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Course Objectives:   
1. To understand the basic concepts of electrical circuits  

2. To solve problems in DC & AC circuits  

3. To provide foundation in theory and applications of Transformers and DC machines 

4. To identify the types of sensors and measure quantities in AC and DC systems         

5. To study various electrical installation components and safety measures  

 Course Outcomes:  
After completion of the course, the student will be able to  

1. Understand the basic concepts and terminology of electrical quantities   

2. Analyze the DC circuit using various network theorems  

3. Analyze the electrical parameters of AC circuits with R-L-C elements  

4. Interpret the working principle of Electrical machines. 

5. Apply the concept of sensors in measurement of various electrical quantities and 

understand the electrical safety norms  

 

UNIT-I: Basic Circuit Concepts 

 Concept of Potential difference, voltage, current, Fundamental linear passive and active 
elements to their functional current-voltage relation, Terminology and symbols in order to 
describe electric networks, voltage source and current sources, ideal and practical sources, 
concept of dependent and independent sources, Kirchhoff-s laws and applications to network 

solutions using mesh and nodal analysis, Concept  of work, power, energy, and conversion of 
energy.  

UNIT-II: DC Circuits 

Current - Voltage relations of the electric network by mathematical equations to analyze the 

network (Thevenin’s theorem, Norton's Theorem, Maximum Power Transfer theorem) 
Simplifications of networks using series-parallel, Star/Delta transformation. Superposition 
theorem. 

UNIT-III: AC Circuits 

AC waveform definitions, form factor, peak factor, study of R-L, R-C,RLC series circuit, R-L-
C parallel circuit, phasor representation in polar and rectangular form, concept of impedance, 
admittance, active, reactive, apparent and complex power, power factor, 3 phase Balanced AC 
Circuits (⅄-∆&⅄-⅄). 

 
 

 

 

 



UNIT-IV: Electrostatics and Electro-Mechanics 

Electrostatic field, electric field strength, concept of permittivity in dielectrics, capacitor 
composite, dielectric capacitors, capacitors in series and parallel, energy stored in capacitors, 
charging and discharging of capacitors, Electricity and Magnetism, magnetic field and Faraday's 

law, self and mutual inductance, Ampere's law, Magnetic circuit, Single phase transformer, 
principle of operation, EMF equation, voltage ratio, current ratio, KVA rating, efficiency and 
regulation, Electromechanical energy conversion. DC generator construction, principle, EMF 
generated, types, DC motor principle, back EMF.  

UNIT-V: Measurements and Sensors 

Introduction to measuring devices/sensors and transducers (P iezoelectric and thermo-couple) 
related to electrical signals, Elementary methods for the measurement of electrical quantities in 
DC and AC systems(Current & Single-phase power). Electrical Wiring and Illumination 

system: Basic layout of the distribution system, Types of Wiring System &Wiring Accessories, 
Necessity of earthing, Types of earthing, Safety devices & system. 

Text Books: 

1. Electric Machinery,(Sixth Edition) A.E. Fitzgerald, Kingsely Jr Charles, D. Umans Stephen, 
Tata McGraw Hill.  

2. A Textbook of Electrical Technology,(vol. I),B. L. Theraja, Chand and Company Ltd., New 

Delhi.  
3. Basic Electrical Engineering, V. K. Mehta, S. Chand and Company Ltd., New Delhi.  
4. Theory and problems of Basic Electrical Engineering,  (SecondEdition), J. Nagrath and 

Kothari, Prentice Hall of India Pvt. Ltd.  

Reference Books: 

1. Basic of Electrical Engineering, T. K. Nagsarkar and M. S. Sukhija, Oxford University 

Press. 

T. K. Nagsarkar and M. S. Sukhija, Basic of Electrical Engineering, Oxford University Press, 

2011. 
2. Introduction to Electrodynamics, D. J. Griffiths, (Fourth Edition), Cambridge University 

Press. 

3. Engineering Circuit Analysis, William H. Hayt& Jack E. Kemmerly, McGraw-Hill Book 
Company Inc. 

4. Fundamentals of Electrical and Electronics Engineering,Smarjith Ghosh, Prentice Hall 
(India) Pvt. Ltd.  

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 



UNIT-I 

Basic Circuit Concepts 

Concept of Potential difference, voltage, current, Fundamental linear passive and active 

elements to their functional current-voltage relation, Terminology and symbols in order to 

describe electric networks, voltage source and current sources, ideal and practical sources, 

concept of dependent and independent sources, Kirchhoff-s laws and applications to 

network solutions using mesh and nodal analysis, Concept of work, power, energy, and 

conversion of energy.  

 

In electrical engineering, we are often interested in communicating or transferring energy from one point 

to another. To do this requires an interconnection of electrical devices. Such interconnection is referred 

to as an electric circuit, and each component of the circuit is known as an element. 

 

               An electric circuit is an interconnection of electrical elements. 

 

A simple electric circuit is shown in Fig. It consists of three basic elements: a battery, a lamp, and 

connecting wires. 

                                                  

                                          
                                                     Fig. 

Charge and Current 

 

The concept of electric charge is the underlying principle for explain ing all electrical phenomena. Also, 

the most basic quantity in an electric circuit is the electric charge. We all experience the effect of electric 

charge when we try to remove our wool sweater and have it stick to our body or walk across a carpet and 

receive a shock. 

 

Charge is an electrical property of the atomic particles of which matter consists, measured in 

coulombs (C). 

 

We now consider the flow of electric charges. A unique feature of electric charge or electricity is the fact 

that it is mobile; that is, it can be transferred from one place to another, where it can be converted to 

another form of energy.  

 

 

                                               

                                                         Fig.1.2 

 

 

 



When a conducting wire (consisting of several atoms) is connected to a battery (a source of 

electromotive force), the charges are compelled to move; positive charges move in one direction while 

negative charges move in the opposite direction. This motion of charges creates electric current. It is 

conventional to take the current flow as the movement of positive charges. That is, opposite to the flow 

of negative charges, as Fig. 1.2 illustrates. Although we now know that current in metallic conductors is 

due to negatively charged electrons, we will follow the universally accepted convention that current is 

the net flow of positive charges.  

Thus,  

Electric current is the time rate of change of charge, measured in amperes (A). 

 

Mathematically, the relationship between current i, charge q, and time t is 

                                                               

where current is measured in amperes (A), 

  

                                 1 ampere = 1 coulomb/second 

 

If the current does not change with time, but remains constant, we call it a direct current (dc). A direct 

current (dc) is a current that remains constant with time. 

A direct current (dc) is a current that remains constant with time. 

                                                        
                                                                 Fig.1.3 

 

A time-varying current is represented by the symbol i. A common form of time-varying current is the 

sinusoidal current or alternating current (ac). 

An alternating current (ac) is a current that varies sinusoidally with time. 

 

                                                  

                                                                   Fig.1.4 

Voltage  

 

 As explained briefly in the previous section, to move the electron in a conductor in a particular direction 

requires some work or energy transfer. This work is performed by an external electromotive force (emf), 

This emf is also known as voltage or potential difference. The voltage between two points a and b in an 

electric circuit is the energy (or work) needed to move a unit charge from a to b; mathematically, 

                                                           

 



where w is energy in joules (J) and q is charge in coulombs (C). The voltage or simply v is measured in 

volts (V), 

  

1 volt =1 joule/coulomb = 1 newton-meter/coulomb 

 

Thus,  

 

Voltage (or potential difference) is the energy required to move a unit charge through an element, 

measured in volts (V). 

 

Power and Energy 

 

Although current and voltage are the two basic variables in an electric circuit, they are not sufficient by 

themselves. For practical purposes, we need to know how much power an electric device can handle. We 

all know from experience that a 100-watt bulb gives more light than a 60-watt bulb. We also know that 

when we pay our bills to the electric utility companies, we are paying for the electric energy consumed 

over a certain period of time. Thus, power and energy calculations are important in circuit analysis. 

To relate power and energy to voltage and current, we recall from physics that:  

 

Power is the time rate of expending or absorbing energy, measured in watts (W).  

 

We write this relationship as 

                                                      
where p is power in watts (W), w is energy in joules (J), and t is time in seconds (s).  

 

From Eqs. it follows that 

 

                                                    
Or  

                                                               
 

 

 

Passive sign convention is satisfied when the current enters through the positive terminal of an element 

and p = + vi. If the current enters through the negative terminal, p= -vi. 

 



                                                         
                                                                     Fig.1.5 

Reference polarities for power using the passive sign convention: (a) absorbing power, (b) supplying 

power. 

 

In fact, the law of conservation of energy must be obeyed in any electric circuit. For this reason, the 

algebraic sum of power in a circuit, at any instant of time, must be zero: 

                                                                  

This again confirms the fact that the total power supplied to the circuit must balance the total power 

absorbed. 

The energy absorbed or supplied by an element from time to time t is 

 

                                                       

Energy is the capacity to do work, measured in joules (J). 

  

The electric power utility companies measure energy in watt-hours (Wh),  

where                            

                                   1 Wh = 3,600 J  

 

Terminology and symbols in order to describe electric networks 

NODES, BRANCHES AND LOOPS:  

 

Network is an interconnection of elements or devices, circuit is a network providing one or more closed 

paths.  

A BRANCH represents a single element such as voltage source or a resistor.  

 

A NODE is the point of connection of two or more branches 

.  

A LOOP is any closed path in a circuit.  

 

A network with ‘b’ branches, ‘l’ loops and ‘n’ nodes should satisfy the theorem of n/w topology 

 

                                              =   +   – 1 

 

 

 
 
 
 
 



Basic Circuit Elements 
 
The three basic elements used in electronic circuits are the resistor, capacitor, and inductor. They each 

play an important role in how an electronic circuit behaves. They also have their own standard symbols 

and units of measurement. 
 

Resistors 
 

A resistor represents a given amount of resistance in a circuit. Resistance is a measure of how the flow of 

electric current is opposed or "resisted." It is defined by Ohm's law which says the resistance equals the 

voltage divided by the current. 

Resistance = voltage/current 

or 

R = V/I 

Resistance is measured in Ohms. The Ohm is often represented by the omega symbol: Ω.  

 
The symbol for resistance is a zigzag line as shown below. The letter "R" is used in equations. 

 

 
Resistor Symbol 

 

Capacitors  
 

A capacitor represents the amount of capacitance in a circuit. The capacitance is the ability of a 

component to store an electrical charge. You can think of it as the "capacity" to store a charge. The 

capacitance is defined by the equation 

 
C = q/V 

where q is the charge in coulombs and V is the voltage. 

 

 

In a DC circuit, a capacitor becomes an open circuit blocking any DC current from passing the capacitor. 
Only AC current will pass through a capacitor. 

 

Capacitance is measured in Farads. 

 

The symbol for capacitance is two parallel lines. Sometimes one of the lines is curved as shown below. 
The letter "C" is used in equations. 

 

 
Capacitor Symbol 

 
 

 

 

 

Inductors  
 

An inductor represents the amount of inductance in a circuit. The inductance is the ability of a 

component to generate electromotive force due to a change in the flow of current. A simple inductor is 

made by looping a wire into a coil. Inductors are used in electronic circuits to reduce or oppose the 
change in electric current. 



 

In a DC circuit, an inductor looks like a wire. It has no affec t when the current is constant. Inductance 
only has an effect when the current is changing as in an AC circuit. 

 

Inductance is measured in Henrys. 

 

The symbol for inductance is a series of coils as shown below. The letter "L" is used in equations. 
 

 
Inductor Symbol 

 

Broadly, network elements may be classified into four groups, viz., 

 
1. Active or passive 

2. Unilateral or bilateral 

3. Linear or nonlinear 

4. Lumped or distributed 

 

Active or passive 

 

Energy sources (voltage or current sources) are active elements, capable of delivering power to some 

external device. Passive elements are those which are capable only of receiving power. Some passive 

elements like inductors and capacitors are capable of storing a finite amount of energy, and return it later 

to an external element. More specifically, an active element is capable of delivering an average power 

greater than zero to some external device over an infinite time interval. For example, ideal sources are 

active elements. A passive element is defined as one that cannot supply average power that is greater 

than zero over an infinite time interval. Resistors, capacitors, and inductors fall into this category. 

 

Unilateral or bilateral 

 

In the bilateral element, the voltage-current relation is the same for current flowing in either direction. In 

contrast, a unilateral element has different relations between voltage and current for the two possible 

directions of current. Examples of bilateral elements are elements made of high conductivity materials in 

general. Vacuum diodes, silicon diodes, and metal rectifiers are examples of unilateral elements.  

 

Linear or nonlinear 

 
An element is said to be linear, if its voltage-current characteristic is at all times a straight line through 

the origin. For example, the current passing through a resistor is proportional to the voltage applied 

through it, and the relation is expressed as V   I or V =IR. A linear element or network is one which 

satisfies the principle of superposition, i.e., the principle of homogeneity and additivity. An element 

which does not satisfy the above principle is called a nonlinear element.  

 

 

 



 

Lumped or distributed 

 

Lumped elements are those elements which are very small in size and in which simultaneous actions take 

place for any given cause at the same instant of time. Typical lumped elements are capacitors, resistors, 

inductors and transformers. Generally, the elements are considered as lumped when their size is very 

small compared to the wave length of the applied signal. Distributed elements, on the other hand, are 

those which are not electrically separable for analytical purposes. For example, a transmission line which 

has distributed resistance, inductance and capacitance along its length may extend for hundreds of miles 

Basic Laws 
 

OHM’S LAW  

At constant temperature, the current flowing through a conductor is directly proportional to the potential 

difference (p.d) in volts across the two ends of the given conductor and inversely proportional to the 

resistance (R) in ohms (Ω) between the ends of the same conductor. 

                                                      

In all practical problems of electrical calculations, it is assumed that the temperature rise is within limits, 

so that electrical properties such as insulation and conduction properties of the given material not 

destroyed .Hence ohms law mathematically states that  

                                          

Solved Examples: 

 1. An electrical iron carrying 2A at 120V. Find resistance of the device?  

   Soln :   = ( / ) = 120/2 = 60Ω  

  

2.The essential component of a toaster is an electrical element (a resistor) that converts electrical energy 

to heat energy. How much current is drawn by a toaster with resistance 12Ω at 110V?  

 

Soln: 9.167 A 

 

KIRCHOFF’S CURRENT AND VOLTAGE LAWS ( KCL and KVL)  

 

KIRCHOFF’S CURRENT LAW :  

KCL states that the total current entering a junction is equal to the total current leaving the junction.                          

 

                                                             (or)  

 

The algebraic sum of the currents at the junction (node) will be zero.  

 

At node n,  

 

( 2 +  3 +  4) = ( 1 +  6 +  5) 

 

 Or  

 

 2 +  3 +  4 −  1 −  6 − 5 = 0. 

 

                                                               

 



KIRCHOFF’S VOLTAGE LAW:  

 

KVL is based on the law of the law of conservation of the energy, states that the algebraic sum of 

voltage drops in a closed loop is zero. 

                                                  

 1 +  2 +  3 =   

 

 1 +  2 +  3 –   = 0 

 

{Flow of currents in loop is assumed +ve from higher potential to lower potential in elements and +ve 

from lower to higher potential in Sources} 

 

 

Problem:  

 

1. Determine the voltage across 1Ω resistor in the given circuit. 

                               
Soln: 2.353 V 

2. From the given circuit, find the voltage across ab, cb, and db. 

                          
Soln:   b = 37.5  ,   b = −62.5 

 

 

INDEPENDENT SOURCES AND DEPENDENT SOURCES  

 

An ideal voltage source is one which maintains a constant voltage at its terminals, irrespective of the 

current delivered to the network.  

 

Practically a voltage sources has internal resistances and hence, when it delivers a current, there is 

always an internal voltage drop which increases as the supplies more and more current.  

Thus its terminals voltage progressively falls. 

 

  

Ideal Voltage Source and  Practical Voltage Source are 



            
An IDEAL CURRENT SOURCE is one which delivers a current of constant magnitude, totally 

independent of the external network connected.  

 

In practical, no current source canbe ideal, practical current source is always shown with resistance in 

parallel.  

 

Ideal Current Source and  Practical Current Source are 

 
DEPENDENT OR CONTROLLED SOURCES:  

 

In some network, in which some of the voltage sources or current sources are controlled by changing of 

current or voltage elsewhere in the c ircuit. Such sources are termed as “Dependent or Controlled 

sources”.  

There are four types of dependent sources. 

                               

                   Dependent Voltage Source (DVS)         Dependent Current Source (DCS) 

 

 

 

 

  CDVS( Current DVS) 

  CDCS(Current DCS) 

  VDVS(Voltage DVS)  

  VDCS(Voltage DCS) 

 

 

 

 

 

 

 

 

 



SOURCE TRANSFORMATION:  

 

A practical voltage source can be replaced by a current source and vice versa.  

 

This can be established if an equivalence between a voltage source and a current source. 

                         

 
 

    = 10  and    = 20Ω ,    = 200 . 

 

 

 

 

 

 

 

 

 

 

 



Mesh Analysis:  
Mesh analysis provides another general procedure for analyzing circuits, using mesh current as the 

circuit variables.  

Definition: Mesh is a loop which does not contain any other loop within it. 

  

Steps to Determine Mesh Currents:  

 

Step 1: Determine the number of meshes n.  

Step 2: Assign mesh current i1, i2, , in, to the n meshes.  

o The direction of the mesh current is arbitrary-(clockwise or counterclockwise)- and does not      

affect the validity of the solution. 

 o For convenience, we de ne currents flow in the clockwise (CW) direction.  

Step 3: From the current direction in each mesh, denote the voltage drop polarities.  

Step 4: Apply KVL to each of the n meshes. Use Ohm's law to express the voltages in terms of the mesh 

current.  

Step 5: Solve the resulting n simultaneous equations to get the mesh current. 

 

Problem: Find I1, I2 and I3 in the below circuit using mesh analysis. 

                                            

Solution:  

Step1: In given circuit, two node are present.  

Step2: Current in to meshes is assumed as i1 and i2. 

                                          
 

Step3: .  

KVL equation to mesh 1, is  

 

-15+5 i1+10(i1-i2)+10=0---------------(1) 

 

 KVL equation to mesh 2, is  

 

+6i2+4i2-10+10(i2-i1)=0---------------(2)  

 

By solving (1) and (2) we will get 

 

 i1=2.0 A and i2=1.50A  

 



But comparing given circuit with circuit in Step3, 

 

 I1=i1=2.0A   ,I2=i2=1.5A  , I3=i1-i2=0.5A 

 

Supermesh:  

 

A supermesh results when two meshes have a (dependent or independent) current source in common. 

 

 

 

In supermesh circuit the equations are  

  

-20+6i1+10i2+4i2=0………..(1)  super mesh equation 

 

i2-i1=0……………(2) 

 

 

Exercise Problems 

 

 Find I using mesh analysis. 

                              

 

 Determine current in each loop 

                                 

 



Node Analysis: 

Steps to determine Node Analysis:  

Step1: Determine the number of nodes n.  

Step2: Select a node as reference node (ground node). 

 Assign voltages V1, V2, ….…Vn-1 to the remaining n-1 nodes. The voltages are 

referenced with respect to the reference node. 

 Ground node is assumed to have 0(zero) potential.  

Step3: Apply KCL to each of the n-1 non-reference nodes. Use Ohm’s law to express the    

branch  current in terms of node voltages.  

Step4: Solve the resulting simultaneous equations to obtain the un-known node voltages.  

a) Current flows from a higher potential to lower potential in resistor.  

b) If a voltage source is connected between the reference node and a non-reference node, 

we simply set the voltage at the non-reference node equal to the voltage of the source.  

c) Multiple methods to solve the simultaneous equations in Step4.  

1) Method 1: Elimination technique (good for few variables)  

2) Method 2: Write in terms of matrix and vectors (write Ax=b) then use 

Cramer’s rule.  

3) Method 3: Use computer or calculators. 

 

Problem: 

Find the value of V4 in below circuit. 

                                      
Step1: Total number of nodes are 4 they are n0, n1,n2 and n3. 

 

 

  

Step2: node n0 is selected as reference node. Vn0=0 and voltage at other nodes are Vn1, Vn2 and Vn3. 

