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2.1 What is electrostatics and electrostatic induction?  

 Electrostatics is a branch of science dealing with electricity at rest i.e. static electricity.  

 Normally every atom has an equal number of protons (+ve charge) and electrons (-ve 

charge).Thus it is electrically neutral. 

 However, if by some method we change the number of electrons in the atom then it 

becomes electrically charged. A charged body has either an excess of electrons, which 

causes the body to be negatively charged or it has a deficiency of electrons, which 

causes the body to be positively charged. 

 The simplest example is rubbing a glass rod with a piece of silk. Free electron from the 

glass rod move to silk that makes the glass rod positively charge and silk piece 

negatively charged.  

 Another method to charge a neutral body involves proximity between the uncharged 

conducting bodies.  

 Suppose a positively charge body X is brought near a uncharged body Y, then the end of 

body Y nearer to body X acquires positive charge.  

 The negative charge on body Y is called the bound charge while the positive charge on Y 

is called free charge in figure 2.1. The bound charges remain as long as body Y is 

connected to earth at that end. Similarly a negatively charged body will induce positive 

charge on a body near it. 
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Body X Body Y  

Figure 2. 1Charge body model-1                                                       Figure 2.2Charge body model-2 

 Here charge is induced only by nearness without any actual contact. This phenomenon 

is called electrostatic induction. 

 If two oppositely charged bodies are connected with each other through a conductor, 

electrons will flow from excess of charge (negatively charged body) towards deficiency 

of charge (positively charged body) constituting electric current. This current transfers 

electrical energy from one point to another. 

 On the other hand if two oppositely charged bodies are separated by some insulating 

medium which prevents the movement of electron, then charge will remain static or 

stationary. This is called static electricity.  

2.2 Explain coulomb’s law of electrostatics 

Coulomb’s first Law 

 “It states that, like charges of electricity repeals each other whereas unlike charges of 

electricity attract each other” 

Coulomb’s second Law  

The magnitude of force between two charged bodies is: 

 Directly proportional to the product of charges 



2. Electrostatics 
 

 

Piyush Rupala, EE Department Elements of Electrical Engineering (2110005) 2 

 

 Inversely proportional to the square of the distance between them 

 Depends upon the nature of the surrounding medium 

 Two charges Q1 and Q2 are separated by distance d. When these charges are kept nearer 

two each other it creates a force. This force may be attractive or repulsive. 

dQ1 Q2Q2

 

Figure 2.3Charge body model 
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2.3 Define following terms  

(a) Electrical field  

 Electric field is imaginary lines of force which surrounds charged body.  

+ -

 

Figure 2.4Electric field 
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+ -

 
Figure 2.5Electric field between opposite charge 

+ +

 
Figure 2.6Electric field between similar charge 

 The characteristics of electric lines of force can be listed as follows: 

 They always originate on a positive charge and terminate on negative charge. 

 They always leave or enter a conducting surface at right angle to it. 

 They never cross or touch each other 

 Lines of force having the same direction repel each other while those having 

opposite direction attract each other. 

(b) Electric flux  

 Total number of electric lines of forces originating from certain charge is called electric 

flux.  

 Unit of electrical flux is coulomb(C).  

Q

Where

Q

Ψ

,  Ψ  Electric flux

           

 

     Charge
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(c) Electric flux density  

 Electric flux density at any point in a medium is electric flux passing through unit area at 

right angle to the direction of electric field.  

 Unit of electrical flux density is coulomb/meter2. 

              

D
A

Where D

A
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(d) Electric field intensity  

 The strength of electric field is called electric field intensity. Electrical field intensity is 

also known as electrical field strength.  

              

V
E

d

where E

V

d

,   Electric field intensity

                Voltage or potential

                 Distance between charge
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 Unit of electrical field intensity is volt/meter. 

(e) Absolute and relative permittivity 

 Permittivity is the property of a medium that affects the magnitude of the force between 

two charges. Unit of permittivity is faraday/meter. 

 The greater the permittivity of a medium placed between the charge bodies, the lesser 

the force between them.  

 The ratio of absolute permittivity of some insulating material to the absolute 

permittivity of air or vacuum (free space) is called the relative permittivity. 
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(f) Electrical potential 

 Electrical potential at any point in an electrical field is define as the work done in 

bringing a unit positive charge from infinity to that point against the electric field.  

 Unit of electrical potential is volt (V).   

