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Unit 1  

Electrostatics 8 marks 
                                       Chapter 1- Electric charge and field    

 
Electrostatics: 

  It is the branch of physics which deals with electric charges at rest. It is 

also known as static electricity. Again it is also called frictional electricity because such 

charges are produced in insulators on rubbing them with each other. 

  The charges on insulating bodies  cannot  move on their own. That is 

why they are called static charges. Charging by rubbing is due to actual transfer of 

electrons. 

     Eg. When we rub a glass rod with silk, electrons are transferred from glass rod to silk. 

The glass rod becomes positively charged and silk acquires an equal negative charge. 

Electric charge: 

According to William Gilbert, charges are something possessed by material objects that 

makes it possible for them to exert electrical force and respond to electrical force. 

It is a scalar quality. 

[Most common elementary particles are electrons, protons and neutrons. 

mc  = 9.1 X 10-31 kg 

mp = 1.67 X 10-27 kg 

mn = 1.67 X 10-27 kg] 

Kinds of electric charge: 

i) Positive charge 

ii) Negative charge 

Methods of charging or electrification 

i) Conductional electrification i.e. charging by physical contract or charging by 

conduction. 

If an uncharged conductor is touched by a charged conductor, the unchanged 

conductor may acquire charge similar to the charged conductor. 

ii) Charging by induction. 

A positively charged rod is brought near an uncharged conducting body (placed over 

an insulated stand). Free electrons of nearer surface of the uncharged body will 

attract towards the charged rod and the collection of electrons will make it negative. 
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(-)  bound charge 

(+)  free charge 

 
Or,  

In charging by induction, a charged body A imparts to another body B, some charge of 

opposite sign without any actual contact between A and B. (Obviously, body A shall not lose 

any charge as it is not in contact with B). 

Induced charges 

The charges appearing on the bodies by the process of induction. 

The process by which a charged body makes a conductor charged without physical contract 

is called charging by instruction. 

Basic properties of electric charge. 

1. Additively of electric charge. 

Electric charge is additive i.e. total charge on an extended body is the algebraic 

sum of charges in different regions of body.  

Note: Total charge on a body is the sum of all the individual charges i.e. positive 

and negative charge. 

2. Conservation of electric charge. 

Accordingly to law of conservation of electric charges, the net electric charge (i.e. 

algebraic sum of positive and negative charges) in an isolated system remains 

constant. 

3. Quantization of electric charge. 

It is the property by virtue of which all free charges are integral multiple of a basic 

unit of charge represented by e. 

i.e. charge on a body is given by, 

i.e. charge on a body is given by, 

i.e.  q = ne 

   q = total charge 

 e = chage on an electron 

Where n is any integer, positive or negative. 

The basic unit of charge is the charge that an electron or proton carrees. By 

conservation, charge on an electron is taken to be negative. Therefore, charge on 

an electron is taken as (-e) and charge on proton (+e). 
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i.e., e = 1.6 X 1019 C 

What is the cause of quantization of charge ? 

Ans: The cause of quantization of charge is that only integral number of electrons can be 

transferred from one body to another. 

COULOMB’S LAW 

According to this law, the magnitude of force of interaction between  any two point charges 

at rest is directly proportional to the product of the magnitude of the two charges and 

inversely proportional to the square of the distance between them. 

Or, 

The law states that two stationary electric point charges attract or repel each other with a 

force which is directly proportional to the product of the magnitudes of the charges and 

inversely proportional to the square of the distance between them. 

Let us consider two point charges q1 and q2 separated in vacuum by a distance ‘r’. 

According to Coulomb’s law,   

 Fα  |  | |  | 

and   F α 
 

   

  F α 
|  | |  |

   

 F = k 
    

  
--------(1) 

Where k is the constant of proportionality and its value depends on the nature of medium 

separating the charges and on the system of units. 

When the charges are situated in free space (air/vacuum), then in cgs system, k = 1. 

In SI, 

k=
 

    
 

Where    = absolute electrical permittivity of free space. 

The, eqn. (1) becomes,  

F = 
 

    
 
    

  
, k = 9 X 109 Nm2 C-2 

DEFINITION OF ONE COULOMB 

In free space, 
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F  = 9 X 109 
    

  
 

 = 
 

    

    

  
 

If q1 – q2 =q, r = 1m 

And F = 9 X 109 N, then  

9 X 109 = 9 X 109  
 

 
 

 q2  = 1 

q = ±1C 

Thus, one coulomb is a charge which repels equal and similar charge placed at one meter 
away in vacuum with a force of 9 X 109 newton.   

