
ELECTROSTICS :  Chapter 1      (Charge Force and Field) 

ELECTROSTICS : Study of electric charges at rest, where we study force (F), field (E) and potential (V). 

1.Electric Charge : It is an intrinsic property of the elementary particles of matter which gives rise to electric force 

between various objects. 

Electric charge is a scalar quantity. SI unit of electric charge is coulomb ( C ) . Dimension [Q] = [ I T ] 

Charges are two types  

S.No Nature of charge Name of 
Carrier 

Value of 
charge 

Mass of charge Morden name 
of Carrier 

1 Positive Charge  Proton +1.6 x10-19 C 1.67 x10-27Kg Holes 

2 Negative Charge Electron -1.6 x10-19 C 9.11 x10-31 Kg Electrons 

 

Various units of charge and there relations  

1 coulomb = 
 

    
 ab coulomb ( emu of charge ) ( electromagnetic unit of charge) 

1 coulomb = 3 x10 9 esu of charge ( electrostatic unit of charge) 

1 emu = 3 x10 10 esu of charge 

Charge of one electron  

               e = -1.6 x 10 -19 C    = -1.6 x 10 -20 ab coulomb ( emu)  = -4.8 x 10-10 esu. 

2. Properties of Charges 

i) Like charges repel and unlike charges attract each other. 

ii) Quantization of Charge 

Charge on any object can be an integer multiple of a smallest charge (e).      Q   =   ±  n e      where   Q    is the Total Charge,   n is the whole 

number / integer      n = 1, 2, 3,……. and e = 1.6 x 10 -19 C. 

Example:1 A body is having a charge of +0.32 C. How many electrons have been added to or removed from it ?  

Solution:   Given q = +0.32 C. Since the charge is positive, there is deficiency of electrons. We know  q =n e 

n  = q /e = 0.32/1.6×10−19 = 2 x 1018 electrons 

Note that the electron itself is not the charge; charge is a property, like mass, of elementary particles, such as the electrons, 

protons, etc. 

iii) Conservation of Charge 

 In an isolated system, the total charge remains constant. In other words, charge can neither be created nor destroyed. It can be 

transferred from one body to the other. Or, equal amounts of positive or negative charges can appear or disappear. This is 



what happens in pair production and pair annihilation, as shown in figure.

 

Note that in pair production and pair annihilation, neither mass nor energy is conserved separately, but (mass + energy) is 

conserved. In pair production energy is converted into mass, while in annihilation mass is converted into energy. Conservation 

of charge holds good in all types of reactions.  

For example : 

Chemical Reaction : 

                Na+    +     Cl-  →   NaCl 

   Charge :   (+e)   +   (-e)   =  (0) 

 

iv) Invariant nature of Charge 

In any circumstances the value of charge always remain same it neither increases nor decreases. Numerical value 

of a charge is independent of the frame of reference. It means the value of charge on a body remains the same, 

whether it is stationary, or moving with a constant velocity or accelerating. In contrast, the mass of a body depends 

on its speed, and it decreases with increase in speed. 

v) Charge is Always Associated with Mass   

A charge cannot exist without mass, though a mass can exist without charge. The particles such as photon or neutrino have no 

(rest) mass. Hence, these particles can never have a charge. 

The mass of a body (slightly) increases when it acquires a negative charge (by gaining some electrons). On the other hand, 

when a body acquires a positive charge (by losing some electrons), its mass (slightly) decreases. 

3. Types of charging :  i) By Friction ,      ii) By Induction and    iii) By Conduction  

i)  By Friction 
 Historically the credit of discovery of the fact that amber rubbed with wool or silk cloth attracts light objects goes to Thales of Miletus, 
Greece,around 600 BC. The name electricity is coined from the Greek word elektron meaning amber. Many such pairs of materials were 
known which on rubbing could attract light objects like straw, pith balls and bits of papers. 
 
 The electricity (i.e., transfer of electrons) that is produced due to friction is called frictional electricity. 

