1. ELECTRIC CHARGE AND FIELD
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1. ELECTRIC CHARGE AND FIELD
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Chmir_'tg by Induction -
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Coulomb's Laqw -
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Cowlomb's Law in wvecter fmr'm-

Let the pesiten vecter of Chorges 9y emd Qa be
—— —y [
Y] omd Yo 'r'u,}aedw:,la,-

We denste Mtaw_p_
Fi. omd +he on
ql due to ‘L; 'DH ?:_1.

F = = Fll
—lp —y

The m&ﬂn'n'ho'e. .\ ctors '?f,_ m-r}cl T’L is clenpted
Eg l??,_[ omnd \ ond Haety unit vectors &Jt.t_aivu'}

ak - a a -Flp
Tl = fin omd 2 = ___,L
¥ | 171

S the -t-ow_a_ '!:':-,_ Can be 34##.:'1 oA -

— 1 9,94, 2
F - L] e Y‘.LI
o 4TE, |75,

NA A - (1) I-Il_g "‘L_._‘n-nd %2 e of Same s

.311 3 qu': 70
~ A then Fia s aleng v, which  olenotes repulsion
{}

£ A |G I 9 ond 9 Mv__,of; GPPOji:t sign §y 11%.<0

‘(P Hq{ N :;;;41.5“1 A .'11”“*3 ~Yay ©Y Yio o whieh oenotes
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Dielectric Corntant (K) -
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Force between Multiple charges -

Toted foree on any charge cue 4o a number of c:)-mae.s
at vTert s +Hhe vectdor sum of =l the 'tjcrrr_b'.» on tHhed
charge due Jdv other Changel.
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Let +he Fovee. o charge 9, olue o hwo other
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Electric Field -

" An d;:h'r't. ﬂ-;q‘af .:i'-Hu_ r] jen
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lmpartaﬂ‘t Points about Electric {-ir:lcl-

(1) The magnitude of electric field B s seme ot &ual
distancas -bmm +Hhe v:hr.-.rﬁe ® , thus wt has a spherical
summc'l'ra.

(2) The n nitucle D‘b the electnc -}ﬁe,!d =4 dq::cﬂch MT?
on Hhe C ange A ond the olatance ¥

(3) The +est change Do mow have (ts own elechric feld,
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Y Whot are the magnitude and Slivechom ofy the
elechic -b{e_l'cl atl certhe ob e SHUANL H t,aw._g

Iﬁ q = ‘ID'EC oricel O = 5 Cm.
éSﬂl|. +q' a _11
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Y = S XIlo m. a a
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/ ~N
also hene E,:=E, =_% & e
' 4T & YT -9 . +29
ov  E= Ex = 102 xaxid . g g0t Ny

(leﬁ'i/’-ﬁ)l
Y
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Electric Field Lines -

Avi  elechic f-:c.H line &4 a curve drawn in
such o e tHiat +he Jangend 2o 4 af each Fmv*d‘ )
i the dlfecton oﬁ +he. net ﬁtl‘d at +hat peoint

/—\
FI'
N E

The. magnitude oF Hhe Held U4 represented by the densit
nj f;dzﬂ Lines. 05‘ # J 7
Hence Eleecine vbfe.lcl lnitns'lw a poind is exquql
v Yumber °5 .b-ic,lcl JLirea cmssing. a.“:j a umt oua
around fhat peoint.

S
Properties of Electric Fi;l%?% -
(1) Electric «3—»'9.}::-’ Linea Hnuous Cusves, m’? Stant
tnrm = PnﬂHV&lj w 2 l':n:la:ili and end at g ﬂean:!'ivdj
h d bed .

e .
It;h-g%:,w E Y%Je c.'h.w.ﬁ: then +he tfe;lo? |ivies may
stant o end ) t—in}'tj.

&

(2) No electric '-b'ielcn‘ Livus exiat intide the Chﬂfjec:l
body. Thus elechstatic field Livud <o not form
Cordbinuwons closed .l.:mp.'s.

£ The mognetic Jedd Lina ant Continuews (or endless)
clased Lobps @b C-ﬂc:.iﬂbt Hae elechic fpeld Livea .

(3) Tcmae_n# o the elechdic {ield Line af any peind
3&%.:5 Hae =livechom o}, electric -{;&gld Tﬂ-'ttﬂé-u-l"(-j at +hat
peind.



