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Electric Charges & Frelds

An intrinsic property of matter that gives
rise to electric force is called CHARGE.

T Ort‘gl‘n

Atom : protons (+) , electrons (-) ;
neutrons (ro charye). Charﬂe ofF a quy

arises due to wxTesS transter of electrons.

Two «inds of charge

() Posf'h'ue - ﬂlass rubbed with sil«
Gir) Neyaf:ve - ebonite rubbed_ with fur

Like charyes repel . unliKe attract.

ST unit
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/ covlomb (C) = charye that Fows when / A

current passes +or / second.

g omdie X /O./? C ! <- smallest free

Mass of electron : 9.7/ x 10°% K9

Mass of proton : /.67 x 107%7 Kg

Dimensional +ormula of charﬂe T [l ey g

< - charﬂe Unown
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Properties of Electric Charge

/. Additivity

Total chafye of a body = a{gebrm’c

sum of all individual charges

Q=g g Ly e

2. Quantisation

Chacge on any ‘body s an :‘nfeyral
multiple of e

Z N e S e B +/.. /‘ .'I./,C—Z’ﬂh'v(an's

Quarks have charge +/- ##& //3 ¢ , 2/3 e but
are not seen +ree - so e is the smallest

free charye in nature.

3. Conservation

Total cha{ge of an isolated sy stem
remains constant. Charye IS neither

created nor desf'royed - only transterred.

Y. Invariance

Cha::ge does not depend on 5peed/@ame

' unlike mass) - i+ is a Lorentz invariant.

&= -‘oﬂ-' c.a"rop expt.

2
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Methods of Charging

(a) BY Fﬂcflon Induction sketch -

Two nrevtral bodies rubbed foyefher ¥
electrons jump from omne to the other.
CGlass + 3 =% glass (+) , sk (-)
Ebonite + +ur -7  epbonite (-) , fur (+)

(o) B v Conduction
Touchinﬁ a charﬂed body with a nrevtral
conductor - cha rge re- distrioutes Hill

> 5l
both reach the same potential. ® IR S e R (7

(< By Induction

Bﬂ'nﬂ a charﬂed rod near a conductor
(7 nearer Hace gets opposite charge
Cii) Farther face gets same charye
(iii) earth the conductor - far charye
drains ofF ; remouve earthing ; remouve rod

-7 body leF+ with opposite charge.
NMote : in induction the a]ncfuu'nﬁ body
does not lose any of its own charﬁe.

Boa’y aczur'res charye without contact.

Gold-leat electroscope - device used to
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Covlomb's Law

Force between two point charges at rest
In vawum IS :

(a) dfrecﬂy proportional to g9/ -22 ;
(b) inversely proportional to r—szuared‘,

(<) a!ony the line \jof'm}ay the chacges.
e

- 2 .
= <-scalar form
5 Z / 2 2 / 4 < - maym‘rucfe only

|

where W= 2l (TS U2 T /O m LT

Eo = S HcY . x YO e Wt

1S the perm:'f'h}./r'fy of free space.

Vector +orm

= 2
f;zz"{Z/zz/" Lo

force on Z/ due to 22

?/2 s ’?z, (Mewton's 3rd law)

In a mec{tbm

F 22122/(‘7’1_,-5»52)

med

where & = EO €2 % L dielectric const.

So Fmea J/ Fum =0 /'E, i (afways).

Medivm weaens the electrostatic Force.
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Ex'ar.nple / - Covlomb +orce

Two charges +2 uC and -3 uC are placed
O0.30 m apart in air. Find the +orce

between them.

Soln. |
g, = F 2 x /O C
9, = - 3 x 0" €

«

AT e =9 % O 9 M 2]

/

B
|

KZ;Zz/rz :
=S IO e (R JO ) e R e 10T

;“"“Jﬁﬁ""‘”"““‘ﬁp““‘-““

i SO N B O 0T
o b e R S [ L B
sz OB A |

y!

¥

F = 0.6l M (attractive) <-opposite

<- char‘ges attract

eA placed in water (ep.s__r = ¥0O)

-

= =00 ) YO =T s IO N

water

Force o’rops by a factor of ¥O.