Process of Charging 

When we rub two neutral bodies, there will be some transfer of electrons from one body to the other due to structural modifications 
because of the frictional forces acting on them. 

In this method, one of the bodies acquires a negative charge while the other gets a positive charge, both of which are equal in 
magnitude. 

Examples 

 When a glass rod is rubbed with a silk cloth, glass acquires a positive charge and silk cloth acquires a negative charge. Electrons are 
removed from glass rod and are added to silk cloth. 



 When an ebonite rod is rubbed with fur cloth, ebonite rod acquires a negative charge and fur cloth acquires a positive charge. 
Electrons are transferred from fur cloth to ebonite rod. 

Electric Series 

The list of substances is given below, called electric series, arranged in such a manner that if any two of them rubbed together, the one 
occurring earlier would be positively charged. 

Glass, Flannel, Wool, Silk, Sealing wax, Hard metal, Hard rubber, Resin, Sulphur, etc. 

Explanation: If we select glass and silk, the glass will acquire a positive charge while silk will get a negative charge when a glass rod is rubbed 
with silk. 

ii) Charging by Electrostatic Induction ( without touching) 

Induction always precedes attraction. Polarisation of charges in a body when a charged body is present near that is called induction. In 
induction, a charged body is brought near an uncharged body. Then the uncharged body acquires a charge opposite in sign to that of the 

charged body.   q’=−q′ 

Without a decrease in charge of the body, which induces by the method of induction, bodies can be charged continuously.  

iii) By Charging by Conduction (on Contact) 

A neutral body can be charged by making contact with a charged body. Here the body will acquire a charge that is the same as that of the 
charging body. Thus, by contact, a similar charge is formed on both bodies. In this method, the electric charge on the first body decreases. 

4. Coulomb’s Law of  Electrostatics 

Statement ; When two point stationary +ve charges q1 & q2 are separated by a 

distance of  r then  repulsion ( F) depends on  

a) directly depends on product of charges  F∞ q1q2 

b) inversely depends on the square of the distance between the charges F ∞
 

  
 

     Combining a) & b)  

F= 
     

  
   where F is in newton, q1 and q2 in coulomb, r in 

metre, and k is a constant given in SI units by K =
 

    
  = 9 x 109 N 

m2 C-2  

F=
 

    
 
       

           
 = 9x109 

       

           
 

  where ϵ0= 8.85 ´ 10-12 C2 N-1 m-2 and is called the permittivity 

of free space (vacuum or air). 

For mediums other than air or vacuum, the electrostatic force between 

two charges becomes F=
 

      
 
       

           
     ϵr =ϵm/ϵ0 

ϵ0.ϵm is called the absolute permittivity or permittivity of the 

medium, ϵr is the relative permittivity of the medium which is a 

dimensionless constant. It is also sometimes called dielectric 

constant, and is represented by letter K. 

    

Important Points Regarding Coulomb’s Law 

(1)  Charges are Assumed to be at Rest :  When charges are in 

motion they also produce and experience magnetic forces. 

(2) Charges are Assumed to be on Point Particles : Coulomb’s law cannot be directly applied 

to a finite charge distribution. In such a case (see figure), it is not possible to definitely 



specify the separation between the charges. However, there is an exception. When the 

charge is distributed uniformly over a spherical surface, the force on a point charge 
outside the surface may be computed from Coulomb’s law by treating the charge on the 

sphere as if it were concentrated at the centre. 

5.Principle of Superposition 

The coulomb’s law obeys the principle of 
superposition. It means that the force between two 

particles is not affected by the presence of other charges. 
This principle is used to find the net force exerted on a 

given charged particle by other charged particles. 

The force on a charged particle q1 due to point 

charges q2, q3 and q4 is the resultant of forces due to 
individual point charges, i.e., F1= F12+F13+F14 

 

Note that the notation represents the force on q1 due to q-

2. 

How to Solve a Problem using Coulomb’s Law ? 

(1)  Decide whether the force due to a given charge is attractive or repulsive and show it 
by drawing vector, pointing towards or away from the given charge, respectively. 