(4) No 4urp clectvic -Ene]d l.mu:. Db foree. Can intessect

each othi. Thia . becawse at the pont ntmkrsfc-hm
P, we Can drmaw +4wo dangents PA omd PB. This

wowld mean 4w divectiona of elechic #efd m.:ien.an'bd,
at the Some pont _ which Ja not  possible.
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> E

() The electric Leld lintd ane alw noymal {0 the
Surfact of o Conductoy: Se thene U4 np Compoment o}

' b Suhface o
zj;cduihﬂtdd mitam.ul-a pevaallsl O-% Wi b the
{o\

(G) Tl-u-_ eJcJ L;@Q nd a Syih.m o} +uro P05|41V£
%b& { &‘nﬂs a pictoviad representahon of

Slm

while ascound +he %Mm o tus ual omd
Ate C.k s (4,-%), t:LlpoIa showe e mutyed
ToacHion cm —Hne Chq}\ﬂﬂé




Electric Dipole -

An electre d,ipofe is a peur of equal omd oppesite. peint
C,hMﬁeA A':cpm.a&tal l::a a short SlaTance.

let 9 and -9 arne two equal ond nPPo.-frEﬂ poi it
Changeh Aeparn ates EH a Aimall slstance ‘24,

¥ The 4otald ChMﬂE QQIV_ elechic c:UFa!p_ A4 Zew, bud
Huws cloes mot Jm that +he -bida"l of, the clechic
clipole s ==

. * Buw af much La}.ﬂe; -glanﬂ.ﬂa( feﬁmf:?

0 e Chana ‘ Tl
gnmq@ reld oliﬂuﬁ -}tbb ;3 omdf —Eﬁlnmdy Cance! oud-

Dipde Moment (P ) -

Dipole. moment i G measwre of Hhe _1+rcnaﬂ1
nb electric olipole. T a4 a vectoy ci[umrdﬁ*& whose direchon
Y -tn-m nzﬂa:t{fe, change o posihve change-

DIIP'Q]E momend ol E‘:]Lkﬂlj 4o the product nb +e
majn}l'uckn of either Cl"“"‘-ﬂﬂ omd Hhe distonce betwern +Hhem,

P - axza p




Dipole Field -
T4 43 4he space. around Hac a{ipﬂl&. in which
Hie electre e;btcc+ ub‘ tHhe c-lifaah Coan be t:xpu.ir.ﬂun[-
The electnice -bﬂi'f'_lc] ot an Prﬁrd' P s obfunead
by _n-:lcl.ina_ the electric jields E£4 olur “to Change -9
omd Euq dur o Hhe l:l«-.q.:-.ﬂz q I’E} Hae Pﬂm.”dagmm low

cab vectors,

(1) Field Intensity on Axial Line of Electric Dipdle -

et Hno int P be al diutance r fom the
Cenbre of the Jﬁf_ on +he side of cha.rae q ,then

K
H E = T ' = K%
e BT lgw M
Seo the -‘]‘tQ\Q'-EC-HC Fdﬂl at F'u':ﬂ.i' P iy -
: _ 1 _
E = K[ GayT Gray ]
E = g . 4Aay
(ri-a"y"
Fr (rrza) g - 4K3a E - 2KF
Y3 r3

The. clivechen n'b E A n.lnma P e i—u-o-m -9 4o +%.

K E o -




(i) Field Intensity on Equatorial Line of Electric DEPJC-‘

let the point P 4 on +he equadoriod Line,
whthe oP =Y.

e
k 2

So _-HF— magm{ucles o} the d@%%ﬁdofs due o e tuwo

charges q  omd —CL s 3—1\:

= | k4

o (‘*’1 C(Y*+a?)
Heae +he Comp ond E.q novmmal to the
ch[:ale axis -:cm c+hu.. omnd +‘nq, Components aJuna_

the clipole axis
So the thi=l q\cfhr_ #d:l is in oppesite divechen 1o P.

E = EiqCosB + E-q (p16
oY E = 2E,qCot0 > E i
(],L+q1.>3f1
For (r>7a) E = K-29a T = -KP
~ v

K. Hence +he clipole ‘E’Md ot )‘Mﬂa cistances  falls
of mot as 1/y2 bud asr 1fys,

¥ Due do an electfne AJF'*:*’E'- | Earial = Z Eguageral




Dipole. in a uniform Electric Field -

Let a dipol be held in a Lm'rﬁnrrﬂ ex-!-cﬂa.l electric
tiEH E of om mﬂg.-fa B8 with the olivection ab E,

>
qE

> E

A\

Net jorce Uﬂ%\.
The. Jﬁam.a on C e H¢ mu,lﬁna n a hrqu on

, *‘%g\anal )
Ihe dipole wokich \@v.b the cptle .

