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ELECTROSTATICS

lectromagnetism is, almost unarguably, the most important basic technology in the
world today. Almost every modern device, from cars to kitchen appliances to
computers, is dependent upon it. Life, for msot of us, would be almost unimaginable
without electromagetism. In fact, electromagnetism cuts such a wide path through
modern life that the teaching of electromagnetism has developed into several
different specialities. Initially electricity and magnetism were classified as
independent phenomena, but different specialities. Initially electricity and magnetism
were classified as independent phenomena, but after some experiments (we will
discuss later) it was found they are interrelated so we use the name
Electromagnetism. In electromagnetism we have to study basic properties of
electromagnetic force and field (the term field will be introduced in later section).
The electromagnetic force between charged particles is one of the fundamental
force of nature. WE being this chapter by describing some of the basic properties of
one manifestation of the electromagnetic force, the electrostatic force between
charges (the force between two charges when they are at rest) under the heading
electrostatics.

INTRODUCTION

There are many ways of knocking electrons out of atoms. The simplest
is to rub two surfaces together.

“FRED HOYLE”

E

01  CHAPTER
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E ST TOO INS KEY PO

(i) (W P)ext can also be called as the work done by external agent against the electric force on a unit positive
charge due to the source charge.

(ii) Write both W and q with proper sign.

Properties
(i) Potential is a scalar quantity, its value may be positive, negative or zero.

(ii) S.. Unit of potential is volt =
joule

coulmb  and its dimensional formula is [M1L2T–3–1].

(iii) Electric potential at a point is also equal to the negative of the work done by the electric field in
taking
the point charge from reference point (i.e. infinity) to that point.

(iv) Electric potential due to a positive charge is always positive and due to negative charge it is always
negative except at infinity. (taking V = 0).

(v) Potential decreases in the direction of electric field.
(vi) V = V1 + V2 + V3 + .......

USE OF POTENTIAL
If we know the potential  at some point ( in terms of numerical value or in terms of formula) then we can find
out the work done by electric force when charge moves from point 'P' to  by the formula

Wep )p    = qVp

Ex. A charge 2C is taken from infinity to a point in an electric field, without changing its velocity. If work done
against electrostatic forces is –40J, then find the potential at that point.

Sol. V = 
extW

q  =
40 J
2 C
 
  = –20 V

Ex. When charge 10 C is shifted from infinity to a point in an electric field, it is found that work done by
electrostatic forces is –10 J. If the charge is doubled and taken again from infinity to the same point without
accelerating it, then find the amount of work done by electric field and against electric field.

Sol. Wext)  p = –wel) p = wel)p   = 10 J
because KE = 0

 Vp = 
ext p(W )

20 C


  = 
10 J
10 C

  = 1V

So, if now the charge is doubled and taken from infinity then

1 = 
ext pw )
20 C



  or Wext) P = 20 J  Wel )  P = –20 J

Ex. A charge 3C is released from rest from a point P where electric potential is 20 V then its kinetic energy when
it reaches infinity is :

Sol. Wel = K = Kf – 0
 Wel)P = qVP = 60 J So, Kf = 60 J



Study with Best Etoos Faculties of Kota
IIT-JEE | PRE-MEDICAL | CBSE | FOUNDATION

ELECTROSTATICS

70 etoosindia.com

1. Electric Charge
Charge of a material body is that property due to which it interacts with other charges. There are two kinds of
charges-positive and negative. S.I. unit is coulomb. Charge is quantized, conserved, and additive.

2. Coulomb`s law

Force between two charges 1 2
2

0 r

q q1 ˆF r
4 r


 


r  = dielectric constant

Note : The Law is applicable only for static and point  charges. Moving charges may result in magnetic
interaction. And if charges are extended, induction may change the charge distribution.

3. Principle Of Superposition
Force on a point charge due to many charges is given by

1 2 3F F F F .....   
   

Note : The force due to one charge is not affected by the presence of other charges.

4. Electric Field or Electric Intensity or Electric Field Strength
(Vector  Quantity)
In the surrounding region of a charge there exist a physical property due to which other charge experiences a
force. The direction of electric field is direction of force experienced by a positively charged particle and the
magnitude of the field (electric field intensity) is the force experienced by a unit charge.

FE
q




 unit is N/C or V/m.