(2)  Find the magnitude of the force using Coulomb’s law---ignoring the signs of the 
charges. 

(3)  Resolve the forces along the given co-ordinate axes and express them in vector 
form using  i , j, k unit vector notation, unless otherwise specified. 

(4)  Use the principle of superposition to find the net force on the charge. 

Task & Hint  

Four point charges are located at the corners of a rectangle, as shown in figure. Find the net 

force acting on the charge q1 

Solution: (1)  

The force F12 (between q1 and q2) is repulsive, while the forces F13 (between q1 and q3) 

and F 
Application  

Five point charges, each +q are placed on five vertices of a regular 

hexagon of side L. What is the magnitude of the force on a point 

charge –q placed at the centre of the hexagon ? 

Solution: Had there been sixth charge +q at the remaining vertex of 

hexagon, the net force due to all the six charges on –q at O would be zero. 

The forces due to individual charges  will balance each other. That is, 



F  R =0 

Now if  f is the force due to sixth charge and due to remaining five charges, we must have F=
 

    
 
     

      
 

6. Electric Field 

 Electric field can be considered as an electric property associated with each point in the space where a charge 
is present in any form. An electric field is also described as the electric force per unit charge. 

The formula of electric field is given as;  E = F /Q 

Where,   E is the electric field.   F is a force.   Q is the charge. 

Electric fields are usually caused by varying magnetic fields or electric charges. Electric field strength is 
measured in the SI unit volt per meter (V/m). 

The direction of the field is taken as the direction of the force which is exerted on the positive charge. The 
electric field is radially outwards from positive charge 
and radially in towards negative point charge. 

 

 

What is Electric Field? 

The electric field is defined mathematically as a vector field which can be associated with each point in space, the 
force per unit charge exerted on a positive test charge at rest at that point. 

Electric field is generated by the electric charge or by time-varying magnetic fields. In case of atomic scale, the 
electric field is responsible for the attractive forces between the atomic nucleus and electrons which hold then 
together. 

According to coulomb’s law, a particle with electric charge q1 at position x1 exerts a force on a particle with charge 
q0 at position x0 of, 

Where, 

r1,0 is the unit vector in the direction from point x1 to point x0  ε 0 is the 
electric constant also known as absolute permittivity of free space C2m-2N-1  
When the charges q0 and q1 have the same sign then the force is positive, 

the direction is away from other charges which means they repel each other. When the charges have unlike signs 
then the force is negative and the particles attract each other. 

Electric field is force per unit charge, 

 

 

 

https://byjus.com/physics/magnetic-field/
https://byjus.com/jee/coulombs-law/


Properties of Electric field lines: 

(i) No field line originates or terminates in the space surrounding a charge. Every field line is a continuous and 

smooth curve originating from a positive charge and ending on a negative charge.  

(ii) Field lines do not cross each other because if they do, as at the point P in Fig then two tangents can be 

drawn at the point of intersection, one to each field line. This means that electric intensity at such a point has 

two directions, which is not possible. 

Point (a) 

(iii) Wherever the field lines are: 

Closer together, the field is strong. 

Wherever the field lines are 

(a) Far apart, the field is weak, which is the case when the field is non-uniform. 

(b) parallel and equally spaced, the field is uniform. 

(iv) Field lines do not pass through the conductor. This indicates that the electric field within the conductor is 

zero. 

(v) The field lines are perpendicular to the surface of the conductor. Had it been not so, there would have been a 

component of the field along the surface of the conductor and a current would flow through it. But no current 

flows in such an electrostatic situation. Thus, the electric field just outside the surface of the conductor is 

perpendicular to its surface. 

(vi) There exists a longitudinal tension in the field lines. It is this tension which explains attraction between two 

unlike charges. 

(vii) The field lines exert a lateral pressure on each other. It is this lateral pressure which accounts for the 

repulsion between two like charges. 

