Electric charges & field

1. Electric charges & field

Electric Chw"ﬂ*_ It is the property assocated with madter
dut o which «F produces and experiences electyical and
maame{ic_ effects.

The excess oy dificiency of electyns in a bedy
gives the concept of change.

S1 Unit - Cowlomb (¢) or Ampere x Sec. (AxS)
Dimensions - [AT]

Basic Properties of Chaxge
1.] Chaxrge 1 a Scalan quarhity.
2. Chanﬂe_ 4 awayA arsociafed wnth mass.
* when b°°"':f ad’s tve charge its mass decreases.
¥ when bodd ads -ve charge s mass Increases.

3. ChMﬂa 18 quqnﬁsed. Q= tne
wWheve n = any in-f-eae'f valur and e = 16 xm"’c

4| Chorge is conterved: (But mass ia nat conserved )

5] Simwilay Chah.aea& repd,a-nd Aissimilan c.kn.h_aeb attyact
each other.

6 Accelevoted clnau._ae yadiates enesgy.

V=0 V= Corsd - V #£ Const.
QD ]@® YO

Produces only € Produces oy E¢ B Produces E ¢ B and
vacliafes energy
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Electric charges & field

7] Tyue test of electrification is wepulsion, not atpmcton.

8.] Change a-ivu\ 4o a conduchoy achuU«s resides on Js
Surface - In mawlodory i vyemaind Where 3 14 placed
L-e. May reside  inside the body also.

3.] Charge den&t"l'g of a ineaulah_. C—ov]oluc:l'l'ﬂ'a boclj A ndt
unffoym. It 4 maximum whthe the yodiust of cwwatue
1 minimum and vice -veysa. ter o cx-ir\—, .

Thia 14 why cht:us.se Leaks $om Shonp points.

Ckah:f]e olemﬁ{‘a o A '!F'L' l

" Gold Leaf Electyoscope”.

[ Metheds of Chonging |
1] Fretion

By vubbing two bodies Jlnad-w.r beth  posiHve
anal ne%ah'vt Chahaus I equod amount™ appeass due tp
transpex of eectrrn prom Aower work funchonm body
1o body of highen wovk function.

+9 g
C ) + Q # (ITRITERX) .SHK,
Glass Glass

silk
Low Work funchon  High wevk funchion
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Electric charges & field

2] Conduchion The process of tvonsfer of Charge by
Contact of Hwo bodiesr s knoum as cenduetion.
Positive chcun_ae $lows -*rom H&km Po#exuh'qj +o lowen
potentied , while megative charnge flows from Lower o
hight  potential.

-+ +'+ -+ =+
O OO O O
4+ 4 +
4+ A A} Ao

Uncharged  Chasged Tn Condoct both positively  Charged
r + N -, Sy 4 +*T+ )
alii’ ;Q,, ec.I o
. 2R Ny -+ + Nt
 aeggersd als flere)

3] Induction I a chargesl body i3 bmuahf' hear a newre]
body , the charged body will attract oppotite Charge and
repe| Similan charge presend in the newdval body. As a
reault one side of the newtval body becomes positive and

the othey nedah've, s process A& Knewm induchon.

|
| | | S | ]
(a) CP) ) (d)

Tnduced chq}.ﬂe cany be lessey oy equal o incluc_in%
Chcu-gae,(bud’ nevey carecde\’) ond uts maximum value 1

WV‘GJ'\ ba
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Electric charges & field

S Cc:ullomb'.s Law 2

‘ The Aforce. of interachon behuwean omy Hwo
pent c%u&.ﬂa& sk oUJ:.ec.Hg P%"DP'OY-‘HMO«-! do the product
ot Hhe ckquM emnd iﬂuu..ae,bd PWPMMQJ do the SAuare
ok the olstance behween Hem, omd octs cx.!cma +He Line
joiw‘m& +Hhe +uoo d\ahaeb

.Su.PPer +uro Poivd' C.]"\C\J'ﬁt)a 9. amd Qe re AMCOI

In vacuum b'g[ a oatance T

cb] CL‘L
Fe—Q---¥Y—--O—F

ACCOT::Una o Cowdombls Lewy,

F a 9,9,
|
Oh"ld F « -:.-T
o F=Khl.
v+ Charles Augustin de Coulomb

S N
¥ Elechostahic Condtant K deperds ony +he natwee
of medium se.p%qﬂng the charges omd on the
System 015 umts.

In ST system, K = 4.’.1;& = 9 x{o” Nm"/c"

kX €, elechical Pe)t.m'lﬁiv't‘\'j Ob‘ t'ruz_ Space
€o = B85 xm"‘"’czﬁ\lm"-

. v
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Electric charges & field

( Cowlomb's Law in vecter form ]

Let +he posiHon Vecter of C.ha.hﬂ% 9, emd U, be
——tp _— A
Y; omd Yo Tongc:hxrng,-

LA A
| Fia| = | Faul
Hee %, = -7
ase Y, = M-V

B el U,
4JTE° |?;.||1'

[ Force beween mulhiple Charges J

Accowu-ng_ 1o the prindple of superposiHon,
total force acHng on a given charge oue 4o Number
of changes s the vector sum of the individual foras
ac:Hv'\%, o that change cue do all the chqraean

A
Fo= Kb § K3t o Kool

k > n

n
ox |F =2K2S 4t
T

i
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Electric charges & field

( Equilibrium of suspended point Charge System )

For equilibvium peition

T Coab = ma.
TSmO = R = SQ‘:-
r'l-
_ Fe - K&*
oY - re_
ten 6 = rima

Iy whole .SQ.‘h&P AA
taken m:!'o an satellite E

([ Newdvod Poind )

Position of 3" chonge whee force on that charge

will be =zevo.
9:=6 q 12= 1A
®o-------@------- .
& Y >
«— X.—>
For Like c.hahaus Fox Unljke Charges
I 1 X
T = =
M + 1 o dn —1
Where N = Lnge charge
Small Chah.ae_
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Electric charges & field

\ Dielectric Comatant (K) /
h 4

Diclechde Corutant ot a medium 1 Hhe ratio ob absolute
elech-cal permittivity of the medium Jo the electrical
Pe_m‘g-l-Hv-H-:j ob -B‘r-e.o_ epace. .