Thuas % torque. tend do a.Uﬂﬂ e dipole
oy s q.buna, t+he clirecHon cf ﬁe.ld E.

cUl:aolL = Zey0

The mo mtude of tovgue L &qlm.]s Hhe ™MOG™ tude ﬂﬁ
each t:rau (C{,E}hmuﬁ¥plied by +the perpendicular
distancs.  between, the “wo antiparalldl fovas-
"ﬁ_.rcTu_g, T = 9E XxX2asinB
= PEsSIng

oY T = P xE

The divechon of T Jb 2ven b ﬁakf hancled screry nde
ond W perpencliculas -bg"'r? nﬁd £



* Whan T i a.iona E, e=0 -2 = :’q‘
T = PESWD = © " | -

The clipele is in stoble equilibrium. ’

# When P Js along E, 6=180° >
. +1 T -9,

T = PESTMIBY = © [ - .
The .::L':'.Po’le s M unatable c,qu.}'l'ibn'.um- > &

Dipole in a non-unijorm Elcr:l: Chield -

T erther CD‘..SQ. L--JI'\-I.Y\ Jo E eor
ctrdlpqralh_l do E, te _u zr_m y bud there
iA o mnet Jh-oﬂ_n_ o +he_ iy E 44 not Umtnrm

(@) Whan Fied 43 I@Swma adma. P

— E
Less Fovce —"-!,\ +9 ~ ynare Force
o = ‘ = - > -
O

el Foreo

Net Fovee on clipole is aana E,
Net Torque = PESm®& = 0 (o 8=0)

(b)) Whon Fiedd Ja cecreosing n.lnﬂg B

Moye Fn:r_n‘:L“L . — E . . Less Fore
o -q T o+ o
-

Net Foree

Net Force eon c;UPoh-l Y nppca.l{& o E
Net Tergue = PE smE = 0O as B = O




@ Twe ch 1o e ane plhted 5 mm apant. Deermine
Hhe elechic 'HE-H at (@) a Pﬁﬂ*t P on the axis of
aﬁPale. 1€ em. G 571:-”1 its cevihe on the siole of
the Pn.'.'ll-ivf'. Clwrgg.. (b) @ Poi-ﬂ.'f Q , 15Cm ak.lﬂld' Y
0o on a Line passin Hhvo O and mormal Jv the
axls cf the cdipole Ahowry 1M jfawd.

Ex

60} _ < a
/k}*llthﬂ. |PI= 2x2a ;';\
H_:':\: 1606 © x 5x163 ;! : ‘\
- -2 / 15em N
5 %xw C.m. p . \\.
/ | \ T
A - ' +lo Me
Alco 2a << v. laﬂ;,;.__ et ;}—4

=

| q&.
l-.n_-\e-—.lffh‘l.—ﬂ

(a) As pﬁﬂ:!' p Les - on aﬁmjé af a-upolr.. Sp -
E, = 2RFP ‘ ﬁu x Sx)5 ¢

Se E, = 2:67 xu@s’/a (u.!ana the djﬂch'u-nnb—ﬁ)
(b)) As peint & Uh'en equadoriel fine of olipole So-—

0 -
€, = \ = SKIQ x SxiuE
Co-15)?

E, = 133 x50 Nfe ( opposite do Hae clivechen ﬂg-ﬁ)

]

A .sa-:,-\em has tuwn ckm_ae& D =25 x16' C and cL.,:-msxcETc
located at poirds A:( 0,0)-1S5cm) omd B: (0,0, 15m) respectiely.
k)l-.cd“nh.r_ He Sothal C.Hﬂ.kjﬂ armd elechne ch_'po|e_ moment aﬁj

| - b
Hha Sr#m : Y
-
| Tot=l C"nﬁ.a:. of +Hhe —"‘-'ﬂd-km o
9 = 9a + e ‘f"fu,u,—l.r)
q = 2. x0C - 2-5 X168 ' C 9"’ >

9= O
z (o0,



Electric lipde moment- cb— the system o) a?m by-
{'l_;[: q X 1a - 2% x 0-30

So Y = 7« X'[D"B C.m (aulnna Pasthve Z - q'xl's)_
‘ In a cehtounr ¥ nb space electc -Lae.la] L ann&
+he z- clvechon. Mg nitude o} electric -bldol 1A net

Constant amd increases Llﬂl-bﬂfml q_lcrnﬂ positive Z-axis,
ot Hae rede ﬂb‘ 105 Nfc  Per m.nﬂ'rz CQJCL-.lch s Fc'rc.t,

and torq we. experienced by a sUs-k.m having. a ttal diple
moment 10 C-m. in +he eg ve Z olivecHon?