 

 Step3: Assume voltage at node n2 is more than all other  

node voltages. So current is going away from this node in 

all branches. 

 

 



 

 

Supernode:  

 
A supernode is formed by enclosing a (dependent or independent voltage source connected between two 

non-reference nodes and any elements connected parallel with it. 

 

                                              
 

 

 
 

2V1+v2 = -20……..(1)  

 

To get relation between v1 and v2 ,we apply kvl to the loop  

 

v2= v1+2 ………….(2) 

 

solve equation 1 &2 

 

 v1=  -7.333V   and  v2= -5.333V 

 

 

Exercise Problems 

 

 Calculate the value of I in below figure using node analysis. 

                              
 



 Find v and i in below figure using node analysis. 

                    

 

 Determine voltage at node in below figure. 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



              UNIT-II 
 DC Circuits 
Current - Voltage relations of the electric network by mathematical equations to analyze  the 

network (Thevenin’s theorem, Norton's Theorem, Maximum Power Transfer theorem) 

Simplifications of networks using series-parallel, Star/Delta transformation. Superposition 
theorem. 

 

SERIES ELEMENTS AND VOLTAGE DIVISION 

  

Two or more elements are in series if they are cascaded or connected sequentially and consequently 

carry the same current. The equivalent resistances of any number of resistors connected in series is the 

sum of the individual resistances. 

 

Three resistances R1,R2,R3 are connected in series. The current passing through all the elements 

connected in series is same, I. In the above figure1, according to KVL, sum of voltage drops in a closed 

loop is zero. 

 

 
 

Solved Examples: 

1. Find   q for the given circuit. 

                                 
Ans:14.4 Ω 

 

 

 



 

 

2. Find    and    in the given circuit. Calculate the power dissipated in 3Ω. 

                                      
Soln : i0 = 3.33 ,    = 4 ,    = 5.33 . 

 

3.Find  1 ,  2 ,  1 ,  2 and power dissipated in 12Ω and 40Ω. 

                            
Soln :1 = 5 ,  2 = 10  ,  1 = 416.7 A ,  2 = 250 A ,   12 Ω = 2.083  ,  40 Ω = 2.5 . 

 

PARALLEL ELEMENTS AND CURRENT DIVISION  

 

Two or more elements are in parallel if they are connected to the same two nodes and consequently have 

the same voltage across them. The parallel connected elements have the same voltage across them. 

                                                          

  =  1 1 =  2 2……………………………(1)  

From KCL, at node A,  

  =  1 +  2…………….(2)  

From (1) , 

  =  / 1 +  / 2  

 /  = 1/ 1 + 1/ 2       or      q = ( 1 2)/( 1 +  2)  

The equivalent resistance of the parallel resistors is equal to the product of their resistances divided  by 

their sum.  

  q =  1 +  2             G : conductance 

The equivalent conductance connected in parallel is the sum of their individual conductances.  



 

Solved Examples: 

 

1.Two batteries of 24V and 20V with internal resistances of 0.4Ω and 0.25Ω respectively are connected 

in parallel across a load of 4Ω. 

 Calculate  

(i) the current supplied by each battery and (ii) voltage across the load 

. 

Soln: 8.1482A and -2.963A , 20.741V. 2.  

 

2.Two coils are connected in parallel and a voltage of 200V is applied to the terminals. The total current 

taken is 25A and the power dissipated in one of the coils is 1500W. What is the resistance of each coil?  

 

 Soln: 26.67Ω and 11.43Ω 

 

STAR – DELTA TRANSFORMATION  

 

Star connection and delta connection are the two different methods of connecting three basic elements 

which cannot be further simplified into series or parallel.  

 

The two ways of representation can have equivalent circuits in either form.  

 

Assume some voltage source across the terminals AB.  

 

                              

 

 

 



 

 

 

 

Exercise:  

 

1. Obtain the star connected equivalent for the given delta circuit. 

 

                                                   

Soln : 

                                                  
2. For the bridge network shown, determine the total resistance seen from the terminals AB using star-

delta transformation. 



                                                 
Soln : 1.182 Ω. 

 

 

 

 

 

 

3.Determine the equivalent resistance Req. 

                                     

 

Soln :4.93 Ω. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Circuit Theorems 

Superposition Theorem 
 

The superposition principle states that the voltage across (or current through) an element in a linear 

circuit is the algebraic sum of the voltages across (or currents through) that element due to each 

independent source acting alone. 

 

The principle of superposition helps us to analyze a linear circuit with more than one independent source 

by calculating the contribution of each independent source separately. However, to apply the 

superposition principle, we must keep two things in mind:  

1. We consider one independent source at a time while all other independent sources are turned off. This 

implies that we replace every voltage source by 0 V (or a short circuit), and every current source by 0 A 

(or an open circuit). This way we obtain a simpler and more manageable circuit. Other terms such as 

killed, made inactive, deadened, or set equal to zero are often used to convey the same idea.  

2. Dependent sources are left intact because they are controlled by circuit variables. With these in mind, 

we apply the superposition principle in three steps: 

Steps to apply Superposition Theorem 

1. Turn off all independent sources except one source. Find the output (voltage or current) due to that 

active source using nodal or mesh analysis.  

2. Repeat step 1 for each of the other independent sources.  

3. Find the total contribution by adding algebraically all the contributions due to the independent 

sources. 

Example Problem 

 Use the superposition theorem to find v in the circuit ? 

                          
Since there are two sources,  

let v = v1 + v2   

where v1 and v2 are the contributions due to the 6-V voltage source and the 3-A current source, 

respectively.  

                                        

To obtain v1, we set the current source to zero, as shown in Fig. 

 Applying KVL to the loop in Fig.gives  

12i1 − 6 = 0 _⇒ i1 = 0.5 A  

Thus, v1 = 4i1 = 2 V  

 

To get v2, we set the voltage source to zero, as in Fig Using current division, i3 



                                         

 

Hence, v2 = 4i3 = 8 V 

And we find v = v1 + v2 = 2 + 8 = 10 V 

 

Example: 

 Find the voltage across the 2 Ω resistor in Fig. by using the superposition theorem. 

                  
Ans: -3.41V 

 

 Find the current through 10 resistor using superposition theorem 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Thevenin’s Theorem  

 
Thevenin’s theorem  states that any two output terminals ( A & B ) of an active linear network 

containing independent sources (it includes voltage and current sources) can be replaced by a simple 

voltage source of magnitude Vth in series with a single resistor Rth where Rth is the equivalent 

resistance of the network when looking from the output terminals A & B with all sources (voltage and 

current) removed and replaced by their internal resistances and the magnitude of Vth is equal to the 

open circuit voltage across the A & B terminals. 

                                              
Simple Steps to Analyze Electric Circuit through Thevenin’s Theorem  

 

1. Open the load resistor.  

2. Calculate / measure the Open Circuit Voltage. This is the Thevenin Voltage (VTH).  

3. Open Current Sources and Short Voltage Sources.  

4. Calculate /measure the Open Circuit Resistance. This is the Thevenin Resistance (RTH).  

5. Now, Redraw the circuit with measured open circuit Voltage (VTH) in Step (2) as voltage Source and 

measured open circuit resistance (RTH) in step (4) as a series resistance and connect the load resistor 

which we had removed in Step (1).  

This is the Equivalent Thevenin Circuit of that Linear Electric Network or Complex circuit which had to 

be simplified and analyzed by Thevenin’s Theorem. You have done. 

6. Now find the Total current flowing through Load resistor by using the Ohm’s Law 

                                            

IT= VTH/ (RTH + RL) 

Example: 

Find VTH, RTHand the load current flowing through and load voltage across the load resistor in fig by 

using Thevenin’s Theorem. 

                                               
Step 1. Open the 5kΩ load resistor 

                                          
Fig.1 

Step 2.  

Calculate / measure the Open Circuit Voltage. This is the Thevenin Voltage (VTH). We have already 

removed the load resistor from figure 1, so the circuit became an open circuit as shown in fig 1. Now we 

have to calculate the Thevenin’s Voltage. Since 3mA Current flows in both 12kΩ and 4kΩ resistors as 



this is a series circuit because current will not flow in the 8kΩ resistor as it is open.So 12V (3mA x 4kΩ) 

will appear across the 4kΩ resistor. We also know that current is not flowing through the 8kΩ resistor as 

it is open circuit, but the 8kΩ resistor is in parallel with 4k resistor. So the same voltage (i.e. 12V) will 

appear across the 8kΩ resistor as 4kΩ resistor. Therefore 12V will appear across the AB terminals. So, 

 

 
Fig.2                                          

Vth = 12V 

 

Step 3. Open Current Sources and Short Voltage Sources. Fig (3) 

 

 

Fig.3 

Step 4. 

Calculate /measure the Open Circuit Resistance. This is the Thevenin Resistance (RTH)We have 

Reduced the 48V DC source to zero is equivalent to replace it with a short in step (3), as shown in figure 

(3) We can see that 8kΩ resistor is in series with a parallel connection of 4kΩ resistor and 12k Ω 

resistor. i.e.: 

8kΩ + (4k Ω || 12kΩ) ….. (|| = in parallel with)  

RTH = 8kΩ + [(4kΩ x 12kΩ) / (4kΩ + 12kΩ)]  

RTH = 8kΩ + 3kΩ 

RTH = 11kΩ 

                                             
Step 5.  

Connect the RTHin series with Voltage Source VTH and re-connect the load resistor. This is shown in 

fig (5) i.e. Thevenin circuit with load resistor. This the Thevenin’s equivalent circuit 



                                             
Step 6.  

Now apply the last step i.e Ohm’s law . calculate the total load current & load voltage as shown in fig5   

IL = VTH/ (RTH + RL) = 12V / (11kΩ + 5kΩ) → = 12/16kΩ  

IL= 0.75mA And  

VL = ILx RL = 0.75mA x 5kΩ  

VL= 3.75V 

 

Exercise problems 

 

 
 

 

 

 

 

 

 

 

 



Norton’s Theorem 

 
Norton’s Theorem may be stated as Any Linear Electric Network or complex circuit with Current and 

Voltage sources can be replaced by an equivalent circuit containing of a single independent Current 

Source IN and a Parallel Resistance RN. 

 

                                                    

Norton’s Equivalent Circuit 

 

Simple Steps to Analyze Electric Circuit through Norton’s Theorem  

 

1. Short the load resistor  

2. Calculate / measure the Short Circuit Current. This is the Norton Current (IN)  

3. Open Current Sources, Short Voltage Sources and Open Load Resistor.  

4. Calculate /measure the Open Circuit Resistance. This is the Norton Resistance (RN)  

5. Now, Redraw the circuit with measured short circuit Current (IN) in Step (2) as current Source and 

measured open circuit resistance (RN) in step (4) as a parallel resistance and connect the load resistor 

which we had removed in Step (3). This is the Equivalent Norton Circuit of that Linear Electric Network 

or Complex circuit which had to be simplified and analyzed. You have done. 

6. Now find the Load current flowing through and Load Voltage across Load Resistor by using the 

Current divider rule. IL = IN / (RN / (RN+ RL)) 

 

Example:  

Find RN, IN, the current flowing through and Load Voltage across the load resistor in f ig (1) by using 

Norton’s Theorem. 

                                          

Step 1.  

Short the 1.5Ω load resistor as shown in Fig below 

                                      

 

 

Step 2.  

Calculate / measure the Short Circuit Current. This is the Norton Current (IN). We have shorted the AB 

terminals to determine the Norton current, IN. The 6Ω and 3Ω are then in parallel and this parallel 

combination of 6Ω and 3Ω are then in series with 2Ω. So the Total Resistance of the circuit to the 

Source is:- 



2Ω + (6Ω || 3Ω) ….. (|| = in parallel with).  

RT = 2Ω + [(3Ω x 6Ω) / (3Ω + 6Ω)] → RT= 2Ω + 2Ω = 4Ω.  

RT = 4Ω  

IT = V / RT => IT = 12V / 4Ω = 3A.. 

Now we have to find ISC = IN… Apply CDR… (Current Divider Rule)…  

ISC = IN = 3A x [(6Ω / (3Ω + 6Ω)] = 2A. ISC= IN = 2A. 

                                                     

Step 3.  

Open Current Sources, Short Voltage Sources and Open Load Resistor. 

 

                                           

Step 4. 

Calculate /measure the Open Circuit Resistance. This is the Norton Resistance (RN) We have Reduced 

the 12V DC source to zero is equivalent to replace it with a short in step (3), as shown in figure (4) We 

can see that 3Ω resistor is in series with a parallel combination of 6Ω resistor and 2Ω resistor. i.e.: 

 

3Ω + (6Ω || 2Ω) ….. (|| = in parallel with)  

 

RN = 3Ω + [(6Ω x 2Ω) / (6Ω + 2Ω)]  

 

RN = 3Ω + 1.5Ω  

 

RN = 4.5Ω 

 

 

                                              
 

 

Step 5. 

Connect the RN in Parallel with Current Source IN and re-connect the load resistor. This is shown in fig 

be lowi.e. Norton Equivalent circuit with load resistor. 

 

 



Step 6.  

Now apply the last step i.e. calculate the load current through and Load voltage across load resistor by 

Ohm’s Law as shown in fig below. 

                                                  

Load Current through Load Resistor…  

IL = IN x [RN / (RN+ RL)] = 2A x (4.5Ω /4.5Ω +1.5kΩ) → = 1.5A  

IL = 1. 5A And  

Load Voltage across Load Resistor… VL = IL x RL = 1.5A x 1.5Ω = 2.25V 

 

Exercise Problems 

 Find the current in the 50Ω resistor by drawing Nortons equivalent circuit. 

 

 

Maximum Power Transfer Theorem: 
 

In many practical situations, a circuit is designed to provide power to a load. While for electric utilities, 

minimizing power losses in the process of transmission and distribution is critical for efficiency and 

economic reasons, there are other applications in areas such as communications where it is desirable to 

maximize the power delivered to a load. We now address the problem of delivering the maximum power 

to a load when given a system with known internal losses. It should be noted that this will result in 

significant internal losses greater than or equal to the power delivered to the load. The Thevenin 

equivalent is useful in finding the maximum power a linear circuit can deliver to a load. We assume that 

we can adjust the load resistance RL. If the entire circuit is replaced by its Thevenin equivalent except 

for the load, as shown in Fig. the power delivered to the load is 

                                                   

                                                           

 

For a given circuit, VTh and RTh are fixed. By varying the load resistance RL, the power delivered to the 

load varies as sketched in  the above Fig. We notice from above Fig. that the power is small for small or 

large values of RL but maximum for some value of RL between 0 and ∞. We now want to show that this 

maximum power occurs when RL is equal to RTh. This is known as the maximum power theorem. 

Maximum power transfer theorem states that maximum power is transferred to the load when the 

load resistance equals the Thevenin resistance as seen from the load (RL = RTh). 



To prove the maximum power transfer theorem, we differentiate p in   Eq. with respect to RL and set the 

result equal to zero. We obtain 

 

 

showing that the maximum power transfer takes place when the load resistance RL equals the Thevenin 

resistance RTh. We can readily confirm that he maximum power is given by showing that  . 

The source and load are said to be matched when RL = RTh. The maximum power transferred is 

obtained by substituting in the above equations 

 
Equation (4) applies only when RL = RTh. When RL RTh, we compute the power delivered to the load 

using Eq. (1). 

PROBLEM:Find the value of RL for maximum power transfer in the circuit of Fig. Find the maximum 

power. 

                                   

Solution: We need to find the Thevenin resistance RTh and the Thevenin voltage VTh across the 

terminals ab. To get RTh, we use the circuit in Fig. (a) and obtain 

 
To get VTh, we consider the circuit in Fig. (b). Applying mesh analysis,  

−12 + 18i1 − 12i2 = 0, i2 = −2 A  

Solving for i1, we get i1 = −2/3. Applying KVL around the outer loop to get VTh across terminals a-b, 

we obtain  

−12 + 6i1 + 3i2 + 2(0) + VTh = 0 _⇒ VTh = 22 V  

For maximum power transfer, RL = RTh = 9Ω  

and the maximum power is 

 

 

 

 



Exercise 

 

 Find the value of RL that results in maximum power being transferred to RL. 

                    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT-III 
AC Circuits 

AC waveform definitions, form factor, peak factor, study of R-L, R-C,RLC series circuit, RL-C 

parallel circuit, phasor representation in polar and rectangular form, concept of impedance, 

admittance, active, reactive, apparent and complex power, power factor, 3 phase Balanced AC 

Circuits (⅄-∆&⅄-⅄). 

Generation of sinusoidal AC voltage 

 
Consider a rectangular coil of N turns placed in a uniform magnetic field as shown in the 
figure. The coil is rotating in the anticlockwise direction at an uniform angular velocity of ω 
rad/sec. 
 
 

 

When the coil is in the vertical position, the flux linking the coil is zero because the plane 

of the coil is parallel to the direction of the magnetic field. Hence at this position, the emf 

induced in the coil is zero. When the coil moves by some angle in the anticlockwise 

direction, there is a rate of change of flux linking the coil and hence an emf is induced in 

the coil according to Faradays Law. When the coil reaches the horizontal position, the flux 

linking the coil is maximum, and hence the emf induced is also maximum. When the coil 

further moves in the anticlockwise direction, the emf induced in the coil reduces. Next 

when the coil comes to the vertical position, the emf induced becomes zero. After that the 

same cycle repeats and the emf is induced in the opposite direction. When the coil 

completes one complete revolution, one cycle of AC voltage is generated. 

The generation of sinusoidal AC voltage can also be explained using mathematical 

equations. Consider a rectangular coil of N turns placed in a uniform magnetic field in the 

position shown in the figure. The maximum flux linking the coil is in the downward 

direction as shown in the figure. This flux can be divided into two components, one  

component acting along the plane of the coil Φmaxsinωt and another component acting 

perpendicular to the plane of the coil Φmaxcosωt.  



 
 

The component of flux acting along the plane of the coil does not induce any flux in the  

coil. Only the component acting perpendicular to the plane of the coil ie Φmaxcosωt 
induces an emf in the coil.  

 

Hence the emf induced in the coil is a sinusoidal emf. This will induce a sinusoidal current 
in the circuit given by 

 

 

Angular Frequency (ω) 
 

Angular frequency is defined as the number of radians covered in one second(ie the angle 
covered by the rotating coil). The unit of angular frequency is rad/sec. 

 



 

Explain about phasor, and Lead and lagging ? 

Phasor Representation: 
An alternating quantity can be represented using 
i) Waveform 
ii) Equations 

iii) Phasor 
A sinusoidal alternating quantity can be represented by a rotating line called a Phasor. A 
phasor is a line of definite length rotating in anticlockwise direction at a constant angular 
velocity 

The waveform and equation representation of an alternating current is as shown. This 
sinusoidal quantity can also be represented using phasors.  

 
 

 

Draw a line OP of length equal to Im. This line OP rotates in the anticlockwise direction with 

a uniform angular velocity ω rad/sec and follows the circular trajectory shown in figure. At 

any instant, the projection of OP on the y-axis is given by OM=OPsinθ = Imsinωt. Hence the 

line OP is the phasor representation of the sinusoidal current.  

 



 
 

 
 

 

Phase is defined as the fractional part of time period or cycle through which the 

quantity has advanced from the selected zero position of reference 
Phase of +Em is π/2rad or T/4 sec 

Phase of -Em is π/2rad or 3T/4 sec. 
 
 

When two alternating quantities of the same frequency have different zero points, they are 

said to have a phase difference. The angle between the zero points is the angle of phase 

difference. 

 
In Phase 

Two waveforms are said to be in phase, when the phase difference between them is zero. 

That is the zero points of both the waveforms are same. The waveform, phasor and equation 

representation of two sinusoidal quantities which are in phase is as shown. The figure shows 

that the voltage and current are in phase. 



 
 

Lagging 
In the figure shown, the zero point of the current waveform is after the zero point of the 

voltage waveform. Hence the current is lagging behind the voltage. The waveform, phasor 
and equation representation is as shown. 

 

 

Leading 
In the figure shown, the zero point of the current waveform is before the zero point of the 
voltage waveform. Hence the current is leading the voltage. The waveform, phasor and 
equation representation is as shown.  

