa mﬂob Same szﬂ 5% 9 20
then Fia 4 along ¥), , which olenotes repulsion

(i) I 2 _ond s ane of opposite siga j A 2a<0
tHhen ‘T:',',_ s adong -?TQ_ oy Ya, » wni':‘l»\ clenotes

attvochon




Fovce between Multiple Charges

Totad foree on ony charge due 4o a number of dmae.s
ot veat is the vechr sum of all the fovees on that
CkMﬂe dug Jo othexr chanao_?,.

Let the *boru._ o clr\q.v.,ﬂz 9, clbu.__'l;b huo other
Charger 9. amd 93 ane Fia omd Fpy vespechively.

The position vectore of chonget 9, 92 amd 92 are
VoW and T L

Here ﬁ.,_ =

KU ¥, | and | Fa = Ky 7,
I | | ¥a |

Thus the yveasultont fovee F on Chorge 1) _is obtauned
loa +he vector sum ot the fOTcu Fea omnd E:’s aA -

—IE: '=.F_::a.+ﬁs

Sn‘m‘l\ald ik as kqve. n C“\Ghﬂ% Disla geaes L
then the #brce &0 9, dur o 327,92 ,... 99 Cl’\m’aeb
can be (‘__g_g.).cujod'cd ba He vectoy sum o tbfuzi 12 o
Fis » ---- Fim ab-




\\ Dielectric Corwtant (K) //

Dicdechde Corutant o a medium 1 the fatio oh absolufe
elechcal perHHv]‘ty of the medium Jo the electrical
permith vH'j ob -[;ru space -

q, 9,
- --—-Y----0
Foree /n vacuum (F) = 4:16.,’(%2}" s i)
' . . L a9
Foree i @ medium (Fm) = e ;/i?: e (D)

hine € =elechicod pe)z_m'r&iv.l{\{ Ot tHhe medium.
D‘lviauﬂa eq. O by @D, we a.e},

Fo =.§- =
Fm eo er O'rk

Whene €y or K ub called Uelechic constemt oy relahive
electrical pe.Ym'tH-iv'\'lj o} the meslium -

¥ Thus force between Jwo given chasges in o medium
U‘<) b on\j —:E times of the {orce between them M
aix/ vacuum.

% For All Metals €y = 00 ”
*« For Air €y = | 1€ &£




@ Two iclentical Cunoluchna bodls A omcl B have chavge

han — @ omd 3a respectivelsy. Thy ane ovo i
Condact omd Haen Segua,ted by o distance d apast
Fnd the mature oy wlomb  foree  between them.

Sol- Finaic}\afﬂeoanﬂAmﬁdl?):M:Q
2

So +he modure o}y Cowlomb forwe. betwesr +hem is
repulsive .

Two €9IUAJ bedls havina ejuo.! POQ;HV‘Q_ Chq'rjezl

ERAE ‘qQ’ e Aepoaratec) by ‘Q dstance ¥ . What would
be the effect on the force when a plastic sheet
is insested betwean them ?

sol: Forece will decrean.

Reason :
Foree between +wo chvuz_a& I vocuum 1S
1 2z
F=—=—239
Uni&e 1%
On iwse/uh’na A ploutic sheet (e clielechric K71)
+hen | .
B = HTTGQR %7—
'L-e_. F = __F_o_
K

@ Five poind changes , each o}y charge +q are places]
B on Five ventices of @ vegqulos hexagen of side
L’ Find the resultont foree on a change -9 placed
ot the centre of the hexagen.

Sol. The Aovce oluz 1o the charges
/Lpiacw! o&mﬁ—o‘n oppos'vfe cct aH\e_
5~ hexa

Verrh A o » o the chavge >
-q Covice) (M Pour.
Hence met force 1s oclue to one

CI’\Q}L%Q O’(\LL/. - -1_—_3—1: 5 q

4Ti€e Iz




Q' Three point charged 9, - 49 ond 29 are places
\ at the vvuhws ot an eqwladfﬂ@d “‘nomnale AGc
j Side 'L7. Obtaim the expression for +he resuttont
ectyie fomo_ om the change q.

Sel- foxrece om charge 9, due Yo

foree on +he charge 9q due to
+he charge 29

Fz =1 qu) clong <A

Utr &o yics

Foveer F, omd Fao ant imnclimes) Jo each qu'Qx
ot om CanaAc 120", So +he yesudfant Sforee LA

F =] F2+ R +25 gcodine

_ 2
= 4,,11'60 Cj&z_J 16 +y—98

{ 239>
UTTEo X%

\!

F

@ Two a—m:l— c,lr\m.se,s o +2MC emd toewMC rvep e
eacl oH\e{ with o tovc.z_ Ob 12N . Now |b eqch is
vcn an odditional ¢ - 4 Mc 5 whed all be

+ke, newd fovee ?
52Y Here 9, = +2MC ,  Qu=+6Hc , F=l2N
!
ond q=+2-U:z-2mc Q. =4+c-u = 2ucC

so F = %% s Ea)2) N
P %, 9. (2)(e) 3
F'='_3E =~_'_3'£ F'= - 4N ( Athactive)



@ Acka)zﬂe, 9 W placed ot the cordre of tae Ling

icivng. two equal charges & Show that - Sytem

\lobm?ka;-ca c)\:zavs wilrhée in equillibriym 1} =an/4.
Soh. Q q Q

let +wo egual charger ——

R each, ;Z l«dj cﬁ’ﬁA A.l 2; :B

omd B, Whke AB = 2x.
Hert C db +he candre of AG » where chorge q b hdd.
Net —foru. on 9 is zew. So q Jdi cdreadu N equllibrium-
For the three charges +o be 1n equilibrum , net
force. e each C_l'\cv»je must be zevo.
Now, 4otal fovce onn @ af B wa _

K Q9 -+ K QQ = 0O
x? (@x)H*
Kats - ... k&%
> Lo
So q = -%— Hence Paroved.

