
UNIT-I 

INTRODUCTION TO ELECTRICAL ENGINEERING 

 

Electric circuit: 

A circuit is an interconnection of electrical components. 

 

 

 

Electric charge: is one of the fundamental quantities and exists in every atom 

Symbol: Q or q 

Unit: Coulomb (C). 

Electric Current: The time rate of change of charge 

i(t) = dq 

      dt 

Symbol: i(t) or i or I depending on whether the current is constant or time varying quantity 

 

Unit: Ampere (A) 

 

 

 

 

 



Types of currents: 1. Alternating current (ac) 2. Direct current (dc) 

 
Basic Definitions: Current: the directed flow of electrons (charge) called current. It is denoted 

by I. units are Amps 

 Electrical potential: charged body capacity to do work is known as its electrical potential.  

Potential difference: difference in potentials of two charged bodies is called Potential difference 

 Power: the rate at which an electrical work done in electrical work is called power. It is denoted 

by P. units are Watt  

Electrical work: Electrical work is said to be done when there is transfer of charge. It is denoted 

by W. units are joules. 

 Energy: capacity to do work is called energy. 

 Electrical Network: A combination of various electric elements (Resistor, Inductor, Capacitor, 

Voltage source, Current source) connected in any manner what so ever is called an electrical 

network Classification of element: We may classify circuit elements in two categories, passive 

and active elements.  

Passive Element: The element which receives energy (or absorbs energy) and then either 

converts it into heat (R) or stored it in an electric (C) or magnetic (L) field is called passive 

element. 

Active Element: The elements that supply energy to the circuit is called active element. 

Examples of active elements include voltage and current sources, generators 

 Bilateral Element: Conduction of current in both directions in an element (example: 

Resistance; Inductance; Capacitance) with same magnitude is termed as bilateral element  

Unilateral Element: Conduction of current in one direction is termed as unilateral (example: 

Diode, Transistor) element 



 Linear Circuit: Roughly speaking, a linear circuit is one whose parameters do not change with 

voltage or current. More specifically, a linear system is one that satisfies (i) homogeneity 

property (ii) additive property 

 Non-Linear Circuit: Roughly speaking, a non-linear system is that whose parameters change 

with voltage or current. More specifically, non-linear circuit does not obey the homogeneity and 

additive properties. 

DC Sources  

In general, there are two main types of DC sources  

1.Independent (Voltage and Current) Sources 

2.Dependent (Voltage and Current) Sources 

 

An independent source produces its own voltage and current through some chemical reaction and 

does not depend on any other voltage or current variable in the circuit. The output of a dependent 

source, on the other hand, is subject to a certain parameter (voltage or current) change in a circuit 

element. Herein, the discussion shall be confined to independent sources only.  

DC Voltage Source  

This can be further subcategorized into ideal and non-ideal sources.  

The Ideal Voltage Source An ideal voltage source, shown in Figure has a terminal voltage 

which is independent of the variations in load. In other words, for an ideal voltage source, the 

sup- ply current alters with changes in load but the terminal voltage, VL always remains constant.  

 

This characteristic is depicted in Figure. 

 

                                                             

 
(a) An ideal voltage source                                    (b) V − I characteristics of an ideal voltage source. 

 
Figure: Schematic and characteristics of an ideal voltage source 

 



 

Practical Voltage Source For a practical source, the terminal voltage falls off with an increase 

in load current. This can be shown graphically in Figure. This behavior can be modeled by 

assigning an internal resistance, Rs, in series with the source as shown in Figure 

 

       

 

Resistive Circuits: 

Series Resistors 

 

 

 

Parallel Resistors 

 

 

 



 

Delta – Star Conversion  

 

 

 

 

 

 

Star -Delta Conversion 

 

 

 

 

 

 



 

Ohms Law: At constant temperature potential difference across the conductor is directly 

proportional to current flowing through the conductor is called ohms law. V ∝ I V=IR  

Where the constant of proportionality R is called the resistance or electrical resistance, measured 

in ohms (Ω). Graphically, the V − I relationship for a resistor according to Ohm’s law is depicted 

in fig 

 

Figure V − I relationship for a resistor according to Ohm’s law. 

At any given point in the above graph, the ratio of voltage to current is always constant 

 

 

 

 

 



 

V − I relationships for a resistor, inductor and capacitor. 

Kirchhoff’s Current Law (KCL) 

 Kirchhoff’s Current Law states that The algebraic sum of currents a node at any instant is zero. 

Σ currents in = Σ currents out 

 

 

Consider a function formed by 6 conductors. The current in these conductors are i1, i2, 

.i6.Some of these currents are flowing towards a 8 other’s away from A 

According to Kirchhoff’s Law, 

i1+i4+i5+i6 = i2+i3 

(Flowing towards)= (Flowing away from A) 



Kirchhoff’s Voltage Law (KVL) Kirchhoff’s Voltage Law states that the algebraic sum of 

voltages around each loop at any instant of time is zero  

Σ voltage drops = Σ voltage rises 

 

Fig – ABCDA forms a closed circuit. 

From A > B, We have a potential drop of IR1. 

From D -> A, We have a potential drop of V. 

Sum of potential drops = IR1+IR2+IR3 

Potential rise from D -> A =V 

IR1+IR2+IR3 = V 

 

 

 

 

 

 

 

 

 

 



UNIT-2 

DC MACHINES 

DC GENERATOR: 

Generator Principle: An electrical generator is a machine which converts mechanical energy 

into electrical energy. The energy conversion is based on the principle of the production of 

dynamically induced emf, where a conductor cuts magnetic flux, dynamically induced emf is 

produced in it according to Faraday’s Laws of electromagnetic Induction. This emf causes a 

current to flow if the conductor circuit is closed. Hence, two basic essential parts of an electrical 

generator are (i) a magnetic field and (ii) a conductor or conductors which can so move as to cut 

the flux. The following figure shows a single-turn rectangular copper coil rotating about its own 

axis in a magnetic field provided by either permanent magnets or electromagnets. The two ends 

of the coil are joined to two slip-rings ‘a’ and ‘b’ which are insulated from each other and from 

the central shaft. Two collecting brushes (of carbon or copper) press against the slip-rings. Their 

function is to collect the current induced in the coil and to convey it to the external load 

resistance R. The rotating coil may be called ‘armature ‘and the magnets as ‘field magnets’. 

  

 



As the coil rotates in clock-wise direction and assumes successive positions in the field the, flux 

linked with it changes. Hence, an emf is induced in it which is proportional to the rate of change 

of flux linkages (e = N (dØ /dt). 

When the plane of the coil is at right angles to lines of flux i.e. when it is in position 

1, then flux linked with the coil is maximum, but rate of change of flux linkages is minimum. 

Hence, there is no induced emf in the coil. 

As the coil continues rotating further, the rate of change of flux linkages (and hence induced emf 

in it) increases, till position 3 is reached where θ= 90º, the coil plane is horizontal i.e. parallel to 

the lines of flux. The flux linked with the coil is minimum but rate of change of flux linkages is 

maximum. Hence, maximum emf is induced in the coil at this position. 

 From 90º to 180º, the flux linked with the coil gradually increases but the rate of change of 

flux linkages decreases. Hence, the induced emf decreases gradually till in position 5 of the coil, 

it is reduced to zero value. 

From 180º to 360º, the variations in the magnitude of emf are similar to those in the first 

half revolution. Its value is maximum when coil is in position 7 and minimum when in position 

1. But it will be found that the direction of the induced current is the reverse of the previous 

direction of flow. For making the flow of current unidirectional in the external circuit, the slip-

rings are replaced by split-rings. The split-rings are made out of a conducting cylinder which is 

cut into two halves or segments insulated from each other by a thin sheet of mica or some other 

insulating material. As before, the coil ends are joined to these segments on which rest the 

carbon or copper brushes. It is seen that in the first half revolution current flows along 

(ABMLCD) i.e. the brush No.1 in contact with segment ‘a’ acts as the 

positive end of the supply and ‘b’ as the negative end. In the next half revolution, the direction of 

the induced current in the coil has reversed. But at the same time, the positions of segments ‘a’ 

and ‘b’ have also reversed with the result that brush No.1 comes in touch with the segment which 

is positive i.e. segment ‘b’ in this case. Hence, current in the load resistance again flows from M 

to L. The waveform of the current through the external circuit is as shown in below. This current 

is unidirectional but not continuous like pure direct current. 



