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SUBJECT- ELECTRICAL MACHINE-(Th-01) 

 

Chapter-1 

Electrical material 

Material  

It is basically the parts or element used in manufacturing of electrical devices, electrical machines 

and development of engineering and technology and also making of any electrical construction 

project is called electrical material. 

• This material may be conductor of semiconductor or insulator. 

• This can vary from a small house circuit to big as a large industrial plant. 

• It may be construction of building manufacturing of machine , generation of electricity of 

machine transmissions electricity from place to another place. 

Examples 

RCC ( Reinforced cement concrete) steel and iron , copper and aluminium , mica and rubber , 

alloy and glass etc. 

Depending upon using materials may be known as  

➢ Civil engineering material,--RCC 

➢ Electrical engineering material ---- Conductor 

➢ Mechanical engineering material------Aluminium and copper 

➢ Electronics engineering material ----- semiconductor 

➢ Nuclear engineering material ------ uranium 

 

 

1.1 Properties and uses of different conducting material 

Conducting material: 

SL NO CHAPTER TOPIC PERIODS 
NEEDED 

Expected 
marks 

01 1 ELECTRICAL MATERIAL 03 10 

02 2 DC GENERATOR 06 25 

03 3 DC MOTOR 09 25 

04 4 AC CIRCUITS 08 20 

05 5 TRANSFORMER 10 10 

06 6 INDUCTION MOTOR 09 10 

07 7 SINGLE PHASE INDUCTION MOTOR 06 10 

  TOTAL  51 110 



➢ The material which conduct electricity due to free electrons when an electric potential 

difference is applied across them are known as conducting material . 

➢ Conducting material are good conductor of electricity and heat. 

Example:-  

Gold, silver , copper, aluminium are the example of conducting material. 

Properties of conducting material  

Properties of copper 

➢ It is a good conductor of electricity and heat. 

➢ It is malleable. 

➢ It is ductile. 

➢ It is soft. 

➢ It is high thermal and electrical conductivity . 

Copper is a chemical element with symbol Cu(from latin name cuprum) and atomic no .29) 

Copper is reddish colour . 

➢ It has high conductivity . 

➢ The resistivity of copper 1.72*10-8 ohm-m 

➢ It has remarkable physical chemical and electrical properties. 

➢ Melting point of hard drawn copper is 10840 c 

➢ Density of hard drawn copper is 8.89 g/cm3 . 

➢ Copper offers high resistance to corrosion. 

➢ Boiling point of copper is 25950 c. 

➢ It has small contact resistance. 

➢ Tensile strength of copper is 350  MPa. 

Application of copper  

➢ Annealed copper used as low voltage power cables, winding wires for electrical machines 

and transformer, flexible  wires and making coils for many purpose. 

➢ Hard drawn copper is suitable for overhead conductor high voltage underground cable and 

brusher, power cable high voltage. 

➢ When copper ( pure form ) mixed with 10 to 30 % of nickel , then it used as contact material 

for control ralays , motor , starter switches and tap changer. 

Aluminium  

➢ This is also used conducting material. 

➢ Its conductivity is lower that of copper but is cheaper than copper 

➢ It is light weight material having specific gravity is 2.7 g/cm3 

➢ It is crystable , non phosphorus weak magnetic materials. 

➢ Its ultimate tensile strength is sufficiently ( about 50-70 mega pascal)which is lower the 

copper. 

➢ Boiling point of aluminium is 24700 c. 

➢ Its melting point is 655 degrees centigrade. 

➢ Aluminium is soft metal but when alloyed with some other material like magnesium , silicon 

, mechanical strength. 

Application. 

➢ Over head transmission line . 



➢ Domestic wiring. 

➢ Brush bars. 

➢ Rotor bar of squiralage IM 

➢ Overhead transmission line are now are made of aluminium conductors with steel 

reinforced. 

Insulating material: 

Any material that is able  to insulate i.e to prevent the flow of electricity through it when a 

difference of potential is applied across it is called insulator. 