&) Two ffxeol point charges + 4e omd +e& Units
art seporatec] by a oddance ‘e’. whire showlol
the thivd point charge. be placed fov & to be
i egqulibrium.

yﬂ. For the charge +9 9,=Ye = q 9,z
s & \ \ o UL F,
to be in equilibrium —-——— - A . S
— x (@-> —|
Fl = R
K% 4e = K9-e 3 4 =9
x> (o(-x)"' ~2 @_x>1-

on SOlving.- o = 24af3 — Arg,



@) Two fixeol point charges + 4e omd +e units
art sepoxatec by a oldime ‘e’ where  shoulol
the thivd poind ‘chasge. be placed fov o to be
in equlibrium.

@»’ For the cl«a)Lae +q

: =, N = 9, =e
to be in equilibrium ‘L.:e; .____F;__:'__E'_. e
— x —— () —
F] = Fy
K9-4e = K9-e S 4 = _|
x> (@-x)* x> @-x)*
on Solving - o = 243 — Ara.

Two equal positve choxges each ob— 2 Mc indevact

with a thivd pegitive charge of 3uc situated as
shown In #8 Colculade +he magni:l'ude, and divechon
Ob the torca, o the 3 Mc U’\Q):_se,.

- sol:
~ Hene OA=OB= 2m
and OP = 4m

S AP = BP = ’3’-447’

= BEm.

Acc_ovollv\a o Cowdomb's Low

Fovce. on Charge ot P due
t ch%ﬂe,o.i’ omd B
o 2qia] in mognitude so-

9xlo> x2 XIo® x 3 x16°¢

v 5%
Seo Fl T Fqp =2 216X 10'3 N




Hore the components of Fy omd Fp along ¥ and
axis e equad in magnitude (FSine = FaSin® ) bud
olppos'l'l:a in Jurechon =so ‘Hr\ud comcel each odhes

The ComPcmer\js adon Px add So tota) oree
on Charge 3 le od'aP A4 - P fo

F = 2F,Cor0

2 X 2.]¢ X163 x Y
<

Se F = 35 XIO—?’ N — Ana.

Im&g ne

With ail

Believe

wich ai

Achieve

Wwith ail
JOUr mignt.




| 1C Fi
Electric Field pm elechric field s the ramion

of spate Swwhounding electricall Ckajﬂed Pah;Hcl
tAb;ku.':_qQ ttm‘" U exented em gﬂ\ef edh'ccdlj d\wﬁec]
okzjed‘s.

X The durechm ob' Hae -k\dcz’ A taken o be the direchon
otm toruz. i+ wowld exent on « posiHve +est dqa/aae.

X The electve fdo’ Qb mqu.LLj
outrovd tnrm a Fos'r}-;ve Cho\h.de
omna YOCUCLHJ inward fowards a

neaa’cive ckahﬁe,-

Eleciric Field Intensity (E)

‘ The <lectvic tield indentity od omy point
S the strength of electric jield od “that poind. Tt
A olx_tumd ay the joree experienced by unit Posihive.
Chorse placed ot +hot Feind

According do coudomb's Law forc.a on test Charge D
dur 10 a PO“inj'C"\QJLaG.Q A4

0 P =
F - 1 Q-9 QH — HF
) 4TLE, ;i Y q"
e 2. F - 1 @& 4
bd ol.l.b'tn‘{'lbﬂ E "q: So E = yme, r*

Where T 15 umt vector directed o Q towards 9,
ST umt ot E =N
C




Important Points about Electric ield

(1) The masni'}'uale_ of electric field E JA same at &ual
distances " from the charge & , thus & has o spherical
symme ry.

ymme Y

(2) The +est Cka.hge D maﬂ have (ts own electrc frelo(,

it oy modify the elechric ielel of the source C e

Thevefore 1o minimize +his elfect we rewrite elechic ﬁel&
iﬂ*‘ensi'fy ot ¥ os-

=t 2 —
E = Lim E
9.0 o

Electric Field cue to a system of Charges
Corvidex o 384+qn o} d‘\;hﬁ% Fiw D goes U

—

with position vectors Y, Vi, .- Va

En Ea ‘
— Ea
Yy
U om———= - NP E,
i
. > fin \\“\
T ! Ya
9, ¥ ,/ \\
é Tn
s

The electric fidd intensity ot a point P clue 4o
Q sz,&{em °b charges 1s the vectory sum ob Hhe electric
%—fdds ot the point due to individual cszge.a-

E = .€'|+E;.‘f-".é’n

E: Kj, 91'* Kq”?” K 9= ‘?n
Y, |* v 1> - g



@) Tuo poird charges 4, and Qa2 of magnitudle 16
ool —Lo'ac. w_sfaechvdq ohe plaad o.1m aport.
Calculate the electric field ot points A, B and C
the. given -f-\a

C %& Eec
P e
3" G? \E-a.c.
O‘.LM/ : \
4 I \O'L v
3§ \
/ !
CL l \
B | | A E o
Em-.—-d——v— - dh-- i Ay Vs

532, K 00sm e Con commy

Electyvic field at pont A dut Ao charge 9

Ep o= SXI07 % §6°  _ s oil  fruvds o
(0-08)* Co nw)
Electric field od pont A clue do chasge 9,
~8
Ean = 9x107 x 16 = 2ex10! Ne (Towards v
. (0:05)H* / L ’ U‘\‘D

