
Electio magnetism

↓ -
-

Gedrostat is Gectrodynamics

(charge stationary) electic current

magnetisin

emi, Ac.

Charge
-

-> antunsicproperty.
↓

very fundamental quantily
symbol - O Itypes
unit-coloumb.

tre-ve

tute - Scalar
Like charger repel

unlike chargen attract



Conservation
of charge

charge of an nolated

stem
a constant

nota body
but a system

we need togeta feel of it -
When election

How do we getcharge?-> transfers from one

body toanother.From proton and election.

9, =0 92 =0

⑭D 9. +92
=0+0

=
-

⑭ 6P 9:92

3e 79
- + 1 - 1 =0

-

q, = + 92 = -1



9, =-2
92 = - 1

4P 6P
9.+ 92 =

->
be 2 12

- 2 - 1 =-

9=0 92 =
- 3

4P 6P

42 9el 9.+92

=0 - 3 =-3

Quanhzation of charge

Auculable in is thesmallestchargeEexed amount 3 thatcan exist

independently is

~ I

charge D C

1e, 22, 32, 41. ...
e =1.6x10

- le,-2e,-3e,- he... -

n

-

-

& =Ine

ocan a charge g
1.8x10' be

given to a body?



Charging by conduction-> directcontact

A body charged by having directcontract

with another body.
eg:Scall and hait papers

sak tuad - plastic rod

sulk thread + glan rod

Charging by Induction -no directcontact

When a high

t
positive charge

t -> broughtnear

- a bodyE I negatin charges
tend to concentrate

↓ to one side

Polarization
thur creating a

Polarization
I charges. I charges.



ImportantQuestions

Board exam perspective

1 Whatdoes 9,+92:0 signify in

electrostate?

2) What kind a charger are produced when

a glass rod is rubbed with suk?

3) can a body have charge q0.8xisc.
Justyy your answer with proper explanations.

4)Give any two pools o dyference bet'n

charge & mass

5)Explain;charging by Induction

charging by conduction.

6)Lista proportion of electric charge

-



Numericals - Level 1.

1) Find the total charge on thesystem

Contacting +1, +2, +4, -5, -2. (mhc)

2) Ametal sphere has a charge of
- JMC. E5x10' are removed

↑

from it, whatin the final charge?

3)How
many elections are needed to

achieve 12 g electic charge?



Coloumbs law

*we know thatlike charges repel

unlike charges attract.

Apurpose of coloumbs law is to

quantify this force.

Statement

thefone I allraction
bet'n two charges isdirectly

proportional to productof thecharges and crew.

prop, tothe square of two dutance bet them.

Fx 9,92 and Fx1
r2

->

Fiz ->

-91------- q2-
F21

=>

Exae
↓

Foron I Fire on 2

due to 2. due to l

=>F:

Ie



the value
o K is equal to 9x109

for our/vaccum.
thevalue (13) changes from
one medium toanother.

Numencals - Level I

1 Whatis thetone bet two charged spheres having
charger 2x15( and 3xisc placed 30cm apart

on auc

2) Theelectrostatic form bet two spheres of charge
0.4MC and -0.84C mO.2N And the

a) distance bet'n charges

b) Nature and value of fore

on 2nd sphere due tofirst.

3) Afree pithball of 89 carries a the charge of
5x5082. What mustbe the nationand magnitude

I charge to be given toa second ball placed

5cm below the firstball so thatit remains

stationary.



Board exam perspective questions.

① If the distance between two equal pointcharges are

doubled, and theirindividual charges are also doubled,
whatwould happen tothe for between them?

② Deine colon as a unitcharge
[OV)

Dye SI unitI charge

③ two charges are given such that9,920,

whatis thevalues I for between them?

④Whatare the conditions for applying
coloumbs law?->central +stationary

⑤Statecoloumbs law an electrostaticsMention two

sundarter anddissuatesbetween exedrostatic and

gravitational fore

⑧ Expren Coloumbs law on rector form with two

help of diagram



Vector form

+Ve -
+Ve

Fiz charge charge F21
- 9, -........ 92

->

Bout I point2

Ez ->
For on 9, due to 92

This is directed from 2 to D

Inihal point -2 final point- 1

- ->

=>> &21 -, - Mc
I 2

↓ ↓ ↓
DISP. final Inhal
recor pout point

Fz' -> tone on 92 due to9,
This udweded from 0 to

Inihalpoul- I final point - 2

I 2
T I Es. ,
- ↓ ↓

Dispvector final Inital point
pount



Principle of superposition

This is to be considered when we have multiple

charges placed near each other.

qs
92

-
93

Here charge 9, experience two fores
du tocharge 92 and 93.