W
V

Q

Where V

W

Q

 

, Electrical potential 

             Work done

               Charge
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(g) Potential difference 

 Potential difference is defined as the work done in moving a unit positive charge within 

an electrical field from a point of lower potential to a point of higher potential.  

 Unit of potential difference is volt (V).   

(h) Potential gradient 

 It is define as the rate of change of potential or voltage with distance.   

 Unit of potential gradient is volt/meter.   

dV
g

dX
    =  

Where g

dV

dX

,   Potential gradient

              Change in potential

             Change in distance in the direction of field






 

(i) Dielectric strength and breakdown potential 

 The maximum voltage that can be applied to a given material without causing it to break 

down.  

 Unit of dielectric strength is kV/mm or more often kV/cm. 

 It can be express as a  
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V

t

Where V

t

   

,  = Breakdown potential 

                 = Thickness of the the dielectric

 

 Value of dielectric strength of a dielectric decrease with the increase in thickness. 

2.4 Explain Gauss’s law 

 Statement:  

“The total number of the electric flux coming out of a closed surface is equal to the 

charge enclosed divided by the permittivity” 

Q

ε

Where

Q

ε

 Ψ

,  Ψ Electric flux

                Total charge on surface

                 Absolute permitivity
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 It is general law applied to any closed surface. 

 If a point charge of Q coulombs is placed at the centre of the sphere of radius r then 

electric flux emanating is Q coulomb and is perpendicular to the sphere. 

Q

Q

sinθ

cosθ

θ

 

Figure 2.7Charge in centre and any point of sphere
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Figure 2.8Number of charge on surface 



2. Electrostatics 
 

 

Piyush Rupala, EE Department Elements of Electrical Engineering (2110005) 6 

 

 If  the point charge is placed at any point other than the centre then flux emanating from 

the point charge remains Q coulomb. However the lines of force will not be normal to 

the surface anymore. 

 This flux can be resolved into two component perpendicular components along the 

normal surface and horizontal component perpendicular to it. 

 The sum of all sinθ components is found to be zero while sum of all cosθ components is 

found to be Q. Thus total flux equal to Q Coulomb. 

 If There are a number of charges on surface then by gauss’s law, total flux emanating 

from the surface is 

Q Q Q Q Q1 2 3 4     

2.5 Explain electrical potential at a point 

 Consider a positive charge of Q coulombs placed in air and at a distance x meters from 

charge Q. 

+ +

x

d dx

1 C
Q C

 
Figure 2.9Electrical potential at a point 
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2.6 Explain electrical potential of charged sphere 
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Figure 2.10Charged sphere 

 Consider an isolated sphere of radius r meter placed in air and carrying a positive 

charge of Q coulombs which is uniformly distributed over its surface.  

 Charges will behave like they are concentrated at centre of the sphere. 

 Therefore potential at any point d meters (d > r) away from the centre of sphere will 

have the same potential. 

Q
V in air

πε d0

         (  )
4

  

 All the point at distance d meters from the centre of sphere will have the same potential. 

Electric flux or lines of force are always normal to equipotential surface. 

Potential at the po of the surface of the sphere is

Q
V

π

given

ε r

by

0

   int         

4

 


 

 For any point within the sphere the potential will be equal to the potential at surface of 

sphere. 

 When charge is given to sphere it resides only on its outer surface. Within the sphere, 

charge, flux and field intensity are zero. 
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2.7 Relationship between electrical flux density and electrical field 

intensity 

 Assume one sphere have radius of d. Point P is the center point of sphere.  

+Q

d

P

 
Figure 2.11D and E at a point P in the electrical field 
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2.8 What is capacitor and capacitance? 

 An arrangement where two conducting surface are separated by a layer of insulating 

medium is called a capacitor or a condenser. 

 Capacitance is the property of capacitor to store energy in form of electric charge. 
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 The conducting surface is called plates and insulating material between is called the 

dielectric.  

 Air, mica, glass, waxed paper, ceramic, etc. are some of the most widely used dielectrics. 

 The shape of the conducting surfaces may be circular, spherical or cylindrical. Capacitor 

is also called a condenser because when potential difference is applied across two 

plates, separated by dielectric, the lines of force are condensed into the space between 

the plates. 

 Capacitor stores energy in the form of an excess of electrons on one plate and deficiency 

of electrons on the other.  

 The time of storage may be in terms of nanoseconds, milliseconds, seconds or minutes. 

Sometimes capacitors employed in power circuits hold their charge for many hours 

continuously, although, the amount of charge may vary slightly. 