Totad Elecivic fielol at poivt A = Ea = Eia + Eap

Ean = 7YX 1o N/c (’wads Hat via—H-)
Electric fiels oo poivit B clut o chage 9,
9 -8 . u
Ei = _2%9'.‘:_5’;1'__0_ = 36x107'Nje (Towards left)

Electric 'F!'ZIO‘ ot Poli'rﬂ B clue Jo charge 9,

-8 3 '
Eza = _x10%x)0 = 4 x10° Nje (Towards v
- (015)? /e € )
Toto) Electric field od pord B = E5 = Ejg-Ean

Eg = 3'67('0”" L.{)(ID'5 = 3'9.’(10”N/C L’TBM!: Left)



The eleetne f—ueoI o} poind C olue Jo charge 9 andf
G2 e €equal " "“ﬂaﬂvluolL

B it
Eie = Ere = 3XI07XI0 " - gy 3 N/c

CR
The veauwldant elechric field ot point ¢ s

EC :J Eg} -+ E;LC + 2E, ¢ E,2¢CO*$"2-O'

Cez=[Ele+ Ex+2EcEex(d) [+ EiezEad)

Ec = Eie = 9Xlo° Nje [Towards vight ]
@ What asre olnrechom of the
elechic d "m ot 'H\L Sﬁua)\!_ in ﬁ“ér“’“
It Q9 = lO Orﬂd € =
+9 -29
3ol Hene — e
N\ 7
6A =0 =z0oC 0D = Y \V
E, E
Y a
J //
q % \4‘-
— = D ¢~
also hene Ey=E, — & ~ 58

(sx16* /=)

In Squart ABCD Hae L Aor = 90

So +the Net Electric t—v'do' at 0 = JE,"+E;;‘+2E, E,CoA90

= [+ - B2
E = 72203 )(10"l N/(_ at 4s* v oA.




An electyon Falls 44 a ocustance o
@a umxrcr;» electyic mvﬁh value  2x10" Njc . when

rechom  ofy dechac d is vewersed , a pvotom

-fu.lls 'Hv\m«:q*\ 'f'ne Same. GU.A"’QY\CL Compare  Hae time
\ eackhh Coxre .

b— rsem in

5)} (a) For etectronm % :;" T
QE T =4
' a; = F = 4 E
Accele yahon ‘ = - I
a, = Iexig™ x2 xio? —
axi1072!

= 2.55 x 0" m[s*

Feen S = ut, +3 Qt,
- |28
5=o+2_q|+, oy {"ET
. -2
b EEEE o s

(b) Foy Proton
Acceleyatiorn @, = F q.E

—
—_

S—

My ™
- " [Proton
a, = _LCXxIo ™ xaxlo I =
1:67 x10°%7
= 192 xlon m/g’— -L £ ! L

Sim'nlwdj t, ={23

=Y

2 X1'S X0~ %

n

n

125 X107 Sec.
1192 x10'%

So 2-9 Xng

*
£

2.2 X106 %

1128 X107



An  electc fmbf line 4 o cuwve dyaun n
swch o w that +Hhe +qnacn.i do it af each pond
inn the difecton ob the. net *[51€Jc| at +hodt Po;fd'

=4

—_

E
The magnitude Hae Held Uy vesented by the dengit
oj ﬁd:ﬁ Lines . Ot t' o d !
Hence Elecine ~b-"e.|c| \l'rde_mllﬁ od a point is equa‘

+© Mumberx 05 .k"eJcl Lirea c'mss;ng normaJIJ a unit ovuea
around Hhot point

Properties of Electric Field Lines

(1) Electre #e}i Linea ahzedcon:ﬁnuoub Curies, Stant
o positively chaxe boahi d end at a nega}i
cszaed Eadu. J J = " J el
I'b' there js & single d\Mﬂe Hhen +he f\‘dd livies may
Starnt or end at inti‘nifj.

—t——

(2) No electric field Lins exist inside +the c}\argecl
body. Thus elechostatic f‘d"\ Livied Slo not orm
Corihinuous closed l«mps

* The mognehe fHeddd lnw ane continuous (or endless)
closed ps 0» cgaunst tw elechic field Linea .




(3) Tmﬂaeni do the elechdc {ield Mline of any peint
84«05 the clivechom o} electric t—nelcl m’renbd'g ot that

Powd'
(4) No 4uro electvic -[)-\elc\ Lines of foven Com Hd’vusec’c
each ohauA. ThAy s becamse at +he pont of infersechion

P, we Can draw +wo 'hanaenj’s PA ornd PB This
wowld mean two ivectiona of elechdc fielel IM!Mlt‘a,
at the Same Poird‘ which "wa nat Possnble

E
E

(5) The electric +ield Limod arne alw noymal to the

Suk: UL o Conductoy. Se 'H"\e).,L A no C,mmPoncr\:l’ ob
elechic field mh,mui-a( prvisllel to the Swijace of the
Conductovy-

(C) T\«g felc’ Lings around o s%hm ob +uwro Pos;-hve
oxged (9,4) aaveA & pictoviad veprasentahon of
+kuv muitual l'bpvdslm

while a}wunol the i 'm ot Fuso uad omd
ls{c ch eA (], -‘l)coy*bl ' % KSL\QUOS i:le mudued
rac-hcm um -Hr\e. CJ\

e W



@) Draw the pathan of electric fied Lines when o
B pPomt chaage -G u» t nean an umch
Cona’tldv‘:?g plodz - K"P .

20 han —Q ¢ A& kept
near an unchargéd conduct
Plete , positive charge JIS
induced due to electrvostetic
induetHon. The -)(’—idol Lines
will be pufenalicu!aw 4o Hhe
mMmetod Suafate .