 

The position of brushes is so arranged that the change over of segments ‘a’ and ‘b’ from one 

brush to the other takes place when the plane of the rotating coil is at right angles to the plane of 

the lines of flux. It is so because in that position, the induced emf in the coil is zero. 

The current induced in the coil sides is alternating as before. It is only due to the rectifying action 

of the split-rings (also called commutator) that it becomes unidirectional in the external circuit. 

 

 

 

 

 

 

 

 

 

 

 



Practical Generator: The actual generator which consists of the following essential 

parts: 1.Magnetic Frame or Yoke 2.Pole-Cores and Pole-Shoes 3.Pole Coils or Field Coils 

4.Armature Core 5.Armature Windings or Conductors 6.Commutator 7.Brushes 8.Bearings. 

 

 

 

 

Yoke: The outer frame or yoke serves double purpose: (i) It provides mechanical support for the 

poles and acts as a protecting cover for the whole machine. (ii) It carries the magnetic flux 

produced by the poles. In small generators where cheapness rather than weight is the main 

consideration, yokes are made of cast iron. But for large machines usually cast steel or rolled 

steel is employed 

Pole Cores and Pole Shoes: The field magnets consist of pole cores and pole shoes. The pole 

shoes serve two purposes: (i) They spread out the flux in the air gap and also, being of larger 

cross-section, reduce the reluctance of the magnetic path. (ii) They support the exciting coils (or 

field coils) as shown below. 



 
 
Pole Coils: The field coils or pole coils, which consist of copper wire or strip, are former-wound 

for the correct dimension. Then, the former is removed and wound coil is put into place over the 

core. When current is passed through these coils, they electro magnetize the poles which produce 

the necessary flux that is cut by revolving armature conductors. 

 
Armature Core: It houses the armature conductors or coils and causes them to rotate and hence 

cut the magnetic flux of the field magnets. In addition to this, its most important function is to 

provide a path of very low reluctance to the flux through the armature from a N-pole to a S-pole. 

It is cylindrical or drum-shaped and is built up of usually circular sheet steel discs or laminations 

approximately 0.5 mm thick. The slots are either die-cut or punched on the outer periphery of the 

disc and the keyway is located on the inner diameter as shown. In small machines, the armature 

stampings are keyed directly to the shaft. Usually, these laminations are perforated for air ducts 

which permit axial flow of air through the armature for cooling purposes. 

 

 
The purpose of using laminations is to reduce the loss due to eddy currents. Thinner the 

laminations, greater is the resistance offered to the induced emf, smaller the current and hence 

lesser the I2 R loss in the core. 

 



Armature Windings: The armature windings are usually former-wound. These are first wound in 

the form of flat rectangular coils and are then 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. This slot insulation is folded over 

above the armature conductors placed in the slot and is secured in place by special hard wooden 

or fiber wedges. 

 

Commutator: The functions of the commutator are to facilitate collection of current from the 

armature conductors, and to convert the alternating current induced in the armature conductors 

into unidirectional current in the external load circuit. It is of cylindrical structure and is built up 

of wedge-shaped segments of high-conductivity hard-drawn or drop forged copper. These 

segments are insulated from each other by thin layers of mica. The number of segments is equal 

to the number of armature coils. Each commutator segment is connected to the armature 

conductor by means of a copper lug or riser. To prevent them from flying out under the action of 

centrifugal forces, the segments have V-grooves, these grooves being insulated by conical 

micanite rings. 

 

 

Brushes and Bearings: The brushes, whose function is to collect current fromcommutator, are 

usually made of carbon or graphite and are in the shape of a rectangular block. These brushes are 

housed in brush-holders, the brush-holder is mounted on a spindle and the brushes can slide in 

the rectangular box open at both ends. 



The brushes are made to bear down on the commutator by a spring. A flexible copper pigtail 

mounted at the top of the brush conveys current from the brushes to the holder. The number of 

brushes per spindle depends on the magnitude of the current to be collected from the 

commutator. Because of their reliability, ball-bearings are frequently employed, though for 

heavy duties, roller bearings are preferable. The ball and rollers are generally packed in hard oil 

for quieter operation and for reduced bearing wear, sleeve bearings are used which are lubricated 

by ring oilers fed from oil reservoir in the bearing bracket. 

 

Types of Generators: Generators are usually classified according to the way in which their fields 

are excited. Generators may be divided into (a) separately-excited generators and (b) self-excited 

generators. (a) Separately-excited generators are those whose field magnets are energized from 

an independent external source of dc current. (b) Self-excited generators are those whose field 

magnets are energized by the current produced by the generators themselves. There are three 

types of self-excited generators named according to the manner in which their field coils (or 

windings) are connected to the armature. 

 

(i) Shunt wound: The field windings are connected across or in parallel with the armature 

conductors and have the full voltage of the generator applied across them. 

 

(ii) Series Wound: The field windings are joined in series with the armature conductors. As they 

carry full load current, they consist of relatively few turns of thick wire or strips. Such generators 

are rarely used except for special purposes i.e. as boosters etc 

 

(iii) Compound Wound: It is a combination of a few series and a few shunt windings and can 

be either short-shunt or long-shunt. In a compound generator, the shunt field is stronger than the 

series field. When series field aids the shunt field, generator is said to be commutatively-

compounded. On the other hand if series field opposes the shunt field, the generator is said to be 

differentially compounded 

 

 

 



 

 

 

Brush Contact Drop: It is the voltage drop over the brush contact resistance when current passes 

from commutator segments to brushes and finally to the external load. Its value depends on the 

amount of current and the value of contact resistance. This drop is usually small and includes 

brushes of both polarities. However, in practice, the brush contact drop is assumed to have 

following constant values for all loads. 0.5 V for metal graphite brushes. 2 V for carbon brushes 

 

 

 

 

 

 

 

 

 



Generated EMF Equation of a Generator: 

Let Φ = flux/pole in Weber 

Z = total number of armature conductors= No. of slots x No. of conductors/slot 

P = No. of generator poles 

A = No. of parallel paths in armature 

N = armature rotation in revolutions per minute (r.p.m.) 

 

 

 

 

 

 

 



Total Loss in a DC Generator: The various losses occurring in a generator can be divided as 

follows: (a) Copper Losses i) Armature copper loss = Ia2Ra where Ra = resistance of armature 

and interpoles and series field winding etc. This loss is about 30 to 40% of full-load losses. ii) 

Field copper loss: In the case of shunt generators, it is practically constant and Ish2Rsh (or VIsh). 

In the case of series generator, it is = 𝐼𝑠𝑒2Rse where Rse is resistance of the series field winding. 

This loss is about 20 to 30% of F.L. losses. 

iii) The loss due to brush contact resistance. It is usually included in the armature copper loss. 

(b) Magnetic Losses (also known as iron or core losses): Due to the rotation of the iron core of 

the armature in the magnetic flux of the field poles, there are some losses taking place 

continuously in the core and are known as Iron Losses or Core Losses. Iron losses consist of (i) 

Hysteresis loss and (ii) Eddy Current loss. 

i) Hysteresis Loss (Wh): This loss is due to the reversal of magnetisation of the armature core. 

The loss depends upon the volume and grade of iron, maximum value of flux density Bmax and 

frequency of magnetic reversals. For normal flux densities (i.e. up to 

1.5 Wb/m2), hysteresis loss is given by Steinmetz formula. According to this formula, Wh = 

η𝐵𝑚𝑎𝑥1.2 f V (watt), where Bmax = maximum flux density, V = volume of the core in 𝑚3, η = 

Steinmetz hysteresis coefficient. Value of η for: Good dynamo sheet steel=502 J/m3, Silicon 

steel=191 J/m3, Hard Cast steel=7040 J/m3, Caststeel= 750−3000 J/m3 and Cast iron 

=2700−4000 J/m3. For reducing the hysteresis loss, those metals are chosen for the armature 

core which have a low hysteresis coefficient. Generally, special silicon steels such as alloys are 

used which not only have a low hysteresis coefficient but which also possess high electrical 

resistivity. 

ii) Eddy Current Loss (We): When the armature core rotates, it also cuts the magnetic flux. 

Hence, an emf is induced in the body of the core according to the laws of electromagnetic 

induction. This emf though small, sets up large current in the body of the core due to its small 

resistance. This current is known as eddy current. The power loss due to the flow of this current 

is known as eddy current loss. This loss would be considerable if solid iron core were used. In 

order to reduce this loss and the consequent heating of the core to a small value, the core is built 

up of thin laminations, which are stacked and then riveted at right angles to the path of the eddy 

currents. These core laminations are insulated from each other by a thin coating of varnish. Eddy 

current loss (We) is given by the following relation: 



watts 

where Bmax = maximum flux density f = frequency of magnetic reversals 

t = thickness of each lamination V = volume of armature core. 