§.?.—' _Dli:-ala moment r::t +he Sau&km lmjg"i rell

Pl = 9 xdL =-1
Radte aij Increase ﬂb EJQQ r.Jd Per umi Ieng“n
S E
g—- = 5 M}'(_

Fovea ;t.pr_mmu;. % Hha Stsdem o aﬂvﬂh 193.

» E:Q.EGEQ

F = -1o x10° = -lo?* N (anng—E'. QR;S)
Hene e %81{9—- beturean elechic -Pdon omd QUPQJJ_-

moment— 4 j80°.

=c Tn*rc:‘u_a_ - PESinG

T
T = PE SiniBo

n
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Charge Distribution -
Thent., Gre tuwm 1:|PEJ> ab cliatribuhim ok {‘,lmrae; on & bodu..
(V) Discontinuous Charge Distribudion -

I Has dohibuthion Hae chqh_ae_,5 are olishabutd
Tnhdomld C nonuniformly) in a 't:in::’.nj clipherent Places.

(2) Continuous Ll«nrgi’_ clist nbution -

T Aais dahibubion  He Chm:;u are
E"]qu.uy c'b-\.ab"l’}'ibu:}‘-c_nl. N o Encvl/:j oy c,.leje_

Theaes ane. thyceo pes Corbinuous CL\O)-GL
cliatributhion - :t-:j &b‘

(a) Linear Cknrﬂe. Dla'l'ﬂbu:ho(?
I+ T!'_Pl‘cMr\:hsc-F b'a L %ﬂ-ﬂ,ﬁe C:lma:.‘bd (A

[_.. (‘_h H 'ﬂ.& AQA
e Ghﬁt. ¢ Lr_.na—l’h
-!"-‘ ST Uniti
Examples - C_hm.. sﬁmabd' wrive , Changed civcuwlan

() Sunface charnge Distribution
T+ w vepresented by susjnce charge clunsity o .

Suniq Cha, dens )= Charnge _  AQ
W e, ety e e a5

ST Umt — C/l‘ﬂ".

Example - ko.h.ae_d Plant. shaot, Charse Conduchn
.sphm..a._, l‘.a,ﬂ.tncl.ﬂh. =*c . =3 d

=
- o
o +
-
- -_




(c) VVolume Charge Distribution

|

Velume_ Clr\m.ﬂe cluu'-.{—a (P) = Charge s

Vo lurmue DV

ST Unt — /3.
EmmPlb&— C\-\cu-.fjtcl I‘I"L-!M-LG-\}lﬂa KP"LQM_ etc.

Qhia of a clased
o olivechen of Hna

As = (ﬁ.s)ﬁ




Electyic Flux (¢) -

Electric fux over an anea mm an elechic ‘EIEH
vepresenrds Hee dotal number of electric -L—?EH Liras Cmss;rg
+Hala arta nnrmajhd- |

., The elechic Hux oBé Hw-mug% arn aita elemend-
AS jn an elechic sﬁe_!cl E c-l.Lb'lmd ak -

A = T.AS = E@as) Cosd
tohere B8 b Haoo W(‘jf‘e. e
boturesn E emd A%
A
° - n
Fer @ mon uniform 5w::$ﬂﬁ.ﬂ
+otal electnc Hux AA - *
lq:y'-' fEcTE: ‘ Evle Corg
A N

The circle on W&?&arﬂ £ nducates Hiadt Fhe
Suwrfa of ind \ s a cesed) surfnc.

K Electrc 0“!’ a Scoloa qumd-l-la—

X For a closed surjaco the Hux comes outsiole
o Surface ud Jokan Pﬂé:lH\"ﬂ. ornd e

:Hut:& %mng inslde o Hae sweface. b }alkor mduiiw:,,




Conticler, a unijorm clechic fiedd E = 3 %10 ¢ Nfe.

(a) tohat L4 Hao ﬂux. "-"ﬁ s f{d:-f -meuﬁh a squarve ef
loum. on & Sicle whose plane <« parnally] to the YZ
plane ? (k) Lohat s +he flux thw

L u._g,h Hthe Same sHuare
J'-JD— Hw novmal 4o ds plane makost a ¢o° ﬂﬂ@"‘& with
He x-axis ?