N oo electrosiodic Fiedd Lines mot fovm closed

@é‘s ,lo',:;_c, ? P

22014,

Sol. Tlechic fiedd Lines stant fpom posihive
ema teaminate od megative chasge. Ty thene 4 a
single positinve change” tHhe fledd Lines Atoat fpom the
Chorge. amd teamimnate ot infinmty. So ,the electvic
+ jgﬂlin% clo ot fovrm closed Loops.

P electric field Jume Ja a Conhimuows curve.
ASE That A 0 fleld une Commot haw sudden breaks,

L Wy is 1t 80 ?
Sol.  Am electric fied Line is the padth of movement

o} o positve Fest chasge (9o—>0).
b APmow‘ﬂ ch Mi ethences & Combinuoud fovee

v an eleetvic Hed 5 so on electric field Line is
cdwa«ﬁus a conhmuons cuvve.




Sé\ A point postive charge & bwud/h’r Near  av
£ [golated amduc:i-\‘vxa a:gh,uu. The best repwsen’mi«bn
T o dechrdic fiedV s given by

(i)

+q &
(iii) (iv)
(@) Fig (i) (b) Fig (i) (c) Fig (iii) (@) Fig ()

Answers (a)




Electric Dipole
An electde dupole is a peudr o uo omd oPposike_ point
cbw-.ge& /ScPaAP;:kal lo& Qa sé\oj’z cluatance .

Lt 9 and -9 are two esual ond oPp043{e point
Charges  sepanackedt by a small olstance ‘2dl.

: Equatorial Line
v
ORI G

[ 0
29 1 —
Axial Line :
|

\'\'*Tke total chorge ot-Hw_ electic oUFole A zavo, but
b 00) thia cloes vot mean that +he Jeld of the elechdc
W\ Y[3 clipoke s zeve.

—

h )

. -
Dipele Mewent (P) [CBSE 2011, 2013,2009, 2012, 2013]

Dipole moment W a measuke of +Hae s+rcn8+h
o-b clechric clipole. T+ W a vector qwamFi'%a whaose direchon

Y $m macctive charge o positive Charge

Dipole moment A4 ec]LwJ do the product of +he
mognitucle of either charge omd +he clistemee betwesn them,

P = qax2a P

@ Its SI unit is coulomb-metre.




Physieal Shnificahce of dlipole

Tn most of the molecwles tHhe cendves of posrive
and Y\Laot:h\lt Changes Lie ot Hhe Aame place. There fore,
Hhair clUpde moment 14 zexo.

Cop, omd CHy are of tha type
oj molecules, Howaver H/u.ﬂ duvelop o cﬁpo\e momerct
when an electric fladd L3 opplied. Thae dypes of
molecules coalled mon-pdar moleculus.

@00

Linear

..@

Tetrahedral

But in some molecules Hhe camtres of neaqﬁve_
ana Pob;-l—‘lve chtu%u do not C,Oi'nddb Tkuefore
have a permement clechric dipde moment, eaen in Hhe
coserse of of an electric field » Such molecules asre
Callad polar moleculss .

Water molecwles (H, 0) and Hcl molecule are Hhae
examples of polax moleculss,

o+ o+

QW Y o, W
o Q-

26— ©




Tt u the Space around Hhe slipole in which
the eclechic efject of the olipple con be expeniemcad].

The <electrie ﬁds’ ot ony pomnt P s oblauned
Ey Qc\obr'\a, te electvic t‘e‘\c\s g4 olue to ch e -9
and Eiq ‘dur to He Cha.hae. 9 ba_ Hae Pam.lle.logmm Law
o vectors.

(i) Field Intensity on Axial Line of Dipdle

Lej"H\zPU‘;r\i‘Pbe.QJ'OuAhnathr\‘H\e.
Centve of the diple on +he side of +he C.hanrae_ q ,then

p & 24 =
E - p————— “-————-®
““_‘_-E,-, q -9
K Y —i
K9
How  Ea = oy d En il
So the dotal Eleehdc field ab point P us -
. N SO
e = k[ Gy Gray
E = K3._44ar
(r~ay"
Fr (vy>7a) g =432 E = 2kKF
Y3 :

The_ divechon o} E i a.lo-na P ie tom -9 4o +%.

1
K Eo(_?i




(i) Field Intensity on Equaterial Line of Dipole

let the poindt P & on +he E.ﬂuOJO'rI‘OJ Mne
Wwhitht OP=Y .

—
Evxq
P
"8
//} E.
| o
x / ! %
Jraa Y . \\ ===
’ N\
P : N
6 | by
\
R - T
k— 2a. —i

Se +4he magni{uoles o} +he electric 7Lr'dols due o #+he two
Charges 9 omd -9 axe given as-

w K4

£ K9,
e (y*+a*)

(v*+a?)

Heae +Hhe Coran_an‘s () E.,.q' omd E._q normal to the

oupole axis Cance) each “other omd the Cemponents a]ona.
the oupole axis add up.

So the thtal elechnc -bm.lcf is in oppesite divechon to p.

Oh’\o\ E"'i —

E = Ei4q(oa0 + Eq(Cosb
K.290
(r*+a*)¥2
For (Y»»a) E = K-29a
Y?’
-—
= -KP 1
? 5 E « -;3-




* Hence +he dipole t'dc\ ot lah.je divtances fallr
of mot ar 1/y2 but ab 143,

¥ Due Jo an electnc aUPble. Eaxial = 2 Eeguajovial

=
i Dipole in a uniform Electvic Field I

et a dipole be held in a Lva;nrm ethaJ electrc
t\'dc' E et om cnge_ 0 with the oJlivectiom Ob E:

The fovus on ckoua.ge +4 omd -9 vesaulhng v o hrgue on
Ihe dipole which yotades the clipole . ™ "




Thus  the forque. tend do a_._f;o!aﬂ Hhe cUPoiL

oS a.l/en% the clivechon of ﬁdo\ E.