It is seen from above that this loss varies directly as the square of the thickness of laminations, 

Hence it should be kept as small as possible. Another point to note is that Wh α f but We α f 2. 

This fact makes it possible to separate the two losses experimentally if so desired. As said earlier, 

these iron losses if allowed to take place unchecked not only reduce the efficiency of the 

generator but also raise the temperature of the core. As the output of the machines is limited, in 

most cases, by the temperature rise, these losses have to be kept as small as is economically 

possible. 

Eddy current loss is reduced by using laminated core but hysteresis loss cannot be reduced this 

way. For reducing the hysteresis loss, those metals are chosen for the armature core which has a 

low hysteresis coefficient. Generally, special silicon steels such as stalloys are used which not 

only have a low hysteresis coefficient but which also possess high electrical resistivity. 

 

 

 

 

Direct Current Motor (DC motor) DC motor is similar to dc generator; in fact the same 

machine can act as motor or generator. The only difference is that in a generator the EMF is 

greater than terminal voltage, whereas in motor the generated voltage EMF is less than terminal 

voltage. Thus the power flow is reversed, that is the motor converts electrical energy into 

mechanical energy. That is the reverse process of generator.  

DC motors are highly versatile machines. For example, dc motors are better suited fore many 

processes that demand a high degree of flexibility in the control of speed and torque. The dc 



motor can provided high starting torque as well as high decelerating torque for application 

requiring quick stop or reversals. DC motors are suited in speed control with over wide range is 

easily to achieve compare with others electromechanical. 

 

 

DC Motor Basic Principles 

 

(a) Energy Conversion  

If electrical energy is supplied to a conductor lying perpendicular to a magnetic field, the 

interaction of current flowing in the conductor and the magnetic field will produce mechanical 

force (and therefore, mechanical energy). 

(b) Value of Mechanical Force  

 

There are two conditions which are necessary to produce a force on the conductor. The 

conductor must be carrying current, and must be within a magnetic field. When these two 

conditions exist, a force will be applied to the conductor, which will attempt to move the 

conductor in a direction perpendicular to the magnetic field. This is the basic theory by which all 

DC motors operate. 

The force exerted upon the conductor can be expressed as follows.  

                                             F = B i l Newton           (1)  

 

where B is the density of the magnetic field, l is the length of conductor, and i the value of current 

flowing in the conductor. The direction of motion can be found using Fleming’s Left Hand Rule. 

 



The first finger points in the direction of the magnetic field (first - field), which goes from the 

North pole to the South pole. The second finger points in the direction of the current in the 

wire (second - current). The thumb then points in the direction the wire is thrust or pushed 

while in the magnetic field (thumb - torque or thrust). 

Principle of operation  

 
Consider a coil in a magnetic field of flux density B (figure ). When the two ends of the coil are 

connected across a DC voltage source, current I flows through it. A force is exerted on the coil as 

a result of the interaction of magnetic field and electric current. The force on the two sides of the 

coil is such that the coil starts to move in the direction of force. 

 

Fig.1. Torque production in a DC motor 

 

In an actual DC motor, several such coils are wound on the rotor, all of which experience force, 

resulting in rotation. The greater the current in the wire, or the greater the magnetic field, the 

faster the wire moves because of the greater force created.  

At the same time this torque is being produced, the conductors are moving in a magnetic field. 

At /dt) as shown in different positions, the flux linked with it changes, which causes an emf to be 

induced (e = d figure 5. This voltage is in opposition to the voltage that causes current flow 

through the conductor and is referred to as a counter-voltage or back emf. 

 

Construction  

 
DC motors consist of one set of coils, called armature winding, inside another set of coils or a set of 

permanent magnets, called the stator. Applying a voltage to the coils produces a torque in the 

armature, resulting in motion. 



 

Stator  

The stator is the stationary outside part of a motor.  

The stator of a permanent magnet dc motor is composed of two or more permanent magnet pole 

pieces.  

The magnetic field can alternatively be created by an electromagnet. In this case, a DC coil (field 

winding) is wound around a magnetic material that forms part of the stator.  

Rotor  

The rotor is the inner part which rotates.  

The rotor is composed of windings (called armature windings) which are connected to the 

external circuit through a mechanical commutator. Both stator and rotor are made of 

ferromagnetic materials. The two are separated by air-gap.  

Winding  

A winding is made up of series or parallel connection of coils.  

Armature winding - The winding through which the voltage is applied or induced.  Field winding 

- The winding through which a current is passed to produce flux  (for the electromagnet) 

Windings are usually made of copper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Torque Developed  

 
The turning or twisting moment of a force about an axis is called torque. It is measured by the 

product of the force and the radius at which this force acts.  Consider a pulley of radius meter 

acted upon by a circumferential force of newton which causes it to rotate at rpm. 

 

Armature torque of a motor 

 

 



 

 

Shaft torque 

 

 

 

 

 

 



UNIT-IV 
SINGLE PHASE TRANSFORMERS 

 
TRANSFORMERS 

  
The transformer is a device that transfers electrical energy from one electrical circuit to another 

electrical circuit. The two circuits may be operating at different voltage levels but always work at 

the same frequency. Basically transformer is an electro-magnetic energy conversion device. It is 

commonly used in electrical power system and distribution systems. 

SINGLE PHASE TRANSFORMERS 

In its simplest form a single-phase transformer consists of two windings, wound on an iron core one 

of the windings is connected to an ac source of supply f. The source supplies a current to this 

winding (called primary winding) which in turn produces a flux in the iron core. This flux is 

alternating in nature (Refer Figure 4.1). If the supplied voltage has a frequency f, the flux in the core 

also alternates at a frequency f. the alternating flux linking with the second winding, induces a 

voltage E2 in the second winding (called secondary winding). [Note that this alternating flux linking 

with primary winding will also induce a voltage in the primary winding, denoted as E1. Applied 

voltage V1 is very nearly equal to E1]. If the number of turns in the primary and secondary windings 

is N1 and N2 respectively, we shall see later in this unit that. 

 

The load is connected across the secondary winding, between the terminals a1, a2. Thus, the load 

can be supplied at a voltage higher or lower than the supply voltage, depending upon the ratio 

N1/N2 



 

 

When a load is connected across the secondary winding it carries a current I2, called load current. 

The primary current correspondingly increases to provide for the load current, in addition to the 

small no load current. The transfer of power from the primary side (or source) to the secondary side 

(or load) is through the mutual flux and core. There is no direct electrical connection between the 

primary and secondary sides. 

In an actual transformer, when the iron core carries alternating flux, there is a power loss in the 

core called core loss, iron loss or no load loss. Further, the primary and secondary windings have a 

resistance, and the currents in primary and secondary windings give rise to I 2 R losses in 

transformer windings, also called copper losses. The losses lead to production of heat in the 

transformers, and a consequent temperature rise. Therefore, in transformer, cooling methods are 

adopted to ensure that the temperature remains within limit so that no damage is done to 

windings’ insulation and material. 

In the Figure 4.1 of a single-phase transformer, the primary winding has been shown connected to a 

source of constant sinusoidal voltage of frequency f Hz and the secondary terminals are kept open. 

The primary winding of N1 turns draws a small amount of alternating current of instantaneous 

value i0, called the exciting current. This current establishes flux φ in the core (+ve direction marked 

on diagram). The strong coupling enables all of the flux φ to be confined to the core (i.e. there is no 

leakage of flux). 



CONSTRUCTION OF A TRANSFORMER  

There are two basic parts of a transformer:  

1. Magnetic core  

2. Winding or coils  

MAGNETIC CORE:  

The core of a transformer is either square or rectangular in size. It is further divided in two parts. 

The vertical portion on which the coils are bound is called limb, while the top and bottom 

horizontal portion is called yoke of the core as shown in fig. 2.  

Core is made up of laminations. Because of laminated type of construction, eddy current losses 

get minimized. Generally high grade silicon steel laminations (0.3 to 0.5 mm thick) are used. 

These laminations are insulated from each other by using insulation like varnish. All laminations 

are 

 

varnished. Laminations are overlapped so that to avoid the airgap at the joints. For this generally ‗L‘ 

shaped or ‗I‘ shaped laminations are used which are shown in the fig. 3 below. 