Principle of Superposition

Force on one charge due to mary charges

= vector sum of Forces due to each one,

taken WT Separaf'ely - others haw'ny no effect.
. :

— = —= —

Py B o 5 /3 8 5 I

e A 4 2 ) . < - summation

f"/ = U 2, P (ZJ / ro) ry e

Kez idea

Covlomb's law is PALR-WISE - the force
between any two charyes s unawcpecfed

by the presence of other chaa:ges.

- F2
SO

Fesultant by paralieloyram law

—

=) 2 oo -3 - e
Foo = sgpil PO F -2 F F, et O )

an O = Fz sin O / (F/ i Fz cos BO)

v




Electric Field

ﬁeﬂfbn around a cha:ye in which i+ can

exert a +orce on another chacge.

Definition

E?Iecf'ric Field at a point = force per
unit POSITIVE test chm:ge ZO placed
at that point

S O) <= limit so ZO-

<-does not disturb

e ),

(0]

..
Unit 2 M / C = V4 / ™
D'l oz ML T AT
E is a VECTOR - same direction as F on +ZO

Due to a point charge

—~

E=u @S g e
(radfaﬂy ovtward for +Q, inward for -@)_

il

Feld of +Q feld of -Q
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Field of a Sy stem of Charges

E- = E 4+ Et . F E ( superposition)
— 2 2auEes
E P o K J-':'.J (Z i / rf'P ) rfP

Af'.a point P with position vector r ; ®
due to charvc;e 2___,:' at - risy
riP Fo'5 ¥ - ff.

Electric Field Lines

.Emayinary lines whose f'anyenf at any
-

-point 3{(/-35 the direction of E there.

| _Properh'es

i (/) Start +rom +ve , end at -ve charges,
or extend to f'n-ﬁ;]ru"ly.

(2) Continvous curves - no brea«s.

(3) Two lines =@ never intersect
(else E would have 2 directions).

(92 Density (lines per urit area) s
proportional to E  at that point.

() Do ot Form closed loops in ‘
electrostatics (E is conservative).

(o) Perpendicular to the surface of a

conductor in electrostatic ‘ezuﬂfbﬂbm.
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Patterns of Field Lines

(a) ZIsolated +Q

\\}\/ /‘ : radially oufwar;d;
< /‘/Q-/\)‘\ Spberfkalfy Symmef'rf'c.

dens:'ry Ve szuared.

(b) ZIsolated -Q

\\/1 /’ radially ,j.wafd ’

‘//‘\v<\‘ Same shape - q.euersed

direction.

(<) Dipole (+Q, -Q)
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Continvous Chhrqe Distribution

When chaiges are very close foﬁgf’her

we treat charge as continuovs. 3 Kinds

(i) Linear charge density *
szz/d/ (C_/m)

(charye on a thin wire)

Gi) Surface cha:;qe densify
O = dy J dh o (0 ) )
(cha»:ge on a thin sheet / surface)

Giii)  Volume charge de nsity
p = dz / dv {C ./ )
(charge spread in a 3-D volume)

»

Field due to a continvous body
dE = « dz / ~ (each elerment)
E — J « dz / fz ; <-integrate over

<-the whole bady

For a wire - dz gl e
For surface: dz = O dA
For wvolume - dz =P dv

Use symmetry to simplify the integral.

/0
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Electric Dipole

A pair of ezuaI and opposite point
charges +49 , -9 separated by a small

distance 2a is called an electric dt}aole.

P

—_

() ®

o
D

Dipole moment

~

<-unit

Maﬁnﬂ'ude' P = 9 (2a)
Direction - alony the axis , from

neﬁahi/e to positive cha(ge.

Total charge of the dipole = '-I-z + ( -Z) = 0
Met Force on dipole in UNIFORM E = O
but et TORAUE is non-zero (see later).

In a non-unitorm Held both Feree= a nret
force ANMD a f'orzue act on the d:}:ole.

