itive charge.
9 ¢ E
Field due to a point charge:
e--9 1
4ne, 1?
(Second Year) g Pos
charge from infinity to a point P
It is very important chapter not inside the field is called electric
only for Intermediate but also for diff- potential (V).
erent  competitive exams like JEE v ZjF'df
(Main & Adv.), BITSAT, EAMCET. > %
Electrostatics and Gravitation are v=| 1 9% 4 cos180°
the two chapters where there is a str- = 4ng, Qo
ong correlation between the concepts -_1a
like Force, Field, Potential and Pote- Ame, 1
ntial Energy. By using Conceptual Electric potential due to a numb-
Integration Approach (CIA), student er of point charges
can easily prepare these two topics _ 1 xa
together. This approach not only sav- Ame, T
esthe time but also memory. For exa- Potential Difference:
mple the gravitational force between V,-V, = _Jz‘r;, g gV
two point masses separated 4 dr
by distance r is proportiona to iz T_he glectrlc fied is alqng the
r direction where the potential dec-
just like the electric force between reases at the maximum rate.
two point charges. In Electrostatics, | 5. Electric Potential Energy of
the force can be attractive (—F) or system of two charges:
repulsive (+F) but in gravitation alw- Electric potential energy between
ays attractive (—F). two point charges U = 44,
Electrostatics: Amer
. Force Field Potential Potential energy
Cl . F E.
arge_) F= 1 49| E:E—>V:—JFdr;E=—d—V—> :71 49,
a=ne dne, r* q 2 % dr 4me, T
Gravitation :
Force Field Potential Potential energy
Mass [= =
L R e VA L= R TR

Basic Concepts:

1. Quantization of Charge: Any
charged body, big or small, has a
total charge g which is an inte-
gral multipleof e, i.e.g==% ne,
where n is an integer having
valuesl, 2,3, ..., '€ isthe charge
of electron which is equal to 1.6
x 10" C.

f::i,qlqu

Coulomb's law: 5
4ne 1

dy T a,

The force between the two point
charges is directly proportional
to product of the charges and
inversely proportional to square
of the distance between the two
charges. Where T is unit vector
along the line joining the two
charges.

Electric Field: The space around
the charge upto which the influe-
nce of charge can befeltiscalled
electric field. Its magnitude is
equal to force experienced per
unit positive charge.

F
E=--. where g, is the unit pos-
o

6. Electric Dipole:

Two point charges of equal mag-
nitude but opposite signs separ-
ated by a small distance form an
electric dipole.

The dipole moment of adipoleis
a product of charge and distance
between two charges.

—q +q

p=qx2a

Dipole moment is vector quan-
tity,.P=0gx2a

Direction of dipole moment P
isfrom —q to +q.

Importance of Dipole:

Dipole plays a very important
role in Physics. When molecules
like C,0, CH, are placed in ex-
ternal field, they develop dipole
moment. The molecules which
are having dipole moment in the
absence of an electric field are
called polar molecules. Eg. H,0.
Various materia giveriseto inte-
resting properties and important
applications in the presence or
absence of electric field.
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Electric field of adipole:

. Along axial line:

F—r
<q—2a—tq P
The electric field at a point Pwh-
ich is at a distance r from the
centre of dipoleisE=E. +E.

E. = Electric

field due to positive charge

E — Electric field due to negati-
ve charge.

. q 11 ]

Cdme, | (r-a)? (r+a) Pwhere
is P unit vector along the dipole
axis (from —q to +q).
= q dar .

E= [

4ne, (r’-a%)’ P
For r >> a, for ashort dipole
= 1 2P
E=—"7%

Ame, 1
Electric field due to dipole varies
as 1/r3, whereas due to single
charge it varies as 1/r?
Along Equatorial line:

E

E

éﬁ
,,'/ \E7

/ r \\
AP a
2 2a A
-9 1

~ 4ne, (r2+a?)

The total electric field
E=(E, +E_)cos6

2ga
E=—F
4me,(r® +a%) 72
p
E=———P
dme, (12 +a?) 2

"—ve" sign indicates, the directi-
on of electric field on equatorial
plane is opposite to the direction
of dipole moment vector P.
Potential due to dipole:

Potential at point PisV.
v-_t(a_a

Are (1,

1

2.

17 =1 + & — 2arcos®

17 =r* +& + 2arcos®
Using Binomial approximation:
1 = }[1+ Ecose]

nor r
1 }[1— gcose]
r, r r

q 2acosf
4re, r°

V=

1 pf
4ne, 2
Torque on a Dipolein an
Electric field:

Dipole experiences zero force
when it is placed in uniform ele-
ctricfield, since each charge exp-
erience a force equation in oppo-
site directions.

The dipole experiences torque
since line of action of two forces
is not same.

Torque = qug noxE

(r>>a)

In vector form: Torque =PxE
Potential Energy of a Dipolein
an Electric Field:

JEE Model Questions

Four point charges, each of +q,
arerigidly fixed at the four cor-
ners of a square planar soap
film of side 'a. The surface
tension of the soap filmisy.
The system of charges and
planar film arein

2
equilibrium, and a=k[q7] 3

where 'k' is a constant. Then N
is.. -

A wooden block _'I:“

performs  SHM

on a frictionless surface with

frequency, v,. The block carries

a charge +Q on its surface. If

now a uniform electric field E

is switched-on as shown, then

the SHM of the block will be:

a) of the same frequency and
with shifted mean position

b) of the same frequency and
with the same mean position

¢) of changed frequency and
with shifted mean position

d) of changed frequency and
with the same mean position

A few electric field

lines for a system of «:%

two charges Q, and

Q, fixed at two different points

on the x-axis are shown in the

figure. These lines suggest that:

A [Qyl>1Q,  b)IQl< Q)

c) at a finite distance to the left
of Q the electric field is zero

Lt

U=-p-E
Force on a dipole in non-uni-
form elﬁectricfieldlﬂz:

oE JE

F=p—,where— i
par pw is the deriver

tive of electric field with respe-
ctive to distance along the direc-
tion of the dipole.

Important I|PE Questions

Very Short Answer Questions

1.

2.

33

What is meant by the statement
‘charge is quantized'?

How many electrons constitute
1 C of charge?

What happens to the force bet-
ween two chargesif the distance
between them is

(a) halved, (b) doubled?

Short Answer Questions

1.

2.

4.

B

State and explain Coulomb's
inverse square law in electricity.
Derive the equation for the cou-
ple acting on aelectric dipolein
auniform electric field.

Derive an expression for poten-
tial at a distance r from the
centre of adipole.

d) at afinite distance to the right
of Q, the electric field is zero
A uniformly o
charged thin F_/
spherical
shell of radius
R carries uniform surface charge
density of ¢ per unit area. It is
made of two hemispherica
shells, held together by pressing
them with force F (see figure). F
is proportional to:

1 00 1.,
a) gcs R b) ;o R

1062 16°
9 &R D R
Adisk of radius , v
al4 having a
uniformly : X
distributed

charge 6C is placed in the x-y
plane with its centre at (-a/2, 0,
0). A rod of length a carrying a
uniformly distributed charge 8C
is placed on the x-axis from x =
a4 to x = 5al4. Two point
charges —7C and 3C are placed
at (a4, —al4, 0) and (—3a/4, 3al4,
0), respectively. Consider a
cubical surface formed by six
surfacesx=+al2,y=+al2,z=
+ al2. The electric flux through
this cubical surfaceis:

) (-2C)/e, b) 2Cle,
c) 10Cle, d) 12C/e,
Answers

1)3 2a 3)ad 4a Ha