9, 9,
o - ——v-- —-&
' = 2 %9
Foree in vacuum (Fo) = a2 — ()
Fovee in a medium (Fm) = 4-;[6 % Q;j;—,_ @

toherne € zelechicad poumttivity o} the medium.,
D'wiouﬂa eq O by @, we get-

Whene €y oy K w colled dielectrie conatomd oy velahive
electvical permittvity of the medlium.

¥ Thus force between two given chasges in a medium
(_l::) A cmlj '-% times at t+he tom between Hhem N
auv/ vocuum .

Fm = _Eo__
Prod K
o%o
é \E X For All Metals €y = 00 _
qmnsm& * For Air €y = | | £ ef < 00
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Electric charges & field

[ Effect of medium en Cowlemb's Fgrce_]

(a) When a dielectne medium i3 completely filled in
between changes , Yearvangement of changed inside the
dielectric medium toke place and the force between
Hre Charges decveases lmd a pactr of K(d ielectc  Const)

wosium = Fair ———
Pad 2 L@=—K=—90,

- =L 810
Fredion = 2ok v “ : ,

(b) It a dielectric. medium (Aiddectyic Conrt: K anel thickness
t) 4 Pah:l-l'a.lb, 'ﬁllecl behween the Charges dhen e.ﬁcd';v&
air seporation betwen the charges becomes (r-t+HR)

- __i__ Q) QA Ql ._________% ________ .Q2

Fmtdium ATIE, (Y- t+ 'L'JE)"

( Foxce onn Rod dur 40 Point dw-&e_]

< L —p—> q _ kg xdq
= a_nﬁ:: - dr = £3xd3
9 <— 2 —> s
«— g —> oY dF = K9 Adx
> 2-

A = Lineon cho\hae_ dena'l'iy

F = KaAL
a(a+L)
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Electric charges & field

@‘me' acceleration of ah-elec;!-‘rm duo. 4o Hhe
mutuad athrachion behoeen Hhe electron and
pProton When Hayy ane 316 A° apeod s
Sel. foree bjw <eckyon emd proton
F = k:.e-&

ﬂu-‘l.

~ , ~13y2 -

F = 9axi3x(1rex10'2)* _ a x1o° N
(116 x)01°)> ‘

Hren accdderodion of elechon A = ';E,—

e
=9

a = gT:(?o“S\ = 0.8 X105~ M/

Two sphartt having charges 9 omd -9 exend
foxce F on each gihex. Now 20 % e of
one spharne s trecmaferved 10 emother Sphart-
Thaon find the new fovece bjw Haum.

S'OI . GEiven hod £ o ch’z—‘g%)

When 207 Charge 1s +hemufexted fyom one
+o anodher Hron

F' = K(e0-89)(029 -9)
) S
oY F‘ - K (0:89)(-0:89) - OWYF
= -
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Electric charges & field

@A pahcde of wmoar M Cah’r.ﬂ'nn& chorge 4, is
venvolVing crwound a fixed charge 9, in a Credlar
parh o yadiws Y. Find the Yime period of

vevoluldon cmnd 1is Speed. a,
\'4 ~
—E_f?_...-" Here fovce of adhrachon F 7 Y
of -9, on 9, will pyovide ; ;" }
Cerviripeled force 4o 4. \ -9,
K% 9 = mv¥w? ¥ o
Y‘:_ e Y
as wz= 2TC so +hod K%%2 = zm \*-
T T ™ v (FE)
ON Solving we T= =2m|my2
) Selvivg e god BN
Also we con wate K92 - mv?*
) Y2 e 8
v = |[KW%2
™MmY

Finag the +enzion and change. ome botr bodiea
havin& equa) ond Opposite Charge -

Z

In cqmli hyxium
¥ TCloA 0 = MG
‘T'xJ—% = mg

= 2
mg- L ﬁmg_
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Electric charges & field

@ Two equal posiHve c.\r\we.ga eaich ob- 2 Mc inkeract
wiHh a Haivd poesihve chw.ﬂ:. ohf auce situated ax
<chown i 1513 Celeunlode +he mcxani:l'ucle. and direction
°b the Fovee om the 3 Me Uﬂwv_ae.

so\: Al 2MC
" AP = BP = 324 41"

= Em

w
3

r'l-
. 9xlo>x2 Kl °x3 x)6¢
52-
Fi = Fo = 2.1 X163 N

o
T- - - -
|
|
|
xX

W
- S

B 2UC

Hene the componends of F) ond Fa along ¥ ond
axisS GQre e_quual in magntude (F;sine = Fzsine)Bud'
oppos'nte_ in durechon <o "Hl\-bd comeel each othes

F = 2F1Co26 = 2 x2.0¢ xm”3x§-
S F = 2.5 x1602 N
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Electric charges & field

S Electric Field g

An  elechric g‘r'o{cf A Hhe reyien of space
Swhoundin dedﬁtadlb cl-\ahﬂepl pwd-n‘clu whore a foree
W exent: en  other de.c:l‘H'caJ[j c}m\.jed olﬂ‘eo,fs.