 Electric field due to ring of uniform charge distribution:- 

 

        At a point on its axis, E = (1/4πε0) [qx/(a2+x2)3/2] 
Task : Find Electric field due to uniformly charged disc from the given figure:- 

 



        Here σ is the surface charge. 
 Electric field due to thin spherical shell:- 

         (a) Eout = (1/4πε0) (q/r2) 
          (b) Ein = 0 

 

 Electric field of a non-conducting solid sphere having uniform volume distribution of charge:- 

 

 

         (a) Outside Point:- Eout = (1/4πε0) (Q/r2) 
         (b) Inside Point:- Ein = (1/4πε0) (Qr/R3) 
         (c) On the Surface:- Esurface = (1/4πε0) (Q/R2) 
        Here, Q is the total charge 

 

Electric Dipole ( p ) 

An electric dipole consists of two equal and opposite charges, -q and +q, separated by a very small distance 2a. 

Electric dipole = charge x total distance between charges. 

Although in an electric dipole the two charges are equal and opposite, giving a zero net charge, the fact that they 
are slightly displaced is enough to produce a non-vanishing electric field. In many substances, like H2O, the centres 
of the positive and the negative charges of the molecules are slightly separated and these resemble electric dipoles. 

Electric Dipole moment is the measure of the polarity of the system. It is the separation of positive charge and a negative charge by a distance. 
The SI unit of electric dipole moment is Coulomb-meter. The simplest example is a pair of electric charge of two opposite signs and equal 
magnitude separated by distance. 

What is Electric Dipole? 

Suppose there are two charges of equal magnitude ‘q’, separated by a distance ‘d’. Let the first charge be negative and the second charge be 
positive. This combination can be called an electric dipole. Therefore, we can say that an electric dipole is created by the combination of equal 
and opposite charges by a separation of a certain distance. 

https://byjus.com/physics/electric-charge/


 

Now, the electric dipole moment for this pair of equal and opposite 
charges is equal to the magnitude of the charges multiplied by the 
distance between them. 

Magnitude of Electric Dipole Moment 

The magnitude of electric dipole moment can be written as: 

p→ = q d→ 

Direction of Electric Dipole Moment 

The electric dipole moment is a vector quantity; it has a defined direction which is from the negative charge to the positive charge. Though, it is 

important to remember that this convention of direction is only followed in Physics. In Chemistry, the convention is taken to be opposite i.e. from 

positive to negative. The line along the direction of an electric dipole is called the axis of the dipole. 

  

What is Electric Field of a Dipole? 

A dipole is a separation of opposite electrical charges and it is quantified by an electric dipole moment. The electric dipole moment associated 
with two equal charges of opposite polarity separated by a distance ‘d ’ is defined as the vector quantity having a magnitude equal to the 
product of the charge and the distance between the charges and having a direction from the negative to the positive charge along the line 
between the charges. 

It is a useful concept in dielectrics and other applications in solid and liquid materials. These applications involve the energy of a dipole 
and the electric field of a dipole. 

How to Calculate Electric Field of a Dipole? 

Consider an electric dipole with charges +q and –q separated by a distance of d. We shall designate components due to +q and –q using 

subscripts + and – respectively. 

 

We shall for the sake of simplicity only calculate the fields along symmetry axes, i.e. a point P along the perpendicular bisector of the dipole and 
a point Q along the axis of the dipole. 

Along perpendicular bisector (Point P) 

The electric fields due to the positive and negative charges (Coulomb’s law): 

E= 
                     

                   
    

Similarly, Along axis of dipole (Point Q) 

The electric fields due to the positive and negative charges are:   E= 
 

    

  

  
 

https://byjus.com/physics/electric-dipole/


Notice that in both cases the electric field tapers quickly as the inverse of the cube of the distance. Compared 
to a point charge which only decreases as the inverse of the square of the distance 

Notice that in both cases the electric field tapers quickly as the inverse of the cube of the distance. Compared 
to a point charge which only decreases as the inverse of the square of the distance 

 

Electric field At any Point along a Line Making θ Angle with Axis of rotating dipole 

 

Electric field intensity E = 1 / 4 π εo * p √1 + 3 cos2 θ / r3 

 

        (c) At any point:- 

            

           

 Torque ( ) acting on a electric dipole  in a uniform electric field (E):- 
          = pE sinθ 
       Here, p is the dipole moment and θ is the angle between direction of dipole moment and electric field E. 