5. Electric field intensity due to charge Q

0
2q 0

0 0

F 1 Q ˆE Lim r
q 4 r

 




6. Null point for two charges

If  |Q1| > |Q2|

 Null point near Q2

1

1 2

Q r
x

Q Q




(+) for like charges
(–) for unlike charges
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SOLVED EXAMPLE
Ex. 1 Two positrons (e+) and two protons (P) are kept on

four corners of a square of side a as shown in figure.
The mass of proton is much larger than the mass of
positron. Let q denotes the charge on the proton as
well as the positron then the kinetic energies of one
of the positrons and one of the protons respectively
after a very long time will be –

(A) 
2 2

0 0

q 1 q 11 , 1
4 a 4 a2 2 2 2

   
          

(B) 
2 2

0 0

q q
,

2 a 4 2 a   

(C) 
2 2

0 0

q q,
4 a 4 a   

(D) 
2 2

0 0

q 1 q1 ,
2 a 4 2 8 2 a

 
     

Sol. As mass of proton >>> mass of positron so initial
acceleration of positron is much larger than
proton. Therefore positron reach far away in very
short time as compare to proton.

2 2 2 2

e e

4kq 2kq kq q 12K K 1
a 2 aa 2 a 2 4 2

 

 
           


2 2 2 2

e e
0

4kq 2kq kq q 12K K 1
a 2 aa 2 a 2 4 2

 

             
 and

2 2

p p
kq q

2K 0 K
a 2 8 2 a

     
2 2

p p
0

kq q
2K 0 K

a 2 8 2 a
   

 

Ex. 2 For a spherically symmetrical charge distribution,
electric field at a distance r from the centre of sphere

is 7ˆE kr r


, where k is a constant. What will be the
volume charge density at a distance r from the centre
of sphere ?
(A)  = 9k0r

6 (B)  = 5k0r
3

(C)  = 3k0r
4 (D) =9k0r

0

Sol. By using Gauss law  
0 0

qE dS E 4 r    
 




    
 2

2

0 0

4 r dr
E dS E 4 r

 
    

 


(Note : Check dimensionally that  r6)

   
 2

7 2 9 2

0

4 r dr
kr 4 r k r r dr

 
     


 

7 2 9 2
0

4 r dr
kr 4 r k r r dr     

Ex. 3 Four charges are placed at the circumference of a
dial clock as shown in figure. If the clock has only
hour hand, then the resultant force on a charge q0
placed at the centre, points in the direction which
shows the time as :–
(A) 1:30
(B) 7:30
(C) 4:30
(D) 10:30

Sol. (B)

Ex. 4 A small electric dipole is placed at origin with its
dipole moment directed along positive x-axis. The
direction of electric field at point (2, 22,0) is
(A) along z-axis
(B) along y-axis
(C) along negative y-axis
(D) along negative z-axis

Sol.
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SINGLE OBJECTIVE NEET LEVELExercise # 1
1. The law, governing the force between electric

charges is known as
(A) Ampere's law (B) Ohm's law
(C) Faraday's law (D) Coulomb's law

2. When the distance between the charged particles
is halved, the force between them becomes
(A) One-fourth (B) Half
(C) Double (D) Four times

3. There are two charges +1 microcoulombs and +5
microcoulombs. The ratio of the forces acting on
them will be
(A) 1 : 5 (B) 1 : 1
(C) 5 : 1 (D) 1 : 25

4. A charge q1  exerts some force on a second charge
q2. If third charge q3 is brought  near, the force q1 of
exerted on q2

(A) Decreases
(B) Increases
(C) Remains unchanged
(D) Increases if q3 is of the same sign as q1 and

decreases if q3 is of opposite sign

5. Fg and F3  represents gravitational and electrostatic
force respectively between electrons situated at a
distance 10 cm. The ratio of Fg/Fe  is of the order of
(A)  1042 (B) 10
(C) 1 (D) 10–43

6. The ratio of the forces between two small spheres
with constant charge (a) in air (b)  in a medium of
dielectric constant K is
(A) 1 : K (B) K : 1
(C)  1 : K2 (D) K2 : 1

7. A soap bubble is given a negative charge, then its
radius
(A) Decreases
(B) Increases
(C) Remains unchanged
(D) Nothing can be predicted as information is

insufficient

8. Four charges are arranged at the corners of a square
ABCD, as shown in the adjoining figure. The force
on the charge kept at the centre O is

(A) Zero
(B) Along the diagonal AC
(C) Along the diagonal BD
(D) Perpendicular to side AB