 

 
Exercise Problem: Find sum and draw phasor diagram.  

 



Q: Explain Phasor Relationship with Circuit Elements: 
 

AC circuit with a pure resistance 

 

Consider an AC circuit with a pure resistance R as shown in the figure. The alternating 
voltage v is given by 

v =Vm Sin(wt) 

 

The current flowing in the circuit is i. The voltage across the resistor is given as VR which is 
the same as v. 
Using ohms law, we can write the following relations 

 

From equation (1) and (2) we conclude that in a pure resistive circuit, the voltage and current 
are in phase. Hence the voltage and current waveforms and phasors can be drawn as below.  

 



AC circuit with a pure inductance 
 

 
Consider an AC circuit with a pure inductance L as shown in the figure. The alternating 
voltage v is given by 

 

The current flowing in the circuit is i. The voltage across the inductor is given as VL which is 

the same as v. 
We can find the current through the inductor as follows. 

 

From equation (1) and (2) we observe that in a pure inductive circuit, the current lags behind 
the voltage by 90⁰. Hence the voltage and current waveforms and phasors can be drawn as 

below. 

 



Inductive reactance 

The inductive reactance XL is given as 

It is equivalent to resistance in a resistive circuit. The unit is ohms  

 

 

 
 
 

 
 



From equation (1) and (2) we observe that in a pure capacitive circuit, the current leads the 

voltage by 90⁰. Hence the voltage and current waveforms and phasors can be drawn as 
below. 

 

Capacitive reactance 
The capacitive reactance XC is given as 

 

It is equivalent to resistance in a resistive circuit. The unit is ohms 
 

Impedance: 

relationship between Current and Voltage to different circuit elements are, 

This shows that a pure resistance within an AC circuit produces a relationship between its 

voltage and current phasors in exactly the same way as it would relate the same resistors 
voltage and current relationship within a DC circuit.  
Reciprocal of impedance is called as Admittance and units are mhos.  



Impedance Combinations: 

Series: 
Let us assume are N impedances are connected in series than equivalent impedance 
is obtained by 

 

 
Parallel: 
Let us assume are N impedances are connected in parallel ,than equivalent is given 
by 

Apply current (I) between two nodes and assume voltage across nodes=V  
 
 

 



Problem: 

Find equivalent impedance of below circuit. 

 
Solution: -j10 and +j5 are in ||el after simplifying 

 

Therefore Zin = (60 series in with j10) = 60+ j10. 
 

Problem: 

Find impedance Zin of below circuit. 
 
 

 
 



Series and Parallel combination of Inductors: 

Series: Consider N inductor are connected in series, and voltage drop across each inductor is  
 

 

 



 
 

Series and parallel connection of capacitors: 

Parallel Connection of Capacitors: 

Consider N capacitors are connected in parallel, 

 



 
 
 

 

 



 
 

RMS and  Average  values,  Form  factor,  Steady  State  Analysis  of  Series,  Parallel  and 

Series  Parallel  combinations   of   R,   L,C   with   Sinusoidal   excitation,   Instantaneous 
power, Average power, Real  power,  Reactive  power  and  Apparent  power,  concept  of  

Power factor, Frequency. 

 
Q:  Define  Average  value,  RMS  value  and  Form  Factor  and  Calculate  for  sinusoidal 

wave. 

AverageValue 
The arithmetic average of all the values of an alternating quantity over one cycle is called    
its average value. 

 
 

For Symmetrical waveforms, the average value calculated over one cycle becomes equal      
to zero because the positive area cancels the negative area. Hence for symmetrical 
waveforms, the average value is calculated for half cycle.  

 
 

 
 



RMS or Effective Value  

The effective or RMS value of an alternating quantity is that steady current (dc) which 
when flowing through a given resistance for a given time produces the same amount of 
heat produced by the alternating current flowing through the same resistance for the same 
time. 

 
 



 

 

 

Form Factor: 

It is the ratio of RMS value to the average value of an alternating quantity is known as 
Form Factor 

Peak Factor or Crest Factor: 

It is the ratio of maximum value to the RMS value of an alternating quantity is known as 

the peak factor. 



 



 
 

 
 

Problem: 

Calculate Average value, Rms value and Form factor of the sawtooth wave show in the 

figure. 
 

. 



Steady State Analysis of Series, Parallel and Series Parallel combinations of R, L,C with 

Sinusoidal excitation: 
R-L Series Circuit: 

 

The current flowing in the circuit is i. The voltage across the resistor is VR and that across the 

inductor is VL 

VR=IR is in phase with I 
VL=IXL leads current by 90 degrees 

The current I is taken as the reference phasor. The voltage VR is in phase with I and the 
voltage VL leads the current by 90⁰. The resultant voltage V can be drawn as shown in the 

figure. From the phasor diagram we observe that the voltage leads the current by an angle Φ 
or in other words the current lags behind the voltage by an angle Φ. 
The waveform and equations for an RL series circuit can be drawn as below.  

 
From the phasor diagram, the expressions for the resultant voltage V and the angle Φ can be 
derived as follows.  

 



The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for 

impedance is ohms(Ω) 

 

 
Power Factor: 
The power factor in an AC circuit is defined as the cosine of the angle between voltage and 

current ie., cosΦ. 

 

Problem: 

A series RL circuit has a resistor 36Ω and impedance of circuit is 10 Ω, then find power 

factor 

Impedance Triangle: 
We can derive a triangle called the impedance triangle from the phasor diagram of an RL 

series circuit as shown 
 

The impedance triangle is right angled triangle with R and XL as two sides and impedance as 

the hypotenuse. The angle between the base and hypotenuse is Φ. The impedance triangle 
enables us to calculate the following things.  

 

 

Problem: 

A 200 V, 50 Hz, inductive circuit takes a current of 10A, lagging 30 degree. Find (i) the 

resistance (ii) reactance (iii) inductance of the coil. 



Explain the behavior of AC through RC Series Circuit: 
 

Consider an AC circuit with a resistance R and a capacitance C connected in series as shown 
in the figure. The alternating voltage v is given by 

 
The current flowing in the circuit is i. The voltage across the resistor is VR and that across the 
capacitor is 

VR=IR is in phase with I 
Vc =IXclags current by 90 degrees  
With the above information, the phasor diagram can be drawn as shown. 

The current I is taken as the reference phasor. The voltage VR is in phase with I and the 
voltage VC lags behind the current by 90⁰. The resultant voltage V can be drawn as shown in 

the figure. From the phasor diagram we observe that the voltage lags behind the current by an 
angle Φ or in other words the current leads the voltage by an angle Φ.  

The waveform and equations for an RC series circuit can be drawn as below.  

 

 

From the phasor diagram, the expressions for the resultant voltage V and the angle Φ can be 
derived as follows.  

 



The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for 
impedance is ohms(Ω). 

 
 



Behavior AC with R-L-C Series circuit: 
 

Consider an AC circuit with a resistance R, an inductance L and a capacitance C connected in 
series as shown in the figure. The alternating voltage v is given by 

 
 

The current flowing in the circuit is i. The voltage across the resistor is VR, the voltage 

across the inductor is VL and that across the capacitor is VC. 
VR=IR is in phase with I 
VL=IXL leads the current by 90 degrees 
VC=IXC lags behind the current by 90 degrees 

With the above information, the phasor diagram can be drawn as shown. The current I is 
taken as the reference phasor. The voltage VR is in phase with I, the voltage VL leads the 

current by 90⁰ and the voltage VC lags behind the current by 90⁰. There are two cases that can 
occur VL>VC and VL<VC depending on the values of XL and XC. And hence there are two 
possible phasor diagrams. The phasor VL-VC or VC-VL is drawn and then the resultant voltage 

V is drawn. 

 

 
From the phasor diagram we observe that when VL>VC , the voltage leads the current by an 
angle Φ or in other words the current lags behind the voltage by an angle Φ. When VL<VC 

,the voltage lags behind the current by an angle Φ or in other words the current leads the 

voltage by an angle Φ.  

From the phasor diagram, the expressions for the resultant voltage V and the angle Φ can be 
derived 
as follows. 

 

 



From the expression for phase angle, we can derive the following three cases 

Case (i): When XL>XC 

The phase angle Ф is positive and the circuit is inductive. The circuit behaves like a series RL 
circuit.  

Case (ii): When XL<XC 

The phase angle Ф is negative and the circuit is capacitive. The circuit behaves like a 
series RC circuit.  

Case (iii): When XL=XC 

The phase angle Ф = 0 and the circuit is purely resistive. The circuit behaves like a pure 
resistive circuit.  

The voltage and the current can be represented by the following equations. The angle Φ is 
positive or negative depending on the circuit elements 

 
Phasor algebra for RLC series circuit.  

 

 

Problem: 

A 230 V, 50 Hz ac supply is applied to a coil of 0.06 H inductance and 2.5 resistance 

connected in series with a 6.8 µF capacitor. Calculate (i) Impedance (ii) Current (iii) 

Phase angle between current and voltage (iv) power factor 
Solution: 



 

Behavior AC with R-L-C Series circuit: 
Consider a RLC circuit in which resistor, inductor and capacitor are connected in parallel to each other. 
This parallel combination is supplied by voltage supply, VS. This parallel RLC circuit is exactly 

opposite to series RLC circuit. 

In series RLC circuit, the current flowing through all the three components i.e the resistor, inductor and 

capacitor remains the same, but in parallel circuit, the voltage across each element remains the same and 

the current gets divided in each component depending upon the impedance of each component. That is 

why parallel RLC circuit is said to have dual relationship with series RLC circuit. 

                       
The total current, IS drawn from the supply is equal to the vector sum of the resistive, inductive and 

capacitive current, not the mathematic sum of the three individual branch currents, as the current flowing 

in resistor, inductor and capacitor are not in same phase with each other; so they cannot be added 
arithmetically.  

Apply Kirchhoff’s current law, which states that the sum of currents entering a junction or node, is equal 

to the sum of current leaving that node we get, 

                                                
Phasor Diagram of Parallel RLC Circuit 

Let V is the supply voltage. 

IS is the total source current. 

IR is the current flowing through the resistor. 
IC is the current flowing through the capacitor. 

IL is the current flowing through the inductor. 

θ is the phase angle difference between supply voltage and current. 

 
For drawing the phasor diagram of parallel RLC circuit, voltage is taken as reference because voltage 
across each element remains the same and all the other currents i.e IR, IC, IL are drawn relative to this 

voltage vector. We know that in case of resistor, voltage and current are in same phase; so draw current 

vector IR in same phase and direction to voltage. In case of capacitor, current leads the voltage by 90o so, 

draw IC vector leading voltage vector, V by 90o. For inductor, current vector IL lags voltage by 90o so 

draw IL lagging voltage vector, V by 90o. Now draw the resultant of IR, IC, IL i.e current IS at a phase 
angle difference of θ with respect to voltage vector, V. 
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Simplifying the phasor diagram, we get a simplified phasor diagram on right hand s ide. On this phasor 

diagram, we can easily apply Pythagoras’s theorem and we get, 

                                  
Impedance of Parallel RLC Circuit 

From the phasor diagram of parallel RLC circuit we get, 

 

Substituting the value of IR, IC, IL in above equation we get, 

 

On simplifying, 

As shown above in the equation of impedance, Z of a parallel RLC circuit each element has reciprocal of 

impedance (1/Z) i.e admittance, Y. For solving parallel RLC circuit it is convenient if we find 

admittance of each branch and the total admittance of the circuit can be found by simply adding each 

branch’s admittance. 

 

 

 

 

 

https://www.electrical4u.com/admittance/


 

Admittance Triangle of Parallel RLC Circuit 

In series RLC circuit, impedance is considered, but as stated in introduction on parallel RLC circuit, it is 

exactly opposite to that of series RLC circuit; so in Parallel RLC circuit, we will consider admittance. 

The impedance Z has two components; resistance, R and reactance, X. Similarly, admittance also has 

two components such as conductance, G (reciprocal of resistance, R) and suspceptance, B (reciprocal of 

reactance, X). So admittance triangle of parallel RLC circuit is completely opposite to that of series 

impedance triangle. 
 

 
 

 

Problem 

 
A 230 V, 50 Hz ac supply is applied to a coil of 0.06 H inductance ,2.5 resistance  

and 6.8 µF capacitor in Parallel . Calculate (i) Admittance (ii) Current (iii) Phase 

angle between current and voltage (iv) power factor 
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Power: 
In an AC circuit, the various powers can be classified as 
1. Real or Active power or Average power. 
2. Reactive power 
3. Apparent power 
Real or active power in an AC circuit is the power that does useful work in the circuit. 

Reactive power flows in an AC circuit but does not do any useful work. Apparent power is 
the total power in an AC circuit.  

 

 
Instantaneous Power: 
The instantaneous power is product of instantaneous values of current and voltages and it can 
be derived as follows.  

The instantaneous power consists of two terms. The first term is called as the constant power 

term and the second term is called as the fluctuating power term. 
 

Average Power: 
From instantaneous power we can find average power over one cycle as following.  

 
As seen above the average power is the product of the RMS voltage and the RMS current.  

 



 



 
 

 

Problem: 

 



THREE PHASE BALANCED SYSTEM 

 

Generation of Three-phase Balanced Voltages: 

 
The generation of single-phase voltage, using a multi-turn coil placed inside a magnet, was 

described. It may be noted that, the scheme shown was a schematic one, whereas in a 

machine, the windings are distributed in number of slots. Same would be the case with a 

normal three-phase generator. Three windings, with equal no. of turns in each one, are used, 

so as to obtain equal voltage in magnitude in all three phases. Also to obtain a balanced three- 

phase voltage, the windings are to be placed at an electrical angle of with each other, such 

that the voltages in each phase are also at an angle of with each other. The waveforms in each 

of the three windings (R, Y & B), are also shown in Fig below. The windings are in the  

stator, with the poles shown in the rotor, which is rotating at a synchronous speed of (r/min, 

or rpm). 

Schematic diagram of three windings of stator for the generation of three phased balanced voltage 

(2-pole rotor). 

Three-phase Voltages for Star Connection : 
 

The connection diagram of a star (Y)-connected three-phase system is shown in Fig. 18.2a, along with 

phasor representation of the voltages (in fig). These are in continuation of the figures  18.1a-b. Three 

windings for three phases are R (+) & R’(−),Y (+) & Y’(−), and B (+) & Y’(−). Taking the winding of 

one phase, say phase R as an example, then R with sign (+) is taken as start, and R’ with sign (−) is 

taken as finish. Same is the case with two other phases. For making star (Y)-connection, R’, Y’ & B’ 

are connected together, and the point is taken as neutral, N. Three phase voltages are: 

 



It may be noted that, if the voltage in phase R (eRN ) is taken as reference as stated earlier, then the 

voltage in phase Y(eYN ) lags eRN by 120 degrees , and the  voltage in phase B(eBN) lags  eYN  by 

120 degrees  ,  or  leads eRN by 120 degrees . The phasors are given as: 

 

 
 

 

 

The phase voltages are all equal in magnitude, but only differ in phase. This is also shown in 

Fig.b. The relationship between E and is Em E = Em/√2 . The phase sequence is R-Y-B. It 

can be observed from Fig.1 that the voltage in phase Y attains the maximum value, after θ =ω 

⋅t = 120° from the time or angle, after the voltage in phase R attains the maximum value, and 

then the voltage in phase B attains the maximum value. The angle of lag or lead from the 

reference phase, R is stated earlier. 



Relation between the Phase and Line Voltages for Star Connection: 
 
 

 

Relation between the Phase and Line Voltages  for Delta Connection 

 
The connection diagram of a delta (Δ )-connected three-phase system is shown in Fig. 18.4a, 

along with phasor representation of the voltages . For making delta ( Δ )-connection, the start 

of one winding is connected to the finish of the next one in sequence, for instance, starting 

from phase R, R’ is to connected to Y, and then Y’ to B, and so on . The line and phase 

voltages are the same in this case, and are given as  
 

 
 



Currents for Circuit with Balanced Load (Star-connected): 
 
 

 

 
 

 

 
 



UNIT-IV 

Electrostatics and Electro-Mechanics  

Electrostatic field, electric field strength, concept of permittivity in dielectrics, capacitor 

composite, dielectric capacitors, capacitors in series and parallel, energy stored in capacitors, 

charging and discharging of capacitors, Electricity and Magnetism, magnetic field and 24 

Faraday's law, self and mutual inductance, Ampere's law, Magnetic circuit, Single phase 

transformer, principle of operation, EMF equation, voltage ratio, current ratio, KVA rating, 

efficiency and regulation, Electromechanical energy conversion. DC generator construction, 

principle, EMF generated, types, DC motor principle, back EMF.  

 

Electrostatic field: 

When two objects in each other's vicinity have different electrical charges, an electrostatic f ield exists 

between them. An electrostatic field also forms around any single object that is electrically charged 

with respect to its environment. An object is negatively charged (-) if it has an excess of electrons 

relative to its surroundings. An object is positively charged (+) if it is deficient in electrons with 

respect to its surroundings. 

Electrostatic fields bear some similarity to magnetic  fields. Objects attract if their charges are of 

opposite polarity (+/-);objects repel if their charges are of the same polarity (+/+ or -/-). The lines 

of electrostatic flux in the vicinity of a pair of oppositely charged objects are similar to lines 

of magnetic flux between and around a pair of opposite magnetic poles. In other ways, electrostatic 

and magnetic fields differ. Electrostatic fields are blocked by metallic objects, while magnetic fields 

can pass through most (but not all) metals. Electrostatic fields arise from a potential difference or 

voltage gradient, and can exist when charge carriers, such as electrons, are stationary (hence the 

"static"in "electrostatic"). Magnetic fields arise from the movement of charge carriers, that is, from 

the flow of current. 

Electric field strength 

A measure of the strength of an electric field at a given point in space, equal to the force the field 

would induce on a unit electric charge at that point. Also called electric field intensity  

Permittivity and Relative Permittivity or Dielectric Constant 

 
When we place two electrically charged bodies nearby they will experience a force among 

them. This force may either be attractive or be repulsive depending on the nature of the 

charge of two bodies. Two like charged bodies repel each other and two unlike charged 

bodies attract each other. The value of force acting on these two nearby bodies can be 

formulated by Coulomb’s Law. 
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The force acting between nearby electrically charged bodies depends on mainly three factors. 

1. Charge of the bodies Q1 and Q2 coulombs that is the product of charges of the bodies.  
2. Distance between the center of the charges i.e. d meters. The force is inversely 

proportional to the square of the distance d.  

3. The medium in which the bodies are placed. 

 
The role of permittivity comes in this third point. It is found that force acting between 
nearby same charged bodies separated by the same distance is different in different mediums. 

From the equation of Coulomb’s law, we find that the force acting between nearby 
electrically charged bodies is inversely proportional to the term εoεr. This term is called 
permittivity of the medium. Here, εo is known as the absolute permittivity of the vacuum 
and εr is the relative permittivity of the medium in which the bodies are placed. 

 

Relative Permittivity or Dielectric Constant 

Relative Permittivity is defined as the ratio of the actual or absolute permittivity of a medium 

to the absolute permittivity of vacuum. If the permittivity of a medium is ε then 

                                                      

This ratio is 1.0006 for air. That means relative permittivity of air is 1.0006.  

 

The electrostatic force acting between nearby electrically charged bodies is inversely 

proportional to the permittivity of the medium. Hence, the relative permittivity of any 

medium is defined as the ratio of force acting between nearby electrically charged bodies in 

the vacuum to the force acting between the same bodies separated by the same distance in the 

medium. 

 

 

We know that electric field intensity at any point in a field is defined as, 

 

 

 

https://www.electrical4u.com/coulombs-law/
https://www.electrical4u.com/electric-field-strength-or-electric-field-intensity/


From that relationship, we can establish the expression of electrical flux density (D) at that 

point as, 

 

                    

                                                

From the expression of electrical field intensity and flux density we can write, 

                                                  

It is clear that the ratio of the electric flux density to the electric field intensity at a point in 
the field can be defined as the permittivity of the medium at that point.  
Let us take a parallel plates capacitor with effective plate area A and distance between the 
plates is d and the dielectric between the plates has permittivity ε. The charge accumulated in 

the capacitor is Q due to an applied voltage across the capacitor is V. 
 