 Electric Flux:- Electric flux  for a surface placed in an electric field is the sum of dot product of   and  for 
all the elementary areas constituting the surface. 

  

 Gauss Law :- It states that, for any distribution of charges, the total electric flux linked with a closed surface is 
1/ε0 times the total charge with in the surface. 

          

 Electric field (E) of an infinite rod at a distance (r) from the line having linear charge density (λ):- 
         E = λ/2πε0r 
       The direction of electric field E is radially outward for a line of positive charge. 

 Electric field of a spherically symmetric distribution of charge of Radius R:- 

        

     (a) Point at outside (r > R):- E = (1/4πε0) (q/r2), Here q is the total charge. 
    (b) Point at inside (r < R):- E = (1/4πε0) (qr/R3), Here q is the total charge. 

  



  
 
 

 Electric field due to an infinite non-conducting flat sheet having charge σ:- 
        E = σ/2ε0 

        

        This signifies, the electric field near a charged sheet is independent of the distance of the point from the 
sheet and depends only upon its charge density and is directed normally to the sheet. 

  Electric field due to an infinite flat conductor carrying charge:-  
          E= σ/ε0 

 Electric pressure (Pelec) on a charged conductor:- 
         Pelec = (½ε0) σ2 

 

 Electric field of a cylindrical conductor of infinite length having line charge λ:- 

 

      (a) Outside the cylinder:- E = λ/2πε0r 

      (b) Inside the cylinder:- E = 0 
 Electric field of a non-conducting cylinder having uniform volume density of charge:- 

       (a) Outside the cylinder:- E = λ/2πε0r 
       (b) Inside a point:- E = ρr/2ε0 

 Electric field of an infinite plane sheet of charge surface charge (σ) :- E = σ/2ε0 

 



 Electric field due to two oppositely infinite charged sheets:- 
          (a) Electric field at points outside the charged sheets:- 
          EP = ER = 0 

         (b) Electric field at point in between the charged sheets:- 

         EQ = σ/ε0 
 
 

 
 
The figure given can give you the brief overview of what electric charge is all about 

Concept map on electric charge 
Always note that any material or body in its normal condition is electrically neutral 

To have a look at Coulomb’s Law at a glance have a look at the concept map given below 

 

Coulomb’s Law concept map 

 

https://physicscatalyst.com/elec/coulombs-law.php
https://physicscatalyst.com/article/wp-content/uploads/2015/08/electric-charge.png
https://physicscatalyst.com/article/wp-content/uploads/2015/08/force_charge.png
https://physicscatalyst.com/article/wp-content/uploads/2015/08/electric-charge.png
https://physicscatalyst.com/article/wp-content/uploads/2015/08/force_charge.png


     

Some Points about Electric field can be revised using the following concept map 

 
Electric field concept map 
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Physics home assignment 1

Chapter One : ELECTRIC CHARGES AND FIELDS

1. Two positive charges q2 and q3 fixed along the y axis, exert a net electric force in the + x direction on a charge q1
fixed along the x axis. If a positive charge Q is added at (x, 0),the force on q1

(a) shall increase along the positive x-axis. (b) shall decrease along the positive x-axis.
(c) shall point along the negative x-axis.

(d) shall increase but the direction changes because of the intersection of Q with q2 and q3

2. A point positive charge is brought near an isolated conducting sphere . The electric field is best given by

(a) Fig (i) (b) Fig (ii) (c) Fig (iii) (d) Fig (iv)

3. The Electric flux through the surface

(a) (iv) is the largest. (b) (iii) is the least.
(c) (ii) is same as (iii) but is smaller than (iv) (d) is the same for all the figures.



4. Figure shows electric field lines in which an electric dipole p isplaced as shown. Which of the following
statements is correct?