; o g9 - 2a 'p (From -9 to +Z9'“e‘*°’ 217

//

C m
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Field on Axis of Dipole

Consider point P ar distance r +From

centre O on the axis (alony p).

4 0 g . p
( 9_ —_GI ) >
: 2a

Distance +rom +z fo B i i
Distance +rom -9 to P s r + a

m
|

74 9 / Goaial (away from +2)
« 9 /e A al: (towards »z)

+ -
E.

i

Net @-e[d‘alo:oy axis (aw(:% From -g to +2):
E,. 2. Eio.E.

=« g [ 1/Cr-a)* - 1/C+a)° ]

< g . Y.a rd. b =ad

2 poed Gl el

¥

For.r 2 a4 ( short dipole 2 *

25 i 3 1 g Y0 P S,
=2 «'p I (alony p) e

= axial

/2
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Field on Eguatorial Plare

Point P at distance r from 0 on

the perpendicular bisector of the dipole.

E+t = E- = X 4 A e s
Iesolve into comporents - perpendicular

to axis components cancel parallel ones

,l
add (antiparallel to p):

EEZZZ.Kz/(rZ'f'aZ).cose
whénecos@za/szrf(rz+a2)

i 2 2y3/2

For short dtpole R e .

—

E =¥ p ) ( opposite to| p Fratf of

g9 <-axial valve
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Dipole in Uniform Field

- Dipole p in uniform Field E - the two
.I 'chafges feel ezual and opposite Forces.

T
theta = --

——

—_—

E

f:orte
e

- :_-2§+(-Z)Ezo

net

NMet force on d:}oole in uniform E is zero.

Torzue 2

Two egual opposite Fforces ; perpendicular

distance between them = 2a sin theta

fauzzE.Za.ﬂ'n@
::_pEsin@

F = %% E (fau) < - perpendicular
<-to both p,F

Torgue is MAX when O = 70 deg : tav = p E

Torzue s ZE/?U_ when O O or /50 de‘g (ezm’hbnbm).

y
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Example 2 - Dipole torgue

An electric dipole of moment 9 x /O -7 C m
is placed in a uniform Feld E = & x /10 9
W/C at an angle of 30 deg with the Feld.
Find the torgue on the dipole.

O = 30 deg 7 #p 20 = 42

tav = p E .Sf;n Z
= 4 » 40 ) e x 0] 0.5
PR S T R SRR
= O~ /O™T N m
= L0 % 1O N m

A

tae = 1.0 x /O“, NV om <-direction by
€-ri'ghf-hano’ rule

.
Work dore to rotate +rom theta/ to thetal.
W= pE L s 8, - cas G 7

Potential energy of dipole in Held

e

Uz-p.gzﬁpEcoS@
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Electric Flux

Momber of electric Feld lines crossmy
a 3!1/?:’3 area normally /s called electric
Fux f‘hrouyh that area.

-

For a small flat area

Page : /6

A m

d 0 =€ .dA = E dA cos B <= gm,
dA = » dA 7 i eutward normal.
& = angle between Eiand a
For a Hinite surface
. s — .
(D = J & <- surface
4-:hﬂ5raf'
‘»
Cases
(aJ 6 = 0 - -> d) = E dA (max)

() 6 = 90 -7- dp = o
(J B8 = /150 -> d(]) = -E. dA

(]) s a SCALAR Zuanﬁfy,
din'l ool ol ST AT

( enf'enhﬂ)

/¢ 8

(E parallel to 5urvcac_e_2'-_'



Date : Page : /7

Gavss's Law

Total electric Hux f'hrouyh ArY closed
surface S = 7/ epsO  times f"he total char:ge
enclosed by 55 . , ;

CJ[} E : dﬁ = ¢ e <-closed
e 0 o < - surface only

Important +eatures
L (1) Valid for ArY closed surface (Gavssian
surface) of any shape.

(2) G = @lgebraic sum of charges inside.
(3) Charges OUTSIDE S contribute to
Field on S but not to total Hux.
(9) E on the surface in the :hfeyral ‘s
the TOTAL Hield (due to all chm:ges).'
(&) Direct conseguence of fnuerse-szuare

nature of .Couvlomb's law.