The electric wiring in the house comprises conductors made of copper or aluminium and an plastic 

rubber of some of varnished cotton or cambric tap. 

Examples  

Glass, plastic, rubber, wad porcelain. Ceramic, oil fibre glass quartz. 

1.2 Properties of different insulating material and uses: 

Properties of glass 

➢ Glass is an inorganic material made by the fusion of different metallic oxide. 

➢ It is normally transparent brittle and hard. 

➢ It is insoluble in water and the usual organic solvents. 

➢ Different oxides involved in the manufacture of glass are those of silicon , boron, 

phosphorus, sodium , potassium, magnesium, calcium, zinc etc. 

Uses: 

Glass is uses very widely as moulded insulating devices such us electrical  

❖ Bushings 

❖ Fuse bodies 

❖ Insulator 

❖ Radio and television tubes 

❖ Laminated boards 

❖ Electrical lamps. 

Properties of ceramics: 

Ceramics are material made by high temperature, firing treatment of natural clay and certain 

inorganic matters. 

❖ Ceramics are hard , strong and dense. 

❖ Not affected by chemical action expect by strong acids and alkalies. 

❖ Stronger in compression than in tension. 

❖ Excellent dielectric properties . 

❖ Excellent dielectric properties . 

❖ Stability at high temperature likely to occur in electrical engineering application. 

❖ Weak in impact strength . 

Application. 

❖ Transformer brushing pens. 



❖ Suspension insulators for transmission and distribution lines. 

❖ Disconnecting switches. 

❖ Plugs , sockets and fuse holder. 

❖ Telephone insulator. 

❖ They are used in space industry because of their low weight. 

❖ They are used as cutting tools. 

❖ They are used as refractory materials. 

❖ They are used in electrical insulators. 

❖ They are used in thermal insulator. 

1.3 various magnetic materials and their uses. 

Magnetic material: 

The material which can be magnetised are called magnetic material when magnetises such material 

create magnetic field around them. 

Classification of magnetic material : 

The magnetic material are classified into following types based on the arrangement of their 

magnetic moments. 

i. Diamagnetism 

ii. Para magnetism 

iii. Ferro magnetism 

Diamagnetism 

❖ Diamagnetism substances are those substances which repealed by the magnets. 

❖ Ex- zinc, mercury, lead, tin , antimony, bismuth. 

❖ The permanent dipoles are called dia magnetic  

❖ Permeability of diamagnetic substances is less than one (µ<1) 

❖ Magnetic induction (B) in the diamagnetic substances is less than the strength of magnetism 

field (H) (B<H) 

❖ Susceptibility (k) of diamagnetic substances as negatives. 

Para magnetism:- 

 

  

 

 

 

❖ Para magnetism substances are those substances which are weakly attracted by the magnet. 

❖ Ex- Aluminium , platinum, oxygen, manganese, chromium etc. 

❖ The  permanent magnet are randomly oriented in paramagnetic materials. 

❖ Permeability of a para magnetic substances is slightly greater than one (µ>1) 

❖ Magnetic induction B is greater than H (B>H)  

❖ Susceptibility (s) of a para magnetic substances is positive. 



Ferro magnetism  

 

 

 

 

 

 

❖ Ferro magnetism substances are those substances which are strongly attracted by 

the magnets. 

❖ Ex- iron , cobalt , nickel etc. 

❖ Permeability of ferro magnetic substances is most grater than one (µ>>1) 

❖ Magnetic induction (B )  is most greater than H ( B>>H). 

❖ Susceptibility of ferro magnetic substances which is +ve 

Short  question with answers 

1-what is an electrical insulator? 

         Ans- An electrical insulator offers high insulation  resistance to the electric current .It should be 

non -porous 

2-write the name of any two solid insulator? 

Ans-The solid insulators are wood,Glass. 

3- write two properties of any electrical insulating material? 

Ans-the properties of electrical insulating material are – 

->High electrical resistance 

->Non -porous 

4-what is conductor? 

Ans-It is a material through which electricity could pass easily. 

Ex-copper, aluminium 

5- write any two conducting material? 