 

 



WINDING:  

 

There are two windings, which are wound on the two limbs of the core, which are insulated from 

each other and from the limbs as shown in fig. 4. The windings are made up of copper, so that, they 

possess a very small resistance. The winding which is connected to the load is called secondary 

winding and the winding which is connected to the supply is called primary winding. The primary 

winding has N1 number of turns and the secondary windings have N2 number of turns. 

                                                                                                                                 

 

 

 

 

 

 

A single phase transformer works on the principle of mutual induction between two magnetically 

coupled coils. When the primary winding is connected to an alternating voltage of r.m.s value, 

V1 volts, an alternating current flows through the primary winding and setup an alternating flux 

ϕ in the material of the core. This alternating flux ϕ, links not only the primary windings but also 

the secondary windings. Therefore, an e.m.f e1 is induced in the primary winding and an e.m.f e2 

is induced in the secondary winding, e1 and e2 are given: 

 

 

If the induced e.m.f is e1 and e2 are represented by their rms values E1 and E2 respectively, then 



 

 

K is known as the transformation ratio of the transformer. When a load is connected to the 

secondary winding, a current I2 flows through the load, V2 is the terminal voltage across the 

load. As the power transfered from the primary winding to the secondary winding is same,  

Power input to the primary winding = Power output from the secondary winding. 

 

The directions of emf‘s E1 and E2 induced in the primary and secondary windings are such that, 

they always oppose the primary applied voltage V1. 

EMF Equation of a transformer: 

Consider a transformer having,  

N1 =Primary turns  

N2 = Secondary turns  

Φm = Maximum flux in the core  

Φm = Bm × A webers 

f= frequency of ac input in hertz (Hz) 



 

The flux in the core will vary sinusoidal as shown in figure, so that it increases from zero to 

maximum “ϕm” in one quarter of the cycle i.e, 1/4f second. 

 

i.e, E1 =4.44fφm×N1 = 4.44fBm×A×N1  

Similarly;  

E2= 4.44 f φm × N2 = 4.44 f Bm × A × N2 

 



Transformation Ratio:   

(1) Voltage Transformation Ratio  

(2) Current Transformation Ratio 

Voltage Transformation Ratio:  
Voltage transformation ratio can be defined as the ratio of the secondary voltage to the primary 

voltage denoted by K. 

 

Current Transformation Ratio: 

Consider an ideal transformer and we have the input voltampere is equal to output voltampere.  

Mathematically, Input Voltampere = Output Voltampere 

 

 

 

 

 



TRANSFORMER ON NO-LOAD 

Theory of Transformer On No-load, and Having No Winding Resistance and No Leakage Reactance 

of Transformer 

Let us consider one electrical transformer with only core losses, which means, it has only core 

losses but no copper loss and no leakage reactance of transformer. When an alternating source is 

applied in the primary, the source will supply the current for magnetizing the core of 

transformer.  

But this current is not the actual magnetizing current, it is little bit greater than actual 

magnetizing current. Actually, total current supplied from the source has two components, one is 

magnetizing current which is merely utilized for magnetizing the core and other component of 

the source current is consumed for compensating the core losses in transformer. Because of this 

core loss component, the source current in transformer on no-load condition supplied from the 

source as source current is not exactly at 90° lags of supply voltage, but it lags behind an angle θ 

is less than 90°. If total current supplied from source is Io, it will have one component in phase 

with supply voltage V1 and this component of the current Iw is core loss component. This 

component is taken in phase with source voltage, because it is associated with active or working 

losses in transformer. Other component of the source current is denoted as Iμ. This component 

produces the alternating magnetic flux in the core, so it is watt-less; means it is reactive part of 

the transformer source current. Hence Iμ will be in quadrature with V1 and in phase with 

alternating flux Φ.  

Hence, total primary current in transformer on no-load condition can be represented as 

 

Now you have seen how simple is to explain the theory of transformer in no-load. 



 

TRANSFORMER ON LOAD  

 
Theory of Transformer On Load But Having No Winding Resistance and Leakage 

Reactance  

Now we will examine the behavior of above said transformer on load, that means load is 

connected to the secondary terminals. Consider, transformer having core loss but no copper loss 

and leakage reactance. Whenever load is connected to the secondary winding, load current will 

start to flow through the load as well as secondary winding. This load current solely depends 

upon the characteristics of the load and also upon secondary voltage of the transformer. This 

current is called secondary current or load current, here it is denoted as I2. As I2 is flowing 

through the secondary, a self mmf in secondary winding will be produced. Here it is N2I2, 

where, N2 is the number of turns of the secondary winding of transformer. 

 



This mmf or magneto motive force in the secondary winding produces flux φ2. This φ2 will oppose 

the main magnetizing flux and momentarily weakens the main flux and tries to reduce primary self 

induced emf E1. If E1 falls down below the primary source voltage V1, there will be an extra current 

flowing from source to primary winding. This extra primary current I2′ produces extra flux φ′ in the 

core which will neutralize the secondary counter flux φ2. Hence the main magnetizing flux of core, 

Φ remains unchanged irrespective of load. 

So total current, this transformer draws from source can be divided into two components, first one 

is utilized for magnetizing the core and compensating the core loss i.e. Io. It is no-load component of 

the primary current. Second one is utilized for compensating the counter flux of the secondary 

winding. It is known as load component of the primary current. Hence total no load primary current 

I1 of a electrical power transformer having no winding resistance and leakage reactance can be 

represented as follows 

 

Where θ2 is the angle between Secondary Voltage and Secondary Current of transformer. Now we 

will proceed one further step toward more practical aspect of a transformer. 

Losses in Transformer:  

Losses of transformer are divided mainly into two types:  

1. Iron Loss  

2. Copper Losses  

IRON LOSS:  

This is the power loss that occurs in the iron part. This loss is due to the alternating frequency of 

the emf. Iron loss in further classified into two other losses.  

a) Eddy current loss  

b) Hysterisis loss 

a) Eddy Current Loss:  

This power loss is due to the alternating flux linking the core, which will induced an emf in the 

core called the eddy emf, due to which a current called the eddy current is being circulated in the 

core. As there is some resistance in the core with this eddy current circulation converts into heat 



called the eddy current power loss. Eddy current loss is proportional to the square of the supply 

frequency.  

b) Hysterisis Loss:  

This is the loss in the iron core, due to the magnetic reversal of the flux in the core, which results 

in the form of heat in the core. This loss is directly proportional to the supply frequency.  

Eddy current loss can be minimized by using the core made of thin sheets of silicon steel 

material, and each lamination is coated with varnish insulation to suppress the path of the eddy 

currents. Hysterisis loss can be minimized by using the core material having high permeability. 

COPPER LOSS:  
This is the power loss that occurs in the primary and secondary coils when the transformer is on load. 

This power is wasted in the form of heat due to the resistance of the coils. This loss is proportional to 

the sequence of the load hence it is called the Variable loss where as the Iron loss is called as the 

Constant loss as the supply voltage and frequency are constants 

EFFICIENCY:  

It is the ratio of the output power to the input power of a transformer  

Input = Output + Total losses  

= Output + Iron loss + Copper loss 

 



 

where,  

Wcopper is the copper loss at full load  

Wcopper = I2R watts 

CONDITION FOR MAXIMUM EFFICIENCY:  

In general for the efficiency to be maximum for any device the losses must be minimum. Between 

the iron and copper losses the iron loss is the fixed loss and the copper loss is the variable loss. When 

these two losses are equal and also minimum the efficiency will be maximum.  

Therefore the condition for maximum efficiency in a transformer is  

Copper loss = Iron loss 



 

O.C. and S.C. Tests on Single Phase Transformer 

The efficiency and regulation of a transformer on any load condition and at any power factor 

condition can be predetermined by indirect loading method. In this method, the actual load is not 

used on transformer. But the equivalent circuit parameters of a transformer are determined by 

conducting two tests on a transformer which are,  

1. Open circuit test (O.C Test) 2. Short circuit test (S.C.Test)  

The parameters calculated from these test results are effective in determining the regulation and 

efficiency of a transformer at any load and power factor condition, without actually loading the 

transformer. The advantage of this method is that without much power loss the tests can be 

performed and results can be obtained. Let us discuss in detail how to perform these tests and 

how to use the results to calculate equivalent circuit parameters. 