X The duirechm ob~ Hae -'t%dol Ab taken +o be the divechion
obeu_ jovee  wowld exent on o positive test dqaf.ae-

X The. electre fn'e_lol JA mahq_u?
owdwovd from a posihive Chah.&e
omd mcua.ll_j inwand towards a
neaa{-]ve. d\mﬁe- |

The space or region around the The lines around the
positive charged sphere is known /\/ sphere/ pgrf!cle are known
as electric field. Hq, T as electric field lines.

B

, The denser the lines
f—e— f (closer/more lines)

' the stronger the
electric field strength.

Eleciric Field Intensity (E)
. The <lectric Held ?m!'cn!:rl'tl g onny poind”
JA Hhe .S‘hrena'Hn of edectvic Ficdd od “thed peind. 11
JA ol.n_b—m.wl oy the joren experienced by unit Pos)hive.
choa-%e, placed ot thodt Fond

F_JF
-1 8% ——— oy = = S—p
F=dme Qo Y Yo
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Electric charges & field

‘. Al --._""' —r 1 @@ &

wheve T is umt vector directed e Q fowadds 9,.

[ ST Unit — Nfc, V/m Dimenaions — [MLT>A" ] ]

( Importemt Poin’cs>

(1) The maaanH-uale_ ob electric -[)-?eJal E JA same cd‘ec]ual
distances " Jrom the charge & | thus ot has a spherical
Summc{'ra.

(2) The test C‘\qhge 9. ma.a have (ts own electric 5-1810( 3
it moy moauw the elechic e of the source ¢ e
Tﬁcre'bure to minimize. +his effect we vewrte elechic ﬁe!d
intensity ot v os-

-Er _ Lim f__,

* 9. va G,

" Note - The clivection of force on positive Chanrge i4 |
abﬂ& the curechion of electric fiedd and on +Hhe
n&acd-i\(& charge is opposite do the electric field.

»
o &% ¢

»
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Electric charges & field

™ Electric Field e to a system of chages <

Corkidex a SB,S-l-em ob C.lr\a.hﬂb!; 9y B3 9en In
with posihen vecters V), Vi,... Va.

—_
L f
-
.ﬂ',
-
- —
-~ Y.
/"’ *
,
9, *

\‘Ln

The electre ﬁdd ntens at a peint P cue do
Q s.?.g.’cem ok C es 15 the vectory sum ob +he electvic

%-fe,lds ot the peint due to Individual le\o.h.ﬂ%-

E = E, + Et--- En I

_,_FQI;* qu.-?, 4 ... Kq,,.‘:}
= WrE RE T wme
> ‘
For Conhinuous C.hah.ae. st bution P
Y
E o= K[gET m
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Electric charges & field

Motion of charge in Electric Field

When a Pald'lf-le_ i i i e i e e =
entens pv-.Pe.nouc.uhh_ly in

a umfo'cm electnric fleld

Lo 1+ velou’nj W, Hwn it W )
cdescnbe s a pah.abohc_ pa:Hq, q@+&~ *

~ Y
-
> Aloﬂa X-axis Hhene 1S MO * T \T:_:L
Qccelenahion, so thed «— e
= Ut

anea Ve = W

> Alomg. ¥- axis  accederadon Oy
Hence Verheal displacement Y =
or Y= 238 (E

> Vedhca) Velodty Vy = at = AEL

" Veloddihy of panticle after .ﬁame_‘t
V = [ VE ju. 1+ (ﬂLE-'E)

—

QE.
m
£ (38)e

Eqwtbr;m 'ot Subpended Cha;..ae. jmm s-h-q'n.a_
In equilibyium -
TSMO = 9E —
T Co86 = mg —®

From eg. (1 and &

'-'-J(‘lE ).a'-f-(m%)"

and tan 8 :.%‘%—
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Electric charges & field

Two pomd charges 9, and G2 of m&n'rl-uou 108
ond -10"%c vespectiveld are placd o.1m apant.
Calcwlate the electric field ot pomits A, & and C m

1 1
ven .
the gt 113 £
c % Ec
F g
5 G? Eac
O'.LM/ : \\
// ] \O'l v
/ J N\
q, /¢ : )
E‘B-l——%—-.— _——- : G.o'-_ g (o -lih-f-’-a— "'o:?'bqﬂe_

k— OE,%?_;M_#&— 005 m —ste—E2A 0 0smy

Electvic field at point A out 4o charge 9,

Eia = ?’“09 x 16°® = 26x10 Ne  (Towards v
T X Ca ¥ ﬂa»kq‘)
Electric fiald od poyd A dlue 4o charge 9,
-8
Ean = 2X103X16°  _ 4 io¥ Ne [ Towads v]
DL je (To JU‘\:D

Total Elecivic fielol at poivk A = Ea = Ein + Ean
Ea = 72X)10° N/c C'Ramam.ds Hae viaft-:l-)

Electric field od poivit B clut Jo charge 9

oxi102x 168 _ a. Yy
Ejp = 82 Sagll_o = 26x107 Nje (Towards left)
Electyic freld at poivd B clwe o change 9,
Eon = _9102x16% - 4 x10® Ve (Towards )
2p (01552 X 1/ (_ pwards Tia-hi')