                               
The electric field intensity is  

 
The flux density is  

 
The relation between flux density and electric field intensity is  
 

 
 

https://www.electrical4u.com/electric-flux/
https://www.electrical4u.com/electric-field-strength-or-electric-field-intensity/
https://www.electrical4u.com/electric-flux/
https://www.electrical4u.com/electric-flux/
https://www.electrical4u.com/electric-field-strength-or-electric-field-intensity/
https://www.electrical4u.com/parallel-plate-capacitor/
https://www.electrical4u.com/what-is-capacitor/
https://www.electrical4u.com/what-is-capacitor/


Here, in the expression of capacitance, it is found that capacitance of a capacitor is directly 
proportional to the electric permittivity of the dielectric medium between the plates. 
 

 
The charge and discharge of a capacitor 

 
It is important to study what happens while a capacitor is charging and discharging. It is the 
ability to control and predict the rate at which a capacitor charges and discharges that makes 
capacitors really useful in electronic timing circuits.  

 
When a voltage is placed across the capacitor the potential cannot rise to the applied value 
instantaneously. As the charge on the terminals builds up to its final value it tends to repel  
the addition of further charge.  

The rate at which a capacitor can be charged or discharged depends on: 
(a) the capacitance of the capacitor) and 
(b) the resistance of the circuit through which it is being charged or is discharging.  
This fact makes the capacitor a very useful if not vital component in the timing circuits of 

many devices from clocks to computers. 
 
In the section headed Capacitors 1 we compared a charged capacitor to a bucket with water in 
it. Now, if a hole is made in the bottom of the bucket the water will run out. Similarly, if the 

capacitor plates are connected together via an external resistor, electrons will flow round the 
circuit, neutralise some of the charge on the other plate and reduce the potential difference 
across the plates. The same ideas also apply to charging the capacitor. 
 

During charging electrons flow from the negative terminal of the power supply to one plate 
of the capacitor and from the other plate to the positive terminal of the power supply.  
 
When the switch is closed, and charging starts, the rate of flow of charge is large (i.e. a big 

current) and this decreases as time goes by and the plates become more charged so "resisting" 
any further charging. You should realise that the addition of a resistor in the circuit in series 
with the capacitor only affects the time it takes for the capacitor to become fully charge 
and not the eventual potential difference across it – this is always the same and equal to the 

potential difference across the supply. (Figure 1)  
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Those of you who have a flash lamp built into your camera will know that it takes a few 

seconds to charge - this is because the energy for the flash is being transferred to, and stored 

in, the capacitor inside the flash unit and this takes time to become fully charged.  

 

If we consider the example of a capacitor connected to an indicator lamp you should realise 

that if a capacitor was used to light it then the lamp would get slowly dimmer as the 

capacitor discharges as the potential difference across it falls and the current flowing gets 

less. 

 
What happens when a capacitor is charging and discharging?  

Charging  
 
As soon as the switch is closed in position 1 the battery is 
connected across the capacitor, current flows and the potential 
difference across the capacitor begins to rise but, as more and more 

charge builds up on the capacitor plates, the current and the rate of 
rise of potential difference both fall. (See Figure 3). Finally no 
further current will flow when the p.d. across the capacitor equals 
that of the supply voltage Vo. 

The capacitor is then fully charged. 
 

 

Discharging  

 
As soon as the switch is put in position 2 a 'large' current starts to 
flow and the potential difference across the capacitor drops. (Figure 

4). As charge flows from one plate to the other through the resistor 
the charge is neutralised and so the current falls and the rate of 
decrease of potential difference also falls.  
 

Eventually the charge on the plates is zero and the current and 
potential difference are also zero - the capacitor is fully discharged. 
Note that the value of the resistor does not affect the final potential 
difference across the capacitor – only the time that it takes to reach 

that value. 
 
The bigger the resistor the longer the time taken.  
 

 
 



Energy Stored In a Charged Capacitor 

If the capacitance of a conductor is C, it is uncharged initially and the potential difference 
between its plates is V when connected to a battery. If q is the charge on the plate at that time, 
then 

                                                               q = CV. 

 
We know that W=Vq, W=Vq , i.e. work done is equivalent to the product of the potential and 
charge. 
Hence, if the battery delivers the infinitesimally small amount of charge dq to the capacitor at 

constant potential V, then 

                                           dW = Vdq = Cqdq. 
Total work done in delivering a charge of amount q to the capacitor is given by 

 

                            
Therefore, energy stored in a capacitor is  

                                          
Substituting q= CV  ,we get 
 

Problem:                                    

If the capacitance of a capacitor is 100 F charged to a potential of 100 V, Calculate the 
energy stored in it. 

Series and Parallel Connection of Capacitors: 
 

Parallel: Let N Capacitors are connect in Parallel 

 



Series: Consider N capacitors are connected in series 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Electricity and Magnetism: 

What is Electricity?  

Electricity is the presence and motion of charged particles. How does energy travel through 
copper wire and through space? What is electric current, electromotive force, and what makes 
a landing light turn on or a hydraulic pump motor run? Each of these questions requires an 
understanding of many basic principles. By adding one basic idea on top of other basic ideas, 

it becomes possible to answer most of the interesting and practical questions about electricity 
or electronics. Our understanding of electric current must begin with the nature of matter. All 
matter is composed of molecules. All molecules are made up of atoms, which are themselves 
made up of electrons, protons, and neutrons. 

Electricity is often described as being either static or dynamic. The difference between the 
two is based simply on whether the electrons are at rest (static) or in motion (dynamic). Static 
electricity is a build up of an electrical charge on the surface of an object. It is considered 

“static” due to the fact that there is no current flowing as in AC or DC electricity.  Static 
electricity is usually caused when non-conductive materials such as rubber, plastic or glass 
are rubbed together, causing a transfer of electrons, which then results in an imbalance of 
charges between the two materials. The fact that there is an imbalance of charges between the 

two materials means that the objects will exhibit an attractive or repulsive force . 

Electron Movement 

The valence of an atom determines its ability to gain or lose an electron, which ultimately 

determines the chemical and electrical properties of the atom. These properties can be 
categorized as being a conductor, semiconductor or insulator, depending on the ability of the 
material to produce free electrons. When a material has a large number of free electrons 
available, a greater current can be conducted in the material.  

Conductors 

Elements such as gold, copper, and silver possess many free electrons and make good 
conductors. The atoms in these materials have a few loosely bound electrons in their outer 
orbits. Energy in the form of heat can cause these electrons in the outer orbit to break loose 

and drift throughout the material. Copper and silver have one electron in their outer orbits. At 
room temperature, a piece of silver wire will have billions of free electrons. 

Insulators 

These are materials that do not conduct electrical current very well or not at all. Good 
examples of these are glass, ceramic, and plastic. Under normal conditions, atoms in these 
materials do not produce free electrons. The absence of the free electrons means that 
electrical current cannot be conducted through the material. Only when the material is in an 

extremely strong electrical field will the outer electrons be dislodged. This action is called 
breakdown and usually causes physical damage to the insulator.  

Semiconductors 

This material falls in between the characteristics of conductors and insulators , in that they are 

not good at conducting or insulating. Silicon and germanium are the most widely used 
semiconductor materials.  
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What is Magnetism? 

 

Magnetism is a concept introduced in physics to help you understand one of the fundamental 
interactions in nature, the interaction between moving charges. Like the gravitational force 
and the electrostatic force, the magnetic force is an interaction at a distance. 

 

What is a Magnetic Field? 

Magnetic fields, like gravitational fields, cannot be seen or touched. We can feel the pull of 

the Earth’s gravitational field on ourselves and the objects around us, but we do not 
experience magnetic fields in such a direct way. We know of the existence of magnetic fields 
by their effect on objects such as magnetized pieces of metal, naturally magnetic rocks such 
as lodestone, or temporary magnets such as copper coils that carry an electrical current. If we 

place a magnetized needle on a cork in a bucket of water, it will slowly align itself with the 
local magnetic field. Turning on the current in a copper wire can make a nearby compass 
needle jump. Observations like these led to the development of the concept of magnetic 
fields.  

Difference between Electricity and Magnetism 

There are numerous ways by which we can differentiate between magnetism and electricity. 
Some main electricity and magnetism differences are given in the points mentioned below. 

 The major difference between electricity and magnetism is the presence of 
magnetism. 

 Electricity can be present in a static charge, while magnetism’s presence is only felt 
when there are moving charges as a result of electricity.  

 In simple words, electricity can exist without magnetism, but magnetism cannot exist 
without electricity. 
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What is Faraday’s Law 

Faraday’s  law of electromagnetic induction (referred to as Faraday’s  law) is a basic law 
of electromagnetism predicting how a magnetic field will interact with an electric circuit to 

produce an electromotive force (EMF). This phenomenon is known as electromagnetic 

induction. 
Faraday’s law states that a current will be induced in a conductor which is exposed to a 
changing magnetic field. Lenz’s law of electromagnetic induction states that the direction of 
this induced current will be such that the magnetic field created by the induced current 
opposes the initial changing magnetic field which produced it. The direction of this current 

flow can be determined using Fleming’s right-hand rule. 
Faraday’s law of induction explains the working principle of transformers, motors, 
generators, and inductors. The law is named after Michael Faraday, who performed an 
experiment with a magnet and a coil.  During Faraday’s experiment, he discovered how EMF 

is induced in a coil when the flux passing through the coil changes. 

Faraday’s First Law 

Any change in the magnetic field of a coil of wire will cause an emf to be induced in the coil.  
This emf induced is called induced emf and if the conductor circuit is c losed, the current will 

also circulate through the circuit and this current is called induced current. 
Method to change the magnetic field: 

1. By moving a magnet towards or away from the coil  
2. By moving the coil into or out of the magnetic field 

3. By changing the area of a coil placed in the magnetic field 
4. By rotating the coil relative to the magnet 

 

Faraday’s Second Law 

It states that the magnitude of emf induced in the coil is equal to the rate of change of flux 
that linkages with the coil. The flux linkage of the coil is the product of the number of turns 
in the coil and flux associated with the coil.  

Faraday Law Formula 
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Consider, a magnet is approaching towards a coil. Here we consider two instants at time T1 
and time T2.  
Flux linkage with the coil at time, 

                                               
Flux linkage with the coil at time, 

                                                    
Change in flux linkage, 

                                              
Let this change in flux linkage be, 

                                       
So, the Change in flux linkage 

                                             
Now the rate of change of flux linkage  

                                             
Take derivative on right-hand side we will get 

                                               
The rate of change of flux linkage  

                                                    
 
But according to Faraday’s law of electromagnetic induction, the rate of change of flux 

linkage is equal to induced emf.  

                                                       
                                                                                         

 Considering Lenz’s Law. 
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Self-inductance 

When there is a change in the current or magnetic flux of the coil, an opposed 
induced electromotive force is produced. This phenomenon is termed as Self Induction. 
When the current starts flowing through the coil at any instant, it is found that, that the 
magnetic flux becomes directly proportional to the current passing through the circuit. The 

relation is given as: 

ϕ= I 
ϕ = L I 

Where L is termed as self-inductance of the coil or the coefficient of self-inductance. The 
self-inductance depends on the cross-sectional area, the permeability of the material, or the 
number of turns in the coil.  

The rate of change of magnetic flux in the coil is given as, 

e = – dϕdt = – d(LI)dt 

or e = – L dIdt 

Self Inductance Formula  

                                        L=NϕI 
Where, 

 L is the self inductance in Henries  

 N is the number of turns 

 Φ is the magnetic flux 

 I is the current in amperes 

 

Mutual inductance 

We take two coils, and they are placed close to each other.  The two coils are P- coil (Primary 

coil) and S- coil (Secondary coil). To the P-coil, a battery, and a key is connected wherein the 
S-coil a galvanometer is connected across it. When there is a change in the current 
or magnetic flux linked with two coils an opposing electromotive force is produced across 
each coil, and this phenomenon is termed as Mutual Induction. The relation is given as: 

 ϕ = I 
 ϕ = M I 

 Where M is termed as the mutual inductance of the two coils or the coefficient of the 
mutual inductance of the two coils.  

 The rate of change of magnetic flux in the coil is given as, 

 e = – dϕdt = – d(MI)dt 
 e = – M dIdt 

Mutual Inductance Formula 

                                      M=μ0μrN1N2A / l 
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Inductor in Series Circuit 

 

  

The current, ( I ) that flows through the first inductor, L1 has no other way to go but pass through 

the second inductor and the third and so on. Then, series inductors  have a Common 

Current flowing through them, for example: 

  

IL1 = IL2 = IL3 = IAB …etc. 

  

In the example above, the inductors L1, L2 and L3 are all connected together in series between 

points A and B. The sum of the individual voltage drops across each inductor can be found us ing 

Kirchoff’s Voltage Law (KVL) where,  VT = V1 + V2 + V3 and we know from the previous 

tutorials on inductance that the self-induced emf across an inductor is given as: V = L di/dt.  

So by taking the values of the individual voltage drops across each inductor in our example 

above, the total inductance for the series combination is given as : 

 

  

By dividing through the above equation by di/dt we can reduce it to give a f inal expression for 

calculating the total inductance of a circuit when connecting inductors together in series and this 

is given as : 

Inductors in Series Equation 

Ltotal = L1 + L2 + L3 + ….. + Ln etc. 
Then the total inductance of the series chain can be found by simply adding together the 

individual inductances of the inductors in series just like adding together resistors in series. 

However, the above equation only holds true when there is “NO” mutual inductance or magnetic 

coupling between two or more of the inductors, (they are magnetically isolated from each other).  

One important point to remember about inductors in series circuits, the total inductance (  LT ) of 

any two or more inductors connected together in series will always be GREATER than the value 

of the largest inductor in the series chain. 

Inductors in Series Example No1 

Three inductors of 10mH, 40mH and 50mH are connected together in a series combination with 

no mutual inductance between them. Calculate the total inductance of the series combination.  

 

Mutually Connected Inductors in Series 



When inductors are connected together in series so that the magnetic field of one links with the 

other, the effect of mutual inductance either increases or decreases the total inductance depending 

upon the amount of magnetic coupling. The effect of this mutual inductance depends upon the 

distance apart of the coils and their orientation to each other.  

Mutually connected series inductors can be classed as either “Aiding” or “Oppos ing” the total 

inductance. If the magnetic flux produced by the current flows through the coils in the same 

direction then the coils are said to be Cumulatively Coupled. If the current flows through the 

coils in oppos ite directions then the coils are said to be Differentially Coupled as shown below. 

Cumulatively Coupled Series Inductors 

 

  

While the current flow ing between points A and D through the two cumulatively coupled coils is 

in the same direction, the equation above for the voltage drops across each of the coils needs to be 

modified to take into account the interaction between the two coils due to the effect of mutual 

inductance. The self inductance of each individual coil,  L1 and L2 respectively will be the same as 

before but with the addition of M denoting the mutual inductance.  

Then the total emf induced into the cumulatively coupled coils is given as : 

  

 

Where: 2M represents the influence of coil L1 on L2 and likewise coil L2 on L1. 

By dividing through the above equation by di/dt we can reduce it to give a f inal expression for 

calculating the total inductance of a circuit when the inductors are cumulatively connected and 

this is given as : 

Ltotal = L 1 + L 2 + 2M 

 

 

 

If one of the coils is reversed so that the same current flows through each coil but in oppos ite 

directions, the mutual inductance, M that exists between the two coils will have a cancelling 

effect on each coil as shown below. 



Differentially Coupled Series Inductors  

 

  

The emf that is induced into coil 1 by the effect of the mutual inductance of coil two is in 

opposition to the self- induced emf in coil one as now the same current passes through each coil in 

opposite directions. To take account of this cancelling effect a minus sign is used with M when 

the magnetic f ield of the two coils are differentially connected giving us the f inal equation for  

calculating the total inductance of a circuit when the inductors are differentially connected as: 

Ltotal = L 1 + L 2 – 2M 

Then the final equation for inductively coupled inductors in series is given as : 

 

Inductors in Series Example No2 

Two inductors of 10mH respectively are connected together in a series 
combination so that their magnetic fields aid each other giving cumulative 
coupling. Their mutual inductance is given as 5mH. Calculate the total inductance 

of the series combination. 

 



Inductors in Parallel Circuit 

 

  

In the previous series inductors tutorial, we saw that the total inductance, LT of the circuit 
was equal to the sum of all the individual inductors added together. For inductors in parallel 
the equivalent circuit inductance LT is calculated differently. 

The sum of the individual currents flowing through each inductor can be found using 
Kirchoff’s Current Law (KCL) where, IT = I1 + I2 + I3 and we know from the previous 
tutorials on inductance that the self-induced emf across an inductor is given as: V = L di/dt 

Then by taking the values of the individual currents flowing through each inductor in our 
circuit above, and substituting the current i for i1 + i2 + i3 the voltage across the parallel 
combination is given as: 

 

  
By substituting di/dt in the above equation with v/L gives: 

 

  
We can reduce it to give a final expression for calculating the total inductance of a circuit 

when connecting inductors in parallel and this is given as: 

Parallel Inductor Equation 

 
Here, like the calculations for parallel resistors, the reciprocal ( 1/Ln ) value of the individual 
inductances are all added together instead of the inductances themselves. But again as with 
series connected inductances, the above equation only holds true when there is “NO” mutual 

inductance or magnetic coupling between two or more of the inductors, (they are 



magnetically isolated from each other). Where there is coupling between coils, the total 
inductance is also affected by the amount of coupling. 

This method of calculation can be used for calculating any number of individual inductances 
connected together within a single parallel network. If however, there are only two individual 
inductors in parallel then a much simpler and quicker formula can be used to find the total 

inductance value, and this is: 

 
One important point to remember about inductors in parallel circuits, the total inductance 
( LT ) of any two or more inductors connected together in parallel will always be LESS than 
the value of the smallest inductance in the parallel chain.  

Inductors in Parallel Example No1 

Three inductors of 60mH, 120mH and 75mH respectively, are connected together in a 
parallel combination with no mutual inductance between them. Calculate the total inductance 
of the parallel combination in millihenries.  

 

Mutually Coupled Inductors in Parallel 

When inductors are connected together in parallel so that the magnetic field of one links with 
the other, the effect of mutual inductance either increases or decreases the total inductance 
depending upon the amount of magnetic coupling that exists between the coils. The effect of 
this mutual inductance depends upon the distance apart of the coils and their orientation to 

each other. 

Mutually connected inductors in parallel can be classed as either “aiding” or “opposing” the 

total inductance with parallel aiding connected coils increasing the total equivalent 
inductance and parallel opposing coils decreasing the total equivalent inductance compared to 
coils that have zero mutual inductance. 

Mutual coupled parallel coils can be shown as either connected in an aiding or opposing 
configuration by the use of polarity dots or polarity markers as shown below.  



Parallel Aiding Inductors 

 

  

The voltage across the two parallel aiding inductors above must be equal since they are in 
parallel so the two currents, i1 and i2 must vary so that the voltage across them stays the same. 
Then the total inductance, LT for two parallel aiding inductors is given as: 

 

  

Where: 2M represents the influence of coil L 1 on L 2 and likewise coil L 2 on L 1.  

If the two inductances are equal and the magnetic coupling is perfect such as in a toroidal 
circuit, then the equivalent inductance of the two inductors in parallel 

is L as LT = L1 = L2 = M. However, if the mutual inductance between them is zero, the 
equivalent inductance would be L ÷ 2 the same as for two self-induced inductors in parallel.  

If one of the two coils was reversed with respect to the other, we would then have two 
parallel opposing inductors and the mutual inductance, M that exists between the two coils 
will have a cancelling effect on each coil instead of an aiding effect as shown below. 

Parallel Opposing Inductors 

 

  
Then the total inductance, LT for two parallel opposing inductors is given as: 



 

  
This time, if the two inductances are equal in value and the magnetic coupling is perfect 
between them, the equivalent inductance and also the self-induced emf across the inductors 
will be zero as the two inductors cancel each other out. 

This is because as the two currents, i1 and i2 flow through each inductor in turn the total 
mutual flux generated between them is zero because the two flux’s produced by each inductor 
are both equal in magnitude but in opposite directions.  