Open Circuit Test (O.C. Test)  

 

The experimental circuit to conduct O.C test is shown in the Fig. 1. 



 

The transformer primary is connected to a.c. supply through ammeter, wattmeter and variac. The 

secondary of transformer is kept open. Usually low voltage side is used as primary and high voltage 

side as secondary to conduct O.C tes 

The primary is excited by rated voltage, which is adjusted precisely with the help of a variac. 

The wattmeter measures input power. The ammeter measures input current. The voltemeter gives 

the value of rated primary voltage applied at rated frequency.  

Sometimes a voltmeter may be connected across secondary to measure secondary voltage which 

is V2 = E2 when primary is supplied with rated voltage. As voltmeter resistance is very high, 

though voltmeter is connected, secondary is treated to be open circuit as voltmeter current is 

always negligibly small.  

When the primary voltage is adjusted to its rated value with the help of variac, readings of 

ammeter and wattmeter are to be recorded. 

Let,  

Vo = Rated voltage Wo = Input power Io = Input current = no load current  

As transformer secondary is open, it is on no load. So current drawn by the primary is no load 

current Io. The two components of this no load current are,  

Im = Io sin Φo 

Ic = Io cos Φo 



where cos Φo = No load power factor  

And hence power input can be written as,  

Wo = Vo Io cos Φo 

As secondary is open, I2 = 0. Thus its reflected current on primary is also zero. So we have 

primary current I1 =Io. The transformer no load current is always very small, hardly 2 to 4 % of 

its full load value. As I2 = 0, secondary copper losses are zero. And I1 = Io is very low hence 

copper losses on primary are also very very low. Thus the total copper losses in O.C. test are 

negligibly small. As against this the input voltage is rated at rated frequency hence flux density 

in the core is at its maximum value. Hence iron losses are at rated voltage. As output power is 

zero and copper losses are very low, the total input power is used to supply iron losses. This 

power is measured by the wattmeter i.e. Wo. Hence the wattmeter in O.C. test gives iron losses 

which remain constant for all the loads.  

... Wo = Pi = Iron losses 

Calculations : We know that, 

 Wo = Vo Io cos Φ  

cos Φo = Wo /(Vo Io ) = no load power factor  

Once cos Φo is known we can obtain, 

 Ic = Io cos Φo  and 

 Im = Io sin Φo 

 Once Ic and Im are known we can determine exciting circuit parameters as, 

 Ro = Vo /Ic Ω 

 and Xo = Vo /Im Ω 

Short Circuit Test (S.C. Test): 

 



The secondary is short circuited with the help of thick copper wire or solid link. As high voltage 

side is always low current side, it is convenient to connect high voltage side to supply and 

shorting the low voltage side.  

As secondary is shorted, its resistance is very very small and on rated voltage it may draw very 

large current. Such large current can cause overheating and burning of the transformer. To limit 

this short circuit current, primary is supplied with low voltage which is just enough to cause 

rated current to flow through primary which can be observed on an ammeter. The low voltage 

can be adjusted with the help of variac. Hence this test is also called low voltage test or reduced 

voltage test. The wattmeter reading as well as voltmeter, ammeter readings are recorded.  

Now the current flowing through the windings are rated current hence the total copper loss is full 

load copper loss. Now the voltage supplied is low which is a small fraction of the rated voltage. 

The iron losses are function of applied voltage. So the iron losses in reduced voltage test are very 

small. Hence the wattmeter reading is the power loss which is equal to full load copper losses as 

iron losses are very low.  

... Wsc = (Pcu) F.L. = Full load copper loss 

 Calculations : From S.C. test readings we can write,  

Wsc = Vsc Isc cos Φsc ...  

cos Φsc = Vsc Isc /Wsc = short circuit power factor  

Wsc = Isc2 R1e = copper loss ... 

 R1e =Wsc /Isc2  

while Z1e =Vsc /Isc = √(R1e2 + X1e2) 

Thus we get the equivalent circuit parameters R1e, X1e and Z1e. Knowing the transformation 

ratio K, the equivalent circuit parameters referred to secondary also can be obtained. Important 

Note : If the transformer is step up transformer, its primary is L.V. while secondary is H.V. 

winding. In S.C. test, supply is given to H.V. winding and L.V is shorted. In such case we 

connect meters on H.V. side which is transformer secondary through for S.C. test purpose H.V 

side acts as primary. In such case the parameters calculated from S.C. test readings are referred 

to secondary which are R2e, Z2e and X2e. So before doing calculations it is necessary to find out 



where the readings are recorded on transformer primary or secondary and accordingly the 

parameters are to be determined. In step down transformer, primary is high voltage itself to 

which supply is given in S.C. test. So in such case test results give us parameters referred to 

primary i.e. R1e, Z1e and X1e.  

Key point : In short, if meters are connected to primary of transformer in S.C. test, calculations 

give us R1e and Z1e if meters are connected to secondary of transformer in S.C. test calculations 

give us R2e and Z2e.  ... X1e = √(Z1e2 - R1e2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT-IV 
AC MACHINES 

SYNCHRONOUS MACHINES: 

The synchronous motor and induction motor are the most widely used types of AC motor. The 

difference between the two types is that the synchronous motor rotates in exact synchronism with 

the line frequency. The synchronous motor does not rely on current induction to produce the 

rotor's magnetic field. By contrast, the induction motor requires "slip", the rotor must rotate 

slightly slower than the AC current alternations, to induce current in the rotor winding. Small 

synchronous motors are used in timing applications such as in synchronous clocks, timers in 

appliances, tape recorders and precision servomechanisms in which the motor must operate at a 

precise speed; speed accuracy is that of the power line frequency, which is carefully controlled in 

large interconnected grid systems.  

These machines are commonly used in analog electric clocks, timers and other devices where 

correct time is required. In high-horsepower industrial sizes, the synchronous motor provides two 

important functions. First, it is a highly efficient means of converting AC energy to work. 

Second, it can operate at leading or unity power factor and thereby provide power-

factorcorrection.  

Synchronous motors fall under the more general category of synchronous machines which also 

includes the synchronous generator. Generator action will be observed if the field poles are 

"driven ahead of the resultant air-gap flux by the forward motion of the prime mover". Motor 

action will be observed if the field poles are "dragged behind the resultant air-gap flux by the 

retarding torque of a shaft load".  

There are mainly two types of rotor used in construction of alternator,  

1. Salient pole type.  

2. Cylindrical rotor type.  

 

 

 



CONSTRUCTION OF SALIENT POLE ROTOR MACHINES  

The construction of a synchronous motor(with salient pole rotor) is as shown in the figure at left. 

Just like any other motor, it consists of a stator and a rotor. The stator core is constructed with 

thin silicon lamination and insulated by a surface coating, to minimize the eddy current and 

hysteresis losses. The stator has axial slots inside, in which three phase stator winding is placed. 

The stator is wound with a three phase winding for a specific number of poles equal to the rotor 

poles.  

The rotor in synchronous motors is mostly of salient pole type. DC supply is given to the rotor 

winding via slip-rings. The direct current excites the rotor winding and creates electromagnetic poles. 

In some cases permanent magnets can also be used. The figure above illustrates the construction of a 

synchronous motor very briefly. 

 

 

Working principle of salient pole synchronous machine 

The stator is wound for the similar number of poles as that of rotor, and fed with three phase AC 

supply. The 3 phase AC supply produces rotating magnetic field in stator. The rotor winding is fed 

with DC supply which magnetizes the rotor. Consider a two pole synchronous machine as shown in 

figure below. 

 



 

Now, the stator poles are revolving with synchronous speed (lets say clockwise). If the rotor 

position is such that, N pole of the rotor is near the N pole of the stator (as shown in first 

schematic of above figure), then the poles of the stator and rotor will repel each other, and the 

torque produced will be anticlockwise  

 

The stator poles are rotating with synchronous speed, and they rotate around very fast and 

interchange their position. But at this very soon, rotor can not rotate with the same angle (due to 

inertia), and the next position will be likely the second schematic in above figure. In this case, 

poles of the stator will attract the poles of rotor, and the torque produced will be clockwise.  

 

 
Hence, the rotor will undergo to a rapidly reversing torque, and the motor will not start.  

But, if the rotor is rotated upto the synchronous speed of the stator by means of an external force (in 

the direction of revolving field of the stator), and the rotor field is excited near the synchronous 

speed, the poles of stator will keep attracting the opposite poles of the rotor (as the rotor is also, now, 

rotating with it and the position of the poles will be similar throughout the cycle). Now, the rotor will 

undergo unidirectional torque. The opposite poles of the stator and rotor will get locked with each 

other, and the rotor will rotate at the synchronous speed.  