Total Electric ;F-:elcl ot pord B = Ep: En-Ean
En = 3-6;(]Dq— L;IXIDB — S'IKIOHN/C- CT?)MMJ.‘: Lﬂ‘ff)
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Electric charges & field

The electne f:ecl ot poindt C clue o charge 9 and
qQa 2 €gual " "'Mam'iuoll_
E|¢ - EQC - 95('097(’6-8 -
D"

The vesuwldant elechric flddd ot point ¢ .iA

ox10° N/c

Ee :J E;Z' + €3¢ + 2Eic EzcCos 120

Ec "-"J Eie ‘l‘. Ex +2 ac'ac’(("al_) | [' Eic = EQC'J
Ec = Eje = 9XIo” Nje [ Towards vight]

What ase rﬂ:@fg oltred:ltm ob He
elechic -bu,ld ob "H\L scrup.m, i '5'3"”’“
Ib g ="100% end a =

5L Hera ;{ Q ;;.q,

6A=oB z=0oC z=0oD= Y N, ’
i, €
Yy = SAIT? a| & a
el //°

s N
also hene. E =E, = D c
-8 9
- lo X
Oy Ei= EBa = ' LRl = 7.2 x10° Nje

(sxi6*/ R2)*
In Squanr ABCD +he L Ao0B = 30
Net Electric t—v‘do, at 0 = | E*+E?42EE,(os90
= jElz +E <= §JZ
E = 723 xio Nje of 4s* 4o oA.

g Office: City Light Colony, Piprali Road, Sikar (Raj.) Q 37859449225 ' 17 |




Electric charges & field
@ An Infinite number of ch

each Q@ ane placed
on +the Xx- axls ck oidtonce of L, 2,4, 8.
-from +Hhe O

.. metey
d—m It +the Choager q}..z. a.!iuno.;}'ehf
pobt"rtva and hea ve_ Pan Fi'nd tHhe '1n.hn.!.|+7 of
electvic field o owa«m
Sel. y
TP -9 9 -q
—® ® @ -— B i
X=o Xzl X=72 A=y X=8 X
End = Et—Ez'l'E--s - Ey +-
- i 1. _ 4 L.
End =g, 1T

Eoad 5= 0 _x[-,L—.L_ + 4 1
4TE, <

Su-r\co. the expressmn N Hre bracket 1S Infinite GP.
with Common w¥ouho --L Se thoat

Enet = une., Ll (= )]

.
S Une, = Enet = S5nNE,

@

A penduwlum bob of mass 30.7xI5° Kg and
CORTI':'{T\ a ch
hoxi Zon?

Mae, 2xX)6%¢c s ced Yeat in q
unl-f-o-wn electric 9

leld of 20000V/m,
Find +he tengion 11 +the 51"’\1’16

_5__9._!:— Tension T = \rcm%)z._'_(q'r_:)z.

T = [ (30-7x15%10)" + (2x15% 20000}
T =

-—
E

T —_—

5x)0 TN iE

"
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Electric charges & field

A charge ponticdle of Luc is placed ot owign,
Fina i'pienz;l%—z o} electvic felal olue 10 Hre charge
ot pogitionn (3,UuYym.

Sol: Pusitom vectsr of poveticle Y = a2l u:f
Mctafn'l-l'uou_ o4 ¥ = (3™ +u)> =sm

_>

Elecvic field E = K ¥
v T
T = 38x10°x [o® o 'S‘t-t—ui

s

S
T = 72 (3i+uy) Nc

@)—Tfnd irdengity of electric f1dd at point P,

Sol - - _
== Rp=5&s= 20 RS
/N
Resultort electric Fele 2 KA
\a
Evnd = | EM E)+ 86,5000 7 \

/ N\

- —
Evet = [EF+E7+2EMxd qéd_ ___ Lo &

Q 6o0°
Enr= J2E = [3Kq
az E

2

Cq,!cu_!o&e_ Hre mo%n'\-i-w:le of an electryic Jfield
Which cem just suBpend o deuhon of moua
3.2 x)107%7 Kg freely in our.

Zo). In eguilibrium £ - qE
UE = MG
E = M3 q
& m
-27
E= 3:2x]0 %10 = ™
S 1rex|07I3 £ =
E= (96 xi0° N/c
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Electric charges & field

@A pordicle of mass m andl chw.ﬁ& q is placed
vest in a uniform electyic field E ond Hhan
Tdecu.sed The K E- adtoined by the poudicle.
afyten movma a cistance v js.

Sol. Acceleradonn of the pasdicle a = % = 4E
As  N%F =y + 2ay

Z = aE 2= 29EY
¥ o+ ?’x(“ws)y >V =

3
X

N
0
m
<
f

q &Y

@ A emdudum haoa moass 4—711% and castuel Q Charge
zx 1603 C . It hon Te mhbnum from a mascless
+Havead of _L.ha-l-h 50 Cm - A hovizontod electric field
of 200 V/m exigts in space. Find

(=) A'ha-le. made by Hiveoo) it the Vevheal
(B) Tension in the +hveod

Se]l.  (a) At equlibrium
TSMe = q&
T CoAB = 'T"\a.