Then the two coils effectively become a short circuit to the flow of current in the circuit so 
the equivalent inductance, LT becomes equal to ( L ± M ) ÷ 2. 

 Inductors in Parallel Example No2 

Two inductors whose self-inductances are of 75mH and 55mH respectively are connected 
together in parallel aiding. Their mutual inductance is given as 22.5mH. Calculate  the total 
inductance of the parallel combination. 

 

Inductors in Parallel Example No3 

Calculate the equivalent inductance of the following inductive circuit. 

 



  
Calculate the first inductor branch LA, (Inductor L5 in parallel with inductors L6 and L7) 

 

  
Calculate the second inductor branch LB , (Inductor L3 in parallel with inductors L4 and LA) 

 

  
Calculate the equivalent circuit inductance LEQ, (Inductor L1 in parallel with 
inductors L2 and LB) 

 

  

Then the equivalent inductance for the above circuit was found to be: 15mH. 

 

Ampere’s Circuital Law : 
 
Ampere’s Circuital Law states the relationship between the current and the magnetic field 
created by it.  

This law states that the integral of magnetic field density (B) along an imaginary closed path 
is equal to the product of current enclosed by the path and permeability of the medium.                                            

 
It alternatively says, the integral of magnetic field intensity (H) along an imaginary closed 
path is equal to the current enclosed by the path.  
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TRANSFORMER  
A transformer can be defined as a static device which helps in the transformation of electric 

power in one circuit to electric power of the same frequency in another circuit. The voltage 

can be raised or lowered in a circuit, but with a proportional increase or decrease in the 

current ratings.  

Transformer – Working Principle 
The main principle of operation of a transformer is mutual inductance between two circuits 
which is linked by a common magnetic flux. A basic transformer consists of two coils that 
are electrically separate and inductive, but are magnetically linked through a path of 

reluctance. The working principle of the transformer can be understood from the figure 
below. 

 
 
             

As shown above the electrical transformer has primary and secondary windings. The core 
laminations are joined in the form of strips in between the strips you can see that there are 

some narrow gaps right through the cross-section of the core. These staggered joints are said 
to be ‘imbricated’. Both the coils have high mutual inductance. A mutual electro-motive 
force is induced in the transformer from the alternating flux that is set up in the laminated 
core, due to the coil that is connected to a source of alternating voltage. Most of the 

alternating flux developed by this coil is linked with the other coil and thus produces the 
mutual induced electro-motive force. The so produced electro-motive force can be explained 
with the help of Faraday’s laws of Electromagnetic Induction If the second coil circuit is 
closed, a current flows in it and thus electrical energy is transferred magnetically from the 

first to the second coil.  

The alternating current supply is given to the first coil and hence it can be called as the 
primary winding. The energy is drawn out from the second coil and thus can be called as the 

secondary winding. 

 



In short, a transformer carries the operations shown below: 

1. Transfer of electric power from one circuit to another. 

2.  Transfer of electric power without any change in frequency.  

3. Transfer with the principle of electromagnetic induction. 

4. The two electrical circuits are linked by mutual induction.  

 

EMF Equation of a Transformer 

When a sinusoidal voltage is applied to the primary winding of a transformer, alternating flux 
ϕm sets up in the iron core of the transformer. This sinusoidal flux links with both primary 
and secondary winding. The function of flux is a sine function. 

The rate of change of flux with respect to time is derived mathematically.  

The derivation of the EMF Equation of the transformer is shown below. Let 

 ϕm be the maximum value of flux in Weber 
 f be the supply frequency in Hz 
 N1 is the number of turns in the primary winding 
 N2 is the number of turns in the secondary winding 

Φ is the flux per turn in Weber  
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As shown in the above figure that the flux cha nges from + ϕm to – ϕm in half a cycle of 1/2f 
seconds. 

By Faraday’s Law 

Let E1 be the emf induced in the primary winding 

 

Where Ψ = N1ϕ 

 

Since ϕ is due to AC supply ϕ = ϕm Sinwt 

 

So the induced emf lags flux by 90 degrees. 

Maximum valve of emf 

 

But w = 2πf 

 

Root mean square RMS value is  
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Putting the value of E1max in equation (6) we get 

 

Putting the value of π = 3.14 in the equation (7) we will get the value of E1 as 

 

Similarly 

 

Now, equating the equation (8) and (9) we get 

 

 

The above equation is called the turn ratio where K is known as the transformation ratio.  

The equation (8) and (9) can also be written as shown below using the relation 

(ϕm = Bm x Ai) where Ai is the iron area and Bm is the maximum value of flux density. 
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Voltage and Current Ratio of Transformer 

 

When an A.C. voltage v1 applied to the primary winding: 

                     
The core flux also links the secondary winding, then: 

                      

From above equations 

 

                            

For an Ideal Transformer power on both side are equal then 

                                           

   P1=P2 

                                          V1I1=V2 I2 

Then 

                                        V1/V2 =I2 /I1 

Therefore 

                                    V1/V2 =I2 /I1 =N1/N2 

Losses In Transformer 

In any electrical machine, ' loss' can be defined as the difference between input power and 
output power. An electrical transformer is an static device, hence mechanical losses (like 
windage or friction losses) are absent in it. A transformer only consists of electrical losses 

(iron losses and copper losses). Transformer losses are similar to losses in a DC machine , 
except that transformers do not have mechanical losses. 
Losses in transformer are explained below - 
 

(I) Core Losses Or Iron Losses 

Eddy current loss and hysteresis loss depend upon the magnetic properties of the material 

used for the construction of core. Hence these losses are also known as core losses or iron 

losses. 
 Hysteresis loss in transformer: Hysteresis loss is due to reversal of magnetization in 

the transformer core. This loss depends upon the volume and grade of the iron, 

frequency of magnetic reversals and value of flux density. It can be given by, Steinmetz 
formula: 
Wh= ηBmax

1.6
fV (watts) 

where,   η = Steinmetz hysteresis constant 

             V = volume of the core in m
3
 

 Eddy current loss in transformer: In transformer, AC current is supplied to the 
primary winding which sets up alternating magnetizing flux. When this flux links with 
secondary winding, it produces induced emf in it. But some part of this flux also gets 

linked with other conducting parts like steel core or iron body or the transformer, which 
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will result in induced emf in those parts, causing small circulating current in them. This 
current is called as eddy current. Due to these eddy currents, some energy will be 
dissipated in the form of heat. 

 (II) Copper Loss In Transformer 

Copper loss is due to ohmic resistance of the transformer windings.  Copper loss for the 

primary winding is I1
2
R1 and for secondary winding is I2

2
R2. Where, I1 and I2 are current in 

primary and secondary winding respectively, R1 and R2 are the resistances of primary and 
secondary winding respectively. It is clear that Cu loss is proportional to square of the 
current, and current depends on the load. Hence copper loss in transformer varies with the 

load. 
 

Efficiency Of Transformer 
Just like any other electrical machine, efficiency of a transformer can be defined as the output 

power divided by the input power.  
That is  efficiency = output / input .  
Transformers are the most highly efficient electrical devices. Most of the transformers have 
full load efficiency between 95% to 98.5% . As a transformer being highly efficient, output 

and input are having nearly same value, and hence it is impractical to measure the efficiency 
of transformer by using output / input. A better method to find efficiency of a transformer is 
using,  
efficiency = (input - losses) / input = 1 - (losses / input).  

Condition For Maximum Efficiency 

Let, 

Copper loss =  

Iron loss = Wi 
 

 

                              
Hence, efficiency of a transformer will be maximum when copper loss and iron losses are equal.  

That is Copper loss = Iron loss. 



Rating of Transformer in kVA 

The rating is the load carrying capability of the machine. It shows the maximum value of 

the voltage at which the machine is designed, and the current consumption occurs at that 

voltage. The machines are always rated in watts. But the alternator and the transformer are 

the only machines which are rated in volt-amp (VA). 

Why transformer is rated in KVA? 

The machines which consumed power are rated in KW. But the main work of transformer is 

to transmit the power and not to consume the power, i.e. it is rated in VA and not in KW. 

The transformer consumes the power regarding losses. The copper and iron are the two type 

of losses occur in the transformer. The copper loss depends on the current (ampere) flows 

through the windings of the transformer while the iron loss depends on the voltage (volts). 

i.e., the rating of the transformer is in kVA. 

How rating of transformer depends on their losses? 

The rating of transformer depends on the temperature of their windings and oil that reaches 

within the specified limit. But how the temperature rises in the machine. It rises because of 

the losses. The losses that occur in the transformer increases their temperature. Thus, we can 

say that the rating of the transformer is in KVA. 

Equivalent Circuit of Transformer: 

 

Equivalent impedance of transformer is essential to be calculated because the 
electrical power transformer is an electrical power system equipment for estimating different 
parameters of electrical power system which may be required to calculate total internal 
impedance of an electrical power transformer, viewing from primary side or secondary side 

as per requirement. This calculation requires equivalent circuit of transformer referred to 

primary or equivalent circuit of transformer referred to secondary sides respectively.  
Percentage impedance is also very essential parameter of transformer. Special 

attention is to be given to this parameter during installing a transformer in an existing 

electrical power system. Percentage impedance of different power transformers should be 
properly matched during parallel operation of power transformers. The percentage impedance 
can be derived from equivalent impedance of transformer so, it can be said that equivalent 

circuit of transformer is also required during calculation of % impedance. 

Equivalent Circuit of Transformer Referred to Primary 
For drawing equivalent circuit of transformer referred to primary, first we have to 

establish general equivalent circuit of transformer then, we will modify it for referring 
from primary side. For doing this, first we need to recall the complete vector diagram of a 

transformer which is shown in the figure below. 
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Let us consider the transformation ratio be  

 
In the figure above, the applied voltage to the primary is V1 and voltage across the primary 
winding is E1. Total current supplied to primary is I1. So the voltage V1 applied to the 
primary is partly dropped by I1Z1 or I1R1 + j.I1X1 before it appears across primary winding.  
The voltage appeared across winding is countered by primary induced emf E1. So voltage 

equation of this portion of the transformer can be written as,  

 
The equivalent circuit for that equation can be drawn as below, 

 
 
From the vector diagram above, it is found that the total primary current I1 has two 

components, one is no - load component Io and the other is load component I2′. As this 
primary current has two components or branches, so there must be a parallel path with 
primary winding of transformer. This parallel path of current is known as excitation branch of 
equivalent circuit of transformer. The resistive and reactive branches of the excitation circuit 
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can be represented as 

 

 
 

The load component I2′ flows through the primary winding of transformer and 
induced voltage across the winding is E1 as shown in the figure right. This induced voltage E1 
transforms to secondary and it is E2 and load component of primary current I2 ′ is transformed 

to secondary as secondary current I2. Current of secondary is I2. So the voltage E2 across 
secondary winding is partly dropped by I2Z2 or I2R2 + j.I2X2 before it appears across load. 
The load voltage is V2. The complete equivalent circuit of transformer is shown below.  

 
Now if we see the voltage drop in secondary from primary side, then it would be ′K′ times 

greater and would be written as K.Z2.I2. Again I2′.  

N1 = I2.N2  

Therefore,  
From above equation, secondary impedance of transformer referred to primary is, 

 
So, the complete equivalent circuit of transformer referred to primary is shown in the figure 

below, 
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Equivalent Circuit of Transformer Referred to Secondary 

In a similar way, the approximate equivalent circuit of transformer referred to secondary can 
be drawn. Where equivalent impedance of transformer referred to secondary, can be derived 

as  

 
 

Voltage Regulation of Transformer 
Voltage regulation is a measure of change in the voltage magnitude between the sending and 
receiving end of a component. It is commonly used in power engineering to describe the 

percentage voltage difference between no load and full load voltages distribution lines, 
transmission lines, and transformers. 
 

Explanation of Voltage Regulation of Transformer 

Say an electrical power transformer is open circuited, meaning that the load is not connected 
to the secondary terminals. In this situation, the secondary terminal voltage of the transformer 
will be its secondary induced emf E2.  

 
Whenever a full load is connected to the secondary terminals of the transformer, rated current 
I2 flows through the secondary circuit and voltage drop comes into picture. At this situation, 

primary winding will also draw equivalent full load current from source. The voltage drop in 
the secondary is I2Z2 where Z2 is the secondary impedance of transformer. 
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Now if at this loading condition, any one measures the voltage between secondary terminals, 
he or she will get voltage V2 across load terminals which is obviously less than no load 
secondary voltage E2 and this is because of I2Z2 voltage drop in the transformer.  
 

Expression of Voltage Regulation of Transformer 

The equation for the voltage regulation of transformer, represented in percentage, is  
 

 
 

Voltage Regulation of Transformer for Lagging Power Factor 

Now we will derive the expression of voltage regulation in detail. Say lagging power factor 
of the load is cosθ2, that means angle between secondary current and voltage is θ2. 

 
Here, from the above diagram, 

 
Angle between OC and OD may be very small, so it can be neglected and OD is considered 
nearly equal to OC i.e. 
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Voltage regulation of transformer at lagging power factor, 
 

 
 

Voltage Regulation of Transformer for Leading Power Factor 

Let’s derive the expression of voltage regulation with leading current, say leading power 

factor of the load is cosθ2, that means angle between secondary current and voltage is θ2. 

 
 
Here, from the above diagram, 

 
Angle between OC and OD may be very small, so it can be neglected and OD is considered 
nearly equal to OC i.e. 

 
 

Voltage regulation of transformer at leading power factor, 
 

 
Zero Voltage Regulation of A Transformer 

‘Zero voltage regulation’ indicates that there is no difference between its ‘no-load voltage’ 

and its ‘full-load voltage’. This means that in the voltage regulation equation above, voltage 

regulation is equal to zero. This is not practical – and is only theorectically possible in the 

case for an ideal transformer. 
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1.  A 6 kVA, 100 V/500 V, single-phase transformer has a secondary terminal voltage of 
487.5 V 
    when loaded. Determine the regulation of the transformer. 

 

Regulation = 
noloadsecondary voltage ter min alvoltageon l oad

100%
no load secondary voltage


  

                   = 
500 487.5 12.5

100% 100%
500 500


    = 2.5% 

2.  A transformer has an open circuit voltage of 110 volts. A tap-changing device operates 
when the  regulation falls below 3%. Calculate the load voltage at which the tap-changer 
operates. 

 

                   Regulation = 
noloadsecondary voltage ter min alvoltageon l oad

100%
no loadsecondary voltage


  

Hence,                        3 = 2110 V
100%

110


  

from which,      2

3(110)
110 V

100
   

and                   2

3(110)
V 110

100
   = 106.7 V = voltage at which the tap-changer operates . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dc Generator 

Working Principle 

The working principle of the DC generator is based on Faraday’s laws of electromagnetic 

induction. When a conductor is located in an unstable magnetic field, an electromotive force gets 

induced within the conductor. The induced e.m.f magnitude can be measured from the equation of  the 

electromotive force of a generator. 
 

If the conductor is present with a closed lane, the current which is induced will flow in the lane. In 

this generator, field coils will generate an electromagnetic field as well as the armature conductors are 

turned into the field. Therefore, an electromagnetically induced electromotive force (e.m.f) will be 

generated within the armature conductors. The path of induced current will be provided by Fleming’s 
right-hand rule. 

                   

Construction: 

The different parts of the machine and their working are explained as follows.  

 



Yoke:  

The outer frame of the machine is called yoke and it serves two purposes. 

 1) Mechanical support for the poles and a protecting cover for the whole machine. 

 2) It carries magnetic flux produced by pole. This is made of cast iron/cast steel or rolled steel.  

Pole Cores and Pole Shoes:  

These are built of the thin laminations of annealed steel which are riveted together under hydraulic 
pressure. The thickness of laminations vary from 1mm to 0.25mm. The laminated poles are secured to 

the yoke by means of screws bolted through the yoke into the pole body. 

The pole shoe serve two purposes. 

1) The spread out the flux in the air gap and also being of large cross section, reduce the reluctance of 
the  magnetic path. 

 2) They support exciting (or) field coils. 

Pole Coils:  

The field or pole coils are former wound and placed on the pole core. The current passing through 
these coils electromagnetics the poles which produces the necessary flux that is cut by the revolving 

armature. 

Armature Core: 

 The houses the armature coils and causes them to rotate and hence cut the magnetic flux.  

It is a cylindrical or drum shaped and built up of circular sheet steel discs or laminations 
approximately 0.5mm thickness.  

Usually the laminations are performed for air ducts which permits axials flow of air through the 
armature for cooling purpose. A complete circular lamination is made up of four or six or even eight 

segmental laminations. The two keyways are notched in each segment and are dovetailed or wedge 

shaped to make the laminations self locking in position. The purpose of laminations is to reduce the 

eddy current losses. 

 

Armature winding:  

These are usually former wound. These are first wound in the form of flat rectangular coils and are 
them pulled into their proper shape in a coil puller. Various conductors of the coils are insulated from 

each other. The conductors are placed in the armature slots which are lined with tough insulating 

material, the slot insulation is folded over above the armature conductors placed in the slot and is 

secured in place by special hard wooden or fiber wedge. 

Commutator: 

 The function of commutator is to facilitate collection of current( or supply) from armature 
conductors. It rectifies AC current in armature conductors into DC current in external load circuit if 

generator or rectifies DC current from supply to ac current in armature if motor. Commutator 
segments are insulated from each other by mica. Number of segments are equal to number of armature 

coils. 

Brushes and Bearings: 

Their function is to collect current from commutator. These are made of carbon or graphite. 

 

 

 

 

 

 



 
 

Types of DC Generators 

 
DC generators are classified based on how their fields are excited (i.e. produced). There are 
three methods of excitation, and thus three main types of DC generators : 

1. Permanent Magnet DC Generators  – Field coils excited by permanent magnets  

2. Separately Excited DC Generators  – Field coils excited by some external source 
3. Self Excited DC Generators  – Field coils excited by the generator itself  

Self-excited DC generators can further be classified depending on the position of their field 
coils. The three types of self-excited DC generators are: 

1. Series Wound Generators  
2. Shunt Wound Generators 
3. Compound Wound Generators  

https://www.electrical4u.com/principle-of-dc-generator/
https://www.electrical4u.com/self-excited-generators/


Permanent Magnet DC Generator 

 

                           
             
When the flux in the magnetic circuit is created through the use of permanent magnets, then it 
is known as a Permanent magnet DC generator.  

It consists of an armature and one or several permanent magnets situated around the 
armature. This type of DC generator generates does not generate much power. 

As such they are rarely found in industrial applications. They are normally used in small 
applications – like dynamos in motorcycles. 

Separately Excited DC Generator 

These are the generators whose field magnets are energized by some external DC source, 
such as a battery. 
A circuit diagram of separately excited DC generator is shown in the figure below. The 
symbols below are: 

 Ia = Armature current 
 IL = Load current 

 V = Terminal voltage  
 Eg = Generated EMF (Electromagnetic Force) 
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Voltage drop in the armature = Ia × Ra (R/sub>a is the armature resistance) 

Let, 

 
Then, 

 
Power generated is equal to 

 
And power delivered to the external load is equa l to 

 
 

Self Excited DC Generators 

Self-excited DC generators are generators whose field magnets are energized by the current 

supplied by themselves. In these type of machines, field coils are internally connected with 
the armature. 
Due to residual magnetism, some flux is always present in the poles. When the armature is 
rotated, some EMF is induced. Hence some induced current is produced. This small current 

flows through the field coil as well as the load and thereby strengthening the pole flux.  
As the pole flux strengthened, it will produce more armature EMF, which cause the further 
increase of current through the field. This increased field current further raises armature 
EMF, and this cumulative phenomenon continues until the excitation reaches the rated value.  

According to the position of the field coils,self-excited DC generators may be classified as: 
1. Series Wound Generators  

2. Shunt Wound Generators 
3. Compound Wound Generators  

 

Series Wound Generator 

In these type of generators, the field windings are connected in series with armature 
conductors, as shown in the figure below.  

