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SCIENCE CAREER COACHING 12th PHYSICS

UNIT-1

ELECTRIC CHARGES AND FIELD

ELECTRIC CHARGE

I The pro ot motesiad b u}kitg-
S oY e ence. electric d \

Meé(alllol Hhe KQJP:ZT'HQ clrw.,%e,. e ™ Letb :

Exqu]e,g-
(1) Experience. of seang a spaak ov hearing a Cvackle,
when we +akb0-. of .swm_:ﬁc, Cloths. d

@ L.ia'ldn'ma mn the sky dwzina Humderstorms <lue to
electric olischnhﬂe_-

\\_ELECTROSTATICS //

. The branch ok Physics , which ceals
with Hae s+uoh1 ol cbw._ju al” yeat” (stahc Ql‘\ﬂha%),
the -toch; . i{';fds omol potentiol due do these Q,Hxlﬂeé
A collrd Elechypstathics oy stahe Electricity -

stathc C)\Q):a e
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Impevtant Facts about d\arai

(1) There ore 'cmlﬂ Two Hyper of electvic charge.

@ ©,

On Protons On Electvons

(2) Like Ckahaeé vepel emd unlike charges atlyacts each
O HhoY.

= F B = = <=0

(3) The unlike le\o.}.au nul“ba (Cancdd ) each othrs ebbtcf
Whan +hey Come M Contaet. Therekove the C}\cxn.\c]u
are viames oa poarhve omd nieg ve by +he American
scientist ‘&e@]am'\n FrenKlin/

Benjamin FrenKlin
(y.) Nbrmqlld the. moderials are electnicedly Y\Cui\'od,'l'l\m
Protons

do not Y Condaun ¢ e becawse Huy changes (
omd <lectrons) &hﬁxqc.ﬂa bodanced. >

Proton

Neutron
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(8) The eclectrom. of He oudenmost oxbit of an odom
e for frem Hae nuclews  se these electvony are

Leosig botndlea] wrth the nucleus omol com be

ed eay) +he. ovbit bu alving sSame enenmy.
These electyom zm.E_'MH\m Colleol J §chrom° K

EJ&Q:P"UU\'\

(G-) The bocll-j oY cc!'o-rn con be C.lerSQo! Pﬁ&'l']:tvelﬁ L::H
Lao-':Iﬂa Some of sds elechznd oand Com be Q'f\;:\hﬂa,d

m.ﬂo.‘hvdj ba aa.ln'm%_ electrona.
I am
@ —¢ = g‘? Posi-('iw.la Chavaca(
- I am
@ TeF @ Neaa{:ivel‘? Chnva¢a(

(7') The arodus wses! o detect charge on a bod"{j
| Ja ! C:EIF; Lec\,b' E\e,d-msc.ope.“. 7

Ay Metal Wive
Glass
Jay —>
Golol Leaves
ELECTROSCOPE
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(8) An elechic ch
maﬂm:l-:'.c -bidcl @

B
&

\/ = Constent

H

V = Constont

e Comy Creoter <lectric .
omd -e.leda—omaaneh'c vaduat ond

$ield €),

Oﬂly Electvic Field

Electyvic Field + Maane’cic. Field

Electvic Field + Mqane_h‘c Field

+ EM Waves

(2) Elechric c.l'\ahfje_ unitmm\lnd:ﬂu-h-ibujt en  a uniorm)
i

S u,bu:t—l'ko_c_kw._ﬁe_

s e wd moximum on

ob cuve J3  mimmum.

Charge clensity o o

F =
Unifovm Sur face
Clnowg-c _Dcns'i-ty

-l-.d o a ﬂan—Unijofm

Hod  poinds «whene the Yadius

Move .Swzjatc C.harac
Density

\
+

Less Surface
Clanae. d eMH:)/
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Conductor, Insulafor 4 Semiconductor

Conductor The modeval tho which the elechtic
c)w-.,ae_ omd Cuwarent Com tlo'vb e.MHU ore. Called Conductors,

Examples - All Metals , Human boobé s> ook edc.

Conductor Insulator' | Semiconductor

lﬂsujmr The moderiods which 7vealst the Klow o
elechic CkM.@e omd cubtent ake  colliol mswlators.

Examples - Woool , Porcelene, plastic efe.

Semi oS
micond uct The motudods which resjs1 Hha -ﬁm
o} electve %Mﬁg omd cutent bud the walue 05 el v

yeAtstane U in betwean the  Cenducty ond msudafor are
called  semiconductors.

E;campl&?- Silicorn (S1) sy Germenium (Ge)
Canbery Cc) —>Excellent themal C‘ovdf.rc-ﬁvi-l»g.

. Sharpen Your Bncil - - - —---

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

]
i
'
s |
(a) electric effects only \
(b) magnetic effects only :
(c¢) both electric and magnetic effects 1
(d) None of these :
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‘—J Properties of Electric Chage h

(1) Additivity of Charges

Eleetdc Choage o a scadas guanhty so
e dotad C-h.a..»._ae of the sy3tem Ja obtoudresl s
ba Otdou'ﬂ% Hre ch-ﬁtu.vd- c:.k:uxﬂus cdsabric.a.“g ot HA
Propes s‘ua-n acco-rou-n? H4o Hae v dncv._\;je..

(2D chmae iS Censevved

C.lmwz.ae. Camn mot be either Created o
cl.AA"l'YUU&G! I+ cown cnlg be ﬁqm\t—trrcd ‘b’rrm one boclx_.,
4o anothevy. Hence +Hae Jotod ch%ﬂa of e iselated
Systemn Ua aonabuz Canserveo].

&
+9 7 A =%
C ) + ® CEXTIXD
Glass ™ Glass silk
Total charge = o+o =0 Tofal charge = +3-4 = o

(2 Quantisation of Charge

The electyit C,haf-.ae_ e o bcobj 2 adw
an ifﬁ'e.arbd mMultiple ob e ( (‘_Ina.h.Je e 1 ued_rm‘;*@ljd
Tve W Celled qmnﬁ-iswﬁcn of c.hmae_.

G =tne n = 0;1,2.... o0
e = {¢cox xig'®

c

X The umit of electric charge ui cowlomb.

1l Coulomb -
The dotal charge om 62y xlo'd
elechrond a4 equal o L coulomb.
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The. c.ha)v_gc_ enn one elechsn was found by Hhua
oil clmp cxpvdm.e.-r\i' ba Millikan in 1912 . ‘FD d

~m—

- ’Atomizer A

-

X-Ray Source

Positively

Charged
plate C

Oil

\

drope
Microscope
Negativelty i
Charged
Plate Fe=mg

When the el dnp remam sfmh'onary in the experment
then the forces on oil dvop

Electric Foree (Fe) = Gravitahional Foree (Fg)

Q mg
ov ‘ mg3
E

E =
9 =
We Know fhat - Mmass = olmsi-lj x volume

m = otx,'_;’l.nri‘

Whehe Y — radius ob otl drop Lo-Smm)

I ¥ Mass ob' Electrosm (mMe) = 9 Xi1o kg.

X  Mass ob' Proton (mp) = |67 x16° 27 Kg.
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R An ol dwp 0‘5‘ 12 excess elechrona . hald
S‘fa:f"lmr\d, undey a Cevwtant elechrc -b«'dd. of
2-55 X10%* Nfc in Millikan's o] dvop experament.
The al.n.mﬂra @-b He o1l a L.2¢ %’m/C,m?'M
estimade The radius of Hae o1l clrop.

Sol: Coiven Hhat - .
Chavge q= ne = l2xlrexio’” C

De_mll‘l"a[ d = |-2¢ x 102 =12¢ X156 Ka/rrﬁ

lo™&
when +he otl cl'roP b held S‘l’ad";ma.k_a Hazn

WNe Know m = dx%nr?’