 A capacitor’s ability to hold charge is measured in farads. This is a very large unit. 

Mostly capacitors are rated in microfarads or less. 
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                          Figure 2.12Capacitor with supply voltage V 

 

 A parallel plate capacitor with plates A and B is connected through a switch to a battery 

of V volts. When switch is open there is no charge on the plates i.e. the plates are 

neutral. 

 When the switch is closed in above, some free electrons from plate A are attracted by 

the positive terminal of the battery. 

 The deficiency of electrons on plate A creates a positive charge on it. The electrons are 

transferred from the positive terminal of the battery to the negative terminal, Then the 

negative terminal immediately repels these electrons towards plate B, thus creating an 

excess of electrons there. 
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 Thus a potential difference is established between the plates A and B, which acts as a 

counter emf i.e. opposes the flow of electrons.  

 The movement of electrons will continue till the potential difference between the two 

plates becomes exactly equal to the emf of the battery.  

 When a capacitor is fully charged, then the potential difference across its plates is equal 

to the voltage applied across its terminals during charging. The plates of a charged 

capacitor always carry equal and opposite charges i.e. + Q C and - Q C. 

 Now if the switch is opened i.e. applied voltage is disconnected, the capacitor plates A 

and B will retain their positive and negative charges respectively.  

 If a potential difference of V volts across a capacitor’s plate causes Q Coulomb charge to 

accumulate on its plates, then it has been found experimentally that 

Q α V

Q CV

Q
C

V

Where Q

V

C

   

 

,   Charge on the capacitor plates 

                Potential difference between the plates 

                Capacitance











 

 Thus, capacitance is defined as the ratio of the charge on capacitor plates to the 

potential difference across its plates. 

 If V = 1 volt, Q = 1 coulomb then C = 1 farad. Hence a capacitor has a capacitance of 1 

farad if it acquires a charge of 1 coulomb on its plates when a potential difference of IV 

is applied across its plates. 

 As mentioned earlier farad is a very large unit. Normally, capacitors are rated in terms 

of microfarads or picofarads.  

2.9 Explain series and parallel connection of capacitor 

Series connection of capacitor Parallel connection of capacitor 
 

C1 C2

V

V1 V2 V3

C3
Q Q Q

 
 
 

Figure 2.13Series combination of capacitor 

V V V
C1 C2 C3V

Q1 Q2 Q3

 
 

Figure 2.14Parallel combination of capacitor
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 

Value of equivalent capacitance of 

series circuit is smaller than the 

smallest value of individual 

capacitance of circuit.

 

Value of equivalent capacitance of parallel 
circuit is bigger than the biggest value of 
individual capacitance of circuit.

 
2.10 Capacitance of a parallel plate capacitor 

(a) Capacitance of parallel plate capacitance with uniform dielectric medium

d

A

V

 
Figure 2.15Capacitance of capacitor with uniform dielectric medium 

 Two plates of capacitor are separated by distance d, plate area is A, charge on plate is Q. 
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 (b)     Capacitance of parallel plate capacitance with composite dielectric medium 

  Case-1 of composite capacitor 
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Figure 2. 16Case-1 of composite capacitor 
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Figure 2.17Equivalent circuit of Case-1 composite 
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Case-2 of composite capacitor
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Figure 2.18Case-2 of composite capacitor 
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Figure 2.19Equivalent circuit of case-2 composite 
capacitor 
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Figure 2.20Third type of composite capacitor 
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Figure 2.21Equivalent circuit third type of composite 
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2.11 Explain capacitance of a multiplate capacitor 

 The capacitance of a capacitor can be increased by using a dielectric having high relative 

permittivity and decreasing the distance between the plates.  

 This dielectric material is very costly and while reducing the gap between the plates the 

dielectric strength also must be considered.  

 Another method is to increase the plate area, but this leads to bulky size. To avoid all 

these difficulties a multiplate construction is employed 

A

V
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B

 
Figure 2.22Capacitance of multiplate capacitor 
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A B

 

 

Figure 2.23Equivalent circuit of multiplate 
capacitor 

 A multi plate capacitor is built up of a number of metal plates of same dimensions 

separated by a dielectric material.  

 The alternate plates are connected together. if there are n plates, then there are (n - 1) 

spaces filled with the dielectric. This is equivalent to (n - 1) simple parallel plate 

capacitors. 