Whole current flows through the field coils as well as the load. As series field winding carries 
full load current it is designed with relatively few turns of thick wire. The electrical resistance 
of series field winding is therefore very low (nearly 0.5Ω ). 
Here: 

 Rsc = Series winding resistance  
 Isc = Current flowing through the series field 

 Ra = Armature resistance  
 Ia = Armature current 
 IL = Load current 
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 V = Terminal voltage  
 Eg = Generated EMF 

                             
Then, 

 
Voltage across the load is equal to, 

 
Power generated is equal to, 

 
Power delivered to the load is equal to, 

 
 

Shunt Wound DC Generators 

In these type of DC generators, the field windings are connected in parallel with armature 

conductors, as shown in the figure below. In shunt wound generators the voltage in the field 
winding is same as the voltage across the terminal.  

Here: 

 Rsh = Shunt winding resistance  
 Ish = Current flowing through the shunt field 

 Ra = Armature resistance  
 Ia = Armature current 
 IL = Load current 
 V = Terminal voltage  

 Eg = Generated EMF 
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Here armature current Ia is dividing in two parts – one is shunt field current Ish, and another is 
load current IL.  
So, 

 
The effective power across the load will be maximum when IL will be maximum. So, it is 
required to keep shunt field current as small as possible. For this purpose the resistance of the 
shunt field winding generally kept high (100 Ω) and large no of turns are used for the desired 

EMF. 
Shunt field current is equal to, 

 
Voltage across the load is equal to, 

 
Power generated is equal to, 

 
Power delivered to the load is equal to, 

 
 

Compound Wound DC Generator 

In series wound generators, the output voltage is directly proportional with load current. In 
shunt wound generators, the output voltage is inversely proportional with load current.  

A combination of these two types of generators can overcome the disadvantages of both. This 
combination of windings is called compound wound DC generator.  

Compound wound generators have both series field winding and shunt field winding. One 
winding is placed in series with the armature, and the other is placed in parallel with the 
armature. This type of DC generators may be of two types- short shunt compound-wound 
generator and long shunt compound-wound generator.  

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/


Short Shunt Compound Wound DC Generator 

Short Shunt Compound Wound DC Generators are generators where only the shunt field 
winding is in parallel with the armature winding, as shown in the figure below.  

 
Series field current is equal to, 

 
Shunt field current is equal to, 

 
Armature current is equal to, 

 
Voltage across the load is equal to, 

 
Power generated is equal to, 

 
Power delivered to the load is equal to, 

 
 

Long Shunt Compound Wound DC Generator 

Long Shunt Compound Wound DC Generator are generators where the shunt field winding is 

in parallel with both series field and armature winding, as shown in the figure below. 

https://www.electrical4u.com/armature-winding-pole-pitch-coil-span-commutator-pitch/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/armature-winding-pole-pitch-coil-span-commutator-pitch/


 
Shunt field current is equal to, 

 
Armature current, Ia = series field current, 

 
Voltage across the load is equal to, 

 
Power generated is equal to, 

 
Power delivered to the load is equal to, 

 
 
 
In a compound wound generator, the shunt field is stronger than the series field. When the 

series field assists the shunt field, generator is said to be commutatively compound wound.  

 
On the other hand, if the series field opposes the shunt field, the generator is said to be 
differentially compound wound. 

 

https://www.electrical4u.com/voltage-or-electric-potential-difference/


DC Motor: 

Principle 

An electrical motor is a machine which converts electrical energy in to mechanical energy.  

Its action is based on the principle that when a current carrying conductor is placed in a magnetic 
field, it experiences a mechanical force whose direction is given by FLEMINGS LEFT hand rule 

and whose magnitude is given by F=BIL Newton.  

Fle ming’s Le ft Hand Rule : 

If we stretch the first finger, second finger and thumb of our left hand to be perpendicular to 
each other, and first finger represents the direction of the magnetic field, the second finger 
represents the direction of the current, then the thumb represents the direction of the force 

experienced by the current carrying conductor.

 

F = BIL Newtons 

Where, 
B = magnetic flux density, 
I = current and 
L = length of the conductor within the magnetic field.  

When armature winding is connected to a DC supply, an electric current sets up in the 
winding.  Permanent magnets or field winding (electromagnetism) provides the magnetic 
field. In this case, current carrying armature conductors experience a force due to the 
magnetic field, according to the principle stated above. 

The Commutator is made segmented to achieve unidirectional torque. Otherwise, the 
direction of force would have reversed every time when the direction of movement of the 

conductor is reversed in the magnetic field. This is how a DC motor works!  

Back- EMF of DC motor 

According to the fundamental law of nature, no energy conversion is possible until there is 
something to oppose the conversion. In case of generators, magnetic drag provides this 

opposition, but in the case of dc motors, there is back emf. Presence of the back emf makes a 
dc motor ‘self-regulating’.  

https://www.google.com/search?q=commutator&rlz=1C1AVFA_enIN801IN801&oq=commutator&aqs=chrome..69i57j0l7.2814j0j7&sourceid=chrome&ie=UTF-8
https://aws.robu.in/wp-content/uploads/2020/04/Flemings-left-hand-rule.png


When the armature of a motor is rotating, the conductors are also cutting the magnet ic flux 
lines and hence according to the Faraday’s law of electromagnetic induction, an emf induces 
in the armature conductors. 

The direction of this induced emf is such that it opposes the armature current (Ia). The circuit 
diagram below illustrates the direction of the back emf and armature current.  

 

When the armature of a DC motor rotates under the influence of the driving torque, the 

armature conductors move through the magnetic field and hence EMF is induced in them 
as in a generator. The induced EMF acts in opposite direction to the applied voltage V 
(Lenz’s law) and in known as back or counter EMF Eb.  
The back EMF  

Eb (= PФZN/60 A) is always less than the applied voltage V, although this difference is 
small when the motor is running under normal conditions.  
 

Net voltage across armature circuit = V - Eb 

 

If Ra is the armature circuit resistance, then,  

Since V and Ra are usually fixed, the value of Eb will determine the current drawn by the 
motor. If the speed of the motor is high, then back EMF Eb (= PФZN/60 A) is large and 
hence the motor will draw less armature current and vice-versa. 
 

Significance of Back-EMF 

Magnitude of back emf is directly proportional to speed of the motor. Consider the load on a 
dc motor is suddenly reduced. In this case, required torque will be small as compared to the 
current torque. Speed of the motor will start increasing due to the excess torque. Hence, being 
proportional to the speed, magnitude of the back emf will also increase. With increasing back 
emf armature current will start decreasing. Torque being proportional to the armature current, 

it will also decrease until it becomes sufficient for the load. Thus, speed of the motor will 
regulate. 

On the other hand, if a dc motor is suddenly loaded, the load will cause decrease in the speed. 
Due to decrease in speed, back emf will also decrease which allows more armature current. 
Due to increase in armature current  the torque will increase to fulfill the load requirement.  

. 

https://www.electrical4u.com/faraday-law-of-electromagnetic-induction/
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UNIT-V 

 Measurements and Sensors 

Introduction to measuring devices/sensors and transducers (Piezoelectric and thermo-

couple) related to electrical signals, Elementary methods for the measurement of 

electrical quantities in DC and AC systems(Current & Single -phase power). Electrical 

Wiring and Illumination system: Basic layout of the distribution system, Types of 

Wiring System & Wiring Accessories, Necessity of earthing, Types of earthing, Safety 
devices & system. 

 

Introduction to Sensors and Transducers 

In this session, we will learn a little bit about Sensors and Transducers, how to choose a 
Sensor, requirements of Sensors and Transducers, what are the classification of sensors, few 
examples of both Analog and digital sensors. 

We live in an Analog World with Digital means of communication and control Mechanical 
objects with Electrical signals. This is possible because of devices like sensors and 
transducers, which help us in converting data or information from one domain to other.  

Introduction 

Measurement is an important subsystem in any major system, whether it may be a 

mechanical system or an electronic system. A measurement system consists of sensors, 
actuators, transducers and signal processing devices. The use of these elements and devices is 
not limited to measuring systems.  

These are also used in the systems which perform specific tasks, to communicate with the 

real world. The communication can be anything like reading the status of a signal from a 

switch or to trigger a particular output to light up an LED. 

 

Sensor and Transducer Definitions  

The words sensors and transducers are widely used in association with measurement systems. 

The sensor is an element that produces signals relating to the quantity that is being 
measured. , “a sensor is a device that provides usable output in response to a specified 
quantity which is measured.” The word sensor is derived from the original meaning ‘to 
perceive.’ 

In simple terms, a sensor is a device that detects changes and events in a physical stimulus 
and provides a corresponding output signal that can be measured and/or recorded. Here, the 
output signal can be any measurable signal and is generally an electrical quantity.  

Sensors are devices that perform input function in a system as they ‘sense’ the changes in a 
quantity. The best example of a sensor is mercury thermometer. Here the quantity that is 



being measured is heat or temperature. The measured temperature is converted to a readable 
value on the calibrated glass tube, based on the expansion and contraction of liquid mercury.  

Actuators are devices that work opposite to sensors. A sensor converts a physical event into 
an electrical signal, whereas an actuator converts electrical s ignal into a physical event. When 
sensors are used at input of a system, actuators are used to perform output function in a 

system as they control an external device. 

Transducers are the devices that convert energy in one form into another form. Generally the 
energy is in the form of a signal. Transducer is a term collectively used for both sensors and 

actuators. 

Criteria to Choose a Sensor 

The following are certain features that are considered when choosing a sensor.  

1. Type of Sensing: The parameter that is being sensed like temperature or pressure.  
2. Operating Principle: The principle of operation of the sensor.  

3. Power Consumption: The power consumed by the sensor will play an important role 
in defining the total power of the system.  

4. Accuracy: The accuracy of the sensor is a key factor in selecting a sensor. 
5. Environmental Conditions: The conditions in which the sensor is being used will be a 

factor in choosing the quality of a sensor. 
6. Cost: Depending on the cost of application, a low cost sensor or high cost sensor can 

be used. 
7. Resolution and Range: The smallest value that can be sensed and the limit of 

measurement are important.  
8. Calibration and Repeatability: Change of values with time and ability to repeat 

measurements under similar conditions. 

Basic Requirements of a Sensor or Transducer 

The basic requirements of a sensor are: 

1. Range: It indicates the limits of the input in which it can vary. In case of temperature 
measurement, a thermocouple can have a range of 25 – 250 0C. 

2. Accuracy: It is the degree of exactness between actual measurement and true value. 

Accuracy is expressed as percentage of full range output.  
3. Sensitivity: Sensitivity is a relationship between input physical signal and output 

electrical signal. It is the ratio of change in output of the sensor to unit change in input 
value that causes change in output.  

4. Stability: It is the ability of the sensor to produce the same output for constant input 
over a period of time.  

5. Repeatability: It is the ability of the sensor to produce same output for different 
applications with same input value. 

6. Response Time: It is the speed of change in output on a stepwise change in input.  



7. Linearity: It is specified in terms of percentage of nonlinearity. Nonlinearity is an 
indication of deviation of curve of actual measurement from the curve of ideal 
measurement.  

8. Ruggedness: It is a measure of the durability when the sensor is used under extreme 
operating conditions.  

Commonly used Sensors and Transducers 

Some of the most commonly used sensors and transducers for different stimuli (the quantity 
to be measured) are 

1. For sensing light, the input devices or sensors are photo diode, photo transistor, light 
dependent resistor and solar cells. The output devices or actuators are LEDs, displays, 
lamps and fiber optics.  

2. For sensing temperature, the sensors are thermistor, thermocouple, resistance 
temperature detectors and thermostat. The actuators are heaters. 

3. For sensing position, the input devices are potentiometer, proximity sensor, and 
differential transformer. The output devices are motor and panel meter. 

4. For sensing pressure, the sensors are strain gauge and load cell. The actuators are lifts 
and jacks and electromagnetic vibrations.  

5. For sensing sound, the input devices are microphones and output devices are 
loudspeakers and buzzers. 

6. For sensing speed, the sensors used are tacho generator and Doppler Effect sensors. 
The actuators are motors and brakes.  

A Simple System using Transducers 

A public addressing system is an example of a system using sensors and actuators.  

 

It consists of a microphone, an amplifier and a loudspeaker. The sensor or the device with 
input function is a microphone. It senses the sound signals and transforms them into electrical 
signals. The amplifier receives these electrical signals and amplifies their strength. 

The actuator or the device with output function is loudspeaker. It receives the amplified 
electrical signals from the amplifier and converts them back into sound signals but with more 
reach. 

https://www.electronicshub.org/wp-content/uploads/2015/01/1.-Public-Addressing-System.jpg


Thermocouple 

Definition: The thermocouple is a temperature measuring device. It uses for measuring the 

temperature at one particular point. In other words, it is a type of sensor used for measuring 
the temperature in the form of an electric current or the EMF.  

The thermocouple consists two wires of different metals which are joined together at the 
ends. The welded portion was creating the junction where the temperature is used to be 
measured. The variation in temperature of the wire induces the voltages. 

Working Principle of Thermocouple 

The working principle of the thermocouple depends on the three effects. 

See back Effect – The See back effect occurs between two different metals. When the heat 

provides to any one of the metal, the electrons start flowing from hot metal to cold metal. 
Thus, direct current induces in the circuit.  

                               

In short, it is a phenomenon in which the temperature difference between the two different 
metals induces the potential differences between them. The See beck effect produces small 
voltages for per Kelvin of temperature. 

Peltier Effect – The Peltier effect is the inverse of the Seebeck effect. The Peltier effect state 

that the temperature difference can be created between any two different conductors by 
applying the potential difference between them.  

Thompson Effect – The Thompson effect state that when two dissimilar metals join together 
and if they create two junctions then the voltage induces the entire length of the conductor 
because of the temperature gradient. The temperature gradient is a physical term which shows 
the direction and rate of change of temperature at a particular location.  

Construction of Thermocouple 

The thermocouple consists two dissimilar metals. These metals are welded together at the 

junction point. This junction considers as the measuring point. The junction point categorises 
into three types. 



1. Ungrounded Junction – In ungrounded junction, the conductors are entirely isolated from 

the protective sheath. It is used for high-pressure application works. The major advantage of 

using such type of junction is that it reduces the effect of the stray magnetic field.  

2. Grounded Junction – In such type of junction the metals and protective sheath are welded 

together. The grounded junction use for measuring the temperature in the corrosive 

environment. This junction provides resistance to the noise.  

3. Exposed Junction – Such type of junction uses in the places where fast response requires. 

The exposed junction is used for measuring the temperature of the gas. 

 

he material uses for making the thermocouple depends on the measuring range of 
temperature. 

Working of Thermocouple 

The circuit of the thermocouple is shown in the figure below. The circuit consists two 

dissimilar metals. These metals are joined together in such a manner that they are creating 
two junctions. The metals are bounded to the junction through welding.  

 



Let the P and Q are the two junctions of the thermocouples. The T1 and T2 are the 
temperatures at the junctions. As the temperature of the junctions is different from each other, 
the EMF generates in the circuit.  

If the temperature at the junction becomes equal, the equal and opposite EMF generates in the 
circuit, and the zero current flows through it. If the temperatures of the junction become 

unequal, the potential difference induces in the circuit. The magnitude of the EMF induces in 
the circuit depends on the types of material used for making the thermocouple. The total 
current flowing through the circuit is measured through the measuring devices. 

The EMF induces in the thermocouple circuit is given by the equation

 

Where Δθ – temperature difference between the hot thermocouple junction and the reference 
thermocouple junction.  
a, b – constants 

Measurement of Thermocouple Output 

The output EMF obtained from the thermocouples can be measured through the following 
methods.  

1. Multimeter – It is a simpler method of measuring the output EMF of the 
thermocouple. The multimeter is connected to the cold junctions of the thermocouple . 
The deflection of the multimeter pointer is equal to the current flow ing through the meter. 

2. Potentiometer – The output of the thermocouple can also be measured with the help of the 
DC potentiometer.  

3. Amplifier with Output Devices – The output obtains from the thermocouples is amplified 
through an amplifier and then feed to the recording or indicating instrument.  

Advantages of Thermocouple 

The following are the advantages of the thermocouples. 

1. The thermocouple is cheaper than the other temperature measuring devices. 
2. The thermocouple has the fast response time. 
3. It has a wide temperature range. 

Disadvantages of the Thermocouples 

1. The thermocouple has low accuracy. 
2. The recalibration of the thermocouple is difficult.  

Nickel-alloy, platinum/rhodium alloy, Tungsten/rhenium-alloy, chromel-gold, iron-alloy are 
the name of the alloys used for making the thermocouple. 

 

https://circuitglobe.com/wp-content/uploads/2017/12/equation-for-thermocouples.jpg


Piezoelectric transducer 

The Piezoelectric transducer is an active transducer. It is generally used to convert 
mechanical stress or pressure into an electrical signal. These physical quantities cannot be 
measured directly. Therefore, with the help of piezoelectric transducer, these are converted 
into an electrical signal first after that used for other purposes like measurement or process 
control.  

Piezoelectric Transducer Working Principle  

A quartz crystal exhibits a very important property known as the piezoe lectric effect. 

  
When some mechanical pressure is applied across faces of a quartz crystal, a voltage 
proportional to the applied mechanical pressure appears across the crystal. Conversely, when 
a voltage is applied across the crystal surfaces, the crysta l is distorted by an amount 

proportional to the applied voltage. 

 

This phenomenon is known as the piezoelectric effect and the material that exhibits this 
property is known as a piezoelectric material.  
  
All piezoelectric transducers work on the piezoelectric effect. In a piezoelectric transducer, a 

piezoelectric material is used as a sensing element which transforms input mechanical 
quantity into a proportional electrical signal. This is the basic piezoelectric transducer 
working principle. 
  

Besides quartz, the other substances that exhibit the piezoelectric effect are Rochelle salt and 
tourmaline.  

 

 

https://en.wikipedia.org/wiki/Piezoelectric_sensor
https://en.wikipedia.org/wiki/Piezoelectric_sensor
https://en.wikipedia.org/wiki/Transducer


Charge Sensitivity of Crystal 

  
Charge induced on a crystal is proportional to the applied force, 
i.e.    Q α F 

or      Q = dF 
or      d = Q/F, is the charge sensitivity. Its unit is C/N. 
  

The charge sensitivity, d is direction dependent.  
  
If d11 is the charge sensitivity in direction 1, 
d22 is the charge sensitivity indirection 2, 
dnn is the charge sensitivity indirection n, 

  
Then the overall charge sensitivity of the crystal, g = √(d11

2
 + d22

2
 + ……. + dnn

2
) 

 

Output Voltage Equation 

Output voltage, E = gPt 
  

where, P = applied pressure, t = thickness of the crystal, 
  
g = voltage sensitivity of the crystal, its unit is Vm/N  
g = d/ɛ = d/ɛo ɛr 

 
Advantages of Piezoelectric Transducer 

 Piezoelectric crystal transducers have a high-frequency response. 
 They have a high transient response. 
 They are very rugged. 

 
Disadvantages of Piezoelectric Transducer 

 The output obtained from the piezoelectric transducers is very low. 
 Temperature and humidity may affect the output in some cases. 
 They have high impedance. 

 They cannot measure static pressure or force. If a static pressure or force is applied to 
a piezoelectric transducer, the output will be zero. 
 

Applications of Piezoelectric Transducer 

 They are very useful for dynamic measurement.  

 They are very useful to study a high-speed phenomenon like explosions and blasts.  
 They are very useful for stress, force, and pressure measurements.  

 

 

 



Current Measurements in DC and AC systems 

The term PMMC is the short form of “permanent magnet moving coil”. This instrument is 
simple as well as most frequently used on ships w ith sophisticated names. These instruments 
are used when an exact measurement is required as well as to aid while maintaining electrical 
equipment. Apart from PMMC, it is also called as D’alvanometer. It is a kind 

of galvanometer that works on the principle of D’Arsonval.  

These instruments use permanent magnets to create the stationary magnetic field in the coils, 
and then it is used with the moving coil that is connected to the electric source for generating 

deflection torque according to the Fleming left-hand rule theory.  

The PMMC instrument working principle is when the torque is applied to the moving coil 

that is placed within the permanent magnet field, and then it gives a precise result for DC 
measurement.  
Working Principle of a PMMC Instrument 

Whenever a current caring conductor is located within a magnetic field, then it experiences a 
force that is perpendicular to the current & the field. Based on the rule of “Fleming left 
hand”, if the thumbnail of the left hand, middle and forefinger are at 90 degrees with each 

other. 
After that the magnetic field will be in the forefinger, flow of current will be across the 
middle finger and finally, the force will be through the thumb finger.  