3
So thod qQ = dx%TL*'xg

E
(oh's Ys = CLE
dx4dn xq
3
—19 Y -18
Yg - 12 X |6 xXID X 2-55 X110 - 9.47 xlo rr'l3

1'26 x10° x L X34 x 2.8

-18 )Vs

y = (2:u7xi0 = 98l X167 m.

'-’Sjj;, Number ob— electronst in 7S kg

71 = ’tO‘t’GJ M aAsA - 75
mass of 1 elechrn 9 x16>!

n = 83 xio3t
soe Total c:hah_ae_ R = mNne
Q= g12xi0° x(—j_-c xlé'tg)

@ = -Ll33xid®c
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Methods of Chanaina

4 Changing by Frction

when twd opjects wuw vubbed QSQJMt each other
then electrons from the atoms of one object (having low
work function) go 1o other object (having high work functon).
The moteual looser elechrona gets Pob‘t-HveJAj cho),%eg] and
the matedal gauns electrons gets Nz@od-?ve.lﬁ chenged.

X\

o 0e0d
\\

2. Charging by canductHon

When o charged object ua brought in Cordect
with an uncharged conductor, then the Seme iype of
Chorge spreads on both the condudors. This happent because
seme elechrong ane tvansferred at the corndact peind.,

~+ + -+ +
" . 4 : :
+ 4 +
b 4 X + X + ¥ +

Uncharged  Charged In Condoct both positively Charged

3.] Charging by Induction
Methoel L. (Us;ng a amuno' Corme.c-ﬁun)

(1) A poz.'x-\*{ve,lﬁ chmaed 7od A lbrovgidt neon a neustal
metod sphare amol polw’s,’ﬂg -

(i) The Sphore w2 ai’DUhol-Eo’ q.l.lpwiﬂca electrond Jo
be eodtyoickeo! Jb'mm the eonth.
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i | = 1 I
(a)

(i) The ‘arownol Conmechon Jus broKen.

(») Ce) (d)
Gv) The posihve yod us removed Leavfﬂa Hhe =phone.
it an  [noduud ne.godive, choxge .

Method 2.

(1) Two unchexged metal Sphates ane in Contact with
each other Bud imsuwloded fvom rest of the uwsovlel.

) A pob'tﬂvdtj ch eo] vod W bmusa)l/q‘- neow. Hae
sphase. , qﬂ:l‘mc:l-in?aﬂ ative. Charge “omdl J.c_aﬁ'r\a,
the othen 2phare ™ poxi 'vdaj Charged.

901G 19

) (<)

(i) Nowo the Sphares are Separotes! befove the vod
b vemoveol omol Haua Aepmaﬁng I:)o.&vﬁve.. 4 nedqj—ive,
Chahﬂe,-

(v) Rewmove +he rod - The c\r\oo.ﬂe,b e SPIAQ),_p_.s wrll
Yeosange “Hhemeelves omd un'ntovm1:j Ahibuted over
the sphones. _
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Coulomb's Law

\ The Aeorce. of interachon beturcan om o
Permit c,!nah_qe»& 4 olirecHy pwopovtioviel do the product
of the cko.h.au end  In vo\&el‘d propoahomal Jo the Square
of the olutance between Hemy, omd acts a.lrma +Hie Line
be‘f‘l‘lﬂ% +he +wo CJ"\a.th:

,‘S“‘F’PC’&Q +uwo Pulvd' c:l«\q)ﬂu;. QL ond 92 are Aapq)La.:}'eOI

N vacuum bé a dutance ~ ¥.

q’
Fe—Q— -~ Y- --@—»F

ACCoroUna Jo Cowlombls Lowy,

omd F -—'-,: e N o
oY F - K%|qz [4// % ; q v )
""'""\':5_"-' Charles-Augustin de Coulomb

¥ Elechostahc Constant K depends on
the nadure of medium separating the Charges amd
N the system of umits.

In cgs system, K =1
In ST S?'.S'Fcn’), K = -‘-ﬁ-_.‘l‘_e-.:- — sxioﬂ Nm'l-/c':l-

¥ Co elechricad pormittivity of free space
€o = S-BS'x,lo-m'c:/Nm"-
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Cowlomb's Lawy in vector f:rx

Let -wa. posiHen Vecter Ob c_hw,_{:]ea 9, end 9. be
Y, crnd Y-;__ 'reAPedﬂveJa,

We denadte 'H\,q_,tovu_
on 9 due fo A, by

Fr. omd +Hhe -borrca on
9, due to 9 by Fi.

Flz = Fa
pu— —_ —
Hexe_ r; + Yoy = Y
_— __,
Yj_‘ — Y:)-_?l
—
ase ¥ 4+ %L = YV
—p —
s -‘E:. . :.::'_':;:' omd Yie == Y,

The mcnam’h«ole D-]; vectorse ¥ia: mr)cl _Y':\ is denoted
by lrl,_l omd ) 2 | omd thaay unit vectors Ma_wen

ax - —

A A
g =) omdl Y, =——
Vo | |72 |

So the %ovee Fn omnd E;; Cor be *3%van o -

— 1 9,9, % - T -1 9% ¥
= - L " ¢ F, - L SRR
T Ane |V, I‘LJ Y Awe e

(1) Iy U _ond . are of some i 9,9, 70
then Fla s GJong ‘(,,_ , which EZnotea rcpu.lsmn

(i) Ib 9, ond 9, are ob ofspo&'l:e. S 12,9, <0
tHhen -ﬁz R alonta Ym_ oy Y:_: 5 LAJE?CH oleno{e.&

a.ﬂ'rmc:l-lm
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Fovce between Multiple Charges

Toted foree on ony charge due to a number of clfma&c.

ot veat is +he vector sum oy all +Hhe -b-orcu on that
chMﬂe, dug Jv othexr c,\'w._ac,s.

Let+ the ~bo~ruz. oY) clr\w..ae 9, clm_iu oo other
Charger 9, amd 93 e Fia omd Fry vespechively.

The position vectore of chan.ﬂe«& Uy o T2 omd Fa ane
?l, > ?': omd -Y_-‘.':'

Here T:T""' = ———J—-—'Kl:' qi?{. Arh. and _FT'_’. = .___1_—7‘: q’i‘;_ \';13
12 13

Thus the yesuwltond foru?. _F:; on c]qa.h,ae. 9 1Is 9lo+ained
bg the vector sum of the forees Fis onid F QA=

—F-’l = -E.u_ -+ ﬁ&
S;M‘I\OJL'J ik as have n Charged 915%2,---. In
then the foree &n 4 dur o 927, 93,... Ta Chages

can be calcuwloded by the vector sum of fovees Fia,
Fia » - Fim ab-

[F-Fe e ]

Piprali Road, Sikar (Raj.) Cont. No.: 9785944225, 8003024131 [13]
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\\ Dielectric Conntant (K) //

Didlechic Corutant of a mechum Qs the ratio o absolufe
elechical permitfivity of the medium do the electhrical
permithivity Ob -b‘r-e,e_ space. -

% 9.
---—-Y----©
Force n vacuum (F,) = ‘Hl’léox ‘l:{‘l;_z = ()
‘ ' - i 2,1
Force i @ medium (Fm) = 4TEEX :/,_k — ®

Whine € =elechicod pormttivity of the medium.,
D‘wiou-na eq- (O by @D, we get -
e f e ok |

Whene €y oy K b colled Meleche COMM oy Yelahve
clectvical permithvity of the medlium .

¥ Thus force between +two given chasges N o medium
L}‘<) b cm‘j l1_< times of the {force between Hhem M
ou*r/ vacuum .

X For All Metals €, = o0 =
% For Air €y = | l £ Er £

Piprali Road, Sikar (Raj.) Cont. No.: 9785944225, 8003024131
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@ Two [clentical Cvoduah bells A omecl B have clm:}e

— QA omd 3Q wespech afue bvo
s Ay T,

we“ condoct oma Haan segm
Fnd +he modure 0% wlomb fmrm between 'H\em
M - QR

Sol-  Finad chasge on ball Aomd & =

So +he modure of coulomb :force_. betuwreer Hem 15
Tepulsive .