The mognmtude ofF tovgue L QS]LLAJS He Mogmitude o
each to&*rﬁu (%E)tm iplied by the PexPeY\Z?:uJQY J
distance  between the Jwo anhiporalldl povas

TbvffLUL T = FxX

T = 9E x2as8n8
T = PESnG
o T = P xE

The divecHon of T J3 given by 7 hancled screvy e
omd W P%Pengiculm,t 'F_”mi’d'Eakt ?

st SPECIAL CASES -
20\7
X Whan ?J.bolonag,e=o' o = :‘L
T = PESND = 0 = =
\ ’E
The olipdle is in stoble equilibrum.
A Whan B s aleng E, 8= 180 -
. +9 = .q
T = PESnlRe* = © — -
The olipele s In unatable equilibrium. . -y




@ Two Smoll 1olenhics) electric dipoles AB ond CD
g./;;‘i,\\ each ob oUPole moment- “p" ocve Kapt ot am qnaled
12.0°. oA shown 1M fig- whad & +Hhe resuwtdomd
Sipele mmomend- oY +§e szj«sum.
I +Hhis 4 Ja swhjccted 1o clectric fie)
T chvected almg +X clivechHom, whet will be the
Mo\a«:{nhcu, ancl “lirecton of the tovque ac-h'w%.
o 1t -
Y

5ol Resutdant ou,:ou mowmerrt i
_,,\ ’
X'=

R=]p*+ P +2pPcon0
120°

P=] p*+ P+ 2P%Con120
R=J2p%2p(-1) =P \’
q
Resu)domt ouPaLo_ mMmoenendt Tnalken Btv'q -
oM o«na»\e 66 LWty Hhe Y-axis
oY 26  With +he x-axis,
— ep =
Tovque. T = PXE
T = PESIn30 =

!
= PS

=7

@A Systery oy two clvu\ae‘s Ga =25 x187C ond Yg=-2:5Xb
Lcated at poinds A:(0,0,-15em) omd B: (0,0, 15m) vespechively.

Whod™ are e Jotol chmae and elechic olipole moment of

tha_ s%km ? g
sals Total change of the system ﬁ‘i_zu-
q = 9 + Qe -7 oorets)
q = 25 X0C - 25x)16¢C 3 >
b M- - z (00415)
Electric ipde moment- vb- the system L a—"ven by.-
l'f?\ z 9x2a = 2:SX07 x 030

So Pl = 7sx16°® C.m (aJong Posrhve Z.- axis),



Tuwo Ck o M arne plted 5 mm Qpahd'..bdlrm'mt
the elechic tldol at (&) aP prmt P on the axis
abpole IS em. Gw jmm its cevive on the Siole of
e Posn{we CMYae. (b) a Po-mf ], .5Cm awa
0o on a Lne passin “‘ﬁ"‘ 0 emd novmal :h

oxis of the ohpole. M -m«u.
Q" |Pl = 2x12a ‘ELI;\Q

1P}z 10x0® x sxi67> § 1R
-g / -
= S X110 C'm- / ch \\
/ | \ -
-louc‘______l___\ +1.o_ut_._ o -.__E,:
K—- Smm_;\ g
e Istm ——3
(@) As point P Lies on axad Line of oUPde_ So -
B,z 2KP o 2x9 X102 x sx1¥°
¥o (0-15')3
So E, = 267 XIO‘- N/c (oJona Ha divec{-q'mot—'f)')

(b) As peint & Llies on  equodovinl dine os olipole So -

E, = KP - 9xlosx$xm’8
Y3 Lo-15)*

E, = 133x10° Nle (opposite v e ivechion ot'b')




@In a w&o«,{f\ Y940V of space electrc *a‘dc' 44 aJon&
+he z- cduvechen . mani-}uou. o}y elechHc #e)o’ 44 not
Constant omd Iincreases unit-orml cdma positive Z-axis,
ot Hae rede of 10° Nfc Pex mjn Caldewlode the Force
and torque experienced by a System having @ total cliple
moment 167 C-m. In the gegaﬂve Z olivecHon?

5/°\' .D?Fole momend of the SH/&km IPl= q xdL

|P| = 9 xdl =

= =167 Com.
Rode of increate of elechic Field per unit length,
SLE = {o° N/e Ppexr meder
Fovee experienced b& H~e SUAM otk advex\ ba_
F = QE

oY F = q,dexg_%

F = -10" x15% = -1 N (Cdana—z. auu'-')
Hene he angle betuwean elechic Pdo‘ omd oUPOJJ-
moment 44 180"
So Torc‘t,d_ T = PESInG
; PE Sin180

0

tf

fn




J Conﬁmous d\a\rse. clist nbution L

T Huia dahibuhon +Hae chq.:?u are_
equally chistnbutes] in o body ov obje

There, ane Hyyeoo peA Contnuous Chorge
shibution - i:j °b’ 4

(a) Lineayry qurse. Distvibution -
It w 're.pruuduo’ ba Livaon cbmae_ olma&-a LX)
thwu. chanﬁe. clcn&'n{:\d(,\)= _EL_%%—_ = __f_ ]
SL Unt - C/m.

Examples - Charged shaight wive , Charged circulan
m‘n% ettt -

+ +
+ + 4+ + + + +©+
C ] 4 + A
A + T
+

(v) Surface charge Distibution
I+ 4 vepresented by susjace Charge Aunsity o .
[.s\uub-qcz. Chavge clensity (o) = Change _ §

Avren 5

X

ST uUmt = C/m*

Example - charged Plane sheat, Charge Conduchin
sphare , Ca,uv\d.ﬂjz, elc . &

x =T . <
: : I i} E .
T i *
e +*




(€) Volume Chavge Distribution
[ Veolume C.hq)\ﬁe c:l.l.ns'ﬁ:'a (P) = i"'ﬂ’; g

Ve lume Vv

ST Unit — /2.
Exampler —  charged inadoding Sphare ete.