#2 - Fone on 9, due to92

Fis- For on 9, due
to95

tretfor on 9, b

->

Fret - Fiz +Fi
-
-



Numerical problems - Level I

① Three charges 1042, 54C and -5MC are placed

in our at the true corners A, B, C o an equilateral
tangle of side 10am. And theforce exp. by
charge placed atcorner A.

② ABC as an equilateral trangle. I side com.
De the mid pointg BC. Charges 9,00,-100,
75C. are placed atB, C, D respectively. What
is for experienced by IC positive charge
placed atA?

From moder ABC Pg21,

2, 3, 7, 8, 13, ", 18, 24, 25,

26,25, 50



conceptof permitiuty

F =kg
k2 I

Etpermittivly gmeduim
4TE

1.2 EY=> Itor I
S1 = F

A
property of
medum that

some one who

allows the decline
controls the force
bet'n charges. field to reduce

tow bet's charges.

be FCt s -> minimum for
vacuum /ai

F-maxfor vacuum lair.
Emed] Saw

- Fred Fau
So =8.85xi0"c/Nm
-
-



Relative Permittivly [Didecine constant)

Ee =m ->
Ratio g permittivly I
any medium topermitivity

of vaccum /aw.

sunce so has man. Value of E,

Erz I Em =81 -the means face
-
-

reduce by 81 times

Er =9 -fone reduceby atomis

Problem
-
>

91 92 If distance

it---d.... --x
bet'n charger is

halved, and mid.

as changed. Fone u
Ans->Cr:8

also halved. And
-

En g
medium.



Electic Field

Acharge createsa field around itcalled

decine field.

when another charge is broughtintothis

field, a experiences a force,which is

quantyled by coloumbs law.

D-unition:
-

electic field due
92

to a charge is the q,

space around thecharge
↓In which any other charge

Feld g
placed will experience an

9,

electrostatic fone. Bed
an



Electic Field Lines Infence o charge
given by sectic

As we go far
Feld ismore Field intensity

awayumenuofthe powerful mean e =

2
charge =>ex1

(= it)
7 92

V
2

1 7 ↓
/ L

7 >
E L

7 3
L - q
L

+9 I 7 S

L -
7 I

- 1 -
L v W

For positive charge For negative charge

thefield lines the field lines

are towards owside. are towards inside

-> radially owward ->radially inwards



conceptof electic field Intensity

: Gedic field ovensity ata point is SI uni

the for experienced per cinctpositive =Fone
--

charge
testcharge placed as thal point

- N
wo disturbing/changing theposition of I
the source charge

=NC

Gedine Field due to a pointcharge ofany
given point

E =E 90 ->tel charge

&->sour charge
=>E =

kx90
- ↳ E9 90

92 2

=3 E =1 X ⑨
-

4N Eo -2 ↓
Field of G.

vector form:
-

= :

*ne*(-)



Letus understand the conceptwith thehelp a
a problem.

End theelectic field intensity
-

by IOMC I charge ata point IOUC Ei

3 cm from the charge as shown 9 ------
on figure. ! I-

3 am
E

=aroxto"-oxiee
- 10x 107 =N

-

-

End theelectic field intensity -10hC Ez

by-1OMC I charge ata point 9-
- -E=
9

3 cm from the charge as shown Iam
on figure.

E =

kxg
=oxio onthe-

-

In above two questions we found intensity I
electic field ata pointintwoelectric field



Electic Field due todiscretedistribution of
charges.

meaning discrete? -> Many charger placed
g

distribution of charge
atdy positions.

· 91 we can see thathe is

presenton thefield g
9, and 93

·

2 8
->Field 193

So, we can understand

Fadg 92- thatcharge 92 will

experience fore due to

field from 9, and 9,

Insuch situations we make use of
conceptof penaph & superposition.

Letus understand the conceptwith the help

of a problem.



EA

qvalues IOUC and -1OUC,

⑲Two charges A and B

............Teare kept10cm apart. End th

electic field intensity at a pocnt

P on thetr bisector of AB at

a distance 12am from its

10cm - 1OUC
10UC

midpoint



Electic Field Lines Infence o charge
given by sectic

As we go far
Feld ismore Field intensity

awayumenuofthe powerful mean e =

2
charge =>ex1

(= it)
7 92

V
2

1 7 ↓
/ L

7 >
E L

7 3
L - q
L

+9 I 7 S

L -
7 I

- 1 -
L v W

For positive charge For negative charge

thefield lines the field lines

are towards owside. are towards inside

-> radially owward ->radially inwards



Properties of
Geduc Feld Lines

I Field lines are 'Imaginary' lineson a region g
space and time along which a free positive charge
would move y allowed to do so.