The salient features of pole field structure has the following special feature-  

1. They have a large horizontal diameter compared to a shorter axial length.  

2. The pole shoes covers only about 2/3rd of pole pitch.  

 

3. Poles are laminated to reduce eddy current loss.  

4. The salient pole type motor is generally used for low speed operations of around 100 to 400 rpm, 

and they are used in power stations with hydraulic turbines or diesel engines.  



Construction of round (or) cylindrical rotor synchronous machine 

 

 

The cylindrical rotor is generally used for very high speed operation and are employed in steam 

turbine driven alternators like turbo generators. The cylindrical rotor type machine has uniform 

length in all directions, giving a cylindrical shape to the rotor thus providing uniform flux cutting in 

all directions. The rotor in this case consists of a smooth solid steel cylinder, having a number of 

slots along its outer periphery for hosing the field coils.  

The cylindrical rotor alternators are generally designed for 2-pole type giving very high speed of Ns = 

(120 × f)/P = (120 × 50) / 2 = 3000 rpm. Or 4-pole type running at a speed of Ns = (120 × f) / P = 

(120 × 50) / 4 = 1500 rpm. Where f is the frequency of 50 Hz.  

The a cylindrical rotor synchronous generator does not have any projections coming out from the 

surface of the rotor, rather central polar area are provided with slots for housing the field windings as 

we can see from the diagram above. The field coils are so arranged around these poles that flux 

density is maximum on the polar central line and gradually falls away as we move out towards the 

periphery. The cylindrical rotor type machine gives better balance and quieter-operation along with 

lesser windage losses. 

 

 

 

 

 



Synchronous speed 

 

EMF Equation  
Consider following  

Φ= flux per pole in wb  

P = Number of poles  

Ns = Synchronous speed in rpm  

f = frequency of induced emf in Hz  

Z = total number of stator conductors  

Zph = conductors per phase connected in series 

Tph = Number of turns per phase  

Assuming concentrated winding, considering one conductor placed in a slot  

According to Faraday's Law electromagnetic induction,  

The average value of emf induced per conductor in one revolution  

eavg = dΦ /dt  

eavg = Change of Flux in one revolution/ Time taken for one revolution  

Change of Flux in one revolution = p x Φ Time taken for one revolution = 60/Ns seconds. Hence 

eavg = (p x Φ ) / ( 60/Ns) = p x Φ x Ns / 60 We know f = PNs /120 hence PNs /60 = 2f Hence 



eavg = 2 Φ f volts Hence average emf per turn = 2 x 2 Φ f volts = 4Φf volts If there are Tph, 

number of turns per phase connected in series, then average emf induced in Tph turns is  

Eph,avg = Tph x eavg = 4 f Φ Tph volts  

Hence RMS value of emf induced E = 1.11 x Eph, avg  

= 1.11 x 4 Φ f Tph volts 

 = 4.44 f Φ Tph volts Eph,avg 

= 4.44 f Φ Tph volts 

This is the general emf equation for the machine having concentrated and full pitched winding.In 

practice, alternators will have short pitched winding and hence coil span will not be 180o(degrees), 

but on or two slots short than the full pitch.  

If we assume effect of  

Kd= Distribution factor  

Kc or KP = Cos α/2  

Eph,avg= 4.44Kc Kd f Φ Tph volts 

This is the actual available voltage equation of an alternator per phase.If alternator or AC Generator 

is Star Connected as usually the case, then the Line Voltage is √3 times the phase voltage. 

Voltage regulation by synchronous impedance method 

This method is also called E.M.F. method of determining the regulation. The method requires 

following data to calculate the regulation.  

1. The armature resistance per phase (Ra).  

2. Open circuit characteristics which is the graph of open circuit voltage against the field current. 

This is possible by conducting open circuit test on the alternator.  

3. Short circuit characteristics which is the graph of short circuit current against field current. 

This is possible by conducting short circuit test on the alternator.  

Let us see, the circuit diagram to perform open circuit as well as short circuit test on the 

alternator. The alternator is coupled to a prime mover capable of driving the alternator at its 

synchronous speed. The armature is connected to the terminals of a switch. The other terminals 

of the switch are short circuited through an ammeter. The voltmeter is connected across the lines 

to measure the open circuit voltage of the alternator.  

 

 



 

 

The field winding is connected to a suitable d.c. supply with rheostat connected in series. The 

field excitation i.e. field current can be varied with the help of this rheostat. The circuit diagram 

is shown in the Fig. 

Open Circuit Test  

Procedure to conduct this test is as follows :  

i) Start the prime mover and adjust the speed to the synchronous speed of the alternator.  

ii) Keeping rheostat in the field circuit maximum, switch on the d.c. supply.  

iii) The T.P.S.T switch in the armature circuit is kept open.  

iv) With the help of rheostat, field current is varied from its minimum value to the rated value. 

Due to this, flux increasing the induced e.m.f. Hence voltmeter reading, which is measuring line 

value of open circuit voltage increases. For various values of field current, voltmeter readings are 

observed. 

Short Circuit Test  

After completing the open circuit test observation, the field rheostat is brought to maximum 

position, reducing field current to a minimum value. The T.P.S.T switch is closed. As ammeter 

has negligible resistance, the armature gets short circuited. Then the field excitation is gradually 

increased till full load current is obtained through armature winding. This can be observed on the 

ammeter connected in the armature circuit. The graph of short circuit armature current against 



field current is plotted from the observation table of short circuit test. This graph is called short 

circuit characteristics, S.C.C. This is also shown in the Fig.  

The S.C.C. is a straight line graph passing through the origin while O.C.C. resembles B-H curve 

of a magnetic material.  

Note : As S.C.C. is straight line graph, only one reading corresponding to full load armature 

current along with the origin is sufficient to draw the straight line.  

Determination of From O.C.C. and S.C.C.  

The synchronous impedance of the alternator changes as load condition changes. O.C.C. and 

S.C.C. can be used to determine Zs for any load and load p.f. conditions.  

In short circuit test, external load impedance is zero. The short circuit armature current is 

circulated against the impedance of the armature winding which is Zs. The voltage responsible 

for driving this short circuit current is internally induced e.m.f. This can be shown in the 

equivalent circuit drawn  

 

3-PHASE INDUCTION MOTORS: 

The most common type of AC motor being used throughout the work today is the "Induction 

Motor". Applications of three-phase induction motors of size varying from half a kilowatt to 

thousands of kilowatts are numerous. They are found everywhere from a small workshop to a 

large manufacturing industry.  

The advantages of three-phase AC induction motor are listed below:  

• Simple design  

• Rugged construction  

• Reliable operation  

• Low initial cost  

• Easy operation and simple maintenance  

• Simple control gear for starting and speed control  

• High efficiency. 

Induction motor is originated in the year 1891 with crude construction (The induction machine  

principle was invented by NIKOLA TESLA in 1888.). Then an improved construction with  

distributed stator windings and a cage rotor was built.  



The slip ring rotor was developed after a decade or so. Since then a lot of improvement has taken  

place on the design of these two types of induction motors. Lot of research work has been carried  

out to improve its power factor and to achieve suitable methods of speed control.  

4.2 Types and Construction of Three Phase Induction Motor  

Three phase induction motors are constructed into two major types:  

1. Squirrel cage Induction Motors  

2. Slip ring Induction Motors  

4.2.1 Squirrel cage Induction Motors  

(a) Stator Construction  

The induction motor stator resembles the stator of a revolving field, three phase alternator. The 

stator or the stationary part consists of three phase winding held in place in the slots of a 

laminated steel core which is enclosed and supported by a cast iron or a steel frame as shown in Fig: 

4.1(a).  

The phase windings are placed 120 electrical degrees apart and may be connected in either star or 

delta externally, for which six leads are brought out to a terminal box mounted on the frame of the 

motor.When the stator is energized from a three phase voltage it will produce a rotating magnetic 

field in the stator core. 

 

(b) Rotor Construction  



The rotor of the squirrel cage motor shown in Fig: 4.1(b) contains no windings. Instead it is a 

cylindrical core constructed of steel laminations with conductor bars mounted parallel to the 

shaft and embedded near the surface of the rotor core.  