)
Avea Vector

By Comerdiim , the vectr artotiated worth every
0444, of a clased swdﬁqa,.i.b-hzken v be 1A
e ollvechon of the odurnd normal .

Ky =(S);‘\L A

Herne AS Jda magnmituole ob
Hae Qbusn ond N %D
a unt vector n the divechon
ot oudward normal at Haal

point




[ “Electvic Flux ($) |

Electric ux Over. G area I Gn elechic {QH
TQP’(eAeYd‘S Hae Fotal number o} elechic fe.)cl Lines C.mss}ré
Huia arta nomoﬂa-

o, The elechic Hux a¢ _Hno an awa elemont
AS in an elechic f‘e-!c\ T u c:(ﬂ.b"imd - .

Ad = E.AS = E(as) Cosd

For a non umjorm .sw;,ywl
4ot+al elechnc ﬁux Ak

I ¢= f-é’&:; =§E.c|SCo&G |

K Electric .flux 1 a J3Scadoa cyuqui-la.

X For a closed surjace Hhe Hux comesr outsiole
<b~rvm Hae Sun face wd Joken posiHve omd dhe
—Hux 8»0'17’\% inside do +he swhiface 2 Fokan nqda.ﬁw.a

e 5 90’




Gauss’s Law

LJ
......................................

The total electric —f'ux over. the closed surfaw
in vacuum L lle, Aimus the total chaige R Contained

insicle surface . [¢= T =%J

Pnoj’ Of Gauss's Llaw -

-Suppose_ om (seletiol Pos'rh‘ve. Po-wd' o QL wa
Situated ot the cevdye o of & Sphare of Yaduus Y.

e electre tnele) wdcns.{j

a}cm.ad m“r\'}'Pc'Y\d'kl_ n E
Suejace’ of the sphare J4 W
T . Ko
Yl

Whira Y JA unt vectoy
durected tm-nﬂ o 3o P.

Totad electnc ‘ﬂux ovey the enthve sw..%qcz_ o sphare.

c} - £?£ - f ti’deCo&O.
LY

1
A
)

0

i




Impostond Poinds about Gaws's Law

1] Gowdt's law A2 +rue For any cdosed suwaface , no
matdey What '1ts Shope or size.

TN R s s SR W R cm— W— A

i
-l The net electric flux is the |

T same through all surfaces. ;
\

2] The “Heym G i Gawss's Law includes Hre sSum
of ol cl/\ah%u encloted by Hhe sunfac . The Charges
may  be Locodrd onywhwe ivwide the Suiface .

3] The Gawssion surface Showld ot powt Hroughh
any oldcrete c ey becaunst electvic fledd dudl
do o Aystem ofy olcrete charges 14 not well olefined,
od Hae Locedion of ey Charge -

Howener Hae Gowssiom Sukface con  powss

Hrough o Covtinuous charge dishnbudion.

uJ I-b the closed Guauwssion Su/vfac( have N sdmneh';o:a,l
faces then the elcchric flux patsing Havo one
face wnl) be '?'L{ Times the Fotad -F!L(x Povsing 'H\rvuah
+he swaface -

| flux  posting through

/: fyom one face
|

Q o
o a— b=t

E xample -




I the aivm Fig- Firol +he
cg;:'-“ eectric flux due to the
Chqhﬂ% +29,-9 omnd +39, s
. L
through +he Susface &7 s

Sol. .
S £l adhrles Bl < & Totad chenge within the Suatace)

¢ = &x(29-9) = %o

@- Whot 4 the electric flux Hwo a cube of side

CRSEDI® , ‘
fcm which encloses om electric olipole ?
§91' Net elechric 4lux is zeyo.

Reovsorl:.
(1) Independent to the shape and size.
(1) Net Chahﬂ& ok the olipole & zevo.

@ Two chahﬁ% maﬂn'ihdb& -2G6 omd +@Q are locoted

Fos ot points (a?bO) oanol (4a,0) reAPech . What 15
+the electric flux clue Jo these charges wh a
sphene Of vockius ‘367 Wity its Cenhe at the oxgin?

SO\- Y An
-2® +® Toto) Electric flux & = Qin
e . - €o
(010) (a,0) (4a9,0) X 4, - -7—5

A charge & mc i plaed ot Hiae centye o) &
&t Cube « What- wowld be the flux Hough one faw?

20\

g" Elechric flux throygh the whole cube
. b= 2
QA Me ’ 2
Elecrric flux -f-‘nrowah one face

#2£8,



The electric held Compenents in '3,«/.,( arl E,(:ac;é‘,‘
Ey =Ez = o ;;wb which o = 8oov N/C,,‘}:

Cube a3 Showwm in ‘& omd calculate -
(a) Totad j'/ux fhyo the Cube

(b) Chasge Within the Cube. Assume thal a=olm.

Yo
col: Here Ex=z & x
= Ey < B o, AY
& = 80> Nfc-mhry @ = 0L m
(@) The elechric field has A A
Onlv X Cempenuant, So “= .
4’ =E:ds =o i""’( a a)

each ob 50% bacu OQ; o —
Cinbe F%PenoUCulM “
Y-z plane-
A+*"""'LH‘FQCL x =q So E,_:o(al"
So 4’1. = ?;.Zl—g = O(Ctlhxa" Cotigo = "O(C{h
At the Rught Face x:= 2a 50 Eg = a(,(n.ojz'
So 43“: —E_;-Z_.’s = d(ia)lzxc\?’ Coso
5/
Pr = o a/J-E_
So Net rffux 'H'lroujh +Hre Cube ¢v = ¢¢+¢L
95 = QG — ad” = o(ash(ﬁ—l)
Ly
¢ = goo (o-1 )lt(ﬁ—l) = l.o8 Nmfc.
(b) Bd Gauss’s  theorem
2 = o

- - X =
so g = g8-8s xl6' X l-05 = 9.27 x16? ¢ .