(a) The dipole will not experience any force. (b) The dipole will experience a force towards right.
(c) The dipole will experience a force towards left. (d) The dipole will experience a force upwards.

5. A point charge +q, is placed at a distance d from an isolated conducting plane. The field at a point P on the
other side of the plane is

(a) directed perpendicular to the plane and away from the plane.
(b) directed perpendicular to the plane but towards the plane. (c) directed radially away from the point charge.
(d) directed radially towards the point charge.

6. The Electric field at a point is

(a) always continuous. (b) continuous if there is no charge at that point.
(c) discontinuous only if there is a negative charge at that point. (d) discontinuous if there is a charge at that point..

7. A hemisphere is uniformely charged positively. The electric field at a point on a diameter away
from the centre is directed
(a) perpendicular to the diameter (b) parallel to the diameter
(c) at an angle tilted towards the diameter (d) at an angle tilted away from the diameter.

8. Consider a region inside which there are various types of charges but the total charge is zero. At points outside the
region
(a) the electric field is necessarily zero. (b) the electric field is due to the dipole moment of the charge

distribution only. (c) the dominant electric field is∝ 1/r3 , for large r, where r is the distance from a origin in
this region.
(d) the work done to move a charged particle along a closed path, away from the region, will be zero.

9. Refer to the arrangement of charges in Figure and a Gaussian surface of radius R with Q at the centre.

Then

(a) total flux through the surface of the sphere is –Q/ε0

(b) field on the surface of the sphere is –Q/4Π ε0R2

(c) flux through the surface of sphere due to 5Q is zero.
(d) field on the surface of sphere due to –2Q is same everywhere.



10. A positive charge Q is uniformly distributed along a circular ring of radius R. A small test charge q is placed at the
centre of the ring.

Then

(a) If q > 0 and is displaced away from the centre in the plane of the ring, it will be pushed back towards the centre.
(b) If q < 0 and is displaced away from the centre in the plane of the ring, it will never return to the centre and will
continue moving till it hits the ring.
(c) If q < 0, it will perform SHM for small displacement along the axis.
(d) q at the centre of the ring is in an unstable equilibrium within the plane of the ring for q > 0.

11. What is the electric flux through a cube of side 1 cm which encloses an electric dipole ?
12. An electric dipole is held in uniform electric field.
(i) Using suitable diagram, show that it does not undergo any translatory motion.
(ii) Define torque, giving its SI unit; derive an expression for the torque acting on this dipole.

13. Define dielectric constant of a medium. What is its S.I. unit ?
14. (i) Use Gauss’s law to find the electric field due to a uniformly charged infinite plane sheet. What is the direction
of field for positive and negative charge densities?
15. Derive an expression for the electric field at any point on the equatorial line of an electric dipole.
16. Two identical point charges, q each are kept 2m apart in air. A third point charge Q of unknown magnitude and sign
is placed on the line joining the charges such that the system remains in equilibrium. Find the position and nature of Q.
17.Four point charges Q, q, Q and q are placed at the corners of a square of side ‘a’ as shown in the figure. Find the
resultant electric force on a charge Q

18. Three point charges q, – 4q and 2q are placed at the vertices of an equilateral triangle ABC of side ‘l’ as shown in
the figure. Obtain the expression for the magnitude of the resultant electric force acting on the charge q

.

19. (a)Define electric flux. Is it a scalar or a vector quantity ?
(b)A point charge q is at a distance of d/2 directly above the centre of a square of side d, as shown in the figure. Use
Gauss’ law to obtain the expression for the electric flux through the square.



(c) If the point charge is now moved to a distance ‘d’ from the centre of the square and the side of the square is
doubled, explain how the electric flux will be affected.
20. (a) Use Gauss’ law to derive the expression for the electric field due to a straight uniformly charged infinite line of
charge density λ C/m.
(b) Draw a graph to show the variation of E with perpendicular
distance r from the line of charge.
21.A charge Q is distributed uniformly over a metallic sphere of radius R. Obtain the expressions for the electric field
(E) and at a point 0 < x < R. Show on a plot the variation of E with x for 0 < x < 2R.
22. A long charged cylinder of linear charge density +λ1 is surrounded by a hollow coaxial conducting cylinder of linear
charge density +λ2 . Use Gauss’s law to obtain expressions for the electric field at a point (i) in the
space between the cylinders, and (ii) outside the larger cylinder.
23.Awire AB of length L has linear charge density = kx, where x is measured
from the endA of the wire. This wire is enclosed by a Gaussian hollow surface.
Find the expression for the electric flux through this surface.