Hence +tano = -%"—Eé

-tqne' - ZK'ES!( leoq
Uxtoéx |o

tane = 1 2 ©B=95°

T =J -?(CLE_)" al 4E = mg

T= Jax2x10-dx2x107 = §5.6ux16S N
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Electric charges & field

Electrlc Fleld | Lmes

An electric feld Lrg 54 0 Buwwe choan n
Such a wowy that the tangent do Jd ot each pont s
in the olivechon of the ret electric fHeld af that poind

The maa—n:l'i‘uol.g ob elechric -Hdc' E
iA T&Prc.&eﬂﬁec:l b% He ofem'rl'j af Q
Field Lines. P,

t— =}

3] Do mot foxm Conhinuous closed) Jﬁops..
u.] Prlwcud/s normod 40 the swiface of Hhe Conductor.
S| Coan never cross each other.

6] Limes of force pex umt aneq m&ninov
a point represents m&a»nﬂ'uou, ofy ele kteld .

7] Avound o Cg&hm o} two o&rh\re Changes j—m]ol Lines
a.ive)a Pt'chm reprebenkq.twn of theixr mudu repulsion.

8| Around a system o} twp nagedive charges frielol Lines
shows +he muduod aldrachomn .

LS
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Electric charges & field

) Electric Dipole 2

An electre dipole is a pour o ua) omd opposite point
CV\M-S% Aepa.ﬁa:l’ed ba, Q sé,oiz oluatance.

Let 4 and -9 ane o esuad ond oPpo/s':{e pornt
c.hcm_aeb Aeparated] L"H a tmall olutance ‘24.

Equa.forial Line

S 2a | >l
Axial Line J '

Hhe elechic cholg 4 zevo, but
- this cloes vot mean that Huw -ﬁdcl of the elechic

cipole Uy zevp.

Dipde Moment (P )

Dipole moment A A mroswee of Hae Strength

o-b electrc olipole. T+ w a vecthor qmwl-i-l"a whose direchon
Ny, ~g'ru-m m,aaj:ire. charge Fo potitive charge -

DlPo|e moment U4 ec'm,q do Hhe product ob +he

mognituele of eithaey clf\ah_ae omd +Hae distance betwesn tHhem,

S! Unit of Electric Dipole Moment- Coulomb.meter
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Electric charges & field

Dipole's Electric field ]

(A) On axid line

Electvic field ot P dut 0 positive chasge Euq = '@«Lﬂ?ﬁ
Electric 'ﬁ"dd at P due Ao n%q.ﬁ'w; Chn_,ﬁg_ Eq = GKCL)I
‘ +a

Net Electric fied E at p

E = E.}q’ = E-f-], "1._____.9___“__;?‘_2_’5&

_Re_ - KL 13 2Q >
E = (¥x-a)*  (r+a) fe- ¥ =

E = Kqx yya

Qr""-q’_')l
E = ;,’:_F;IQ_ [~ P=ax2a]

If r>>a then E = 2KP

r®

(&) On_ Equadovial Uine

Electne Fied due Ho
M'H\M_ ch E,, = Ka
Ja R R~ v

Electvic Fled due 4o
' = K%
ncaahve Chq-rae_ Eq o)

VM-'Hde. COMPOM O‘b E-H-L
andl E-q will Cancel each othex
ancl hovizondal Components will
be added.

> E" = ZK-F?
Y3
- Aﬁéine
E4qC080
P
E4Cos0 1
v
’ E‘—'I.‘,S"“e\\
’I :Y \Jr'l-.’_q'l
/ ' N
/ ! .
Y. I -
-q'k——-—za ’Iﬂ
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Electric charges & field

So net electvic field at P 8 E = EiqCotf + EqCose

E = 2 E4qCot0 [ E+q = E4]
E - 2K G860 _ 2Kaa . .
(¥+a?) (v%%a2)h E’ Lad0 JY=ra* +qz_]
Ib Y27 Qq dHan E = _5%_
~
—
oY -KE

"‘ Hence the. dupole «ba‘do\ ot 10-&_30_ dintances
falls of vot as i/y2 but ab 1fys.

¥ Due do an electric dipole  Eaxial = 2 Eequadorial
¥ Electnc -ﬁeld ot Dma»L& e from dipole moment

PE
f(,’, E = ‘f"SJ 280 + )
R ¥ S
1Y
A-nale_ between ivechen of E and B = ® +x
W hene - tonox = 1o “
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Electric charges & field

[DiPo\e in a uniform Elechric Fed ]
Net Ft-:o'ft_ﬂ.. Fnu- -

Tbrc[\,u_ ad—iﬂ‘a en dupale /E F~‘LE
T = Fxd / Ed- .
T = QEx2a8in9 / s : > E
T = PESin® F=qE < g’ e .
T = BxE'

Case 1. when P is along E,0=0 +than T=o0
Dipole s in stable equilibrium.

Code 2. whan P is opposite E, 6 :-180" +hen T =0
Dipde ia in unstable Equilibrium.

Iﬁ E is nontmiform Haan the upole. wrll expevience
both a resultandt fovee ¢md a torque, So its metion
will be Combmned +tyamslatory and votadory.

. y

Oscillation of a Dipdle in a Uniform €

Whan a dipele Ui suspended in a wiform E , Jit
will align Jtselp porallel to the field. Now if dd i given
a small angulan displacement & about Jts egu i brium
position “hen the Ye,sh)*r{-ng tovque will be T = PESMG

T © is small then T = PED

+94
Rul T= Id So +hat
I pPE® > o = ETE;EB B s

>
oy PE® = S-H-M. E
£ Wre [A-rﬂulw:. ] /
=, T=z:n:,PLE q
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Electric charges & field

@ In a ww.hip Y-€940mn ok space electc *;do’ 4 q.fona.
He z- vechen. -msnmu o} elechric -bi'dol 44 not
Constont omd increases unijormly  along  positive Z- axlis,
ok Hae rode of 10° Njc  Pex mehe. Caladode the Fovee
and forque experienced by a System having a total ciple

moment 167 C-m. in +the egaiwe Z olurecHon?