OQI"‘IV‘Q_ Chq'rj%

- Two wal bedls P\qvm
cest ‘g’ C:rj_ AQP%QJ'E'_O‘ bj —;}-Fa'nca_ Y. What would

™ be the effect om the forw when a plastic Sheet

is inserted betwean them 3
sol: Foree w1l clecrean .

ReasomN *
foree betweernn +uwo dﬁan_au Iy vocuum 1S

F-_4_ 9%
7 une, r?%

On imel.:}—ina & plowshtic sheet (@ clelechric K71)

+hen q*
2 U'TTCQR T

Le. F o= _&

K

- Five poindt Chdth%bb, eaclhh ok charge +9q ave placﬂd
or; five venthices o a Yeaflaﬁ. mqgon o) sSidz

* ‘L’ . Eind the resultomt force on a charge -9 placed
ot ‘Hﬂ& contre of the hexagen.

The fosce ofuz,'?'o Hhe chavrges
B pposite odt a‘H’\&

lqceol ot,.o\ﬁcm
VE’)thP/& 015 hexa ,Ow%e. chavge
—Q Comce) im pour.

Hence met dorce 15 clue to one

d/\o'h%e O“LL”' B 1 9 q q

411 AT € Az

+
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@;2 Three poimt C,hahﬂe& 4. —49 ond 29 ore placeo)
"-f.?'?c ot the verntices b} an equila}eﬂrg.! +nonale AGC
sicle 'L’ . Obtaivn the Exprcss:'cm ~o e_ vesultont
ectric force. om the change q.

:g.‘il' Foxee om e,hqh_ae_ q due te
the charnge —-49
_ 8=
Fi = Ome (-‘-31—) cdong AR
Focce oM Hhe c:hw..ae,qdu.f_'f-o
+he charge 29

= 2. 9%
F2 T = ) CIJDT'L% A

Fovcer F, omd Fo are imnclimes) Jo <each other
ot om angle 120, so +he vesultant foree LA

F = jF?‘+ B+ 2 F F,Ce%120°

_ 2
F = A-lﬂe., c.’o'_’_J bl # R

g 2 JRG ™
ATTes — A%

L

Two point changes of +2MC omd +eume repel

P o : :

eaclh other with o toree cb 12 N . Now 1b each is
ajvcn an odditional charge of -4 Mc, whed” wnll be
the. new -borce. ?

Sel Here 9, = +2 MC Q, =46 MC F = 12N

2
omd Q)= +2-yz-2mc 9L c4c-y = ZMC

so F' = %% = Cadz) =-1
F 1, % (2)(Ce)d 3
F':-%:. g =12 F'=— 4N (Athactive)
3
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SCIENCE CAREER COACHING 12th PHYSICS

UMESH RAJORIA

@Acka}-ﬂe 9 w placed ot the contre of the Line

L & oo equal charges & Show thot Tthe system
\l:bﬂﬂ%rm Changes il Be. i equillibyium 'y q"ﬂf@/“‘
Let +wo equal charges m.('Sl ﬂqLc_ e

omd B, Whee AB=23.

Hene € Jb +he candve of AB > whire chorge 9 b hdd.
Net -forc_a_ on 9 is zew. So q Ji aerdU N equdlibn'um-

2% >

For the thee charges to be v equilibrum , net
force. o each ('_lqoo..je, must be zero.

Now, 4otad force onn Q@ at B ws _

K Qa + K& & =
x?2 @x)?
Ker - _kQ*
o2 Yx ™
So qQ = "% Hence Paroved.

&) Two »f{xeol point chorges + 4e omd +e& units
art seposatec| by a il ‘o’. where.  shoulol
+he. Huxd Pm‘f\:!' Cl\a.ﬂw.ae, be plcau_ol -b-DY J 1o be
in equlibrium.

@‘ For ’1‘l¢\.e. CL\Q)La&‘ +‘q, 9,z=Ye iR % F 9z
to be m equilibrium - ——— = o — -
k—— x ——)}e(a-x)—-)l
Fi = Fa
K9 4e = K9-e = 4 = ]
x> (@-x)* = fa-x)*
on  Solving - o = 24/3 — Arg,

Piprali Road, Sikar (Raj.) Cont. No.: 9785944225, 8003024131
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&) Two —fl'xecl point chakger + 4e omd +& units
art sepoxates| by a olddanee ‘. where showlol
the. Hhivd poind charge. be placed Fov F +o be
in eguilibrium.

Sob: For the chakge +9
L ] \ = CL:
to be In QC}U\?{JII’)“UM %,qu;____wl__ _:e.
- f—— x ——f—(a-2) —i
| 1
kY-4e = k%e 3 4 = |
x> (@-x)" S -
on Salving - o = 24/3 — Ara.

Q. Two equ-cul Pos'u-l-ive d\wv—aeé. eoch ob— 2 MC ;Td‘cmd
with a Hhivd positive charge of 3uC Situated ad
Shown in ¥ig. Coledade +he mo%]ni:fude, and divechon
Ob the fovee on the 3 Mc Chwcae.

- sol:
~~ Heow O0A=OB=x 2m
ond OP = 4m

S AP = BP = /31.;47‘

= Em.

Acc.orouv\a 3o Cou.]umb;s Law

Fovce on Charge at P due
to charge ot omd B

e 2qio] in megnitude so-

sxlo’xum“' x3x16°

Fi = Fy :ﬁﬁﬁ ~
s 5%

So Fl T Fqp = 2016 KLESN

Piprali Road, Sikar (Raj.)

Cont. No.: 9785944225, 8003024131
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Here the componends of Fy ond Fp along ¥ and
axisS Qre equa.l in magnH'ude_ (Fisine = F:.Sine)bu‘-"
oFPos';'l:e_ i divechon <o ‘ﬂ\ud comee) eadh othes

The. ComPcmeJni's alon Px add So toted ovee
on Charge 3 Me od'gP Ak = P {D

F = 2F Cor6 = 2. %X 2-)¢ xle"3x':'f
£a F = 35S xi1002 N — Pk

@ Two eo}ugd bedlis hqviﬂa es}ugu\ pog':-!-;ve_ Chqrae/s
BE ‘Q ae Aepunates] by a olistance ¥ . What Would
be +he effect ov the force when a plastic Sheet
s inserted bethweary them ?
sol: Focee wnll cdlecrean .

Reaton: fuvee betwesn two charges Iy voacuum 1S

E=i A4

Um&e, x¢

On  inserting & plostic sheet (e clielechric K71)

+Hhzn =y g%
F = UmeaKk 7>

L e. F = K

K

Im&g ne

wich ail

Believe

With ail

AchieVe

with ail
Jour Might.
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Electric Field

F An elechc DL”"H 1 the resuem
ob— spaen 5uhh,ouncUﬂa ejadﬁcmllﬂ charged th_—,Hcl
whare @ torcn_ o exented enm dther e.c:f‘HQaJlJv Chahﬁed
oL:jed“s.

X The durecthm ob- Hee. t’idol Ad taken o be the divechion
of e Fovea - wowld exent on a positive test CAM.\S]Q-

X The electre %—idc’ QA moUn.llj !
outivovd tnrm a Fos.‘u-Hve Chw-&e X
omd radio,lb inward dowarnds a \
neaa’cin le\a.hﬁe-

Electric Field Intensity (E)

. The <lectric fe.lol in.}en&ﬁ’r\\-l ot orny poind
A tHhe S-l‘rena'ﬂ\ ot edectric t;dcl ot thad poind. Tt
A ol.c.bm.wl s the foree e xperienceo by unt Posihve
c_ho.}._ﬂe placed ot thod Feond.

Accorolina 2o coudomb's Law fnru_. on test charje g
due 10 a Pc—in;}—ckcm_ae. QA A

0 P -l?
1 64 Q- — -
P B 4TLE, o Y q"
. 2. F = 1 a ¢
b(, ol-t—t%nhm E = 'q: So E =yne 1

~

wheve T 13 tmt vector directed o & towards 9,,.