↓IX
- +9 --Harman

of motion.

2) Theyoriginate ata positive charge and terminate
ata negative charge.

3)they do notform a closed loop.

4)Theydo notteammateon space

5) The number of field lines are subjective but the

density of field
ties is objective

5) theno. field linesfrom/to acharge

a magnitude of chargel



al
1

T
> -Ve

And the value
-

+Ve 9 92
L

W

>

↳ q a?
211 ==
-

= a) 2 a) - 72

1921 b) Y2 d) -2

&2 Thefeld lines are symmetic about the

line joining two charges.
And which is

greatervalue
21 92

9,0092

......
gift--------

-

t / 4- B

density of field line in9, islen when

compared 92. So he has higher value



Electic Duole

two equal and opposite charges separated by a
small distance

+ 9 ----------- - g

i
I -I

2L

Dipole moment
SI and ->Cm

productone of the x distanceDominion - bet's

I charges charges
This is

a vedor

quantity.
Equators P =9x2L

⑳ Find thenetdipole moment for the system.

A
4=
90

+q - (0,a) a

die q
moment I

> P, =99

div.
moment 2 (a,0) Pro:Vis

I >
- 9 +9 Pret I Equ

-



Electic Field due to dipole

-> on the axis g the dipole.

->atdistance in from
centre of dipole.

0
+9_. Ez-g -------------

L ↳
[ 7

I ↳

Itis logical to say 27 E,.

(distance to in from +9 ulen than -9)

Gr =1 es =

the(x +2)2

End:Ez-E= k9 fi-ty]

[
=a?)



-[is]:I ign]
End =(qx2u ==>)

22 - 22) Rese
Generally =l20

=>Gnd=

Pete
- End = 2kP
-

x3

electic field am toadpole along
axis is given by 2

vedor form.
dur. I dipole
momentdue to

-

G= right

thn u to duction

-

-- o Gedic field
when

pout a near to

·I *
- the charge

- 9 (E) =) fa



Electic Field due to dipole

-> on In bisector of dipole

e -> atdistance in from
centre of dipole.

2, =1 =
-xx +l2

x
+l 2

-
-

-

=2E2= z (n +1)

End:GCOSO+G, cosO
I

g
-acosa asonuse
Direction o Gret G:
opptoE:-



As a conclusion,

[Gnet)axial
2x (Enet)

equatorial

Torque on an electic dipole

placed ina uniform electic field.

-

i A 7 E
-> 9E

the netforce

i W " 7

acting on the

8--- 7
C

B depots on a

7 unform decic

ac-1-- field =0.

7

Buta torque is produced here as two

fores are positioned notalong the -
produced

same him I action. I Torque

Translational equabrumRotational eq



Torque:Forexto distance

=GE x (AB) -see figure.

->

-

qElsmo
Direchon

g 2

-

So, Ix E

But we have two forms, Exp
->I =4 +E2 =

=9Elsmo+9Elsmo
->accept

=q(1) e smo I =PxEr

2 =pesmo

⑰When is torave maximum?

⑰ When a torable minimum/zeroc

↓ 2-
Stable unstable

equehbsum earbrum concept

concept--> return ->gou ahead
back



Conceptof Area vector

&
d S

=dS xn
n
->a unit

-

vector to to surface. A

-

-

ds =
nx dS

-B
ds -> magnitude g area (ts)- area & shape&

n -der. I uns vector

ExB =area vector (Arto ARB)

↑Y ↑Y Area = Thx
Area =(1b) xy Tex-

~

(b) x - j -

X X
> >

b

note thatboth directions

l

L
2 L

2

are accepted as correct

valutes.

" For cold ↓
we

surfaces For open surfaces
-

take theone going
outside the volume



Electic Flux

Electic Fluxthough a surface inside an decine field
represents the total no. 8 electric field lines

g for

crossing the surface on a direction normal to it.

theno. of electic field lines passing
trly toa plane surface

7 7

- >
E, Ez
7 7

>

> >

Density
a

intensely I
E2 > Ei

I
field unn eledic field -> Connect these

concepts toconnect

- 2 ~ I
and I elednc Flax- Nm C

~
-



-

-Aserie
Ecoso can create

electic fluxbut no

E
Esmo as an i

- d = =(zcoso) x A

=E Acosa
From the

we can
say
that

P =E.
electic fluxis

a scalar
avantily

⑲ -
E

9 =
E.

a

130° -> -Ex AX COS30
-- A

a
·exax

=>d



⑳ E 0 =

E.