24.How does the electric flux due to a point charge enclosed by a spherical Gaussian surface get affected when its
radius is increased ?

25. A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for
the electric intensity E at a point on the axis of the ring. Hence show that for points at
large distances from the ring, it behaves like a point charge

26. An electric dipole of dipole moment p consists of point charges +q and –q
separated by a distance 2a apart. Deduce the expression for the electric field E
due to the dipole at a distance x from the centre of the dipole on its axial line in
terms of the dipole moment p . Hence show that in the limit x >> a,

E=2p /(4pε0 x 3).
27. Given the electric field in the region E= 2x directed towards +ve x axis.Find the net electric flux through the cube
and the charge enclosed by it.

28. A thin metallic spherical shell of radius R carries a charge Q on its surface. A point charge Q is placed at its centre
C and an other charge +2Q is placed outside the shell at a distance x from the centre . Find (i) the force on the charge at
the centre of shell and at the point A, (ii) the electric flux through the shell.

29. What is the force between two small charged spheres having charges of 2 × 10–7C and 3 × 10–7C placed 30
cm apart in air?
30.The electrostatic force on a small sphere of charge 0.4 μC due to another small sphere of charge – 0.8 μC in
air is 0.2 N. (a) What is the distance between the two spheres? (b) What is the force on the second sphere due to
the first?
31. (a) Explain the meaning of the statement ‘electric charge of a body is quantised’. (b) Why can one ignore
quantisation of electric charge when dealing with macroscopic i.e., large scale charges?
32. When a glass rod is rubbed with a silk cloth, charges appear on both. A similar phenomenon is observed with
many other pairs of bodies. Explain how this observation is consistent with the law of conservation of charge.
33. (a) An electrostatic field line is a continuous curve. That is, a field line cannot have sudden breaks. Why not?
(b) Explain why two field lines never cross each other at any point?
34. Two point charges qA= 3 μC and qB = –3 μC are located 20 cm apart in vacuum.
(a) What is the electric field at the midpoint O of the line AB joining the two charges?

(b) If a negative test charge of magnitude 1.5 × 10–9C is placed at this point, what is the force experienced by the
test charge?

35. A system has two charges qA= 2.5 × 10–7C and qB = –2.5 × 10–7C located at points A: (0, 0, –15 cm) and B:
(0,0, +15 cm), respectively. What are the total charge and electric dipole moment of the system?
36. An electric dipole with dipole moment 4 × 10–9C m is aligned at 30° with the direction of a uniform electric

field of magnitude 5 × 104NC–1. Calculate the magnitude of the torque acting on the dipole.
37. (a) Two insulated charged copper spheres A and B have their centres separated by a distance of 50 cm. What

is the mutual force of electrostatic repulsion if the charge on each is 6.5 × 10–7C? The radii of A and B are
negligible compared to the distance of separation.
(b) What is the force of repulsion if each sphere is charged double the above amount, and the distance between
them is halved?



38. Suppose the spheres A and B in Q.37(a) have identical sizes. A third sphere of the same size but uncharged
is brought in contact with the first, then brought in contact with the second, and finally removed from both. What
is the new force of repulsion between A and B?
39. Figure shows tracks of three charged particles in a uniform electrostatic field. Give the signs of the three
charges. Which particle has the highest specific charge?

40. Consider a uniform electric field E = 3 × 103 î N/C. (a) What is the flux of this field through a square of 10
cm on a side whose plane is parallel to the yz plane? (b) What is the flux through the same square if the normal to
its plane makes a 60° angle with the x-axis?