 

  r

C n s

ε ε A
C n

d

Where A

d

0

The total capacitance of n plate capacitor is

1 Capacitance between one pair of plate

1

, Cross section area of each plate 

              Thickness of the dielectric between each p

  

  





rε

air of plates

             Relative permittivity of dielectric material   
 

2.12 Explain types of capacitor 

 . Fixed capacitors are classified on the basis of the dielectric used. 

(a)       Paper capacitor 

 The metal plates are made up of aluminum foil interleaved with paper impregnated 

with wax or oil. Such capacitors are commonly used in power circuits of household 

appliances, bypass and coupling circuits etc. 
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(b)       Plastic film capacitor 

 These are similar in construction to the paper insulated capacitors except that 

transparent plastic foil is used as a dielectric instead of paper. 

(c)       Mica capacitor 

 It consists of alternate layers of mica and metal foil clamped tightly together. Mica is an 

excellent dielectric and can easily be made into thin chips.  

 It is used for making stable and accurate capacitors. Mica is relatively costlier. So it is 

mainly used for making capacitors used in the high frequency circuits where the 

dielectric loss should be least. 

(d)       Ceramic capacitor 

 A thin ceramic dielectric is coated on both the sides with metal. A stack of such layers is 

made. Each layer is separated from the next by more ceramic. The plates are connected 

to the electrodes and a suitable coating is done over the capacitor. 

 They generally have small capacitance values of 1 pF to 1 µF.  

 The working voltage may be up to a few thousand volts but the leakage resistance is 

also high (about 1000 MΩ). Ceramic capacitors are useful at high temperatures. 

 The basis of ceramic material is mainly barium titanate whose relative permittivity is 

above 6000.  

 This is very small separation between the plates which results in the small sized 

capacitors. It has a low power factor which decreases with the increase in frequency. It 

is useful for short wave radio work. 

(e)       Polyester capacitor 

 Polyester is manufactured in very thin films and the metal is deposited on one side. Two 

films are then rolled together like paper capacitors. Due to their small size, ratings 

cannot be printed on the surface. 

 Generally, they are color coded like resistors. These capacitors can operate at high 

voltages of about a few thousand volts. 

(f)       Electrolytic capacitor 

 The insulation resistance of this capacitor is very low and it is suitable only for those 

circuits where the voltage across the capacitor does not reverse its direction.  

 Hence they can work only with dc supply. Electrolytic capacitors are mainly used where 

large values of capacitances are required, eg. Smoothing circuits in the radio work. 

(g)       Tantalum electrolytic capacitor 

 These capacitors are small in size as compared to the electrolytic capacitors of the same 

rating. One plate consists of sintered tantalum powder coated with an oxide layer which 

acts as the dielectric.  

 A case of brass, copper or sometimes even silver forms the other plate. Layers of 

manganese dioxide and graphite form the electrolyte. 
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2.13 Explain charging and discharging of capacitor 

Charging of Capacitor Discharging of Capacitor 
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+ -
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-
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Figure 2.24Charging of capacitor 
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Figure 2.25Discharging of capacitor 
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Figure 2.26Charging voltage of capacitor 
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Figure 2.27Charging current of capacitor 
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Figure 2.28Dicharging voltage of capacitor 
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Figure 2.29Dicharging current of capacitor 
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2.14 Explain energy stored in capacitor 

 When a potential difference is applied across a capacitor, the electrons are transferred 

from one plate to the other plate through the battery and the capacitor is charged.  

 The charging of a capacitor involves expenditure of energy by the charging agency. This 

energy is stored in the electrostatic field set up in the dielectric medium between the 

plates of the capacitor.  

 On discharging the capacitor, the electrostatic field collapses and the stored energy is 

released. 

 To begin with, when the capacitor is uncharged, little work is done in transferring 

charge from one plate to another. But further installments of charge have to be carried 

against the repulsive force due to the charge already collected on the capacitor plates. 

Let us find the energy spent in charging a capacitor of capacitance C to a voltage V. 

 Suppose at any state of charging, the potential difference across the plates is v volts. By 

definition it is equal to the work done in shifting one coulomb of charge from one plate 

to another. 

 

dw vdq

dw v d Cv

dw Cv dv

Energy stored in capacitor at any instant,

              

               

              

Total work done in raising the potential difference of uncharged capacitor to V volt is,  
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W CV 21
             

2
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 This work done or energy is stored in electrostatic field setup in the dielectric medium 

placed between the plates of capacitor.  
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