·

" =Ex abxcosur

=EabXt
F2

4 - Eab
--

2

-

⑬ A

↑
r

=4
=

E.

-> =E. E

~ Ex 42 xc0s9

4 I E
-

-

A
E

⑧It- 4 -E.

·Ex Tux cosso

4:



-Y
P &

>X

e
>E

- 2
S

R B

> E

b

A

- > E

2

De

we have 6 surfaces. Let us fund electric

fluxthn' each of them.

PS (- i)

%, =E.A =ex. enxcosq

A (15)

&2: E.A
=ex1h xc0s9= ⑳

-

a(j)

43:
E.A =e x 1b x cos9=

-

3 ( - j)

Du E.A
=ex 1b x cos9=



-0(+i)

05 = E.A
=exbux coso:ebh

-

D (- i)

9 =
E.A =exbhxcos18=-Eb!

Tolaf(x20 +0 +0 +0 +fsh +(- cbh)

= E

total flux inside a cloud surface w/o any

charge a equal tozero-

ByI am considering a cylindel,

-

=OT-Yobflex=_CadialanI - 0 C
->



↑

Electic flexinside a sphere

G =1 x a

44E Ez

+9A, -

= P: E. A

dy =E.A

=ExdAX coso

=C.dA
-

Sdp=fedA
-

=>I SEdA

d =E xJdA

- Ex 4πR2

·

1

*9 xTRY

~NETR

->

-

4:



Law
Netelectic field thisa closed surface

is I turn
the net charge enclosed big the

surface. 1 =Gntinside
closed r

=GOEdA

We desired this in lastpage

getthe concept. The sameE ->

Huxpasses to all

spheres. So notelectic flex

does notdepend on area.

al

even shape has no

significance -

Importantpoints to note

① The surface which enclosed a charge, a called a

gaussian surface.

2) Netflux through a surface due to an external surface
isalways equal to zew.



A
GA- electic field

9s atdue to

⑳ 8,9: 93.

truxdwan
1.

G =

aqz =fEd,
Emer

9,,92,93

③ No netelecting fluxtan' a surface due to th

presence of a charge outside the surface.

② 1 ->flux entering tres
leaven theo'2.

a.g. -> and entering this's,
⑭ leave two 4.

9.

4, =e, xdACOS180" BuG =E2 ↑

62: Ec dAcosO= 4, +P2 =O
en
--



Gauss law is always applicable but notalways useful.

① The gaussian surface should be symmetric about

charge/charge distubution.

2) the I held must be symmetric (equal (constant atall

points of gaussian surface.

3) O mustbe same at all points (EPA) of the

suface.

4) Gaussian surface mustnotpass trad any point
charge.

⑨
- -

· q Find thevalue of flux

42 from this cylinde.

...K-

feex this' ful

... ayunda is a
Ei

So half cyluder
42 a
...K-



⑳ And the value of
Ruxtansa hemisphere.

·a through a sphere
Er

hemi-sphere so

⑬ And thecleans flex due to a from thisplate

->this could be inside

alz
a cube of side a

G
..---- and charge aldscentre

a

----
-

In trplate ne
⑭ Hex tun' shoded region

·q when a u m middle-> -a.

⑮.
9

Hex twn'thn cube tux tro each face.

->

&

Complete cube such

-sa."8 Er that a become al

centre

⑳ j ocone isappart o sphere. ⑰
+9

Dcom:(1-coso -> Whal a thevalue?

q -

when charge n'al vellex.



⑰
B jk

zie
! And two dedic

is R j 9!
fluxdue to 9

thisCSA?
k

! thisthe shaded

ja!= i
region is

RR q(1-coso) xR
RE

Diotal:
9 (I-coso)
Er
-
-

don-- (I-coso
=

(1-1 + cosa):Excoso
0 =45

=- ↳



Application of gauss law

to find cledine field due to a line charge

vconsider an a line charge -

...
as shown infigure I

I

9: 6L ↓- charge t

per und I
l

length. I

t

Acc. todefunction of dedic feux, ..

0 =6 xA

=Ex2TV1- 0(only SA considered)

According togauss law,

4 -E -e

Comparing en D and eq,

a =exz vel
=> G =
1x1
24Go

*
=Ex2r (by definiting).



To find electic field due to an intent

sheetof charge

Consider a sheet q
I
I 7 -

charge as shown in
I t E
I t
+ tfigure. + t

>

t ↓

q:0xA I t 7

I

--charge per und area.
t

According to electic flux,

0 =2 x A

=Gx 2 ACA- area of circular portion)

According to gauss law,

0 =9
E

2) 9 =Gx2A

S

**
=Gx2A=c =

E