9. In the absence of other conductors, the surface
charge density
(A) Is proportional to the charge on the conductor

and its surface area
(B) Inversely proportional to the charge and

directly proportional to the surface area
(C) Directly proportional to the charge and

inversely proportional to the surface area
(D) Inversely proportional to the charge and the

surface area

10. A body can be negatively charged by
(A) Giving excess of electrons to it
(B) Removing some electrons from it
(C) Giving some protons to it
(D) Removing some neutrons from it

11. A charge q is placed at the centre of the line joining
two equal charges Q. The system of the three
charges will be in equilibrium, if q  is equal to

(A) 2
Q

 (B) 4
Q



(C) 4
Q

 (D) 2
Q



12. Inside a hollow charged spherical conductor, the
potential
(A) Is constant
(B) Varies directly as the distance from the centre
(C) Varies inversely as the distance from the centre
(D) Varies inversely as the square of the distance

from the centre
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SINGLE OBJECTIVE AIIMS LEVELExercise # 2
1. Two point charges + 9e and +e are kept 16 cm. apart

from each other. Where should a third charge q be
placed between them so that the system is in
equilibrium state :
(A) 24 cm from + 9e (B) 12 cm from +9e
(C) 24 cm from + e (D) 12 cm from + e

2. Using mass (M), length (L), time (T) and current (A)
as fundamental quantities, the dimension of
permittivity is :
(A) ML–2T2A (B) M–1 L–3 T4 A2

(C) MLT–2A (D) ML2T–1A2

3. Four charges  are arranged at the corners of a square
ABCD as shown in the figure. The force on the
charge kept at the centre O will be :
(A)  perpendicular to side AB
(B) along the diagonal BD
(C) along the diagonal AC
(D) zero

4. Two equal negative charges –q are fixed at point
(0, –a) and (0, a) on y–axis. A positive charge Q
is released from rest at the point (2a, 0) on the
x–axis. The charge Q will :
(A) execute simple harmonic motion about the

origin
(B) move to the origin and remain at rest
(C) move to infinity
(D) execute oscillatory but not simple harmonic

motion

5. When charge is given to a soap bubble, it shows
(A) an increase in size
(B)sometimes an increase and sometimes a

decrease in size
(C) no change in size
(D) none of these

6. An electron of mass me, initially at rest, moves
through a certain distance in a uniform electric field
in time t1. A proton of mass mp, also, initially at rest,
takes time t2 to move through an equal distance
in this uniform electric field. Neglecting the effect
of gravity, the ratio t2/t1 is nearly equal to :
(A) 1 (B) (mp/me)

1/2

(C) (me/mp)
1/2 (D) 1836

7. Two infinite linear charges are placed parallel to each
other at a distance 0.1 m from each other. If the linear
charge density on each is 5 C/m, then the force
acting on a unit length of each linear charge will be
(A) 2.5 N/m (B) 3.25 N/m
(C) 4.5 N/m (D) 7.5 N/m

8. Figures below show regular hexagon, the charges
are placed at the vertices. In which of the following
cases the electric field at the centre is zero.

(A) IV (B) III
(C) I (D) II

9. An electron is projected as in figure with kinetic
energy K, at an angle  = 45° between two charged
plates. The magnitude of the electric field so that
the electron just fails to strike the upper plate,
should be greater than:

(A) 
K
qd (B) 

2K
qd

(C) 
K

2qd (D) Infinite
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Exercise # 3 PART - 1 MATRIX MATCH COLUMN

1. Column–I shows graphs of electric potential V versus x and y in a certain region for four situations. Column–II
shows the range of angle which the electric field vector makes with poisitive x–direction

Column–I : V versus x, V versus y Column–II : Range of angle

(A) (P) 0 00 45  

(B) (Q) 0 045 90  

(C) (R) 0 090 135  

(D) (S) 0 0135 180  

2. Two parallel metallic plates have surface charge densities 1 and 2 as shown in figure.

Column–I Column–II
(A) If 1 + 2=0 (P) Electric field in region III is towards right
(B) If 1 + 2 > 0 (Q) Electric field in region I is zero
(C) If 1 + 2 < 0 (R) Electric field in region I is towards right

(S) Nothing can be said
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Exercise # 4 PART - 1 PREVIOUS YEAR (NEET/AIPMT)

1. A charged wire is bent in the form of a semicircular
arc of radius a. If charge per unit length is  coulomb/
metre, the electric field at the centre O is

[CBSE AIPMT 2000]

(A) 2
02 a


  (B) 2

04 a


 