Y
Eﬁl—' Here Elechic Fiedd E= axpe't Nfc =*
Siole cﬂb- +Hao SHusre = ol m. ﬁ "
Area nt the SqQuare (A) = (ﬂ'i )L - X
So A = ooelm?*
. z
(a)

Whexrn e P!anr_ G# Hae squoke MW Fo Hhe

Y-z p'lqn.e_ Heon ez ﬂnal,p_. @m Haz CQnta Vet
end electvic #‘LI:J w 06=0

Za Elcc.h;c'_ Fly x l:;Z! = @g&e
P = i’

X ©:0LXCoAO = 30 NM/c

(b)) when plane "'Vd‘-a@h\ lo 60" worth Hhe Xx-axis
Tt 9P= co". .\ Qﬂa oﬁ
So  Electvic «k'@ t%ﬂ: EACAD
Q\O ax|¢ x 0ol XCoAGo
cF

IS ~NmYfc
The electric fiedd In & Centain vegiem of space
s (50 4 uj-—u;:,)xins Nfe Colcuwlate elechic Hlux clue
do Hus fielel over an area of (2T -J)x15* m™
.'.g'f’\: e Know that Elechic Flux cI:f - E-ds

= (Ta+u)—uk)xie . (21-])xis™

(fo - u ) xpo® ti= Jf = Rk
6xio® Nmifc (]

il
]
—

¢
P
¢

n
o



Gauss's Law -

‘ The ‘hif'f.r-\.l eJectric ﬁux over. Hhe closed Sur!)qm
Jin vacuum A lfe, Ainus’ the total chaige Q Centaned

inside surface. _
ICP = _£ E . ds = %J

Prnnf oj Gauss'’s law -

Suppose om {soletiol Po_'fuﬁve_, F-cnn.i’ c 9L ua
Situated ol the centre o of & sphere of “radius Y.

T2 electric ‘61'2.1::] i’n.hns]{j
at Grvud Pa—i-n:l— P on e
Suk.bnu_; ob Hae .sPhqu_ oA

€ = K1 2

= 20 A%
S N\
Whera ¥ ua unmit w\hfn;-)
Suirected «L—m-rﬂ P.

So +Ha Hux Haee oo

d¢ = .45 =

oY old = KL ds
-lrl-
So Toted electnc ‘ffur: over the entire Surjace of sphare.

$= fEE - LT s

e r* J4

1
P * e, = Ranr s < (éas - 411.-:")
Hence z E.ds = L

$ = ¢ < I

I+ proves Hre Gauss's tHheorem.



(a)
(k)

sol:

(9) The electric
&ﬂlU

i)

ecackh o .:.Q;
cCube Fehpen:ﬁ cular z

Y-z plane.
At the Ll',bf' "Fqu_. X =0 So

SO

At thae nq._l'a'bd‘ Face

So

Se ANet affur +hyo

The electyic
Ey
Cube a3 sShouven

cld  compenerds N WAL Al E=ax?

.--..r';i;I whicth o = oo Irqjﬂ,ji Consider dhe
in Fd— ovd calcwlate -

Totad a’.l'-:..rx '/*&mu C e

t“.‘hai,ﬁe coi Hhin

Heae Ex= & xX™ AY
E}' = Eg - 0,
‘x = Eﬂ'h N/C"#:"j L

=Ez = ©

Cule . Assume +had a-olm,

= 01 m

bﬁitlc} et
- ol Cﬂ‘rl"lPﬂ'ﬂ-P.ﬁ"j 5.

Fo~ Y P

\g)%. a al+

@n a“ CoXx1Bo
x — - n

ch = Ep- &5 ’% A (za Yxa® Cu.'k
Pr =

3>
»

‘x"'dr

= E-JE = D
Duwh FGLLL

5
'dﬂh'

a(2a 3"'

P -

E;_" lﬂfﬂ

il

(H

‘;‘6 = Prt ¢
wat (3 -1)

ﬁb Qaﬁ("-’l) (J=-1) =

[res Nmjc.

(b ) 5d Gauss’s  theorem
q, = E"ﬂ¢
to 'i = 8-Bx :-u:m_'l.x l.ay = 9.27 xiam E .
@A ch 2XIG2 ¢ b p[n(_n,cf on a Corniy ob -

Culaaa);%"s;dn. Llm: Find the elechic

sol-

Jqux Fauul:-. a

N

i_'wi_'.'
||
<

L H

U
|
]
1
1




APPIicanan of Gauss’s Theovem

(1) Field clue to em infinitely Levg S*I"migkf
Uniformly charged Wire -
Ceracden an :'ﬂt?m'}ebj i.ona Hun A ve wnth
uniform  Lincas Charge clumi-'c*a A.
The elechic dHeld af ew point In the plane
cL&H'na e wire normally J8 rvadialw omd  Jods magniwch,
cu_Fends only o the rockial doetance 1.