§S\»’ .D;Pbk’. momend ]-[5’|: q xdL = -1’7 ¢.m

Rade ot Increaie Ob’ electdc Field per umt lenafl‘h ;

_3_1.-5_ = {o° Njc Ppex meter

Force expentencad by Hra Sysdem LA a«wem ba,
F=q€
oY F = 9.xdl X 3;%

F = -0 x16% = ~lo? N (cdana-z qxjs)

Here +Hhe ofng(e.. behutan elechic H?Jot omd o-UPOIL—
moment 44 180"
So Tg*rc]uﬂ.. T = PESInG
T = PESNIBO = O

Find +he tuvrque on a dipole of dipole mm:erd—
107 (st +J-2%) em In an electric fleld 107(1*'*""?;)%

~ "~

A
"?-9-1" — — t J K
j o~ pr’ =15 1 -2
1 3+ &

2 = ":_El._t_-z)j -3l5-¢2Y) -t-?ﬂES—l:l

—> 7™ n A
T = 3L —7])]+UuUx

IT | :ﬂ3)7'+ (1) +U)Y = 8.6 Nm
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Electric charges & field

@F:nc\ Hhe electvic fiedd due 4o a Sipole moment
2x1078 ¢m et & poind dlistence L™ from dhe
Cexrdse of r::\'ipo\e_, whan JLine Jo‘ivﬁna Hre point
to the centre of clipole mekor om angle of
60° WitHn +the dpole axis.

Sol. G i vun P=2x16‘8c~m. ¥=im Y= 60°

o
E = Sxio" g 'ZXISBJ 2% (0200 + 1
0> T
E = 228 N/c

@AY‘) electxic c\ipo\e is plq&c\ ot an arq-&;_ctf
30" with om electric fiedd 2x105 N/e . Tt
experiences o tovque egqual to 4 Njm . Find
Hre change en +he clipale if olipole length i4
2 Cm-

Sol. G)en - Tz UNMm | Ec 2x16° N/c, 2a=2m,
T = pESTME
oY T = (4x29) ESIiné

— T
G 20 ESINE

qQ - 4 __—— - . = 2x15°
21002 2X10S 8in 30 <

@ Find +he electric diﬁz\:

moment of gaven sy

Sol. P P 60\
\
a’ \a
60’ / 5
\

Pmet =J P + PZ+ 2P.P CsR60' -a,é;""' @‘(b-%
= 3P = (3qxq a
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Electric charges & field

Continuows distribuhion of change
1] Linean Chasge dutrnbuhon

Linear Charge d:m&;t\j A= %

Example - Ckw..ad WHYE , rfna efc.
2] Swyjpce Chorge listvibuHonm

Sweface Chonge dunsity G-,%
Example - Charged plane. Shaat, sphne efc. |

2] Velume Charge distribution

Volume Charge olengity | p= &

Example - Cho«h%wl fn&«la,h'na' shhene et

Avea Vector

By Comverchum , the veckor amtociated with QM%
hLa of a clsed swace A taken Fo be i
Hae olivechon of the owtwond novmad «

[A'.'s' = (as)n

Herne AS wa m n‘\-}ueb_hcb'
Hae areq ond n .u
a unit vector n Hhe davecho

@ office: City Light Colony, Piprali Road, Sikar (Raj.) O 97859449228 ' 23 |




Electric charges & field

[ Eleetnc flux (d) ]

T+ Js a measure ofy flow of electvic
fHedd thro a Surjace - T4 A esued do the product
of om element and the Iupmouculwz. Compenendt

of eleetric Hield () infegroded over a swijace.

/ i
sl

E.A (for pane surfac)

For Sutace
pen sunf <¢ [E'd2 (for nonuniform Surfact)

¢ = §E rdS (bg ol.nb\'n'lHoﬂ)
Fovr Clesed Susjpes <

= £ (by Gaws's law)

ST Unlt = vm. or Nm¥c
Dimentlons - [M2T247]

TT\.L vadue of & <loes nat clepend upon the distnbudion
of charges ond the dkdtance bedwean Hem inside the
closed sSwilnice .

For acClosed Suwnjper owhwars
flux (s +ve and fmward flux
Jd —Ve.

@D PHYSICS with Umesh Rajoria @ www.scesikar.com | 29 |




Electric charges & field

Gauss's Law

..—54- ----------------------------------

The +otod Hux Linked with a closed Swijnce
L & tmes the chorge enclosed by the closed swijace.

¢= JELE = &

Impovtant facks about Gauwsds law

(D Gauwss's daw s valid only for the Helds, which
follow couwlombs “inverte Squore lows’

(i) Accoreing o Gaurss Law , electric flux Passing

through a closed sweface doen’'t depend on shape of
Sunface -

Net Electric Flux is the same
through all surfaces.

(i) Eleetric Pux pastsing though a closed surface ot
de.peno‘s on Chahge. ohistnbution or locaton o}y cha)._%e
maice. the surface.

(iv) Net elechvic flux olepends on value omd noduve o} the
Change and medium.