ST Unmit ot E '-.':._._"-
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Important Peints about Electric field

(1) The magnitude of electric feld E Ja same ot eual
dutances -brcrm the charge & , thus «t has a spherical
Symme ‘

gty |

(2) The test change % i have its own elechric dield,

it ma:tj modiw te electric i) o +Hhe sourvce C e

Tﬁuebore to minimize ts ejfect we vewrite elechic ﬁie!&
iﬂ‘l‘ensH‘g ot ¥ os-

'é’:LimE

9.—~0 Fo

Elec.'l'r'l-c. Field due to a system of Charaes
Corvidex o system of dqi»ﬁe,& s V3 g In

-

w1 th posH-;m vectorg 7:7 Vo o i Ty s

—_ Ea
i
U oe— ——— - — —2F >
sm N
o \
- = / —>
/’! Y" {— % Y;‘
_ - ! Ya \
q, & / \
/ »
é Tn
L

The electnc fidd ntens ot a point P clue do
Q s?atem o} c.lrwv.aes IS the vectoy sSum 05 the electric
?\)-fe.lcis ot the pemt due to Individual chahgea.

i

E = E, + Eat--- En

A A
E = il v 4 lfji Ya oo £ ;'n
11> Vs> 17 1?
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-Tw-o poivd Changes 9, amd 9o 0f magnitucle 167%
ool —.LO 8c vespechvely one Pacd o.1m apant.
Calcwlate the electric field ot ponts A, B and C m
‘he. a—tveh -ﬁa

Eic
C i Ee
F P
o
g Gl Ezc
OI-LMI : \\
/‘f I \O'l ™
/ | N\
q, /; ' )
P
Elﬂ.‘__%u_._——u@-eo_—.--—_ _I‘A—’-'E-lﬁ_iﬁ-}b%

Electrvic field at pont A dut Ao charge 9,

E = 9x10? x 1578 _ ! lodnd
B =, T = 26x10 Ve  (Towards vighd )
Electric fiald od pont A cue do chasge 9,
E,q = 9xi03x16°% _ . Y '
1A ey = 36x10" N (Towards right)

Total Elecivic feldd ot poivd A = Ea = Eia + Eap
Epn = 72X 1o N/c C'Tbmzz,cl_s Hae r:aﬁ)

Electric -Fl‘e..lcf ot POil"’\* ® oue Jo charge 9

ox102x 108 _ a. u .
Eig = Qoi-t::_g’;'g-o = 26x107" N/ (Towards left)

Electric field ot powd B clue o charge 9 .,

& =1 _3’('05:(!58 = 4 x10° N (Towavrds v
- (0152 fe CTowards vight)
Totod Electric field ot poird B = Ep = Ejg~Eas
En = 3.g,<|oq_ uxio® = 32 x 10" Nje (Towards Left)
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The el¢ctne :f‘lecj ot poyndt C due Fo C,hqh.%t 9, and
Qo Ml €9ual 1) “‘qaﬂvluol.t

Eic = Esce = 3%!09x16_g

” q
= 9yx1d” Nlc
(6:1)*

The veewddant elechric freld ot pont C Ab

= T
Ee -*J Eic + E;'c_ 4+ 2E1c ExcCor 20"

Ec = [Ek + B +2BcBex () [ Eie= Ead)

[Towards right ]

Ee = Eie = ‘BXlasN/c

93 b'ok?i‘ wﬂfd% nitude 'r;\a:p{ ohrcc,’acm of the
eléecTric e e o UONL. |
I-b 4 -510 e cl Q = b o " t‘awu

5 Cm.
Sol. +9 -29
~— " Hero A& ﬁe,
6A =03 =0C =0D = Y

N = S X106 % m. Q EW Q
{2

/ C’\
also

/
hene E, = Ey @& 9 DéL %C
4706 ¥E -1 -
ov.  E= By = 162 x9 %10 = 7.2 x10° Nie
(sxi6*/=2)?
In Squane ABCD Hwe L Ao0B = 30
Se +he Net Electric )Hdol at 0 = | E*+E*42EE,Cos90

E = [E'+e = gJZ
E

7207 xIo' N/ ot 4s' 4o oA.
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@ An electen Falls 'H\-rb a olustance e Lsem in
a unitorm electyic db' velue 2 x4 Njc . Whan
ivechon o}y ded'Hc: d

s reversed , a pwoton
-fq,u;s -Hr\m\,:qh the same C’U.A‘I“Qﬂcﬂ. Compane tHae ume

eachh Coxre .

5); (a) For elechon B I S

% %
6. b
Acceleyabon a, = E = LE I E
m, m]
a, = _Lex1s’ x2 xio? T YTy
axio®!

: 35S x 10 mfs*

'F('H'YV\ = U{i Q 't]

oY '£| < 28

S
s = o+da4y
t

- fzx I-s X107
3.8 x |10!S

(b)) Foxy Proton

Acceleyation a, = F - 9E +**++—"TI
Ma ™M
i [Proton
Q, = _Lex16"" xaxiot I =3
167 x10°%7
12
= 192 xlo m/s* — }_ Y ¥
SI‘I‘T\I]GAJJ t, =|2S
=Py
’ -2- -
= |2 XI'S Xlo = l2s Xl075ec.
J o2 x1ot%
-
L~ + 2-9 x10 )
© i P = 2-2 X 10 *
1, 28 X107
Piprali Road, Sikar (Raj.) Cont. No.:
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lec{ric Field Lines

An elechic fekd Lne W o cwwe dyawn in
swch a wow that +Hhe +qnacni do i of each pomt
inn the diYection 05 He net 151'63!0] at Haat Pmr\:\'

E

—

E
The m \ude oF the Held w4 vesented by the densit
oj f{djﬂnﬂﬂ%. t t' " d Y

Hence Elecinc -bfelo\ ?-rdcm'ﬁj ot a poind s equq‘
+to Mumbex 05 .B—ie,tcl Lires cmssing nn-r-malf:j a umt ovuea
around thot peint.

Properties of Electric Field Lines

(1) Electrc fe)ﬂ Lines ahe_eo’(«omﬁnuoub Cwes, TTu.Ad Stant
-i'rm'nc:\ ositvely Clhane bodﬂ@ndedai-qﬂea:}'
le\wlae_c:’ bodu. 3 3 " a ’Vdj
Iy there is & single chorge then +the fiedd lings ma
start oy end at i’nti.hi'tj-ohﬂ !

KK 5%

(2.) No electric ti'e,lo\ Livua exiAt mside the d\afged
body. Thus elechostathc tﬂdo\ Lined Slo not form
Conhinuous closed Loops.

* The mognehe fedd Uney ant Continuows (or endless)
Closed ps b G«ﬂcdmbt Hhe eJa.c:ch. -b—ie.lol Liruea .

Piprali Road, Sikar (Raj.) Cont. No.: 9785944225, 8003024131 [25]
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(2) Tmnaeml' do the elechic field Line of any peint
aAV'b.'s the clvechon Ob electic t19_|ol |-n-}~enbr|"a ot that
Pawd'

(4) No +4uso electvic #do\ Lings of fovee. Can indersect
each oHuvr:. ThAy s becawse at tHhe point of intersectin
P, we Con draw +wo 4angents PA ond PR. This
wouwld mean two livectionr of elechrc gveiol m:l'erwt}
at the Same point | which "Jd nat * possible.

E
E

(5) The electre Jiedd Liney are alw novmal +o the
Suwrface o Conductoy: So thene U4 ho Component of
electic fleld inferuity poralled to the swr_tqu. of Hhe
Conductoy.