-—
E
——_y —
y % ’
| P ?
L :
| £ridds| °
/E\‘ " N/
__+_-1_E++L+.++++++++\ + 4 + o 4

Now c.nn&idu\'\q civceuwlan. closed linder o!
radiuvs v and 4 L, wihy e inb‘:ﬁlmcéd Lm& -Ll‘r';‘BL;-.
o charge as . axis

So -t Jotal ctwic -ﬁlun over the sunfaw -

¢ ;fs?f-nl_s’ =flE=lsr:c.sn'+ l:Er:JSCoéﬂﬂ' + IEGJSCQ&.SD'
‘f’ =E£ds or 43:5.‘:111?'_

Charge inside +he cyplineler (4) = AL
Nowo ﬂmofol.fna b Gawss's Theovem rr() = 4

Eeo
e Ex aniyl = AL
=
| A
i = AT ey ¥
o = A A Clearly E oL
& = 2TIEs ¥ ? T




C@r* If A 7o, the durection of electric

ed ad eve
Fo—m.l' ud Tﬂ.dioJ.Lﬁ outwirds. *‘ i‘d’
* If A <0, Hae olirechon o) elechnic Meld af exery
L Fa—]wt o rndjq,l,bd Imwards. t‘

E
1
Ex i

: %65\6@
O 8 oo o

2.2 M omd rvacdwr 26 mm
Mﬂ Chghdge of 2:8 x0T ¢ which J4
.Slbreqcl uﬂ\ﬁurmly ov e sunjoce . whod 43 Hae electnc
+ield nean e m‘\&'pcﬁni“ of the vod, on s Surfacw?
,—Eﬂ: Griven  Hh

1= 22 m.

= 3 = 26x]6°m. 5 q :—B-E.ALU*Tc,.
Lineasr C | = %
n L\Mﬁa c:luv!»l'bal A —
Aoz 28 x167 = 73 x157 ¢fm
2.2
A E = A - 2°A
M &y 4N Y
So E = lﬁgsx.mﬂ X (-1-?35157)
36 x|o?
or

E = -R:€ Xlo° Nfe



() Electric Field Intensity due to a Uniformly
Chavged Spherical shell -

() Electric Field Outside +he shell -

Cormider. o Haun .Sph.v\.':cn,l Shatl nt yadiuws R
ond Cerdie o wnth Change +2 dutrbuted overn Haoo
.Sun.!ﬁqu_ of the sheld uniborrn.bda

To coalculate  electric 'edd ;n:}r,na.]'+?_ ot ey
pend P, uﬂa\.ﬁnnr_ a sphere F&M%&ﬂ Sunfrce) with
cerchre 0 eamd’ radius v,

.ﬁrccnrd.ina Fo Gauwt!s law
~ .. = Z
43 j‘iE ols

¥ Ip 9 26 Pan B s radially owhewnds ond

¥ Ly 2 <0 -tun E l’ad.:'a.!_lj L Nwards .

(bYAt a point on Hhe surﬁau. of the Shell-

At Hee Su.?r_ﬂt.'-qc;ﬂ. ﬂb Hae SPLTGAICOJ Sshall
¥ = R S0

E = a
4T & R™

Ib T AA s%au_ ‘.‘_kn\hﬂe c:leiIth oy Hhe Sheld Heaon -~

E = & =c.m+m+, (G-:% )
E, 4TLR™*




(c) Electric Field insicle +he Shell -

_ To Hinel Jield af point P insicle the shell
Considen. G Gauatian  Sunfaw of & Spharne S, pm‘m.a,
through P ond with centre o 0. Henw ¥ < R.

AS e CHMLJ& ingicde Hhe spherical shell i
zevo tHae Gowssian .Su),,-bnm encloser mNo Change .