(V) I a symmeiric body hat n ickuntical faces and
clmmaa q9 1 Jocoded at s centre than electric flux
oaxsoadted IM';’H"I each O:F its face 1A ¢/ﬂ = q/ne.

(vi) Net elechnc fux associated with a closed susjace
placed jn an electric fiedd (uniform or nonuniform) is
zevoy iy there 1A no Chaage insiole +he Surface.
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Electric charges & field

@ Iv the aal'v% :Ha. Fi0ol +he
electric Plux die to the ?
C'.hc\hﬂ% +29 ., -9 omd +39, -7*31, s

through +he suxface -
.-5.91' Electnic Flux = 'é:( Toted Chcu,ae Withivy the Sw;-j—acg)
d =Ex(29-9) = _2—_0

The mward ond owtwarnd electvic flux fox ¢
Closed Surface is @xli0> N™M/c omd U x10° N/

Than +he totad change inkide Hhe suidace 1
Sol: By Gawss's Law & = q'e'?
9 = ¢>(Eo
Qi = (-8x10° «+ Ux10%) x 8.85x]
= — 3.SUxgec
@ Two chw@eb ok nhdes —2a omd +@Q are |ocoted

at points (a,0) and (4a,0) r%Pech . What 15

the electric flux clue Jo these charges ugh a
sphane Of voolius ‘20 Wity s cenche at the ona'm?

6—!'2..

-2@ ‘@ Totod Electvic flux ¢ = i-é_!,\

# - 5
(29| (a,0> 4a,0) X DA
= ( ¢ =28

@ A charge & e 4 pload ot Hie cendye o)y a
Cube + hat- would be the flux Hmough one faee?

29.1' 1 Elechric flux rl-hrm@h the whole cube
$= &
@ He €o
Elecrric flux ~H'm)uah one face
£- 48,
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Electric charges & field

@A cphose encloses an edectric dipole with charge
F+23x|156 . Nhat 15 the totad elechric flux acwoss
tHhe spharne ?

_—g__Q.!-'- by Gauss's law & = i’e?-: +9 -9
. O——=0
Ne* r_hah,cde of a dupole = o

So  Hhodt CP‘-‘——g—; =0

O A hollow cylinder hews a chasge & within i+
Ih & 1s +he electric flux arfocioked with He
Cunved sunface B +hen the Fflux inked with
+he Plane sunface A will be

_,J; b\f Gauss's Low x =
Cpﬂd' = ciiej]o_ G}} e @
CIDA + Cb& g qbc. = %7 '
Since da=d, So Hnoxi'
2.(135 2 CPB = -—--o = 2¢H o %_0_4::
dPA = 2_ eo - ‘P)
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Electric charges & field

Elechic Field dut 1o special Chonge olidtribution
41 An infinite Lline distributhon of Change

il

Fyom Gauss's theorem as | )
§-—-¢ - q -3 A G‘QSMSSJ;W]
E:dE = wrface
< ] =/
E-ds + [Eds +[Eds = & | 1
[BasvfBsfEe =2 1 |
L N ds g
feds vovo = & | 45.E
1 a [ +
I +
Ex2nyl = L
€, | ‘i__\
Ex2nyl = AL é—tﬁy
Ce
= A 2K ds !
°ov E 2Né&r »> E=..____r'\ ;

2] An Condudting or Hollaw Sphene

(1) Fov Oulside point -
Us;na GGaurd's +Hrovem
jem - 2
§E¢=|SCQAO' b -

Eo
Ejsal.s -—-%
Ex‘un:r"'::%
- _d = K
E=gne;m ¥ |E=5=

(i) For Surjace point r=R

S | Q. -
E_Hn:e.-?' > E-%

@D PHYSICS with Umesh Rajoria & www.scesikar.com ' 33 |



Electric charges & field

(i) Foxr Inside point (r<R)

Because charge insicle. Hhe
Conduc;h'i'l& or hollow sphere

1 zZevd.
e =% - o
E:d& = =
Hence E

34 An solid noncenduching, Shher
(i) Outside Poind (¥Y>R)

From QGauss's theovem

fe - 2

=
E xuny* = &
°F E “Tme, v D|ET

(n) At Sunjace (v=R)

_l % . - K9
E-trear 2 |E° &

Gi) Inside Point (Y <R)
From unss’_s thedyem
fe de =

1,‘ Y
E xuny* =L (qﬁ‘-"')

= '-I'".Gbis- €= L% 14
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Electric charges & field

Y] At the axis of a changed Ring
Let a small eltment ol howve a4
ChOrE g = Axdt = ;3 xdl

>

. Y olE Sing
*

Electric field dur do His change :

4P 4e - :

UTTEL Y2 I

A

An another cliametrically Opporte )

element of Lingth U also produces Y = [aZ -

electvic feld dE.