These conductor bars are short circuited by an end rings at both end of the rotor core. In large 

machines, these conductor bars and the end rings are made up of copper with the bars brazed or 

welded to the end rings shown in Fig: 4.1(b).In small machines the conductor bars and end rings 

are sometimes made of aluminium with the bars and rings cast in as part of the rotor core. 

Actually the entire construction (bars and end-rings) resembles a squirrel cage, from which the 

name is derived.  

The rotor or rotating part is not connected electrically to the power supply but has voltage 

induced in it by transformer action from the stator. For this reason, the stator is sometimes called 

the primary and the rotor is referred to as the secondary of the motor since the motor operates on 

the principle of induction and as the construction of the rotor with the bars and end rings 

resembles a squirrel cage, the squirrel cage induction motor is used. 

The rotor bars are not insulated from the rotor core because they are made of metals having less  

Resistance than the core. The induced current will flow mainly in them. Also the rotor bars are 

usually not quite parallel to the rotor shaft but are mounted in a slightly skewed position. This 

feature tends to produce a more uniform rotor field and torque. Also it helps to reduce some of 

the internal magnetic noise when the motor is running.  

(c) End Shields  

The function of the two end shields is to support the rotor shaft. They are fitted with bearings and  

Attached to the stator frame with the help of studs or bolts attention. 

Slip ring Induction Motors 

(a) Stator Construction  

The construction of the slip ring induction motor is exactly similar to the construction of squirrel  

cage induction motor. There is no difference between squirrel cage and slip ring motors.  

(b) Rotor Construction  

 The rotor of the slip ring induction motor is also cylindrical or constructed of lamination.  



 Squirrel cage motors have a rotor with short circuited bars whereas slip ring motors have 

wound rotors having "three windings" each connected in star.  

 The winding is made of copper wire. The terminals of the rotor windings of the slip ring 

motors are brought out through slip rings which are in contact with stationary brushes The 

Advantages of the Slipring Motor  

• It has susceptibility to speed control by regulating rotor resistance.  

• High starting torque of 200 to 250% of full load value.  

• Low starting current of the order of 250 to 350% of the full load current.  

Hence slip ring motors are used where one or more of the above requirements are to be met.   

 

Comparison of Squirrel Cage and Slip Ring Motor 

 



 

 

 

Principle of Operation 

The operation of a 3-phase induction motor is based upon the application of Faraday Law and the  



Lorentz force on a conductor. The behaviour can readily be understood by means of the 

following example.  

Consider a series of conductors of length l, whose extremities are short-circuited by two bars A 

and B (Fig.3.3 a). A permanent magnet placed above this conducting ladder, moves rapidly to 

the right at a speed v, so that its magnetic field B sweeps across the conductors. The following 

sequence of events then takes place.  

1. A voltage E = Blv is induced in each conductor while it is being cut by the flux (Faraday law).  

2. The induced voltage immediately produces a current I, which flows down the conductor 

underneath the pole face, through the end-bars, and back through the other conductors.  

3. Because the current carrying conductor lies in the magnetic field of the permanent magnet, it 

experiences a mechanical force (Lorentz force).  

4. The force always acts in a direction to drag the conductor along with the magnetic field. If the 

conducting ladder is free to move, it will accelerate toward the right. However, as it picks up 

speed, the conductors will be cut less rapidly by the moving magnet, with the result that the 

induced voltage E and the current I will diminish. Consequently, the force acting on the 

conductors wilt also decreases. If the ladder were to move at the same speed as the magnetic 

field, the induced voltage E, the current I, and the force dragging the ladder along would all 

become zero. 

In an induction motor the ladder is closed upon itself to form a squirrel-cage (Fig.3.3b) and the 

moving magnet is replaced by a rotating field. The field is produced by the 3-phase currents that  

flow in the stator windings. 



 

SLIP 

 



Frequency of rotor current

 

Rotating Magnetic Field and Induced Voltages  

Consider a simple stator having 6 salient poles, each of which carries a coil having 5 turns 

(Fig.4.4). Coils that are diametrically opposite are connected in series by means of three jumpers  

that respectively connect terminals a-a, b-b, and c-c. This creates three identical sets of windings  

AN, BN, CN, which are mechanically spaced at 120 degrees to each other. The two coils in each  

winding produce magneto motive forces that act in the same direction.  

The three sets of windings are connected in wye, thus forming a common neutral N. Owing to 

the perfectly symmetrical arrangement, the line to neutral impedances are identical. In other 

words, as regards terminals A, B, C, the windings constitute a balanced 3-phase system. For a 

two-pole machine, rotating in the air gap, the magnetic field (i.e., flux density) being sinusoidally 

distributed with the peak along the centre of the magnetic poles. The result is illustrated in Fig.4.5. 

The rotating field will induce voltages in the phase coils aa', bb', and cc'. Expressions for the induced 

voltages can be obtained by using Faraday laws of induction. 

TORQUE – SPEED CHARACTERISTICS  

For small values of slip s, the torque is directly proportional to s.  

For large values of slip s, the torque is inversely proportional to s. 



 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT V 

RECTIFIERS & LINEAR IC 

 

Semiconductor diodes are active devices which are extremely important for various electrical 

and electronic circuits. Diodes are active non-linear circuit elements with non-linear voltage-

current characteristics. Diodes are used in a wide variety of applications in communication 

systems (limiters, gates, clippers, mixers), computers (clamps, clippers, logic gates), radar 

circuits (phase detectors, gain-control circuits, power detectors, parameter amplifiers), radios 

(mixers, automatic gain control circuits, message detectors), and television (clamps, limiters, 

phase detectors, etc). The ability of diodes to allow the flow of current in only one direction is 

commonly exploited in these applications. Another common application of diodes is in rectifiers 

for power supplies. 

In this chapter we will study some simple diodes and their application in rectifier circuits for 

power supplies. Three basic types of rectifier circuits will be studied. Rectifiers are mainly used 

in power supplies where an AC signal is to be converted to DC. The DC voltage is obtained by 

passing the rectifier’s output through a filter to remove the ripple (AC components). Although, 

various types of filters (covered in the chapter on Frequency Response) can be used, in this 

chapter we will limit our analysis to the simplest type of filter using a capacitor. 

The schematic symbol of a diode is shown below. The arrow of the circuit symbol shows the 

direction in which 

the current can flow. 

The diode has two terminals, a cathode and an anode as shown in Figure 1. If a negative voltage 

is applied to the cathode and a positive voltage to the anode, the diode is forward biased and 

conducts. The diode acts nearly as a short circuit. If the polarity of the applied voltage is 

changed, the diode is reverse biased and does not conduct. The diode acts very much as an open 

circuit. Finally, if the voltage vD is more negative than the Reverse Breakdown voltage (also 

called the Zener voltage, VZ), the diode conducts again, but in a reverse direction. The voltage 

versus current characteristics of a silicon 

diode is shown in Figure 2. 

 



 

Forward Voltage Drop 

Electricity uses up a little energy pushing its way through the diode, rather like a person pushing 

through a door with a spring. This means that there is a small voltage across a conducting diode, 

it is called the forward voltage drop and is about 0.7V for all normal diodes which are made 

from silicon. The forward voltage drop of a diode is almost constant whatever the current passing 

through the diode so they have a very steep characteristic (refer to current-voltage graph). 

 

Reverse Voltage 

Though we say that a diode does not conduct in the reverse direction, there are limits to the 

reverse electrical pressure that can be applied. The manufacturers of diodes specify a peak 

inverse voltage (PIV) that the diode can safely withstand. If this is exceeded, the diode will fail 



and allow a large current to flow in the reverse direction. This voltage is also called the Reverse 

Breakdown voltage. 

 

Ideal Diode 

For most practical applications, the operating voltage is high, and the forward voltage drop is 

negligible in comparison. The voltage-current characteristics of a diode (shown in figure 3) 

suggest that we can use the following model of an ideal diode for all practical purposes (i.e., 

ignoring the forward voltage drop). The ideal diode acts as a short circuit for forward currents 

and as an open circuit with reverse voltage applied 

Diode Rectifier Circuits 

One of the important applications of a semiconductor diode is in rectification of AC signals to 

DC. Diodes are very commonly used for obtaining DC voltage supplies from the readily 

available AC voltage. There are many possible ways to construct rectifier circuits using diodes. 

 The three basic types of rectifier circuits are: 

 The Half Wave Rectifier 

 The Full Wave Rectifier 

 The Bridge Rectifier 

In the remaining sections of this chapter, we will study the operation of these circuits in detail, 

and study their application in power supply circuits. 