Ans-The conducting material are copper, aluminium. 

6- write the name of any two magnetic material? 

Ans- the magnetic material are silicon  steel and nickel-iron alloys. 

Long questions 

1-Explain various magnetic materials and their uses. 



2-write properties and uses of conducting material ? 

3-write shot notes on properties of insulating material? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter No-02 
 

D.C.GENERATOR 
 

2.1Construction ,principle and application of DC generator 



 
Definition: It is defined as a d.c Electric Machine which converts Mechanical Energy in to 
Electrical Energy. This energy conversion takes place in the armature only. 
 
Block Diagram:  

 
 
 

  
 

Principle: 
It works under the principle of dynamically induced e.m.f.(i.e. whenever a conductor moves 
under the influence of uniform magnetic field ,then according to faradays laws of 
electromagnetic induction , certain emf will be induced in the conductors.  ) 
 
- Construction: 
A D.C. generator has following important parts  
 
 

 
 
 
 
 
 Eye Bolt 
    This is a provision made on the yoke of a machine to lift or shift the machine from one 
place to another place easily. This is also called as magnetic frame. 
 
. Yoke 

                                    

Machine MECHANICAL ENERGY ELECTRICAL ENERGY 



  This is a outer covering of the machine which protects to all of its internal parts from entry 
of exteriors. This is a cylindrical drum like structure and made with silicon steel or cast steel. 
This is also called as magnetic frame. 
 Magnetic Poles:  

    
This is made up of cast iron or silicon steel having high permeability. It’s core is always 
laminated in order to reduce eddy current loss. It’s face or pole shoe is made curved in 
order to get uniform flux distribution. It is always fixed with the yoke of the machine.  
 
 
 Pole winding or Field Windings: 
  Several turns of copper wire with required gauge are wound over the pole body are called 
as field windings. Flux is produced from the magnetic pole when this winding is excited by a 
d.c. source. 

 Armature:  
           
 This is rotating part of the machine. It is a cylindrical drum like structure made up of 
ferromagnetic material having high permeability. Its surface has a number of slots & teeth. 
The grooves or holes are called as Slots but projected portions are called as teeth. 
 Armature windings: 
  Several turns of copper wires are embedded through the slots of the armature & are called 
as armature winding. These windings are of Lap & Wave connected. 
 
. Commutator:  
This is off course a rotating part of the machine mounted on the shaft and rotates in the 
same speed of the armature. The commutator is also called as Split Ring. This is made up of 
V shaped hard drawn copper lug. It has as many Segments as the number of armature coils. 
The main function of this commutator is to convert a.c. to d.c. 
 Brush: 
  This is a fixed part & kept in a holder called as brush holder. It is always pressed against the 
commutator surface. It is generally made up of Carbon which is a hardest material.The main 
function of this carbon is to collect direct current from the commutator surface. It also 
polishes the commutator surface.        



Working: 
 Using any prime mover, the armature of d.c. generator is rotated at its rated speed. At the 
same time, flux from the magnetic poles comes & links with the rotating armature 
conductors. According to the Faradays Electro Magnetic Induction, certain emf is induced in 
the armature conductors. This emf is alternating in nature but converted in to d.c. by means 
of commutator. This d.c. is being collected by the brushes & send to the external circuit for 
use. 
 
Application of dc generator 

• Dc shunt generator is used for charging the batteries. 

• Dc series generator is used as a booster. 

• Dc compound generator are used in lighting schemes and arc welding. 
 