() Field clue to em infinitcly Lo'rg .S'P‘Yaial-\‘t
Uniformly d\arged LWire -
Coruaidn an ?nt-in,'(-}el,j L""B Hun wn ve with
uﬂ\’b—wm Livwar charge oluusi-ba A.
The elechic +ield at eA/E)ud point in the plane
C\A}H'ﬂa He wire normajld b vodual® amd  uds maan'l-}uoh,
ou_f:ends only om the modiad dotance 7.

E
—p —
E -
% =
P
7,
\ as
\ Y
+ 4+ + + + + +l+ + + + + + +>+_+_
A
n
—2t

-

-t gty
A I
A\

/
I A

Now consider a civewlar closed linder of
racius v omd Aength L, with tne inb'mﬂ-d-a Long Line
of Chah.ae as uls axis.

So the dotal electyic tfu& over. the sunface -

¢ = f€a7 = [edscosc+ [edscossi+ [edscossi
4>=E[ds or 4,:5::21!.7(.
Charge inside the eylineder (1) = AL
Nowo acc,oroling $o Gauwss’s Theoyem ¢ = _g:_
Ad )

€s
A

2T ¥

oY - _ A clcm,l? E o -1
e & Zﬂe.rn Y

Lo Ex 2miydl =

oY E =

>




C@r* It A 7o, the direction of elechric -A»vdol at eveny
prind 2 vacdially oudwodds.

*x If A <0, Hwe urechHon o} lechc t\‘dd at ey

L pond mouqu,, Wakds.

!

o 3

A plahe yod of lungth 2.2 m omd racdius 3¢mm
Cowues a nzacotwe_ c e of 3:2x17c Which W
.SP’re,qo\ un"borm\a over ate swjpee - Whot i Hae elechic
$eld nean Ha mid point of the yod, on uts sunface?

Sl Griven thed - L= 22 m.

Yy = 26 mm = 3-leo“3m, q = "3'8"10—76’

Lineas Cl«a».je oluvs'rb& A= %

+
A = -38 xig’ = —173 x107 C/m
22,
As E = A = 2 A
AN &Y 4NN Y
So E - 2x9xie® x (-173x107 )
36 x1673

ov E = -8:6Xlo° N/e



@ An inFmt Lo posiH B shaight wie

ZP hay o mii ehed M% Abtﬁf A ifhm
JA Yewolving atound the wive Ga 1te Cendve writh a
Covsstorrd Walodity 1M & dvewlan plame petpencliculas
Fo +Hhe wive . Decluce the expyessiom for s
Kunehc energy .

Sel. In :F-?n')‘}tJA/ dong ch wive A
\ ! +
Produces a vaclial” Electric f4eld .
- _A
E = 2TE Y C :Qé'
The venolving elechuny experiens .
om  elechrogtedtic foree and provides "
Necersary centvipeted fovee
eE = :.n__\il
. A
A = v 3 2 _ e
e'xzneor = My P NS =

Kinehe Energy = imv %



(2) Electric Field Intensity due to a Unitormly
Chavged Spherical Shell

(@) Electric Field Outside the shell -

To colcwlate elechic Held intensity o amuy
point P, Imagine a sphere Fambn sw*?:bacz) with
centve © omd’ radiud .

Accorol,ina 4o Gaww's law
_pm T . 2
¢ - éE-a‘S - €°

oY cP = f Eels Cos = &
S

m

€o

. &
E § ds z
- a
€ F Tner

X If 9 20 +hen E 44 vadially owheards
¥ If 240 Hun E A4 racauaJ.Qg Lnwands
(b) At @ point on the .surtaa, of the Shell -

At the surjace of the spharical sheld
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(c) Electric Field insicle +he Shell -
To findl Jeld ot point P insicle fhe shell
Cordider G Gaustion  Sunkaw a Spharne S, pm‘mg,
‘Hmu.ab\ P omod with cenhre ot 0. Henn ¥ < R.
AS +Hhe chws_ae, ingide the spherical shell id
zevo tHae Gawstian surjnce encloses Mo Cherge .

BH Gaust’'s Hieprem-

¢
i

So E = 0| for ¥4R
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(2) Electric Field intensity due to a Hiin
infinite plane sheet of charge

We have Jo -binol the elechic Jield of poimt P &t @
peypendiculan atane ¥ from the sheedt
Now imagine o indocal Gaussian surface
ross - Sechomal” axia A “around P and .l.u\aj'h 275
Pawsina, 'H\rou.rx +He sheet.

Sweface charge ——a
M' /
d:‘a =~ X
he— Y %* ¥ —i
2

1 A * o 1, -
E A\ r\r) 7 5
1 oo x 3?7 —»
}_"/J =
A
Totad Hux over the entive curface o} c,a«unclu; L —
¢ =IE’-JE + lfng +LE.J§
& = IEdsCo&o' +_£EdsCoso' + jsdscozso‘
3
¢ = 2EA

Total Charge enclosed by +he C-d/hnolu,_ = a X
Acoording. 4o Gawr's Low- ¢ = g_.