(G) TIm: jﬂelo’ Lines around o 334+em of +wo Pos;-hve
Ca% (9, q,)da«we}.s a pictoriad rcpTeAe’rdaJ-lm o}
muwhual  vepulsion

While Q}wUnd +he Lo o ugd omd
A;’ce ch (9, —‘L) clipole , S'r\ows 'H-\e mudtued
rac-hon um +he_ c.Lk

e B
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_bTQU\] -H«e paﬂm ob— elect»ic ‘fch Lines whan a
qhae -GL dbRept near an unchawaed
Cona’ud‘l

3ol haey -Q ch 44 lkept
Nneak dv) U'ocl/mh@ Conductr
Plete , positive charge s

mdUcwl due to electvostatic
indueHen. The $ield) Lined

wAll bapufencljauﬁm#u%e, T
Metod Suataie .

@ lm./ oo electrostotic fidd Lines not fovm closed

zﬂ“-

50‘ Blechic of'eld Lines  stundt ™ pcsrl-we 4

cmd terminade o nﬁeubve chahfg Ty thene 4

bm e positive charge” g field Lines Atosd jrom the

e omd termimate ot infinity. So the electric
Q?Aneab clo mot -fmrv‘) closed ioops.

@A 'mdcd g aJ-,_Q_ is ploced v a U'nlffo“{m electric -f—\eH

a5 Ahovom 11 :F; Which poth AA followecl by electyic field
Livnes omd wlmjg_

Sol.  Path C. A .
Electrie -ﬁl'eJal Inside a mete) : /\\
SPheAL aA Zem,%e,re:fo'fe 7no >

electric fleld Liner exist mside
the sphese. Also elechric feld
Lines ase alwoys perpendiculan
+o the Suwaface of Conductor.

c
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@ A point postive charge & bwought nean am
CRsE, lsolated Cmoduc'h'na sphore - The best Yept%eﬂ'b:t«bﬂ
27 o elechric fied Y s given by

(@) (i)

+q — %E

(iii) (iv)

Answers Fig (z)

P electric Field Jume Jda a Conbinuows curve .
BSE Thot 4 a fleld une Commot hawe sudden breaks,
'}o‘o‘q 4 i

Whﬂ s 1t 80 ?

Sol:  An electric field Line is the path of movement
ofy o positive test charge (do—>0).
A woving ch *xperiences A Connusud fovce

n on eectic fled 5 so an elechie fHeld Line is
o\Jwaﬂu} a Conhmuons Curve.

@- l/\)lm./ olo electrostodic fiedd Lines mot dovm closed

earis oo ps 4

-E?_l- Elechic frield bines stant o™ pos'rHvse
omd teaminade of megative change. Ty thene L4 a
bF-na—le, positive charge Hhy field Linet Atast fpom the
Charge. omd teaminate ok inﬁn‘ﬂ—:;- So ,Yhe elechric
f-l'ej\?.ﬂ-n% clo mot fo¥m clused Lovps.
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Electric Dipole
An electric clipole is a podr 0f equal omd opposite point
chw».se& /be.PM,ai&ol Ioa, a shovt olutonce.
Lt 9 and -9 are two equal ond onozs‘rfe point
Charges Aepos ated) bH a Amall olustance ‘2.

Equatorial Line

.

—s

i, = =y wo—— i @ 1

3 /?zao A

Axial Line

L“ * The total ChM.ﬂe °t Hhe elechic oLiPole i zavw, bud
thia cloes vt mean that +he -Exdo' ot Hhe elechHc
o!ipole 4 zevD.

—
Dipdle Moment (P) [CBSE 2011, 2013, 2009, 2012, 2013]

Dipole moment WA A mMeodUhe o-b Haz .s-h-e.na-l-h
of elechdc olipole. Tt W a Vectoy quFi-F& whose direchon

b JErv-m m_acd:ive, chorge o potitive Charge .

Dipole moment W equed do dthe product of +he
mo-.ﬂn'rluake Ot eithey cl«\%ae omd e clistence betwesn +ham,

P = 9x2a P

@® Its SI unit is coulomb-metre.
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Physical Shnificahce of dlipele
In most of the molecules the cendres of posrhve

amdl negodhve Charges lie ot the Aame place. Thuxefore,
Hhar SlUpde moment 4 =z=x0.

Cop and CHy are of +tha type
of wmolecules. Howaver develop o dipole momerdt

when on eleetric feld Wy applied, TRae Hypes of
molecudes codled Mon-polar moleculus.

o« Xo

Linear

"®

Tetrahedral

But in some molecules Hhae cantres of neaod'l'v&
ond posihve ch do Mot omeide: Therefore they
have a permement elechric dipde moment, eaen in +he
abserwe of of an electhnc field: Such molecules ase
Calltd polar. moleculss .

Water molecules (H,0) and Hcl molecule are Hre
examples of polar molecules

For FREE Videos Follow:
@3 PHYSICS with Umesh Rajoria
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Dipole Field

Tt s the space around the olipde in which
tHhe electre e:btec:l- of the olipale can be experiemcasl.

The electric feldl ot any point P is oblained
l:>)y cxo\ci.m Hthe c!em"r:c_ t‘le-\cls Q olue 1o Clr\q.h_a -9
and Eiq ''dur to Hae Cl'\a.hae 9 ba. Hao quq_llalogmm Law
oy vectors.

(i) Field Intensity on Axial Line of Dipde

Let Ha F’O';nj' PBQQJ‘D(@‘}QT}C&(WH\&,
Centye off +the dipolc ovi Hw Side ob Hre c,haurap_ q ,then

jfe—/——— 20 —
E -—-—?-——& ------- P—-!
N - -9
Y -
K9
H E = - K%
Sar = (r+a)* % Eay (r—-a)*
So the Jdotal Elechic rFech at Pﬁni" P J» -
E = Eng — Egng (Eﬁ >E-—ﬂ|_.)
1 1
MRS TS
E = k. 4ar
(r~ay
For (vr7za) g = 4K3a E = 2kP
Y3 T3
The_ cduivechon ot E i ajma P ie 't*n-m—‘?, 1o +%.
!
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(i) Field Intensity on Equaterial Line of Dipole

letr the po—t'fd' P ud N +hoe equo\j'ov-;a.l JUn.L,
whte OP=Y .

-
Evx
P
->
/7 6 _.*E
" Eq
Y4a- 7 ' \
// Y N d raa*t
\
|
/ : R
( i b
“
g0 — — i — g9
k 2a —

So the magni%udes o} the electric f-:'do!s due o #he two
charges 9 omd -9 axe given as-

K
W‘d E_ i e
s (v*+a?)
Here the Compemants of Esq ond Eoq novmal to the

oUPole oxis Cancel each “otwr omd tha ponents OJong_
the oUPole axis add up.

So the tofal elechic field s in cppesite divection to P.

E = EiqCor® + E4 (Cotb
K.294a
oY E = 2Eiq (osb > E =
(r"+q")3/’-
Foy (T??Cl) E = K-29a
Y?’
-
e -KP I
-E’ ¥3 E « _\’_'i
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* Henwe the dipole Jield ot large olstances fallr
of ot ar 1/y2 bur ab 1/y3.

¥ Due Jo an electnc oulaale. Eaxia] = 2 Eeguagovial

=X
I Dipele in a uniform Electric Field l

Let a dipole be held in a un}torm external elechic
ﬁeld E ot om ang)& 8 with the olivection Ob E.

|
i
|
!
L

: >
X =2a8in8
: 2

'
:

- e W S e e W . .

>

— pEm mmm s SR e o= mm = . —— e o e o — e G e o e e

Nd'tl)m UH-H\LOUFde_: Z.LTO%

The tovc.bs on C.l'\cd'.ﬁe— t9 omd -9 “rebu,u-ma n a i'b'fc]lu. on
Ihe dipdle which yotades Hhe clipole .
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Thus  the forque. tend do odua—ﬂ Hhe dupole
oS cdam% the clivecHon o {51640\

The m m'tuob_ O ue 4 Q.C]uaJs +the mMogmitude 05
each «Bo*ru. (CLE) uﬂlplled bg the Perf:enz.?:ujqr

didtnwe  bdween the +4wo anhiparalld Forus »
Tbrqtu, T = FxX
T = 9E x2as8in8
T = PESINnG
& T = P xE

The dlirech T hancled s ule
o s porperdicuios. 1 F afy B e sems

8% SPECIAL CASES -

* whan F L aleng E, 0= 0 X »
T = PESMD = 0 ’ * :_E’
The clipdle {s in stable equilibrum.