 
THE SUPERPOSITION PRINCIPLE: 
According to this superposition principle, the total force acting on a given charge is 
equal to the vector sum of forces exerted on it by all the other charges. 
POINT CHARGE: 
When the distance between the charged bodies is very large as compared to the sizes of 
the charged bodies, then the charges are said to be point charges. 
CONTINUOUS CHARGE DISTRIBUTION: 
A system of closely spaced electric charges forms a continuous charge distribution. 
Types: 

1. Linear charge distribution (one dimensional) 
When the charge is uniformly distributed over a line (straight or curved), then we call it 
linear charge distribution. 
Eg:- charge on a long wire or a ring. 
Let us consider a straight wire AB of length l on which charge q is distributed uniformly. 
Let λ  = linear charge density of the wire. 
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 = 
      

      
                (Cm-1) 

2. Surface charge distribution  
When the charge is continuously distributed uniformly over a surface, then it is called 
surface charge distribution. 
Eg:- charge on a plane sheet. 
Let us consider a plane sheet of surface area S on which charge q is distributed uniformly. 
Let σ  = surface charge density 

 = 
      

     
 

 = 
  

   
 

Its unit is Cm-2. 
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By parallelogram law of vector additional, total field intensity at P is  

| |  = √   
    

              

= √    
     

        

= √    
             

= √    
          

= 2         

=   
 

    

 

       
 
  

  
 

 =   
 

    

 

       
 

 

          
 

 = 
      

       
        

 

Therefore,  

| |  = 
 

       
        

  [since p = q(2a)] 

Above eqn. gives the expression for magnitude of electric field intensity at a point on the 

equatorial line of a dipole. 

For a short dipole. 

x>>2a, x2 + a2 = x2 

Then,  

| |  = 
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It is given by, 

dΦE  = E.ds 

Electric flux over the whole surface is,  
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 ΦE  = ∫     
 

 

 ΦE  = ∫     
 

 Cosϴ 

It is a scalar quantity. 

Its S.I. unit is Nm2c-1 or JmC-1 

 

Or, 

Electric flux through an area in an electric field may be defined as the total number of 

electric field lines crossing through that area normally.  

ΦE  = EA 

In case electric field (E) is uniform and area S is held normal to the direction of the electric 

field.  

ΦE  = ES 

In case the given area is not normal to E and E makes an angle ϴ with normal to the area 

E, then  

ΦE =  ES Cos ϴ 
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A closed surface associated with a charge is called a Gaussian surface. 

Or, 

The surface chosen to calculate the surface integral. 

Shape of the Gaussian surface is spherical for a point charge and cylindrical for a line or a 
sheet charge. 

Or, 

It is an imaginary closed surface around a point or continuous distribution such that the 
intensity of electric field at all points on its surface is same. 
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DEDUCTION OF COULOMB’S LAW FROM GAUSS’S THEOREM/ ELECTRIC FIELD 

INTENSITY AT ANY POINT DUE TO POINT CHARGE BY USING GAUSS’S THEOREM 

Let us consider a charge +q which is placed at origin in a vacuum. Let us calculate the electric 

field intensity at P due to this charge at a distance r from the charge. A spherical Gaussian 

surface is drawn passing through the point P.  

 

 
Let us consider a small area element dS on the Gaussian sphere at P. 

By Gauss’s theorem 

∮       
 

   = 
 

  
 

Or, ∮    
 

 cos 00 = 
 

  
 

Or, E∮   
 

   = 
 

  
 

Or, E(4πr2)  = 
 

  
 

  E  =
 

      
 
 

 

This is the electric field intensity at any point P distant r from an isolated point charge q at 

the centre of the sphere the sphere. If another point charge q0 were placed at  P, then force 

on q0 would be 

F = E x q0 

F= 
   

        

This is Coulomb’s Law. 
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Electric field intensity due to two thin infinite parallel sheets of charge 

     Let A and B be two thin infinite plane charged sheets held parallel to each other. 

  

 Let, 

     σ1 = uniform surface charge density of A. 

     σ2 = uniform surface charge density of B. 

Let a field pointing from left to right is taken as positive and the one pointing from 

right to left is taken as negative. 

 ∴In region I, 

   EI = -E1- E2  

∴ EI =
   

   
 - 

  

   
 = - 

 

   
 (σ1 + σ2)  ----------(1) 

Similarly, in region II, 

 EII = E1 - E2 

=
  

   
 - 

  

   
 =  

 

   
 (σ1 - σ2)  ----------(2) 

and in region III, 

EIII = E1 + E2  

=
  

   
 + 

  

   
 =  

 

   
 (σ1 + σ2)  ----------(3) 

Special cases 

   If σ1 = σ, and σ2 = -σ, i.e. two thin infinite plane sheets with equal and opposite 

uniform surface densities of charge are held parallel to each other. 

From (1), EI = 0 
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From (3), Em = 0 

From (2), EII = =
  

   
 = 

 

  
 = constant. 

Thus field intensity in between such sheets having equal and opposite uniform 

surface densities of charge becomes constant i.e., a uniform electric field is produced 

in between two such sheets. Also, E does not depend upon the distance between the 

thin sheets. 

 

 

 

 