Choo.s:'r?q the Gau!‘s:hn surface

=

(i) E constant in maym'f'ude on the surface

Gi) E parallel or Perpendf'cular Fo o
So  we exploit the SYMMETRY of the charye
distrioution - spherical, cylf'ndﬂ'cal, or

planar - to goess choose the surface.
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Field of Infinite Line Charge

Sf'ra{'ghf' wire o infinite Ienﬁi“h, oniform
linear charye densify lambda C/m.

l &8

Choose Gauvssian surface
i Coaxial cyl:'nder of radivs r and_ !enyf'h /.
| By Symmefry E is radial , Same maﬁnﬁ'ude
i; euerywhere on the curved surface.
Flux
D Goeved) e B2 Bl e
O (Aat ends) = O (E perp to n)
bidotal s B 27T v
Zen( e /< ,

Byc-rauss:E.ZﬂrizAl/Co

| EZK/(ZWEOJ <-E Ara

<-radial
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Field of Infinite Plane Sheet

Intinite plane sheet with uniform Surﬁacé
charﬁe den_ﬂ'f\/ sigma Cloi = 2

Gavssian pilloox

Take a cylinder (pilloox) of area A
passing fhrouyh the sheet, sym.;nef'r;-caﬂy.
By symmetry E is perpendicular to sheet.

Flox
G s ES AT E ALo=0Fh
4 = O A

Gauss.'ZEAZO‘A/ED

E - O— / (2 E O) < - r'nd'epenci'enf'

<-of distance?

For a conducﬁnﬁ sheet : E = sigma / epsO

/7
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Field of Charged Spherical Shell

Thin spherical shell of radivs R carryfny
total charﬁe Q (surface den.ﬂ'fy S{gma).

(a) Outside : r 7 R
0 = arllat=q /0

E = K Q / ’ <-same as a poin
<- chaf:ge at. centre

(o) Surface : r = R

+

EM;ZKQ//?ZZO_/EO

(< .fn.fide T s <l |

o O (ro charﬂe inside)

F. = C'Shr'efo(rhy -

i <- Faracfay cage

Freld \jumps from O Gusr‘ inside) to KG/W 2

20



- charye densﬁy rho . Total char:ge
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Solid- Sphere of Charge

Sphere of radivs R with uniform volume
@ =D (5/3) Fl &,

- Outside (r 7 )
E.Vﬂrzz@/io

E = « a / fz : <-same as shell

out

.In.s:}fe(raﬂ)
g =D PR T
el T =) T e e

E'h = p r / (3 EO) = « a ’ / Rgd-E linear in r

| E vs r  graph

Emax = «Q/R 2




g || Date : Page: 22

. Example 3 - Fied of a line

An t'n-ﬁ'm'f'ely Icmyv wire carries a linear
charge densffy b S M0 P A, Find .

at a distance of /O <m From the wire.

Soln.

:
. Ein ol G211 87 g

__ =209 w0 x 109 ) 640 :

3 =Y x 702 DI 4

F =0 0T N

; E = 90 % 10 ME (radial) = outmited «

: <-for +ve line

|
|
l
|
|
|
|
‘|
\

'_f__ “ / = 2w L o ' L .S'fnce- T ) =
| :
I
|
|
|
(
|
|

|J Cheek - F r is doubled to 0.20 m -

| :

{ E becwomes 9.5 x /O & AE (halved).
|

|

E falls as //r , slower than //r 2
. of a point char:ge. So a !‘opy wire has

a long-range Held.




| Example 9 - Plane sheet

| charge density 8.5 x /10  -/2 Clre - 2.

A lafge plane sheet has oniform surface

_| Find the electric fHeld near the. sheet.
=
Soln.
o2 0oc » 20" ¢ ) mz.,
s F¥E x IO

o

G /e |

E =

'|

| = e o Jo ) S lE L B x N0
fi/ = e

I|

| = 0% TN e

|

; E = 0. /[/ / C <-uniform on

' <-poth sides

 Two parallel sheets, +sigma and -sigma
| Between - E = O 8 G, (sum)
I| Outside » E =50 - (cancel)

|
| b

Two sheets with same +5{9ma each

| Between :+ E = O
Outside : E = O / s

Date : Pagg.: NS
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Example $~ - Spherical Shell

A thin spherical shell of radivs /10 «m  ®
carries a chafge of / X JO 7 €. Find E
ar la) £ con, (B 1O e, el 20 em

from the centre.