©
a A
2EA = E = o
Eo 2.Cq
oY A .
= e | .
o E R % E Jo mdependent of ¥

X If o >0 then elechic -B—idd JAnormaMd oudwend
X If e <o then elechic -kidol 34 nermally Inward
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A large plane shiet of charge having surface
Charge oums\t-& 5xL0© c_/?nt .Z":a n Xy ;?iam.t;vd
the elechic flux thongh a civeulos aswoa of vadius
oilm Jh the normal Jo the civewlan anea makes
an a'rah. of &8 with the =Z-axis,

91 Hero o = 5X10_6 C/‘ml y Y= o.i,n " B =60

so = E.ds = Eds Cosb
¢ =(-2-_"—'e:)xnr7‘ CosB

-5
¢ = _SKio x 310X (0°1)" Cos g’
2X 8 8Sx|0”'*

¢ = 4.44 x16®  NemYc <= T8

"A Real Warrior
Never Quits"




Q1. A particle of charge q, and mass m is
revolving around a fixed negative charge of
magnitude q, in a circular path of radius vr.
Find the time period of revolution.

Solution :
The force of attraction between q, and q,

provides necessary centripetal force.

Hence F_=F_
@ Q)
1 q1‘212 g
e, r
— co=\/ 20 g and Time period g L
4t e, mr ey
T gy [ B
q,9:

0.2. Two charges +Q each are placed at the two
vertices of an equilateral triangle of side a.
The intensity of electric field at the third vertex

is
Solution: Ey 6 JE

+Q a +Q

E'=vVE?>+E?>+2xExE xcosf
=2E?> +2E?cos@ =\/2E2 (1+cos@)




= 2ECOS§; Here @ = 60°
1 Qo

47 €, a?

E=\/§

Q.3. An infinite number of charges each ‘q’ are
placed in the x-axis at distances of
1,2,4,8...meter from the origin. If the charges
are alternately positive and negative find the
intensity of electric field at origin.

Solution:
The electric field intensities due to positive

charges and due to -ve charges the field intensity
is towards the charges

—» FE,
E —> E
g
E,
-

q —q +q —q
@ B . 4 & e — —-
x=0 x=1 x=2 x=4 x=8

The resultant intensity at the origin

-2 (1-Lv k-t
ar €, 2 4 8

Since the expression in the bracket is in GP
-1 —1

with a common ratio =—5 =
22 4

Q 1 Q 4

F = —_— —
4z €, I:l_(—_l)] 4T €, 5
4
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04. An o particle is located at a point where
electric field strength is 3 < 10° N/C. Calculate

(a) the force on the o -particle (b) its
acceleration.

Solution :
(a) F = qE
F=(2x1.6x10")Cx3x10*(N/C)
=6%x1.6x10"° =9.6x107°N

& F qgE 9.6x10'° N
L) e T 4x1.6x10 7 kg US

=1.5%x10"*m/s?

Q.5. A4 pendulum bob has mass 4 mg and carries a
charge 2 % 10° coulomb. It hangs in

equilibrium from a massless thread of length
50 cm whose other end is fixed to a vertical

wall. A horizontal electric field of intensity
200 V/cm exists in space. Calculate

(a) Angle made by the thread with
the vertical

(b) Tension in the thread
Solution :

(a) At equilibrium, qE =T sin@6
mg =T cos © Therefore,

gE _ 2x107°x2x10°
mg 4%x10°x 10

0 = 45°

tan® =

=1.0




(b) Tension T, electric force F_and gravity force

mg act on the bob, as shown T + gE + mg = O
Also T balances the resultant of gE and mg.

Therefore T = \/(qE)z + (mg)2

—J3 qE (as gE = mg)

=J2 x 2x10%x2 x10%
=564 x 10° N

0.6. A charge q = 1 1 C is placed at point (1m,
2m, 4dm). Find the electric field at point
P(Om, —4m, 3m).

Solution : Here, T, = i+2j+4k and T, =—4j+3k

T, —% =—1—6j—k

or |§—T,|=y/(-D*+(—6)> +(—=1)*> =/38 m

= 1 q A
Now, E = —_
471:60'_];—}; |3 (l;? q)

Substituting the values, we have

(9x10°)(L.0x107®

E=
(38)°/2

)(—i-6j-K)

E =(—38.42i —231.52j—38.42k) g



Q.7. Find out the torque on dipole in N-m given :
Electric dipole moment P=107(5i+ j—2k)
coulomb meter and electric field

—107(1 +j+k) Vmis -

Solution:
i jJ k
t=PxE =[5 1 =
1 1 1

=11+2)+ J(—2-5)+k(5—-1) =3i—7j+4k
| T |=8.6 N-m

O.8. What is the value of electric flux in ST unit in
Y-Z plane of area 2m?, if intensity of electric
— 5 .k
Sield is E=(51+2)) N/C.
Solution:

5 = T N
¢=E.dA =(5i+2j).2i=10 Zm

2

0.9. A point charge +q is located L/2 above the
centre of a square having side L. Find the flux
through this square.

Solution:
The charge q can be supposed to be situated at the
centre of a cube having side L. with outward flux ¢.

In this cube the square is one of its face having flux
¢/6.

/2
. Flux through the square : I
=
6¢gy




Q.10. A charge Q is distributed uniformly on a ring
of radius r. A sphere of equal radius r is
constructed. With its centre at the periphery
of the ring (fig.) Find the flux of the electric
field through the surface of the sphere.

Ring .

b Sphere
B

Solution:
From the geometry of the fig. OA = OO, and
O,A=0,0. Thus, OAQ, is an equilateral triangle.

Hence ZAOO, =60° OR ~ AOB = 120°

The arc AO,B of the ring subtends an angle 120°
at the centre O. Thus, one third of thering is inside
the sphere. The charge enclosed by the sphere

Q

3¢e,

= % . Thus flux out of sphere