* Whan B s along €, 6=180° N

. +9 B -q
T = PESInlgd" = © g -
The olipele s in unstable equilibrium. »E
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@ Two Swoll 1oentical electric OUPD[.LS AR and CD
‘{%5‘;1“ each o} olipele moment ‘P’ cvwe Kept ot gw anale_,
120, as shown In fig- whed & +he resuldtomt
ipeole -moment oY +ée sdf.'a&-un-
T +his tystenm du sukjected o electric field
T ivected odimzg +X clivechHon, What will be the
maa‘n'mal, and “urechon ofy the tovque ac—h'w%.

o1t -
S0l Resutdant Aipole moment IY
>
R =JP,"’+ P2+ 2P Py CoS O
120°
F?r:j P4+ P4 2 P%Cu3120 X ) >X
R=J2p%2p%(-1) =P
%y
Resuldomt cipsle meomnend wnakes 8 Y? o
o omgle g5 with the V-axis
oY 26" wWith +he x-axis,
- —_ -
Tovque. T = P x E
T = pESinao = L PE

@ A Systermn s turp CLw.ae& 9a =25 x15'C ond CI.&:-?;SX!EvC
Located ot poirds A:(0,0-1Stm) omd B: (0,0, 15m) vespechvely

Whod™ are. Hhe Jotol Clrwnﬂe ond elechic olipole moment oba
ha Szrz.-l-e_m 7

Y
Ssb ol chwage of he sysiom Yol
q = ‘iA + 9a ’/’ o
q = 2.5 XC ~ 25 x)5'¢C 5 r
9 D0 z (00,15)
Electrc cu[:c)le, moment Ub— the szg-km L4 aﬂ'veh ba.-
[Pl = 9x2a = 2067 x 0-20
So P11 = 78 x16"% €. m (oulong, Posrhve Z.—GXI‘S).
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Tuwo ckm.au» Tlo MC are plated 5 mm o.fawd'._be:lzrm'm&
the electic -blelol at (@) aPPc'iﬂt P on the axis cbf
oUlPole 1S em. Gw a‘mm its ce on the siole of
e po.s':%ive. Clnarag. (b) a Poim‘ R, 15Cm awﬂla(’g‘:rm
0 on a Lne partin thowgh  © eme novmal do the
oxls of the olipole Ahowry M -51‘34.:}.1.

S a
= X
|Pl = 2x12a ﬁ_mf,l
. - 5 / | \
|P] = 10x0° x sx10 /oy \
_g /1 \
= § X0 c-m. / i5¢m \\
/ |
d N\ =
- +lo MC )
0 o SRR
¥— 5Mmm ——3pl
e Isem —

(a) As po’m'i' p lies on axad Line o-b- aU.Pole_ So -

2KP = 2x9x0°2xsxv?
Y3 (0'15')3

£

So E, = 2.647x10° N/c (alonawdivecﬁm%'-ﬁ)

(b) As peint & Lies on  equadovial hine ol olipole So -

E. = KP_ _  9x10° x sxiv'8
1

Y3 Lo 15)?

Ey = 1433 X100 Nfc (opposite 3o Hae divechon ofs'ﬁ)
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@ In a c:zh-l'a,{@ re%,im of space electc %—';e,lo' ) quna
the z- clivection . The mognitude ofy elechic Jield i not
Constant ame ncreases uﬁt—ovmg alon Fos}-Hve Z- ci;u's,
ot the rede of [0° N Per mehe. Caladode the Fovee

amd forque experienced l::a a §3<,+€m }\qving, a total diple
moment 167 C.m. In the negaiwe Z oluvecHon?

&L‘ DiPole_ moment ot +Hhe 5844'?—"'\ IPl= q xdL

IP| = 9 xdl = -1 C.m.
Rade ot Increaie Gb' electc Field pPey unit lenar‘%,
S.LE. = 10> NJ/c Ppexr meder
Force expentencad b& Hae dbwtem Lk amrem ba_
F = Q@ E

oY F = q,dexg_%_

7

F=-le7 %167 = 10N ((along -z axis)

Hene the qma'{& betuten elechic -Hdol omd oUPOJ_L
moment 4 180°.

So Torql,d.. T = PESInG
T = PE Sini8d
= O
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J Continuous C-lmrge clist nbution L
T Hia daahibuhon +Hee clna.:?e.a arae_
equally chstnbutes in a body oy obje
There oane Hiveo peA Corntnuous charge
liahibution - ;bJ ab, Ohﬂ
(a) Linear Clmrse. Distvibution -
I+ w *reprmxd-eof ba Lineon chorge olmb‘:a (A).
. | ’ C e = o]
l Linean chtv.ﬂe. clem..-bd (A) = ﬁ;‘_ S
ST Unt - ¢/m.
Examples - Charged shaight wive , Charged civeulan

k‘fﬂa. eltC- *
4 +
+ + 4+ ¥ o+ 4+ + *
C ] . + A
A ph A

(b) Sunface charge Distribution
I+ 4 vepresented ba .Suh.:ch_g_ c.quae, cl.zm-]-vd o.

Fu}ub—qu. Ckmaz clu\.a.H-td ()= %& = _;:__ ‘

ST umt - ¢/m"

Example - Ql—»cv‘.ae_d Plane shaeot, C.lmahaa Conduchn
" sphere, eghinden e . &

u-
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(€) Volume Chavge Distribution
Velume. Change cluniity (£) = Charge _ @

g

Velume Vv

e |

ST Unit — S/m3.
Examples —  chanrged] ImMna Sphara  etc.

&k
Avea Vector

By Comerditm , the vechr astociated worth eveny
04La of clased .sw.,tqu,_i.b-l-aken Fo be 1A
Hao ollrechon of tha odwang normal .

I e :(S);l

Hene AS ua m n‘\+uolLAob
Hhe asua ond n L
a unit veckr n the divechon
ot ouhdord novmal at Haat

point

A
"
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{ Electvic Flux (¢)

Electric ux Over G area ™ an elechic %;QH
vepresevds Hae dotal number of elechhc ~b—:€lc| Lines Cmssing,
His area normaﬂa-

The elechic Hux A¢ tHno an airea element
AZ i an elechic *‘t‘e}d T U al;b—‘;m::l oL -

[Acp = E.AS = E(as) Cosp

Whare 6 b Hao anaJe_ =
|t T
Foy a mon unijorm squqcﬂ /j{; 7

4otal elechnc Hux A
I $ = f E.ds = }EelsCos.e_l

K Electric Hux 1 a Scalon crqu!-i-l-a-

K For a closed surjace the fux comes outsiole
from  the swijace wd Fokan poaiHve emd dhe
jclux amng inside  do the swnface s taken mda;bﬁve;

e % 90’
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E Gauss's Law |

The +otal electric vf'lux over tHhe closed surquu_
in vacuum L e, timus the total chaige Q Contancd

ingide surface.
‘ - - = _ Q
(P = 'f E.ds = =

Pvoof of Gauss's Llaw -

Suppose om {soletedl Po.s'rHve. Po-}n.i’ C L w
Situoded at the cerdve o of & sphare of vaduaus Y.
The electhnc t;ejc‘ intensity
at Cmad pormd P on dhe
Swr.tau_ ot Hhe sphare Ja

L-g*.-.ﬁi?
rz.

Whtne ¥ s unt vectoy
direc ted tm—m 5 36 P

Totad electnic 'ffux ovey the entive $u)¢,t)qce_ °§ sphare.
$ = TR = 5L dscosd

= ﬂ§d5
3

_ 1 Q % QL .. _ 2
CP = 4TE, rlxq'nr = —é"o (. ‘éds - 4‘“"’ )

o [3

ﬂd

‘dS

"
«wO~
m

i
(H
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Important Poinds about Gaum's Law

L] Gouwd's low 44 true for any cdosed suaface , no
matdey What its Shope oy size.