Soln.
K = 0/0 m

;
) ¢ = & cm- = K2 E = O (inside).

(o) r = F = JO ocm i
Eomwod ok
.2 100 7) ] 0.10F
900 ./ 0.0/
PO~ M) C

fl

|

f

le) v 2520 e 2 K ¢ .
o e Qi =il e JOHIOT) ) DO
= 29wy s O M)
E. =0, € = 10¢7 0 E = 2.2ce7 MC

NMotice . E jumps from O to 9.0e9 N/C

at r = R - the surface of the shell.
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Example &6 - Flux from a cube

A charﬁe o XYE AL s placecf at the
centre of a cube. Find the Flux f'hrouyh

(a)* the whole cube, (b) onre Hace.

Soln.
g = ¥ ¥ x A
&SR yE w )0 SE

(o)

(a) By Gavss's law

q)fofai 55 Z / EO -
(.85 500 L (v 59 5 107

/OB/VMZ/C

!

y!

| {b) Cube has © identical faces ; by
symmetry Flux fhrouyh each = Phi/e.
fl. =000 J 6 = Wb 7 Kl €

Do = 167 x /0 W m® [C < symmetey

< - arju ment

Triek o i the charﬁe is at a CORNVER
of the cube, only 1/8 of the -_Q'e!d lines

90 fhroujh the cvbe ; so the total Hox

f'hrouyh the cube becomes 7!}5319' 2/(5( 'ep_s'O).
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Example 7 - Short dipole

| A short electric dc}oole of moment
p = 6 x (O -9 € m. Find E at distance
. 0.30 m on (a) axial ss:lb) eguatorial line.

- Soln.
g2 6 % IO

/

O0.30 m

f

(a) Axial line
= = 2 « A
=2 O % 00 x 107 ] loz0)
= JOF ) 007
= S0 0T N S E
(direction : alonj ;)

(o) Ezuaf’on'al line
3
E mika e gl E e e e
el e o S S B
(direction : antiparallel to p)

e e A e ) T S

ax €9 <-rule

| Both fall ofF as //r 3 - much faster
| than the Jlr 2 of a point charye.

'

26
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Example § - Quantisation

An okject carrigs @ charge of -3.2 uC.

How many excess electrons does it carry 7

Soln.
g = - 2.7 w O C
g = Jb X s Al s

137 Zuanh'sahbn

oo
¥
3
o

n = 2 / €
= 122 % 309 ) G D7)

Y

= 2 x JO” electrons

n = 2 x 107 electrons  (excess)

-
Mass of these electrons
R e ek D e Rl e

€

- Y 0 G S

-17

®g ( ;eylf'gible v)

So  macroscopic char‘g{ny does MOT chanﬂe

the mass of a body in any noticeable way.

T AF MAacroscopic levels »n s So huﬁe that

we ftreat char:ge as continuous - Sa-pe!y.

27
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Summary - Key Formulas

Covlomb / Field

Fle i 94, i Fi K = //(VWEO)
E = F / 9o = K 8 ) | (point cha::ge)
#
Dipole :
P = ¢ (2a) il TR R It " Efz =K pi
tae = ; x E ; U = - ; ; E _

F 4 :
(DZEA/‘ ¢E-JA22epc/€o

Applications of Gavuss

Line gl o KL e I R e

Shvet o EwD o oE o) (insulator)
Conductor sheet : E = O / En

Shell ' B = W@ ey B D
Solid sphere ¢ B = &k d ¢ ) K

Constants worth memorising

¢ = St - ¢
=90 w D M S E
Eo = . T8 D e At
mt‘
»

e -3/ g = 27
= PH w IO «g m, = 1.67 » JO ’{9

. End of Chapter / wow e