2.2 classify DC generator including voltage Equation 

 
-Types of D.C. Generators 
         

Types of D.C. Generator 
 

 
 
 
Separately Excited                                  Self Excited  
D.C. Generator             
D.C. Generator 
            
  
 
 
 
               D.C. Shunt                                              D.C. Series                                   D.C. Compound 
 Generator                generator generator 
   
       
 
 
 
 
                                                                                                Long Shunt                           Short Shunt 
 
 
 
 
Separately Excited D.C. Generator: 
Definition: It is defined as a D.C. Generator in which it’s field windings are excited or 
energised by the help of external d.c. source. 
 Symbol & Circuit Diagram: 



 
 
  

Voltage Equation: 

Let, Eg =Generated emf  ,    V 
        V=Terminal or Supplied or Load Voltage,     V 
       Vb= Brush contact drop or voltage drop in each brush,   V 
       Ia  =  Armature Current ,     A 

       Ra = Armature winding Resistance or Armature Resistance,    Ω 

Applying KVL to the above closed circuit we get, 

           V 

 

Self  Excited D.C. Generator: 
Definition: It is defined as a D.C. Generator in which it’s field windings are excited or 
energised by the help of current produced of it’s own. It is of following three types  
 
a)D.C. Shunt Generator 
Definition: If field windings of a self excited d.c. generator are  connected in  parallel with  
the Armature windings or circuits then that type of generator is known as d.c. shunt 
generator. 
 Symbol & Circuit Diagram 

 
 

 
 

 
Let, Eg =Generated emf  ,    V 
        V=Terminal or Supplied or Load Voltage,     V 
       Vb= Brush contact drop or voltage drop in each brush,   V 
       Ia = Armature Current,     A 

     Eg = V+ Ia  Ra  +2 Vb 

 



     Ia = IL + Ish 

 

       Ish=Shunt field current, A       
       IL=Line or Load Current, A  
       Ra = Armature winding Resistance or Armature Resistance,    Ω 
       Rsh =Shunt field winding Resistance or Shunt Resistance,    Ω 
Current Relation: 
In the above figure, applying KCL at the node “B” we  get  
      
  A 
Voltage Equations or Voltage Relations : 
Applying KVL to the mesh relating to Load & Armature, we get  

 
  V 
Applying KVL to the mesh relating to Load &Field, we get 
             
 V 

Applying KVL to the mesh relating to Armature &Field, we get 
 V 

b)D.C. Series  Generator 
Definition: If field windings of a self excited d.c. generator are  connected in  series with  the 
Armature windings or circuits then that type of generator is known as d.c. series generator. 
 Symbol & Circuit Diagram: 
 

   

Let, Eg =Generated emf  ,    V 
        V=Terminal or Supplied or Load Voltage,     V 
       Vb= Brush contact drop or voltage drop in each brush,   V 
       Ia = Armature Current,     A 
       Ise=Series field current, A       
       IL=Line or Load Current, A  
       Ra = Armature winding Resistance or Armature Resistance,    Ω 
       Rse =Series field winding Resistance or Series Resistance,    Ω 
 
Current Relation: 
In the above figure,  A A A 
 
 

     Ia = IL + Ish 

 

     Eg = V+ Ia  Ra  +2 Vb 

 

     V= Ish Rsh 

 

     Eg + Ia  Ra = Ish Rsh 

 

     Ia = Ise =IL  



Voltage Equation or Voltage Relation : 
Applying KVL to the mesh relating to Load & Armature, we get  
 
 V 
 
c)D.C. Compound   Generator 
Definition: If field windings of a self excited d.c. generator are connected partially in series & 
parallel with the Armature windings or circuits then that type of generator is known as d.c. 
Compound generator. It is again of two types based on how the shunt field is connected 
with the armature. 
 
i)Long Shunt Compound Generator : 
Definition: In a compound generator, if the shunt field windings are connected across the 
armature & series field windings then it is called as Long Shunt Compound Generator. 
 Symbol & Circuit Diagram 

 
 

Let, Eg =Generated emf  ,    V 
        V=Terminal or Supplied or Load Voltage,     V 
       Vb= Brush contact drop or voltage drop in each brush,   V 
       Ia = Armature Current,     A 
       Ise=Series field current, A   
       Ish=Shunt field current, A       
       IL=Line or Load Current, A  
       Ra = Armature winding Resistance or Armature Resistance,    Ω 
       Rse =Series field winding Resistance or Series Resistance,    Ω 
       Rsh =Shunt field winding Resistance or Shunt Resistance,    Ω 
Current Relations: 
In the above figure, applying KCL at the node “B” we get  
      