(C) 
02 a


 (D) zero

2. A charge q is placed at the corner of a cube of side
a. The electric flux through the cube is

[CBSE AIPMT 2000]

(A) 
0

q
 (B) 

0

q
3

(C) 
0

q
6 (D) 

0

q
8

3. A charge q µC is placed at the centre of a cube of a
side 0.1 m, then the electric flux diverging from each
face of the cube is

[CBSE AIPMT 2001]

(A) 
6

0

q 10
24


(B) 

4

0

q 10




(C) 
6

0

q 10
6


(D) 

4

0

q 10
12



4. Identical charges (–q) are placed at each corners of
a cube of side b, then the electrostatic potential
energy of charge (+q) placed at the centre of the
cube will be [CBSE AIPMT 2002]

(A) 
2

0

4 2q


 (B) 
2

0

8 2q
b

(C) 
2

0

4q
3 b

 (D) 
2

0

8 2q
4 b

5. An electron is moving round the nucleus of a
hydrogen atom in a circular orbit of radius r. The
coloumb force F between the two is

[CBSE AIPMT 2003]

(A) 
2

3

ek r
r

(B) 
2

3

ek r
r



(C) 
2

3

e ˆk r
r

(D) 
2

3

e ˆk r
r



(where,  
0

1k
4

 )

6. A charge q is located at the centre of a cube. The
electric flux through any face is

[CBSE AIPMT 2003]

(A) 
0

q
6(4 )

 (B) 

0

q
6(4 )

(C) 
0

2 q
6(4 )


 (D) 

0

4 q
6(4 )




7. An electric dipole has the magnitude of its chatge
as q and its dipole moment p. It is placed in a uniform
electric field E. If its dipole moment is along the
direction of the field, the force on it and its potential
energy are respectively [CBSE AIPMT 2004]

(A) 2 qE and minimum (B) qE and pE

(C) Zero and minimum (D) qE and maximum

8. A bullet of mass 2 g is having charge of 2 µC.
Through what potential difference must it be
accelerated, starting from rest, to acquire a speed of
10 m/s ? [CBSE AIPMT 2004]

(A) 5 kV (B) 50 kV

(C) 5 V (D) 50 V

9. As per this diagram a point charge +q is place at the
origin O. Work done in taking another point charge
–Q from the point A [coordinates (0, a)] to another
point B [coordinates (a,0)] along the straight path
AB is [CBSE AIPMT 2005]

(A) Zero

(B) 2
0

qQ 1 2a
4 a

 
 
 

A

BO

Y

X(C) 2
0

qQ 1 a.
4 a 2

 
 
 

(D) 2
0

qQ 1 2a
4 a
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MOCK TEST

STRAIGHT OBJECTIVE TYPE
1. A point charge + Q is placed at the centroid of an equilateral triangle. When a second charge + Q is placed at

a vertex of the triangle, the magnitude of the electrostatic force on the central charge is 8 N.  The magnitude
of the net force on the central charge when a third charge + Q is placed at another vertex of the triangle is:

(A) zero (B) 4 N (C) 4 2  N (D) 8 N

2. The electric field inside a sphere which carries a volume charge density proportional to the distance from the
origin  =  r ( is a constant) is :

(A)  r3

04 
(B) 

 r2

04 
(C)  r2

03 
(D) none of these

3. A particle of charge - q & mass m moves in a circle of radius r around an infinitely long line charge of linear
charge density +. Then time period of revolution of charge will be :

(A) T = 2  r m
k q2 

(B) T2 =
4
2

2
3


m

k q
r

(C) T =
1

2
2




r
k q
m

(D) T =
1

2 2 r
m

k q

where k = 
1

4 0

4. An infinitely long plate has surface charge density . As shown in the fig, a point charge q is moved from A
to B. Net work done by electric field is:

(A)  q
2 0

 (x1  x2) (B)  q
2 0

 (x2  x1)

(C)  q
0

 (x2  x1) (D)
 q
0

 (2  r + r)

5. Figure shows two large cylindrical shells having uniform linear charge densities + and – . Radius of inner
cylinder is ‘a’ and that of outer cylinder is ‘b’. A charged particle of mass m, charge q revolves in a circle of
radius r (where a < r < b). Then it's speed ‘v’ is : (Neglect gravity and assume the radii of both the cylinders
to be very small in comparison to their length.)

(A) 
m2

q

0
 (B) 

m
q2

0


(C) 
m

q

0
 (D) 

m4
q

0
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