—\ /A, e e e e

—7, > r
" A +- _~1 Thenet electric flux is the '
/ Rl ]
' e 7V same through all surfaces.
Sy TTTRTTT '

\
A

\

I'\,

2] The “deym 9 i Gaws's Law includes Hre sSum
of ol clf\ahraiA encloted by the sunface . The Charger
Moy be locodrd anywhwe inside the suiface

2] e Gawssion surface Showld ot pavt Hiough
any ollerete c ey becaune electvic fledd olul
Jo o Aystem ofy oltCrete charges 14 not weld elefined,
od Hae Locedion of ony Charge .

Howenver Hhe Gowssion Suwhface con povss
Hrough o Cortimuour charge olistrbudion.

Y] TE the closed Gaussion suaface have n s\tjwne'\'?;c.aj
facer then the elechic flux pasivg  Havo one
face wil) be ..--‘-ﬁ Ti'mes Hhe Fotad -Flux Ponsing 'meu@h
+he Suhch,g.

E xample.-

flux  poksing thro
fyom «:mem.8 chfh

.14
‘ — %%
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Zﬂ Yhe awen ﬁa‘ Frrol +he

o ectric flux due to +he
Charqes +29 5, -9 omd +39, S
through +he suxface *g? .

+39
S‘o r 1 A '
£ol Electxic Flux = ie::( Toted Cl/\ahae within the SM—j-ate)

¢ = 3x(29-9) = &

[j- Whot 44 the electric fHux +h~romah o cube o) 310l

2015
lic_m which emncloses om electric obpo)e

§_g]_' Net elechric 4lux is zeyo.
Reasom 4
(1) Independerd to the shope and size.
(1) Net charge of dhe olipole J& zevo.

@Tm changes mo.am-}uib% -206 omd tQ ol locoded
s o points (aObO) anol (4a,0) vesp ec-hv&iﬁ Whot s
+*ne_ electric flux duL .:h) Hrese ch -.—ou%‘n o
Sphere O vooius ‘36° wribHn 1ts cen:rre o the Or@m

_s’:?_\_ YA

-2® +® Toted Electric flux & = %_:jn
(6)0) (a;) (45,0) x b =__g_£

A charge & uc b plaed of Hae centye ofy &
85 Cube + Inhod- woould be the flux Hnough ome faw?

Sol. Elechic flux thoygh the whde cube

B

¢ ¢ - —g-o
Q He ,
Electric flux Hmwough ome face
$eLlQ
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The electric <held Componends e arld Ex'—'“ié‘:'
@Ey =Ez e © i-;? which o = 8ov N/C;/.&; Consider g
Cube. a3 Shouwmm In \a»- omd calcnlate -
(a) Totad DL/LH( thyo the Cube
(b Chcu.:?e within +he Cube. Assume thal A =01m.

Ya
gb\‘ Here Ex= & X
e B = Ee = 8 AY
& =80v Nfcmry @ =0-L m
(@) The eechrc field has n A
Bﬂlv X Cemperunt, So “T T
. o
43 = E'ds = 0 ﬁ'Uﬁ/ a )
each ob ﬁow._ bacu OQ; «—a —F
Cunbe P%penaticwaa z

Y-z plane-
A"F *‘k(— lﬂb* "Fqc_._ X - Qq

So ¢l.. s -E-.L.Z-s. =

At +Iu_ﬂ..¢34u— Face x = 2a
So qogz a.ﬁ = d(la)llxazCobo'

X\F

1

1
& a*x ol cotize = -aa’

S0 Ep = q’(n_o.x;

Pr = Ofa-%.'r')_
So Net fHux though Hae  Cube ¢ = ¢a+ ¢

¢ = Qf{h'ﬁ - “afh- — 0(&571(5—1)

¢ = 80 (1) (Fa-1) = tos Nwlc.

(b) E:a Gauss’s theovem

7 = €

-] 22 o=
So 1 8-8$x10' X .08 = 9.27 xio”‘ C .

)
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(1) Field clue to em infinitely Levg .S'l’rqial-\'t
Uniformly cdharged wive -
Coraiden an ‘mt—in‘l-}el,j .Lona Hun A ve with
uﬂ'ttmrm Lirnzos Charge d.ﬂmi'l:\& A.
The elechic +eld at eve}ua point in the plane
CwH-?na Hhe wive hovmaﬂg al” omd ads maan'l-}uolz,

4 1o
c;u_’oe.nols only Om Hhe radiad dotance 7.

€
-9 —h
E A =
A (=
=
L_,/
Y as
\\ Y
ot 4+ 4+ 4+ + ]+ + 4+ + + + o
A
N
=

g
A /
Y
/
e A

Now conticdler a civewlar closed linder of
radius v omd  dength L with Hw ingritedy’ long Line
o chcu.ae as uts oxis.

So the dotal electrvic th-m over. the surjace -
4’ =\£EJ§' =IEcl.SCoao'+ iEds®456+ v[Ecl.SCoASﬁ
¢=E[ds or ¢ = & xanrl
Charge inside the eypbincler a) = Ax
Nowo accorating $o Gawssls Theovem ¢ = 2

€,
So Al
oyl = 2=
E x Y =
A
o = 2T Gy ¥
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(@"*1 A 70, the direction elechic Held of ew
Fo-ﬁ'rd' ud Yacliqllﬁ omrd:.b ‘51 My

*x I A <0, tHhe olrechon o} lectric Meld of ey
L pond W mouq,%v wards. )

!

OL r’

A ploahe yod o ,Luna»Hn 2.2 M omd radius 36 mm
Conies Q cdiwe cka:?& of 3-8 x0T Which W
SFreqCA un) m‘é over et sunfpce . Whot b the elechic
fdcl wor +Hae mid pcnrd‘ ot 'H'\e yods, on uls Su}»ﬁqw?

Sol: Griven thad - L= 22 m.

¥ = 3.emm = 26x16°m, 4 = -3.8a15C.

Lineas Ckm.je olmlf‘ac A= &

T
A = -28 xic’ = -173 x157 ¢/m

2.2

AS E = A = 2 A
2N &Y AT G Y

So E = 2x9xl0° X (—1'73)(10'7)

36 x1o3
or E = -8:€Xl0° N/e
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An infinmte lime charge produws o field ofy 3x104N{c
at a distance of 4 Cm. Codcmlode the linear ckmae c:lensr}j.

%.‘?.l' Here E:9x|o4N/c, s Y¥=4Cm = 4x16%m

As E = 2 KA
¥

-,
A = EXY = A= ?lx!oqxuxlo
2K 2 X 9X%|109

AT 2’(]0-7 C/m

At €.
So® has & Anear c

@ An Infimtely Lo posih cl«\aw%xzd sty
PJM’ ﬂ%— o{xy\:f?:’j A C/m . An elar*c:\wvw

w'ne,

AA \—enmlw'wa oround Hhe wive O 1t cerdve with a
Coristonrd \ﬁuoc}}j i o cdyewlan plaome perpencliculos
4o Hhe wive . Decluce the e_xprcss;m ko~ S

Kunetic enexgy .

.S...g]-’ In }in‘a-)-e,uf dong ch wive A
Products a vaclal” Electvic {4eld :
_ _A
E = They _ :
The vevolving elechun experienas .
om  elechostedtic force and provides R
necessory cevvhripeted Fovee
o 2
_ mv
=5 8 5 )
A - v s 2 _ e
e’xzneor Sl i 2TE,
: \ o _ 2 _ e
KineHc Lﬂ&*‘aﬂ = 5 MV© = .

—>
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(2) Electric Field Intensity clue to a Uniformly
Chavged Spherical Shell

(a) Electric Field Outside the shell -
To colcuwlate elechic EHQH indenaity ot
&

poirnd P, Lmagine a sphtre cussian Swfpce) with
cenhre © omd radiud Y.