 A 

Again  

                                               A 

Voltage Equations or Voltage Relations : 
Applying KVL to the mesh relating to Load & Armature, we get  
 V 

V 

     Eg = V+ Ia  (Ra + Rse ) +2 Vb 

 

     Ia = Ise 

 

     Ia = IL + Ish 

 

     Eg = V+ Ia  (Ra + Rse ) +2 Vb 

 
 



     V= Ish Rsh 

 

Applying KVL to the mesh relating to Load &Field, we get 
  V 

Applying KVL to the mesh relating to Armature &Field, we get 
 V 

ii)Short  Shunt Compound Generator : 
Definition: In a compound generator, if the shunt field windings are connected across the 
armature only leaving the series field windings then it is called as Short Shunt Compound 
Generator. 
 Symbol & Circuit Diagram 

 
 

 

Let, Eg =Generated emf  ,    V 
       V=Terminal or Supplied or Load Voltage,     V 
       Vb= Brush contact drop or voltage drop in each brush,   V 
       Ia = Armature Current,     A 
       Ise=Series field current, A   
       Ish=Shunt field current, A       
       IL=Line or Load Current, A  
       Ra = Armature winding Resistance or Armature Resistance,    Ω 
       Rse =Series field winding Resistance or Series Resistance,    Ω 
       Rsh =Shunt field winding Resistance or Shunt Resistance,    Ω 
Current Relations: 
In the above figure, applying KCL at the node “B” we get 
 
A 
      
But  A 

 

Voltage Equations or Voltage Relations : 
Applying KVL to the mesh relating to Load & Armature, we get  
    V 

Applying KVL to the mesh relating to Load, Series field & Shunt field, we get  

     Eg + Ia  (Ra +Rse )= Ish Rsh 

 

     Ia = IL + Ish 

 

     Ise=Ia = IL  

 

     Eg = V+ ILRse+ IaRa +2 Vb 

 
 

     Ish Rsh = V+ ILRse  

 
 



 V 

Applying KVL to the mesh relating to Armature & Shunt field, we get  
 V 

 
 
 
   

2.3 derive emf equation  

 
. E.M.F. Equation of a d.c. Generator: 
 Let, 
Ф=Amount of useful flux per pole, wb 
P= No. of poles used in the generator 
a=Number of armature paths 
Z=Total number of armature conductors 
N=Speed of armature. R.P.M. 
 
Change of flux linking with armature windings, dф =pф , web 
For N number of rotation of armature, time taken = 1 min 
   =60 sec 
For 1 rotation of the armature, time taken              =60/N sec 
 
Hence dt =60/N sec 
According to Faraday’s laws of Electro Magnetic Induction,  
emf induced in one armature conductor = dф/dt 
                                                                         = pф/60/N 
                                                                         = pфN/60 
Since there are Z/a number of armature conductors in each path,  
So total generated emf for Z/a no of conductors = фZN/60 X (P/A) 
  

                                        Eg = Ф𝑍𝑁/60 X (P/A)     , v 

           Where a=2 for Wave windings 
                         a=P for Lap windings           
 
 

Numeric Problems: 
 

Q1: A 4 pole, lap wound d.c. generator has 56 slots and each slot contains two conductors. If 
the armature rotates at a speed of 1000 r.p.m. find the value of generated e.m.f. if flux per 
pole is 10 mwb. 
 
Given Data: Required Data 
P=4  Eg = ? 
a=P=4 
S=56 

     Eg = Ish Rsh + IaRa +2 Vb 

 
 



Z/S=2 
N=1000 r.p.m. 
Ф=10 X10-3  wb 
Solution: 
Total armature conductors Z=56X2= 112 
We know generated emf , Eg = ФZN/60X (P/a) 
                                                 =10 X10-3 x112X1000   X (1) 
                                                                 60 
                                                 =18.67, V 
 
Q2: A d.c. generator generates an emf of 520V .It has 2000 armature conductors , flux per 
pole of 0.013wb, speed of 1200 rpm & the armature winding has four parallel paths. Find 
the number of poles. 
 