The. vertical cemponents will Cancel each other and horizonhl
CDMPMCWTS will be added.
So net eleetvic fidd  E = decoss = [dECer6

= [&¥ X
2 UTTGuY’-x L = £ = f 27T Q um:.n’r3
=_9 . X e 2N
= 271a yneor3 jau > E 2nq uﬂeu'r'-’"
E = _94Xx _ 3 - q,x Kq'x_
3 E = -
UTlg, Y 41‘[&;(:1 +x‘l.)&q_ (q

¥ At cendye (X =0o) E =o

*® T X incveases Electvic fiddd E olur o rm% fvat 4

then ¥ ond at K"'Jc_'. it AL maximum
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Electric charges & field

5.] An infinite plane sheet of charge (non- Conducting)

—— Y = S - ¥ ]
e om0
A \ + N A —
o ! A }-I" E
E A\ / + \*/ 7 A
| p 3 y
+ "F E
A\
Ry Gaycs’s theore L£Eay o 8
Y uss’s m fﬁgd_s z-
?'d?+lE-Jg + E’cj—; - 3
“[ 2 _L o
Eds + (Eds +0 = L
JEde #]) L
s + glds = 4
e [, efs x
::.3’—- :ﬂ o & o
EA + EA o = ___> E -— -E;

il An ;ﬂ‘nﬂlﬂll1'( C-onclucﬁv\iplan& Sheet of d‘aﬂi

When ‘CI Charge .tA g:!vﬁn 4o —— .
a Covw’uahng pladte, Lt olistnbutes w0
i1self over the_ enhre sunjace. of E :.\-:*"“
1 &
'fl'hg_.. plode . The Suwakace demﬂ-‘j G — :*:*1
IS unifoym and is the same om E P 1) x4
both surfaces: W I
| = 2x 0 = (& = O
Hence E SE = =

g Office: City Light Colony, Piprali Road, Sikar (Raj.) Q 97859449225 ' 36 |



Electric charges & field

[ Electric field due 4o charged civauon Avc

= 2ZKA t .
M o E == .Sl-n(,g._)
N L () I ©=1 (Hafy Ring)
ﬁ\ 9 f' , E — __Z__,QR_/_\_

W) If ©=2m ( Fud Ring)
E =20

ElectTic field dur 4o Line d\mﬂe_

I~ - - I
H Il E = ﬁi)-‘-[(s'mq+$l'ﬂﬁ)t
+ | ) X
+“i"“{=}f’ + (Copox —Coap)] ]
+ - '

- Specaod Cose —

E e Z-KA__ S:ﬂ Qi.
¥

[ Change movin% around infinde line change

+ 2KkAg - mMV=
- - _aV ¥ Y

- E § oo~

N «— X —=0m N = Z2ZKkA9
- - - ™m
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Electric charges & field

[ Equilibyium of changed Soap Bu-bb\e_}

The aiy presswue inside the Scap 7 Outward force
bubble s 4-'1'/‘- move Hhan the -
admospheric pressure.

Pressure excess P = &tI

Now U}y the Sunface change clensity an chargm
the socap bubble is o thun electvic pressure on Had
chonged bubble towands the outer side of the Surface
will be -'2’-_-—-;

Whun the bubble I1s chaaged then a cCondition comes
when Hie pressure excess becomes zexo: In Hus Cond-
ifon the charged bubble bursts:

5y _ 2
Now in equlibrium state ﬁ;!-' = -?_'5-"'--‘E°
&TE,
u-'l

Rﬁdjuf) O‘b +he bu.bble.. Y =

[ Electrostatic Pressure |
The electric -Forcz_ ad—ing per unit areq of
c,hah{reol Swzface is defined an elchostedic pressure.

Force. on small element ds of c_kahsacl
Conducior

dF = (charge on ds)x Blectvic fiedd

dfF = (a-ds)xf_e'_'; > dJdF = ;‘: ds
Henee |P, = dE = =2 N ly Oudward
ek © Js T 26, (Normally 3)

D PHYSICS with Umesh Rajoria €& www.sccesikar.com | 33 |




Electric charges & field

Inside E), =~ Eq9= 0 > El = Eq
Outside E + E, = E D E = 2E,

E.1.. =

A Lcuz_ae. Plnnﬂ. shiet ok chakse having Surface
ckou-.%o_ M‘n’csd_ 5x10° c,/ém" L::a n XY F;alam.t:ird
e elechc flux %wua'h a caiveulos asea of vacliub
ol m J.b Hwe nermal do the. civewlar area makes
an a-rg&. ob- 66 with the zZ-axis,

- X
_g\: Here. o :SXIOSC/MI /
Y’-"— 0"..'. ﬂ 9 9:" 60 #L ?.\
So <F = Esds = Eds il i-\' 6 E "
0
2‘ —
4> = ({a)"ﬁr CosB y/)/ _"A =T
- &
$ = SEP X 31U X (0-1) Cosed
2X 8 8sxj0'*

b = 4-44 x16° Nedle

@ A charge of 1727 XI51C 4 Mahibuted oven o Longe
Sheet ofy aneq 200 m*, Calewode the electric field at a
cistance Ok 20 Cm -b'nmq tt -

.§_9,\ Sw-a.j'—qcz &bahﬁLolm.s'rhj o =.%_

-q _
o- = 17:7X10 - g.35x16 © C¢/m?>
200
1 ' - c—-
Electric field E e
. — &
c - 885X .

2X R85 X0+
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Electric charges & field

At a pom:?- 20 m fromn the cendxe of a dm Cd
non Conducting sphene of sadius joem , 'H'\&-
electyic Ffiedd 13 loo V/m. Fnd +he elechic $ieMd
at 3o from the Cermdhre of +he sphone.

-__S_QL:- Electric field owdziole Hhe sphave Eow = K@.
Electric Ffield imaicdle the sphane. Eijn = K&'x.

& Ein, - x%x
Eout R
S
- B)((ZOKIE?") x loo = 120Vm
(lox107%)3

g Office: City Light Colony, Piprali Road, Sikar (Raj.) Q 97859449225 ' 40 |