By Gaurt's Heeorem-

¢ = §ETXJ =

-
"

m
-
=
=
-l-{

N

1

o

So E = 0o fur'rf(R

Hente the electric -b-fdcl n
K-

o
lujfo;mlu Changed pt%q\smu
xS
ET] <

—
T=R T (dfane $rom conhre)




(2) Electric Field in‘l‘»ensi'l:y due 4o a Hun
infinite plane sheel of charge -

Corticlin a Hun Indinite plane shaet of
Change writh Surface change :Luvsﬂtd o -
We have o -Hnd +he electric 151'&1‘:1 af pemt P & &
perpencliculan.  olistance v fyom Hae sheedt

Now magine o indical  Gawstian surfaw
o-B (voss - Sechonal” arvta A Taround P oand -linaﬁr\ 27
Fmiﬂa 'H'\imugh +Hae sheet.

1
A
Total Hlux over ﬂz{\m'fe. Sunface n-b cﬁ«Undu,_ A -
¢ - [ei Y [ea o feam
¢ = _[gt‘ifiasﬂ' +)[E=I5Cusc:' -+ lEdS&EEc'

c.’P T 2E A
Total Cl-ucu..se_ enclosed 53 Haa Ctd»UhaLu,_ = o A

LY N [] ‘ _ ~ q.‘
Atmrohrﬁ 4o Gawa's Law P = =
2EA = LA E = ©
Eﬁ 1Eﬂ
— - . .
= E X 5 nclep ndend ob

x I o >0 +then elechic *—?dd i&.ﬂbfﬂh."ld outwend omd

x I.t o ¢ 0 tHan elechnc *4‘2.!:1 J.g.norrm.llzd imward 4o Hhae
Sheot




(U) Electric Field iﬁi‘ens'rl:y lue o twe thin
sheets of chavge -

infinite  parallel
Case §: - Hehe oy 2o 720
A o s [ 'F’_:.
@ 1 @ -
& + - - &
EI - =& — i
- -+ < -+ —_— B
Ert=— | 4 £, g |+ 7
,:—-"L-—;— ;__;,—:L

o @D 4G

= E|+E1

I ‘r‘ta;
E

Case 2. -
e & Hfm_n_o\@‘lzu— amnal
« O - O
‘ —_— . |-
Ec:C £ " ! Ew & - E=o
g , 3 ‘ (= - i
I I
L/‘ /
L region @ 4 3 In regon @
E=E|_E’1 E = E|'|"E-:r_
UL S - T a
€ “ia 2. = 76, ' I&
E = © - _ 9
=~




A Ln_)._ﬁr_ plane =hie¥ ol ch e havima Surface
@c_hau\_aa. ntmw%:-a s x18°© c./éf- .Z:_ﬂ in Xy ginmlﬁ:-'rd
the elechnc flux thouwgh a civeulass asca of vadius
0l m ..-..b Hwe rnovmal Jdo the crveudss arnen makes
an arg.lg ob- 66" wnth the =Z-axis,

EEL'_ -6 2
Here o = sx16° C/m 3 Y= 0lm , B=60
L=  — .
° ¢ = E.ds = Eds Coss
- [ o oy _
¢" (—1&):(111' CosB

| . "
= SKIlo x 3MUX (0] 1&3@'
4’ 2 X g BS X6~ '* J. O
\

¢ = 444 xio° Nm 1%9) — A




Very Impertant Questions

—

I Mark Ques{ipns -

.1, whch b‘tHif , a couwomb or chaxge om an elechon ?

) 9
How m:mH chone cl-n}ﬂ& Jﬁm'm mcpinujomb cﬁ"dx;a&

2. What _u the Cause -:-b- chcu‘ﬂ.ina ?
(Trarkhand Board 2011)

o2, What . memnt b @uqn:}-;zg}-;m ob‘cl,nva_p_ ?
¢ _
(case 20ns ) (Bihar Board 2011)

Q.U What L Fhe value u-b— . ha an electrm? Tsa
Charge lexs than Hhus vajus ible. 7

\0 (Mﬂnfpuh. CHSE 2011 )
@.5. mluz’ no +uwo elechic {Q of; fmua. can indenect each
othe ¥. 7 g
S

(Hr. Beard 2007 )

Q. 6. Fovce o afrac: betureen +wo F-mh:}‘ chasges thﬂ
atf a dib—iqn @1& F. What Jdistance wLJ@ Sheould
E—:Ea} force

m be n the same medium so H
§ L] , ?