Once the current flow within the coil on the aluminum former, the magnetic field can be 
generated in the coil in proportion to the current flow. 

The electromagnetic force throughout the fixed magnetic field from the permanent magnet 
generates the deflection force within the coil. After that the spring generates the force to resist 
additional deflection; therefore it helps to balance the pointer. 
So damping force can be generated within the system through the aluminum core movement 

of the magnetic field. It maintains the pointer stable to a point. Once it attains equilibrium by 
controlling & deflection torque to provide accuracy in measurement.  

PMMC Instrument Construction 

The construction of the PMCC instrument can be done using several parts where the 
permanent magnet and moving coils are essent ial parts. Each part of this instrument is 
discussed below. 
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Moving Coil 

It is an essential component of the PMMC instrument. The designing of this coil can be done 
by wounding copper coils to a rectangular block among the magnetic poles. It is made with 
Aluminum and the rectangular block can be called Aluminum former rotated into the jeweled 
bearing. So it permits the coil to turn freely. 

Once the current is supplied throughout these coils, then it gets a deflection within the field, 

then it is used to find out the voltage or current magnitude. The aluminum is a non-metallic 
former, used to measure the current whereas the metallic former including high 
electromagnetic damping is used to calculate the voltage. 

Magnet System 

The PMMC instrument includes two high-intensity magnets otherwise a ‘U’ shaped magnet-
based design. The designing of these magnets can be done with Alnico & Alcomax for higher 
superior field intensity & coercive force. In several designs, an extra soft iron cylinder can be 

arranged among the magnetic poles to create the field identical; while decreasing air 
reluctance for increasing the strength of the field.  

Control 

In the PMMC device, the torque can be controlled due to the springs which are fabricated 
with phosphorous bronze. These springs are arranged among the two jewel bearings. The 
spring provides the lane to the lead current to supply in & out of the moving coil. The torque 

can be controlled mainly due to the delay of the ribbon.  

Damping Torque 

Damping torque can be generated within the PMMC instrument using the aluminum core’s 

movement within the magnetic field.  

So the pointer can be kept at rest after the early deflection. It assists in the right measurement 
devoid of fluctuations. Because of the movement of the coil within the magnetic field, eddy 
current can be generated within the aluminum former. This generates the damping force 
otherwise torque to resist the motion of the coil. Gradually the deflection of the pointer will 

be reduced and lastly, it will stop at a permanent posit ion. 

Pointer and Scale 

In this instrument, the connection of the pointer can be done through the moving coil. It 

notices the moving coil’s deflection. The magnitude of their derivation can be displayed on 
the scale. The pointer within the instrument can be designed with lightweight material. Thus, 
it can be simply deflected through the coil’s movement. Sometimes, the parallax error can 
occur within the device which is simply decreased by properly arranging the pointer’s blade.  



 

Torque Equation 

The equation involved in the PMCC instrument is the torque equation. The deflecting torque 

induces due to the coil’s movement and this can be expressed with the equation shown below.  

Td = NBLdl 
Where, 

‘N’ is the no. of turns in the coil 

‘B’ is the density of flux within the air gap 

‘L’ & ’d’ are vertical as well as horizontal lengths of the surface  

‘I’ is the flow of current in the coil 

G = NBLd 
The restoring torque can be provided to the moving coil can be done with the spring and it 
can be expressed as 

Tc = Kθ (‘K’ is the spring constant)  
Final deflection can be done through the equation Tc = Td 
Substitute the values of Tc & Td in the above equation, then we can get 

Kθ = NBLdl 
We know that G = NBLd 

Kθ = Gl 
θ= Gl/K 

I = (K/G) θ 
From the above equation, we can conclude that the deflection torque can be directly 
proportional to the flow of current in the coil.  

Advantages of PMMC Instrument 

The advantages are 

 The scale in the instrument can be divided properly 
 It generates no losses because of hysteresis. 
 It uses less power 

 It is not influenced by the stray magnetic field. 
 High accuracy 
 It is used as a voltmeter/ammeter with appropriate resistance. 
 This instrument can measure the voltage & current with different ranges 

 This instrument uses shelf shielding magnet so it is applicable in aerospace 



 

 

Disadvantages of PMMC Instrument 

The disadvantages are 

 It works with only DC 

 It is expensive compare with other alternative instruments  
 It is delicate 
 It shows an error because of the magnetism loss in permanent magnet  
 

Applications of PMMC Instrument 

The applications are 

 Ammeter 
 Galvanometer 
 Ohmmeter 

 Voltmeter 

 

Moving Iron or MI Instrument 

Definition: The instrument in which the moving iron is used for measuring the flow 
of current or voltage  is known as the moving iron instrument. It works on the principle  that 

the iron place  near the magnet attracts towards  it. The force of attraction depends on 
the strength of the magnet field. The magnetic field induces by the electromagnet whose 
strength depends on the magnitude of the current passes through it.  

Construction of Moving Iron Instrument 

The plate or vane of soft iron is used as the moving element of the instrument. The vane is so 

placed that it can freely move in the magnetic field of the stationary coil. The conductor 
makes the stationary coil, and it is excited by the voltage or current whose magnitude is used 
to be measured.  

The moving iron instrument uses the stationary coil as an electromagnet. The electromagnet 
is the temporary magnet whose magnetic field strength increases or decreases with the 

magnitude of the current passes through it.  

Working of the Moving Iron Instrument 

The moving iron instruments use the stationary coil of copper or aluminium wire which acts 

as an electromagnet when an electric current passes through it. The strength of the magnetic 
field induces by the electromagnet is directly proportional to the current passes through it.  

https://www.elprocus.com/what-is-an-ammeter-circuit-diagram-and-its-types/
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The plates or vane of the iron pass through the coil increases the inductance of the stationary 
coil (the inductance is the property of the conductor which increases their electromotive 
force when the varying current passes through it).  

The electromagnet attracts the iron vane. The vane passes through the coil tries to occupy the 
minimum reluctance path (the reluctance is the property of the magnet which opposes the 
flow of electric current).  

The vane passes through the coil experience a force of repulsion caused by the electromagnet. 

The repulsion force increases the strength of the coil inductance. 
This happens because the inductance and reluctances are inversely proportional to each other.  

Torque Equation of moving iron instrument:  
 
Torque equation of moving iron instruments can be draw by energy relation.  

 

where 
            Td = Deflection torque  
              0 =  deflection and 

             L =  coil inductance 
 
Controlling Torque Tc is provided by controlling  spring. Deflection torque is balanced by 
Controlling torque Tc = K 0  

Where  K = Control Spring constant  Nm/rad.  
 
                                     Tc  =  K 0 
              Where             K  =   spring constant  

 

                                

 

Classification of the Moving Iron Instruments 

The attraction and the repulsion are the types of the moving iron instruments. Their detail 
explanation is shown below.  

https://circuitglobe.com/what-is-a-inductance.html
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1. Attraction Type – The instrument in which the iron plate attracts from the weaker field 
towards the stronger field such type of instrument is known as the attraction type instrument.  

Construction of Attraction Type Instrument – The stationary coil of the attraction type 
instrument is flat and has a narrow opening. The moving element is the flat disc of the iron 
core. The current flow through the stationary coil produced the magnetic field which attracts 
the iron coil.  

 

The iron vane deflects from the low magnetic field to the high magnetic field, and the 
strength of the deflection is directly proportional to the magnitude of the current flow through 
it. In short, we can say that the iron coil attracts towards in. 

The attraction type instruments use spring, which provided the controlling torque. The 
deflection of the coil is reduced by the aluminium piston which is attached to the moving 
coil.  

2. Repulsion Type Instruments – The repulsion type instrument has two vanes or iron 
plates. One is fixed, and the other one is movable. The vanes become magnetised when the 

current passes through the stationary coil and the force of repulsion occur between them. 
Because of a repulsive force, the moving coil starts moving away from the fixed vane. 

                         



The spring provides the controlling torque. The air friction induces the damping torque, 
which opposes the movement of the coil. The repulsion type instrument is a non-polarized 
instrument, i.e., free from the direction of current passes through it. Thus, it is used for both 

AC and DC. 

Advantages of the MI Instruments 

The following are the advantages of the moving iron instruments. 

1. Universal use – The MI instrument is independent of the direction of current and hence 

used for both AC and DC. 

2. Less Friction Error – The friction error is very less in the moving iron instrument because 

their torque weight ratio is high. The torque weight ratio is high because their current 

carrying part is stationary and the moving parts are lighter in weight. 

3. Cheapness – The MI instruments require less number of turns as compared to PMMC 

instrument. Thus, it is cheaper. 

4. Robustness – The instrument is robust because of their simple construction. And also 

because their current carrying part is stationary.  

Disadvantages of Moving Iron Instruments. 

The following are the disadvantages of Moving Iron Instrument.  

1. Accuracy – The scale of the moving iron instruments is not uniform, and hence the accurate 

result is not possible.  

2. Errors – Some serious error occurs in the instruments because of the hysteresis, frequency 

and stray magnetic field. 

3. Waveform Error –  In MI instrument the deflection torque is not directly proportional to 

the square of the current. Because of which the waveforms error occurs in the instrument.  

4. Difference between AC and DC calibration –  The calibration of the AC and DC are 

differed because of the effect of the inductance of meter and the eddy current which is used 

on AC. The AC is calibrated on the frequency at which they use. 

Two type of error occurs in the MI instruments i.e., the error which occurs on both AC and 
DC and the error which only occur on AC. 

Power Measurements in DC and AC systems 

Power is defined as the work performed in a specific time or simply a rate of doing work. 
Electric power is defined as the electric work done or electric energy dissipated per unit time.  

It is measured in Joules per second, i.e., watts. The power can be a DC quantity or AC 
quantity depending on the nature of the power supply.  

In case of DC circuits, electric power is the product of voltage times the current. The 
following are the power equations in DC circuits.  

https://circuitglobe.com/what-is-hysteresis-loss.html


Pdc = V × I watts 

= I
2
 × R 

= V
2
 / R 

 
Wattmeter 

In case of AC circuits, electric power includes power factor along with the product of voltage 
and current. In DC circuits, voltage and currents are in phase and hence power is the product 
of voltage and current.  

But, in AC circuits, there exist a phase difference between voltage and current and also their 
instantaneous values vary from time to time. Therefore, the instantaneous value of power 
(which is the product of instantaneous voltage and instantaneous current) is not very 

important in AC circuit.  

The average power is calculated in AC circuits and it is a very useful quantity. Due to the 

instantaneous fluctuation of the power, it can be negative or positive. The positive sign 
indicates the consumption of power by the load while negative sign indicates the returning 
the power to the source from the load. 

Most common concentrating term is the dissipated average power from the load, Pavg. The 
average electric power in a single phase AC circuit is given as 

Pavg = V × I × cos ϕ watts 

In the above equation, cos ϕ is the power factor of the circuit and ϕ is the phase angle 
difference between voltage and current of that circuit. V and I are the RMS values of voltage 

and current.  

https://fabulousgrace.files.wordpress.com/2014/09/wattmeter.gif


Power Measurement in DC Circuits 

Method – 1 

As said earlier, the DC power is the product of voltage across the load and current through 

the load. Therefore, the power can be determined by using voltmeter and ammeter , by 
connecting them in any one of the given arrangements below and hence the power can be 
calculated by the product of these parameters. 

 

In figure (a), the ammeter measures the total current through the circuit and this current is the 
sum of current through the load and current through voltmeter. So the measurement of power 

includes the power absorption by the meter. 

This is avoided in arrangement (b), but the voltmeter measures the voltage drop across the 
ammeter in addition to voltage across the load and hence the error in the measurement. These 

errors are called as insertion errors.  

However, these errors can be neglected when I
v
 is compared with I and Va compared with V. 

so the measured power will coincide with true power. 

Since the voltmeter and ammeter are more sensitive than a wattmeter, the measured value is 
more accurate than that obtained by a wattmeter. Therefore, power can be calculated by the 

reading obtained by the meters. 

https://www.electronicshub.org/wp-content/uploads/2015/11/DC-power-measurement.jpg


P = V × I watts 

Method – 2 

The above method needs two measuring devices and also requires some calculations. It is 
also possible to measure the power directly by a single meter, called wattmeter. It is an 
electrodynamic instrument consisting of a pair of fixed coils and a moving coil.  

 

The two fixed coils are called as current coils connected in series with the circuit and are 
positioned coaxially with space between them. These current coils carry the current 

proportional to the load current. The current flowing through these coils generates the 
magnetic field around current coils.  

The moving coil is called potential coil which is placed between the fixed coils and it carries 

a pointer that moves over a scale to indicate the power. This potential coil is connec ted in 
parallel with the circuit and hence it carries the current proportional to the voltage across the 
load. 

The interaction of two currents (or fluxes produced by these currents) produces the torque 
thereby the pointer moves. This torque is proportional to the product of the current through 
fixed coils and the current in moving coil.  Hence the deflection of pointer (or moving coil) is 

proportional to the power dissipated into the load.  

The wattmeter connection for power measurement in a DC circuit is given in the figure 
below. The wattmeter consists of four terminals namely, Mains (M), Load (L), Common (C) 

and voltage (V). 

https://www.electronicshub.org/wp-content/uploads/2015/11/Electrodynamic-Wattmeter.jpg


In this connection, M and L terminals are connected to the either side of load circuit while C 
and V terminals are connected across the circuit. For a power measurement, M and C 
terminals must be shorted as shown below.  

 

Nowadays, electronic wattmeters are used for small power measurements and also for the 

power measurements which are rated at frequencies higher than the electrodynamometer type 
wattmeter. 

These are used for high precision accurate measurement applications. Electronic wattmeters 
can be analog or digital type. Modern digital electronic wattmeter provides thousands of 
voltage and current samples per second.  

Also logs the power values in the memory and displays them on a digital display.  

Power Measurement in AC Circuits 

Most of the AC power measurements rated at frequencies below 400 Hz are carried out using 
dynamo meter type wattmeter. This measuring instrument indicates directly the average 
power dissipated by the load. 

Only one wattmeter is used in case of single phase power measurement while two wattmeters 
are needed to measure the three phase power. In case unavailability of wattmeters or incorrect 
measurements by a wattmeter, other methods are used. 

Power Measurement in Single AC Circuits 

Single phase power can be measured in number ways and common methods of these 

measurements include  

 Three voltmeter method 

https://www.electronicshub.org/wp-content/uploads/2015/11/DC-power-measurement-using-wattmeter.jpg


 Three ammeter method 
 Wattmeter method 

Three voltmeter method 

The power in a single phase circuit can be measured using three voltmeters and the 
connection circuit for this method is shown in figure below. Here the load is inductive, V1, 

V2 and V3 are voltmeters and R is a purely non-inductive resistance, which is connected in 
series with the circuit. 

 
From the above circuit, the voltage V1, is the vector sum of V2 and V3, i.e. , V1 = V2 + V3. 
In phasor diagram, the current through the circuit, I is taken as a reference phasor and hence 
V2 will be in phase with I while V3 is leads the current by an angle ϕ (due to inductive 
circuit) 

From the phasor diagram, 

V1
2
 = V2

2
 + V3

2
+ 2 V2 V3 cos ϕ 

But, V2 = IR 

V1
2
 = V2

2
 + V3

2
 + 2 (IR) V3 cos ϕ  

= V2
2
 + V3

2
+ 2 PR since power in the inductive load, P = V3 I cos ϕ 

Therefore, Power P = (V1
2
 – V2

2
 – V3

2
) / 2R 

Also, power factor of the circuit, 
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cos ϕ = (V1
2
 – V2

2
 – V3

2
) / (2 V2 V3) 

This method is not very accurate because small errors in the voltmeter may cause serious 
error in the measured power. 

So the accuracy depends on the errors in the voltmeters. Due to the addition of resistance R, 

supply voltage may be higher than the load voltage and also it is difficult to get non-inductive 
resistance in practice.  

Three ammeter method 

The circuit diagram of measuring single phase power with the use of three ammeters is 
shown below. In this method, a non-inductive resistance R is connected across the inductive 
load with three ammeters arrangement. 

The current measured by ammeter-1 is the vector sum of the current taken by the non-
inductive resistance and the current through the load. 

 

From the phasor diagram, the current through the non inductive resistance, I2 is in phase with 

the voltage across the circuit, V. Here, the voltage across the circuit is taken as reference 
vector. And the current measured by ammeter A3, lags the voltage by angle ϕ. 

From the phasor diagram, 

I1
2
 = I2

2
 + I3

2
 + 2 I2 I3 cos ϕ  

But, I2 = V/R 

I1
2
 = I2

2
 + I3

2
 + 2 (V/R) I3 cos ϕ 

Since the power, P = V I3 cos ϕ, 
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I1
2
 = I2

2
 + I3

2
 + (2 P)/R 

Therefore, power 

P = (I1
2
 – I2

2
 – I3

2
) R / 2 

Also, power factor of the circuit, 

cos ϕ = (I1
2
 – I2

2
 – I3

2
) / (2 I2 I3) 

The advantage of this method is that the power determined by this circuit independent of 
supply frequency and its waveform 

Wattmeter Method 

As discussed DC power measurement, current coil of the dynamometer type wattmeter 
carries the load current while the pressure coil carries the current in proportional and in phase 
with the voltage of the circuit.  

So the deflection of the meter depends on the currents of these coils and the power factor of 
the circuit. The connection for single phase power measurement using a dynamo meter type 
wattmeter is shown in figure below.  

 

In order to measure the power, the load current must pass through the current coil (C.C) and 
hence it is connected in series with the load whereas the voltage across the load must appear 
across the pressure coil (P.C.) of the meter and hence it is connected across the load. If the 

wattmeter gives the power reading in watts, then 

W = V I cos ϕ 

 

 

https://www.electronicshub.org/wp-content/uploads/2015/11/Wattmeter-Method-of-single-phase-power-measurement.jpg


Electrical Power Distribution System 

The main function of an electrical power distribution system is to provide power to 

individual consumer premises. The distribution of electric power to different consumers is 
done with a much lower voltage level compared to the transmission of power over long 
distances (i.e. over long transmission lines). 
Distribution of electric power is done through distribution networks. Distribution networks 

consist of following parts: 

1. Distribution substation 

2. Primary distribution feeder 
3. Distribution Transformer 
4. Distributors 

5. Service mains  

 
 

 
Distribution transformers are mainly 3 phase pole mounted type. The secondary of the 
transformer is connected to distributors. Different consumers are fed electric power by means 

https://www.electrical4u.com/electric-power-single-and-three-phase/
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of the service mains. These service mains are tapped from different points of distributors. The 
distributors can also be re-categorized by distributors and sub-distributors. Distributors are 
directly connected to the secondary of distribution transformers whereas sub-distributors are 

tapped from distributors.  
Service mains of the consumers may be either connected to the distributors or sub-
distributors depending upon the position and agreement of consumers. In this discussion of 
electrical power distribution system, we have already mentioned about both feeders and 

distributors. Both feeder and distributor carry the electrical load, but they have one basic 
difference. 
Feeder feeds power from one point to another without being tapped from any intermediate 
point. As there is no tapping point in between, the current at sending end is equal to that of 

receiving-end of the conductor. The distributors are tapped at different points for feeding 
different consumers, and hence the current varies along their entire length. 

 

What is Electrical Wiring? 

Electrical wiring is the electrical power distribution through the wires in a perfect manner for 
economic use of wiring conductors inside a room or building with better load control.  
Electrical wiring system is classified into five categories: 

 Cleat wiring 
 Casing wiring 
 Batten wiring 
 Conduit wiring 

 Concealed wiring 
 

Cleat Wiring 

Material Used in Cleat Wiring 

 VIR or PVC insulated wires 
 Weather proof cables 
 Porcelain cleats or plastic cleats (two or three grooves) 
 Screws 

 

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
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Procedure of Cleat Wiring 

In this wiring VIR or PVC insulated wires are braided and compounded on walls or ceiling 
with the help of porcelain cleats. 
The wires can be weather proof. Simple wire laying is done in this scheme of wiring. In 

present days, this kind of wiring scheme is not recommended for house or building. Only in 
temporary army campus or festival related pandels this wiring is used.  