Half-wave Rectifier 

The easiest rectifier to understand is the half wave rectifier. A simple half-wave rectifier using an 

ideal diode and a load is shown in Figure 4. 

Circuit operation 

Let’s look at the operation of this single diode rectifier when connected across an alternating 

voltage source vs. Since the diode only conducts when the anode is positive with respect to the 

cathode, current will flow only during the positive half cycle of the input voltage 



 

During the positive half cycle of the source, the ideal diode is forward biased and operates as a 

closed switch. The source voltage is directly connected across the load. During the negative half 

cycle, the diode is reverse biased and acts as an open switch. The source voltage is disconnected 

from the load. As no current flows through the load, the load voltage vo is zero. Both the load 

voltage and current are of one polarity and hence said to be rectified. The waveforms for source 

voltage vS and output voltage vo are shown in figure 5. 

 

Figure 5: Source and output voltages 

We notice that the output voltage varies between the peak voltage Vm and zero in each cycle. 

This variation is called “ripple”, and the corresponding voltage is called the peak-to-peak ripple 

voltage, Vp-p. 



Average load voltage and current 

If a DC voltmeter is connected to measure the output voltage of the half-wave rectifier (i.e., 

across the load resistance), the reading obtained would be the average load voltage Vave, also 

called the DC output voltage. The meter averages out the pulses and displays this average. 

 

The Full-Wave Rectifier 

The full wave rectifier consists of two diodes and a resister as shown in Figure 12. 

The transformer has a centre-tapped secondary winding. This secondary winding has a lead 

attached to the centre of the winding. The voltage from the centre tap to either end terminal on 

this winding is equal to one half of the total voltage measured end-to-end. 

Circuit Operation 

Figure 12 shows the operation during the positive half cycle of the full wave rectifier. Note that 

diode D1 is forward biased and diode D2 is reverse biased. Note the direction of the current 

through the load. 
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During the negative half cycle, (figure 13) the polarity reverses. Diode D2 is forward biased and 

diode D1 is reverse biased. Note that the direction of current through the load has not changed 

even though the secondary voltage has changed polarity. Thus another positive half cycle is 

produced across the load. 

 

 

 



 

 



 

The Full Wave Bridge Rectifier 

In many power supply circuits, the bridge rectifier (Figure 17) is used. The bridge rectifier 

produces almost double the output voltage as a full wave center-tapped transformer rectifier 

using the same secondary voltage. The advantage of using this circuit is that no center-tapped 

transformer is required. 

Basic Circuit Operation 

During the positive half cycle (Figure 17) , both D3 and D1 are forward biased. At the same 

time, both D2 and D4 are reverse biased. Note the direction of current flow through the load. 

During the negative half cycle (Figure 18) D2 and D4 are forward biased and D1 and D3 are 

reverse biased. Again note that current through the load is in the same direction although the 

secondary winding polarity has reversed. 

 



Peak Inverse Voltage 

In order to understand the Peak Inverse Voltage across each diode, look at figure 19 below. It is a 

simplified version of figure 17 showing the circuit conditions during the positive half cycle. The 

load and ground connections are removed because we are concerned with the diode conditions 

only. In this circuit, diodes D1 and D3 are forward biased and act like closed switches. They can 

be replaced with wires. Diodes D2 and D4 are reverse biased and act like open switches. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT VI 

TRANSISTORS 

We know that generally the transistor has three terminals – emitter (E), base (B) and collector. 

But in the circuit connections we need four terminals, two terminals for input and another two 

terminals for output. To overcome these problems we use one terminal as common for both input 

and output actions. Using this property we construct the circuits and these structures are called 

transistor configurations. Generally the transistor configurations are three types they are common 

base (CB) configuration, common collector (CC) configuration and common emitter (CE) 

configuration. The behavior of these three configurations with respect to gain is given below. 

 Common Base (CB) Configuration: no current gain but voltage gain 

 Common Collector (CC) Configuration: current gain but no voltage gain 

 Common Emitter (CE) Configuration: current gain and voltage gain 

 

 Common Base Configuration 

 

 

 In this configuration we use base as common terminal for both input and output signals. 

The configuration name itself indicates the common terminal. Here the input is applied 

between the base and emitter terminals and the corresponding output signal is taken 

between the base and collector terminals with the base terminal grounded. Here the input 

parameters are VEB and IE and the output parameters are VCB and IC. The input current 



flowing into the emitter terminal must be higher than the base current and collector 

current to operate the transistor, therefore the output collector current is less than the 

input emitter current. 

 The current gain is generally equal or less than to unity for this type of configuration. The 

input and output signals are in-phase in this configuration. The amplifier circuit 

configuration of this type is called as non-inverting amplifier circuit. The construction of 

this configuration circuit is difficult because this type has high voltage gain values. 

 

The input characteristics of this configuration are looks like characteristics of illuminated photo 

diode while the output characteristics represents a forward biased diode. This transistor 

configuration has high output impedance and low input impedance. This type of configuration 

has high resistance gain i.e. ratio of output resistance to input resistance is high. The voltage gain 

for this configuration of circuit is given below. 

AV = Vout/Vin = (IC*RL) / (IE*Rin) 

Current gain in common base configuration is given as 

α = Output current/Input current 

α = IC/IE 

Input Characteristics 

Input characteristics are obtained between input current and input voltage with constant output 

voltage. First keep the output voltage VCB constant and vary the input voltage VEB for different 

points then at each point record the input current IE value. Repeat the same process at different 

output voltage levels. Now with these values we need to plot the graph between IE and 

VEB parameters. The below figure show the input characteristics of common base configuration. 

The equation to calculate the input resistance Rin value is given below. 



Rin = VEB / IE (when VCB is constant) 

 

Output Characteristics 

The output characteristics of common base configuration are obtained between output current 

and output voltage with constant input current. First keep the emitter current constant and vary 

the VCB value for different points, now record the IC values at each point. Repeat the same 

process at different IE values. Finally we need to draw the plot between VCB and IC at constant 

IE. The below figure show the output characteristics of common base configuration. The equation 

to calculate the output resistance value is given below. 

Rout = VCB / IC (when IE is constant) 

 

 

 

 

 



Common Collector Configuration 

 

 

In this configuration we use collector terminal as common for both input and output signals. This 

configuration is also known as emitter follower configuration because the emitter voltage follows 

the base voltage. This configuration is mostly used as a buffer. These configurations are widely 

used in impedance matching applications because of their high input impedance. 

In this configuration the input signal is applied between the base-collector region and the output 

is taken from the emitter-collector region. Here the input parameters are VBC and IB and the 

output parameters are VEC and IE. The common collector configuration has high input 

impedance and low output impedance. The input and output signals are in phase. Here also the 

emitter current is equal to the sum of collector current and the base current. Now let us calculate 

the current gain for this configuration. 

Current gain, 

Ai = output current/Input current 

                        Ai = IE/IB 



                        Ai = (IC + IB)/IB 

                        Ai = (IC/IB) + 1 

                         Ai = β + 1 

 

The common collector transistor circuit is shown above. This common collector configuration is 

a non inverting amplifier circuit. The voltage gain for this circuit is less than unity but it has 

large current gain because the load resistor in this circuit receives both the collector and base 

currents. 

The input characteristics of a common collector configuration are quite different from the 

common base and common emitter configurations because the input voltage VBC is largely 

determined by VEC level. Here, 

VEC = VEB + VBC 

VEB = VEC – VBC 

The input characteristics of a common-collector configuration are obtained between inputs 

current IB and the input voltage VCB at constant output voltage VEC. Keep the output voltage 

VEC constant at different levels and vary the input voltage VBC for different points and record the 



IB values for each point. Now using these values we need to draw a graph between the 

parameters of VBC and IB at constant VEC. 

 

Output Characteristics 

The operation of the common collector circuit is same as that of common emitter circuit. The 

output characteristics of a common collector circuit are obtained between the output voltage 

VEC and output current IE at constant input current IB. In the operation of common collector 

circuit if the base current is zero then the emitter current also becomes zero. As a result no 

current flows through the transistor 

If the base current increases then the transistor operates in active region and finally reaches to 

saturation region. To plot the graph first we keep the IB at constant value and we will vary the 

VEC value for various points, now we need to record the value of IE for each point. Repeat the 

same process for different IB values. Now using these values we need to plot the graph between 

the parameters of IE and VCE at constant values of IB. The below figure show the output 

characteristics of common collector. 
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