Q7 In Couldomb's Law , o what :Fcc_}nm o value nb—
elechostahc force Conttany K ALPEH:I:. ?
(Pb- Bearsl 2011 )
G . 8. -ch-;ﬂ.n_. electric dlpu]e. moment. tmte oFs ST Umit.
(Travkiand Board 2011, Raj Board 2011 , CASE 2211 )
G2 Im which orentation, a clpsle plhaud n & unifvm Jied
4 in (6) Stable (b)) Unsteble eguilibrium?
( case 2ol] )

Q.lo. Name +ho P“'E,vSJ'mJ qunruﬁﬁ; mfmsz_ ST u:;t is N})C.-
Pb. Boavrd 2ell



2 Marks Ques-$ons -

Q.1. Explun what O mend ba_ cuedectrc. Conafant ?
(t:‘..asE :mr)

Q. 2. ._[:cebimz. electric -Hux - Wate e ST Unid. A r_‘hm._aa.
% ub enclosed ba a .th.u._ica_l Su&,bqr_n_ L yadius R '.LB
the vadius us veduced Jo ha.lb-, how wowld the elechrc )qm;

W Ha ra . 2
Tnytihgh TR SUj8f Change ; (Roj Board 2008, CBSE 200,12

§.3. A copper sphero e mass 29 Conteuns n.aah}g?.xlél
doms . The change on the nudeus nt,- each afom Ja
29 e . LWhat fmcﬁm ab +he elechorns must be yemoveo tmn
the sphtae o give 4F a Change of +2-uct
Anst= 216 x 07" . O CaBse 2008 )
N\

Qu. An amta s5x16°) m" Ua qua%?l'n an umferm elechic
-biﬂn' O'b (2 E'DT.-F-QU‘DJ) H/C Jdode Thae elechc 'b-._’u?\
possing -thyougin HALA (R } Poaxsd 2002,
P = ai-s Hrg:;c %'\’& o )

& 5. The moasanitucle °q§\'erde».j.ol amel exerted elechic Hux

e ant 4 x10'* Nrife omd BXI0 " Nm/c

tm C.E close B4 " o
eApecn . e the Cclown ge enclos by Hata
Su}qum ?\ &

Ara = 3L G (Rej Board 2003)

&.€. An elechae i pole- Db clipole memexnd 26 X186 ¢ em is
placed ingicle a Cloted surkacr. Calewlede Hae ned
electric  Hux paws'iﬂa +1‘1'r11l46§‘| s surface
Ari. = ZeaD (C.B.SE 2u7Ds, aa,tm)

R.7. What do you mean by elechnc -L—fe_lol Livus 2 Give
Three moin FFBPtaL'i‘;EA ﬂJp elechic -%ldcl Linea.
(Raj: Boand 2006, CBSE 2005 )

Q& Pt a zﬂ;mph Skohr;ﬂ‘a +he. vauahom Db‘ Coulomb :fm'f_r.-_,
(FY versws (Lfy2), dhure v b the distane bdwan
T Clrﬂhﬂegs. of each pedr o cw_aeb_tj_uc,'lur_) emd]

2 Uc, -3Mc). (case 211 )



5 Marks Questions-

R. 1. Usma Gauss's  Law, ol.t}uve. an expreviiom 3o
electvic 'tﬁdd rrdcmd"-d any esont TCar a Llnr-bmrn%
l«ah.;&.ed Hun  Lare nb Cl-nrae./b;ﬁ.fﬁ = A ¢m.
(ce.s.e 2008 ,5 7,3)
Q.2. Denive an Exprc.!xs;m cle -b-eJc| wdeml’r\é ad any

poind on @) axial ne.a-ﬁ c:LPa.Lf_ oma
() om cqu_q:l’nml Jing oh oL pole .

(c@se 2004,<, 11, 1)

&.2. Denuve an expression "ﬁﬁr electric feld due o a
Hﬂl‘h‘n‘rm’? Chnﬁﬁtd mj‘—mm:l:e Phﬂ:’. Shaet Lu.ma -;q,u.M_S

E 200912 )

R.4 Stade Gm.x.ws._s Lawy i ele %\q_—}'l{,g omd Aunive

=3 Exprf-%'ﬂﬂ -i)-a-( EJ-EC,+11 |-rd-tw5||-a ot o pomit
v do -
(a) a un-.-korml-\.j Clrnrat.ed 5|:‘r-.nnccd Shell (C.EE.ES,E,'I n)
(b) +wro PGUr.oa.anJ .SI—\% ﬁb cl»m.hﬂe Lorth charse
donsrbiet +o am\\'-—r | ( CBsE 2009,6)
Q.5. Deawe om eAA L -Em' torqua qc.hna ern an elechic
c:U.Fa'IE_ o m electnc -bm!o‘

(R‘U Rooro] 2.e08, 1L , CRSE 2005 )