Advantages of Cleat Wiring 

There are some advantages of this type of wiring.  

 Cheap and easy wiring 

 Easy to fault detection 
 Easy to repair 
 Alteration and addition is easy. 

 
Disadvantages of Cleat Wiring 

The disadvantages of this wiring are 

 Bad appearance 

 Exposed to weather to be affected by humidity, rain, smoke, sunlight etc 
 Chances for shock or fire  
 Used in only 220V in low ambient temperature.  
 Not long lasting 

 Sag happens 

 

Casing Wiring 

Material Used in Casing Wiring 

 VIR or PVC insulated wires 
 Casing Enclosure (made of wood or plastic)  
 Capping (made of wood or plastic)  
 Casing and capping joints. 



Procedure of Casing Wiring 

This kind of winding is very old fashioned. Generally PVC or VIR insulated wires are carried 
through the casing enclosure and capping is used to cover the casing.  

 

Advantages of Casing Wiring 

Advantages of this kind of wiring scheme are 

 Cheap and easy to install 
 Strong and durable wiring 
 Customization can be done easily 

 Safe from smoke, dust, rain and steam etc. 
 Due to casing and capping no risk of shock.  

 

Disadvantages of Casing Wiring 

There are some disadvantages in casing wiring; they are 
 Very costly 

 Not suitable for weather with high humidity and acidic conditions.  
 Insect like termites or ants can damage wooden casing and capping.  
 High risk of fire.  

 

Batten Wiring 

Material Used in Batten Wiring 

 CTS or TRS cable 
 Straight teak wooden batten (at 10 mm thick) 

 Tinned brass link clip ( buckle clip)  
 Brass pins 

https://www.electrical4u.com/casing-capping-wiring/


Procedure of Batten Wiring 

Group of Single or double or three core cables are used to be laid on straight teak wooden 
batten. The cables are hold with help of tinned brass link clip or buckle clip. Brass pins are 
used to fix the buckle clips on the wooden batten. Buckle clips is fixed with brass pin on the 

wooden batten at an interval 10 cm for horizontal runs and 15 cm for vertical runs.  

 

Advantages of Batten Wiring 

The advantages of this kind of wiring are given below. 

 Easy installation 
 Cheap in material cost 

 Appearance is better. 
 Customization is easy 
 Less chance of leakage current 

Disadvantages of Batten Wiring 

The disadvantages of batten wiring are 

 Not suitable for outdoor wiring 
 Humidity, smoke, steam etc directly affect on wires. 

 Heavy wires are not recommended for this wiring scheme. 
 Only suitable for below 250 V.  
 High risk of fire.  



 

Conduit Wiring 

Material Used in Conduit Wiring 

 Conduit 
Metallic Conduit 
1. Class A conduit: thin layer steel sheet low gauge conduit 
2. Class B conduit: thick sheet of steel high gauge conduit  

Non-Metallic Conduit 
13, 16.2, 18.75, 20, 25, 37, 50 and 63 mm (diameter) PVC conduit.  

 VIR or PVC insulated cables 
 GI wire of 18SWG 

 Screw 
 Coupling 
 Elbow 
 Rigid off set 

 2-hole strap 
 Lock nut 

 

Procedure of Conduit Wiring 

This kind of wiring is not easy to install. On the surface of the wall or ceiling conduit pipes 
(with GI wire inside) are attached with help of 2-hole strap and base clip at a regular certain 

distance. Next GI wire is used to lay down the wires through the conduit pipe. 

 

 

Advantages of Conduit Wiring  

The main advantages are 

 The safest wiring 
 Appearance is better 
 No risk of fire or mechanical wear and tear. 
 No risk of damage of cable insulation 

 Safe from humidity, smoke, steam etc. 
 No risk of shock 



 Long lasting 
Disadvantages of Conduit Wiring 

The disadvantages of conduit wiring are 

 Very expensive 
 Installation is not easy 
 Not easy to customize for future  

 Hard to detect the faults.  

 

Concealed Wiring 

Material Used in Concealed Wiring 

Same materials are used in concealed wiring as conduit wiring.  

Procedure of Concealed Wiring 

Concealed wiring is properly named as concealed conduit wiring. It is very laborious to 
install. The layout of this wiring is done under the plaster of the wall of the building. Conduit 

pipes are buried under the plaster of wall with GI wire inside. After, with the help of GI 
wires, the main PVC insulated cables are drawn through the conduit.  

Advantages of Concealed Wiring 

Same as conduit wiring 

Disadvantages of Concealed Wiring 

Same as conduit wiring.  

 

 

 

 

 
 
 
 

 
 

 



Wiring materials  
 

Electrical wire is made of materials like copper, aluminium and silver. As silver is expensive, mostly 

copper and aluminium are used in wiring. Materials are classified into three types according to their 

properties:  
1. Conducting materials  

2. Insulating materials  

3. Semiconductor materials 

                                    
Conducting Material  

(a) Copper 

It is a good conductor of electricity. It is used in wiring materials in cables. Its has low 

resistance and is used for conduction of electricity at high, medium and low voltage (Fig. 3.2).  

              It is used in wiring and cable making.  

(b) Aluminium  

It is light weight and cheaper in comparison to copper. Therefore, this type of conducting material is 

mostly used in electrical wiring. It is silvery–white in colour and it has a soft texture. It is often used 

in wiring and making cable (Fig. 3.3) 

 

 

 

 

 

 



Insulating Materials  

Insulating materials are used for insulating purpose. These types of materials are bad conductors of 

current. For example rubber, paper, mica, wood, glass and cotton. 

Wiring Accessories  

Wiring accessories are used for connecting appliances (Fig. 3.4). 

 (a) Switch  

A switch is used to make or break an electrical circuit. It is used to switch ‘on’ or ‘off ’ the supply of 

electricity to an appliance. There are various switches such as  

 surface switch  

 flush switch  

 ceiling switch 

 pull switch 

 push button switch 

 bed switch 

                                            

(i) Surface switch: It is mounted on wooden boards fixed on the surface of a wall. It is of three types 

1. One-way switch 2. Two-way switch 3. Intermediate switch 

One-way switch: It is used to control single circuits and lamp (Fig. 3.5).  

Two-way switch: It is used to divert the flow of current to either of two directions. The two-way 

switch can also be used to control one lamp from two different places as in the case of staircase wiring 

(Fig. 3.6).  

 Intermediate switch: It is used to control a lamp from more than two locations (Fig. 3.7).  

(i) Flush switch: It used for decorative purpose (Fig. 3.8).  

(ii) Bed switch: As the name indicates, it is used to switch ‘on’ the light from any place, other than 



switch board or from near the bed. This switch is connected through a flexible wire (Fig. 3.9). 

   

  

(b) Holders  

A holder is of two types.  

1. Pendant holder (Fig. 3.10) 2. Batten holder (Fig. 3.11)  

  
(c) Ceiling rose  

It is used to provide a tapping to the pendant lamp– holder through the flexible wire or a connection to 

a fluorescent tube (Fig. 3.12).  

(d) Socket outlet/plug 

 The socket outlet has an insulated base with the moulded or socket base having three terminal sleeves 

(Fig. 3.13). 

                                                         



 

 (e) Main switch  

To control the electrical circuit a main switch is used. Through the main switch, the power in a 

building is controlled completely (Fig. 3.14). 

                              

(f) PVC casing-capping wiring  

PVC capping is done in order to cover the wires. It includes casing also. This casing-capping wiring is 

also known as open wiring, as it is done outside the wall. Materials required for PVC casing-capping 

wiring (Figs. 3.15 and 3.16) include  

1. wire  

2. casing enclosures made up of plastic  

3. capping made up of plastic  

4. T. Joints VIR (Vulcanised Indian Rubber) or PVC (Polyvinyl chloride) insulated wire  

5. junction box 

 6. elbow  

7. casing and capping joints  

Wooden casing-capping wiring is old fashioned. Now PVC or VIR insulated wires are enclosed 

within the PVC casing enclosure and PVC capping is used to cover the casing.  

Advantages of casing-capping wiring  

  Easy to install 

  Strong and durable wiring  

  Customization can be done easily 

  Safe from smoke, dust, rain and steam, etc.  

  No risk of shock due to casing and capping, 

 Disadvantages of PVC casing-capping wiring  

  Costly  

  Not suitable for humid weather  

  High risk of fire 

 



Earthing 

Earthing is to connect any electrical equipment to earth with a very low resistance wire, making it to 

attain earth’s potential. The wire is usually connected to a copper plate placed at a depth of 2.5 to 3 

meters from the ground level. The potential of the earth is considered to be at zero for all practical 

purposes as the generator (supply) neutral is always earthed. The body of any electrical equipment is 

connected to the earth by means of a wire of negligible resistance to safely discharge electric energy, 

which may be due to failure of the insulation, or line coming in contact with the casing, etc. Earthing 

brings the potential of the body of the equipment to ZERO i.e. to the earth’s potential, thus protecting 

the operating personnel against electrical shock. The body of the electrical equipment is not connected 

to the supply neutral due to long transmission lines and intermediate substations, the same neutral 

wire of the generator will not be available at the load end. Even if the same neutral wire is running, it 

will have a self-resistance, which is higher than the human body resistance. Hence, the body of the 

electrical equipment is connected to earth only. 

 

Necessity of Earthing: 

1.The protect the operating personnel from danger of shock in case they come in contact with 

the charged frame due to defective insulation. 

2.To maintain the line voltage constant under unbalanced load condition.  

3..To protect the equipments.  

4.To protect large buildings and all machines fed from overhead lines against lightning.  

 

Types of Earthing  

The important methods of earthing are the plate earthing and the pipe earthing. The earth resistance 

for copper 

wire is 1 ohm and that of GI wire less than 3 ohms. The earth resistance should be kept as low as 

possible so that the neutral of any electrical system, which is earthed, is maintained almost at the earth 

potential. The typical value of the earth resistance at powerhouse is 0.5 ohm and that at substation is 1 

ohm. 

Plate Earthing  

In this method, a copper plate of 60 cm × 60 cm × 3.18 cm or a GI plate of  the size 60 cm × 60 cm × 

6. 35 cm is used for earthing. The plate is placed vertically down inside the ground at a depth of 3 m 

and is embedded in alternate layers of coal and salt for a thickness of 15 cm. In addition, water is 

poured for keep-ing the earth electrode resistance value well below a maximum of 5 ohms. The earth 

wire is securely bolted to the earth plate.  A cement masonry chamber is built with a cast iron cover 

for easy regular maintenance. 

Pipe Earthing  

 Earth electrode made of a  GI (galvanized) iron pipe with 38 mm diameter  and length of 2 m 

(depending on the current) with 12 mm holes on the surface is placed upright at a depth of 4.75 m in a 

perma-nently wet ground. To keep the value of the earth resistance at the desired level, the area (15 

cm) surrounding 

 

 



the GI pipe is filled with a mixture of salt and coal. The efficiency of the earthing system is improved 

by pouring water through the funnel periodically. The GI earth wires of sufficient cross-sectional area 

are run through a 12.7 mm diameter pipe (at 60 cms below) from the 19 mm diameter pipe and 

secured tightly at the top as shown in the figure. 

When compared to the plate earth system, the pipe earth system can carry larger leakage currents as a 

much larger surface area is in contact with the soil for a given electrode size. The system also enables 

easy maintenance as the earth wire connection is housed at the ground level.  

 

 

 

 

 

 



Safety devices & system 

Electrical Safety Devices 

Electricity makes the world run by powering computers and buildings, recharging batteries 

for portable handheld devices and keeping our buildings warm. However, electricity is also 

dangerous to humans and equipment, so electrical safety devices have been designed as 

protection against potential electrical hazards. 

 Electrical Safety Devices – Circuit Breakers 

Electrical safety devices protect electrical circuits from short circuits or overloads. A circuit 

breaker is designed to stop incoming electrical flow at the sign of any irregularities (faults) 

such as an overload (more than normal electrica l flow that the electrical system can handle). 

Once triggered, circuit breakers can be automatically or manually reset, unlike fuses that have 

to be replaced once used. Circuit breakers vary in size to protect electrical equipment from 

small (fit for a home) to large (fit for a city).  

 Electrical Safety Devices – Fuses 

Fuses are electrical safety devices that are considered sacrificial lambs. A fuse is a simple 

metal strip or wire that melts when it’s exposed to high levels of electricity. This happens 

when too much electricity flows into the power system. The fuse interrupts the connected 

circuit and absorbs the electrical overflow to protect electrical equipment from extensive 

damage caused by fire or overheating. Fuses, among other over current protection devices, 

are required in electrical systems to protect human life and to avoid property damage. 

 Electrical Safety Devices – Ground Fault Circuit Interrupters (GFCIs) 

Ground Fault Circuit Interrupters are electrical safety devices that are designed to limit the 

damage of electrical shocks by quickly disconnecting the circuit when the return neutral 

conductor and the energized conductor are not balanced. This electrical safety wiring device 

disconnects the circuit wherever this imbalance is located. Imbalances can be caused by 

current leaks through human tissue due to accidental grounded contact with energized 

circuits. This electrical safety device can be effective under these conditions, however, 

provide limited protection against short-circuits or overloads. 

 Electrical Safety Devices – Protective Relays 

Protective relays evaluate the ongoing operation of electrical circuits, and, if a fault is 

detected, then these electrical safety devices trip circuit breakers to minimize the damage on 

electrical equipment. Relays monitor electrical circuits and respond to reverse power flow, 

over-voltage, over-current, under- and over-frequency conditions.  

 Electrical Safety Devices – Surge Protectors 

Surge protector is an electrical safety device that protects electrica l equipment against voltage 

spikes. Electrical equipment can be protected when these electrical safety devices try to limit 

any excess amount of supplied voltage by either shorting to ground or blocking extra 

voltages.  

 



Fuses and MCBs 
A fuse is a piece of conducting wire having low melting point. It is rated for a certain current. 

It is included at many stages of installation to protect various circuits and entire wiring 
system. The fuse is always put in the live wire. Whenever the current in a subcircuit exceeds 
the rated current, the fuse melts and breaks the circuit. This is the cheapest type of protection 
that can be provided to an electrical installation. To avoid any damage to the installation and 

risk of fire, one should never use a fuse of rating higher than the circuit is meant for The fuse 
wire for smaller current ratings (say, up to 10 A) are made of lead-tin alloy (36% lead and 
64 % tin). For higher current ratings, fuse wires are made of copper, zinc, lead, tin, 
aluminium, etc. In case a fuse melts, it can be replaced without much expense. 

In modern practices, we use a MCB (mini-circuit breaker) in place of a fuse. A fuse cut- out 
assembly made of porcelain is comparatively cheaper (costing about Rs. 25/-) than an MCB 
(costing about Rs. 120/-), but occupies more space, and is quite cumbersome to install and 
operate. Furthermore, due to frequent sparking it may cause fire hazard. On the other hand, 

an MCB is a neat and clean device, which simply trips off itself whenever the current in the 
circuit exceeds its rating. On correcting the fault, it can simply be switched on again  

           
 

Molded Case Circuit Breaker (MCCB):  
Molded case circuit breakers are a type of electrical protection device that is commonly used 
when load currents exceed the capabilities of miniature circuit breakers. They are also used in 
applications of any current rating that require adjustable trip settings, which are not available 

in plug-in circuit breakers and MCBs. 
 

Definition and Function 
A molded case circuit breaker, abbreviated MCCB, is a type of electrical protection device 
that can be used for a wide range of voltages, and frequencies of both 50 Hz and 60 Hz. The 

main distinctions between molded-case and miniature circuit breaker are that the MCCB can 
have current ratings of up to 2,500 amperes, and its trip settings are normally adjustable. An 
additional difference is that MCCBs tend to be much larger than MCBs. As with most types 
of circuit breakers, an MCCB has three main functions: 

1.Protection against overload – currents above the rated value that last longer than what is 
normal for the application.  

 

2.Protection against electrical faults – During a fault such as a short circuit or line fault, there 

are extremely high currents that must be interrupted immediately.  
 
3.Switching a circuit on and off – This is a less common function of circuit breakers, but they 
can be used for that purpose if there isn’t an adequate manual switch. 

 



Molded Case Circuit Breaker Operating Mechanism: 

 
At its core, the protection mechanism employed by MCCBs is based on the same physical 

principles used by all types of thermal-magnetic circuit breakers. 
 

Overload protection is accomplished by means of a thermal mechanism. MCCBs have a 
bimetallic contact what expands and contracts in response to changes in temperature. Under 

normal operating conditions, the contact allows electric current through the MCCB. 
However, as soon as the current exceeds the adjusted trip value, the contact will start to heat 
and expand until the circuit is interrupted. The thermal protection against overload is 
designed with a time delay to allow short duration overcurrent, which is a normal part of 

operation for many devices. However, any overcurrent conditions that last more than what is 
normally expected represent an overload, and the MCCB is tripped to protect the equipment 
and personnel. 
On the other hand, fault protection is accomplished with electromagnetic induction, and the 

response is instant. Fault currents should be interrupted immediately, no matter if their 
duration is short or long. Whenever a fault occurs, the extremely high current induces a 
magnetic field in a solenoid coil located inside the breaker – this magnetic induction trips  

a contact and current is interrupted. As a complement to the magnetic protection mechanism, 
MCCBs have internal arc dissipation measures to facilitate interruption.  
As with all types of circuit breakers, the MCCB includes a disconnection switch which is 

used to trip the breaker manually. It is used whenever the electric supply must be 
disconnected to carry out field work such as maintenance or equipment upgrades. 
 

                                

 
 

             MCCB ELCB 

 

ELCB 
There are two types of Earth Leakage Circuit Breaker (ELCB). One is Voltage Earth Leakage 
Circuit Breaker, also called Voltage ELCB and another is Current Earth Leakage Circuit 
Breaker, also known as Current ELCB. 
 

Working Principle of Voltage ELCB: 
 

Voltage ELCB is a voltage operated device. It has a coil and if the voltage across the coil 

exceeds a predetermined value such as 50 V, the current through the coil will be sufficient 
enough to trip the circuit.  



Voltage ELCB is connected in between the metallic part of equipment and the Earth. If we 
take an example of insulation failure, then the voltage across the coil of Voltage ELCB will 
drive enough current to cut the power supply till the manually reset. 

  

 
Working Principle of Current ELCB: 
The working of Current ELCB is quite interesting but easy. Current operated ELCB is also 
known as Residual Current Device, RCD. A Residual Current Device (RCD) has a toroidal 
iron core over which phase and neutral windings are wound. A search coil is also wound on 
the same iron core which in turn is connected to the trip coil. Figure below shows the 

constructional detail of RCD or Current ELCB. 
  

 
Under normal operating condition, the current through the phase winding and neutral winding 
are same but both the windings are wound in such a manner to oppose the mmfs of each 
other, therefore net mmf in the toroidal iron core will be zero. Let us consider a condition 
where earth leakage current exists in the load side. In this case the current through the phase 

and neutral will no longer be equal rather phase current will be more than the neutral current.  
Thus mmf produced by phase winding will be more than the mmf produced by neutral 
winding because of which a net mmf will exist in the toroidal iron core. 

Net mmf in Core = mmf by phase winding  – mmf by neutral winding  
This net mmf in the core will link with the Search Coil and as the mmf is changing in nature 
(current is AC), an emf will be induced across the terminals of the Search Coil. This emf will 
in turn drive a current through the Trip Coil which will pull (because of current flow through 
the Trip Coil, it will behave as an electromagnet and hence will pull the lever to open contact) 

the supply contacts to isolate the power supply. Notice that Current ELCB works on Residual 
Current that is the reason it is also called Residual Current Device. 
A RCD / Current ELCB is also provided with test button to check the healthiness of the 
safety device. If you carefully observe the figure, you will notice that, when we press the Test 

Button, Load and phase winding are bypassed due to which only mmf because of neutral 
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winding will exist in the core (as there is no opposing mmf as was the case with both the 
windings in service) which will cause RCD to trip to isolate the supply. 

 

 