Accorolina }o Gauwd's law

ERLERE

f Ecls Coad = i

ovcf:s =
E\ﬁds:%
L&

¥ If 9 20 +than E 4 vadially outwands
X If 140 Hun E L rodially {nwands
(b) At @ peint on the surface of the Shell -

At the sunjace of the spharical shold

¥ = R SO E = o
4Tl €&R™

If o NV swt:ch_z C‘.L\o.hae_ obw.s'libt) o1 Hae Shodd Haen -

- g l — __._.q'
E < --e—: = Cﬁﬂ&h'\'d' «pd 4.TLR=')
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(c) Electric Field insicdle +he Shell -

To *b‘;Y\O‘ *He»fc’l Od’ cm’d' P imaide -H«\nskau

Considen O Gounsian S ot a Sphans s,_ pmm.a,
+h~rou8+\ P omd wnth c.e.m\'re od”o. Hem_ Y
AS +he ch o ingicle +Hae .SPlI\EMCD,J Shetl 44

zevo tHae Gawssian sw,_qu encloses Mo Cherge .
Bv Gaustls Hieorem-

jﬂz.gz < a

Eo

CF = Exyny* = o

So E = 0| for 4R

Hene the electric {S-vda| nside T
a umtofml:j Cha.haeo\ spharical  Shald

A4 zevo

=
¥ (dlutane. grom Cenhre)

For FREE Videos Follow:
@3 PHYSICS with Umesh Rajoria
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(3) Electvic Field m'l:ensni:y due o a Huin
infinite plane sheet of charge

We have o -bmcl He elechrc -bwlcl at pomt P &t a
perpendiculan catane ¥ fyom He Sheet-

Noc tm ing o odfhnd.mcod Gaussian Surface
CYOSS - .sec_hcrna.! area around P ond lm?rﬁa 27y
Pawsma. ‘H'\muark Hre She_a_:l"

s.u.:ubqu_ c.lncu.,ge_ _
thMl‘E‘a (S*/;4

m}
3>
>
‘\‘._“_,f
I A I 2
1 > |
! |
r &
T
A
>
3>
m{

Total -klux over the entive surface of udfuhdu;_ A~
c;v =I_E"-J§ + J;_E-.J; +LE-5I:;
¢ = IEcISCo&O‘ +lEdsCoz>o' + JEGISCOSSO'
3
¢ = 2EA
Total C(naus_ﬁe enclosed ba g C-la,o.uwlu,_ = o A
Acc,orahrg 40 Gawas's Law - P = e

6
a A - o
Eeo = 2.€,

So [ _E'. = Q.Eg J J% E A& 1ﬂdnpenauxd‘ Ob' Y.

2EA =

x I‘b o 0 then elechrc -Edol Qnorma."ud outwand
x I‘b o ¢ 0 then elechic -ki‘dd Jénorma."a IMward
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(W) Electric Field intensity cue fo two thin
infnite pavallel sheets of chavge -

Hero o, 293, >0

Case {: -
O" G"':_
| - * - * E\
E) -— | * p—
-+ o> -+ —_—
Exs— |+ 7 E, E |&
In regon @D 2 @ In regon @
E < E|+El E = E] '_E-7_
s 21 X z 2L -Z=
E *5e T2a E ° 3¢ T3Ia
o
e < (o) A
Case 2. - Hene @ = o~ G Ta = =@
+0 il
© 77 _ © ——] ©&
B E
4 - = a
E=O r E=—g—; - i
+ . e - -
In region (@ <2 @ In 'raa»{m @
E = € ~-E, E = &, + E2
2_5; -—.S'..-_ - o~ o
E 20 26 = 2&°+1&
E= 0 — .
E €.
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A Lorge plane shaet of charse having surjaw
c}-\a.h_a,a clw‘l'l:\d, 5x10© C/E{" L‘}:a in XY ,?iam.t:.‘rd
the elechic flux thvongh a civewdon asoa of vadius
ol m .Lb He nevmal o the crveulan ares makes
an a'raiz. Ob 66 with the =Z-axis,

%\L Here o = 5x16° C/m" ; Y= 0lm , B=60
So 4’= B.de = Eds Gsd

& - &
4’ (le‘)xﬂf CoAB

S B¢ _ X 31uX (0:1)" Cos 6o
2X 8 8SX|0'

¢ = 4.44 xi6° Nellc = il

&

@ A change o 177 X157 C A Mahibuted oven o Longe
Sheot of Qeea 200 m*. Calewlode +he electric fleld at a
distance of 20 Cm Jrwe 1t

Sol. Surface e_hahabol.e_m'ﬁj c =%
Y
3

o = 177:7 ’('0- = R S-X]CTE C/M‘L
200
] 1 _ g
Electric fyelcl E= z&
€ = 88sx6° = 5XI00 N

2X 885 X10'*+
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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 r.
Find the time period of revolution.

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

provides necessary centripetal force.

Hence Fe = Fc
Q) @)
1 q1(212 M. -
drne, r
=> (0=\/ i 0 and Time period T = 2n
4t g, mr’> )
T— 4m\/n €, Mr
q, 9,

Q.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 4E

+Q a +Q

E'=E?+E?>+2xE xE xcos@
=V2E?> +2E%cos @ =\/252 (1+cos @)
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é
— 2FE cos=; Here 9 =60°
1 o

47 €, a?

E=\/3_

0.3. 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

—» F,
E, —> £
-«
E,
-—

q —q +q —q
& i L & e ——-
x=0 x=1 x=2 x=4 x=8

The resultant intensity at the origin

E=Q(l—l+l—-l+ ........ J

4r €, 22 4 &
Since the expression in the bracket is in GP
: s B |
with a common ratio 52 4
gL 1 __Q 4

4 <, I:l_[—_])] - 4rx €, S
4
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g_3_©O
S5 4rx €,
E = Q
Sz e,

Q4. 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=(2x1.6x107"°)Cx3x%x10*(N/C)
=6x%x1.6x107"° =9.6x107° N

F qE 9.6x10' N

® &= m ™ m  4x1.6x107kg S

=1.5%x10"%m /s?

Q5. 4 pendulum bob has mass 4 mg and carries a
charge 2 x 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©
mg = T cos © Therefore,

gqQE  2x107x2 x10%
mg 4x%x10°x 10

0 = 45°

tan® =

=1.0
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(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 qE (as qE = mg)

2 x 2x10°%x2 x10?
=5.64 <x 10> N

0Q.6. A charge q = 1 1 C is placed at point (I1m,
2m, 4m). Find the electric field at point
P(Om, —4m, 3m).

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

=—-i—6j—k

i

‘fi)__.
or |E —T |=/(=D*+(—6)>+(=1)* =+/38 m

Now, B ( —r)

—

41t €, |rp I,

q

Substituting the values, we have

.  (9x10°)(1.0x10°°

E = B8y )(—i —6j—k)

E =(—38.42i —231.52j—38.42Kk) g
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Q.7. Find out the torque on dipole in N-m glven :
Electric dipole moment P=107(51+ j—2k)
coulomb meter and electric field
E—107(1+J+k) Vmis -

Solution:

>

k
2
1

S - ]

i
=i’>xl§ = |2
1

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

0O.8. What is the value of electric flux in SI unit in
Y-Z plane of area 2m?, if intensity of electric
—> A -
Jield is E=(51+2j)) N/C.

Solution:
2

—_ —> ~ ~ ~ N
¢=E.dA =(5i+2))2i=10 Sm

Q.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.

 fue
. Flux through the square | l
S
6g
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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
Sield through the surface of the sphere.

Ring :

‘ Sphere

B

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

Hence ZAOQO, =60° OR ~ AOB = 120°

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

the sphere. The charge enclosed by the sphere
Q

3¢e,

= % . Thus flux out of sphere

"A Real Warrior
Never Quits"
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