Given Data: Required Data 
Eg =520 V    P=  ? 
Z=2000 
Ф=0.013 wb 
N=1200 RPM. 
a=4 
Solution: 
We know generated emf , Eg = ФZN/60X (P/a) 
 

 ⇒ P=
𝐸𝑔×𝑎×60

𝜑×𝑍×𝑁
 =

520×4×60

0.013×2000×1200
=4            (Ans) 

 
Q3:A 4 pole machine running at 1500 rpm has an armature with 90 slots & 6 conductors per 
slot. The flux per pole is 10 mWb. Determine the terminal emf as a d.c. generator, if the coils 
are lap connected. 
 
Given Data: Required Data 
P=4 
N=1500 rpm   V=? 
S=90 
Z/S=6 
Ф=10 X10-3  wb 
a=p 
 
Solution: 
 Total armature conductors Z=6X90=540 

We know that, Eg = 
Ф×Z×N×p

60×𝑎
 

                                =10 X10-3 X540 X1500/60  = 135 V       (Ans) 
 
 
 



Q4: A 4 pole, d.c. generator runs at 750 rpm & generates an emf of 240V . The armature is 
wave connected & has 792 conductors. If the total flux from each pole is 0.0145 Wb, what is 
the leakage coefficient? 
 
Given Data: Required Data 
P=4 
N=750 rpm ʎ=? 
Eg =240 V 
a=2 
Z=792 
ФT =0.0145 Wb 
 
Solution: 

We know that, Eg = 
Ф×Z×N×p

60×𝑎
 

 

→ Ф=
Eg×60×a

𝑍×𝑁×𝑝
 

 

Ф=
240×60×2

792×750×4
=0.0121 Wb 

But Leakage Coefficient, ʎ=
𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑢𝑥 𝑝𝑒𝑟 𝑝𝑜𝑙𝑒

𝑈𝑠𝑒𝑓𝑢𝑙 𝑓𝑙𝑢𝑥 𝑝𝑒𝑟 𝑝𝑜𝑙𝑒 
 

                                               =0.0145/0.0121 
                                               =1.2     (Ans)    
 
2.4 define parallel operation of DC generator 
Importance of parallel operation 
Generally a generator is designed to deliver a specific value of power when load on the 
generator exceeds to its rated value then we say the generator is overloaded. Hence to 
meet the extra loads we suggest one more generator to be operated in parallel. 
While operating two atleast two generators in parallel following conditions must be 
satisfied. 

i. Polarities of the generator should be properly matched. 
ii. Generator voltage should be equal to the bus bar voltage. 

 
Parallel operation of DC shunt generator. 
Explanation  

 
 Let us assume the generator G1 was delivering power to the load. Now the incoming 
generator G2 is to be operated in parallel with G1 so following steps must be carried out 
before putting G2 on the bus bar. 



1) The armature of G2 is rotated at its rated speed. Then switches S3 is closed but 
switch s2 is kept open.  

2) A DC voltmeter is connected across the switch s2 to read the potential difference 
between bus bar and G2 

3) The variable resistance value is adjusted so that the voltmeter reads the bus bar 
voltage 

4) Once the voltmeter shows the bus bar voltage bus bar and G2 is zero. Under this 
condition the generator G2 is said to be floating on the bus bar. 
 
Now the generator G2 is ready to operate in parallel with the G1 .now switch S2 
is closed and generator will operate smoothly in parallel with the G1 
  

• Parallel operation of DC series generator 
Explanation 
 
Explanation 
 

  

 
 
 
Two series generator G1 and G2 operated in parallel as shown in figure suppose the emf 
generated by first generator (Eg1) is generated than the emf induced in generator-2 (Eg2) , 
then G1 will drive more current as compare to G2. 
 
Hence the field of G1 is get more strengthen that of the field of G2 so EMF of G1 will go on 
increasing where as emf of G2 will go on decreasing. A time will come when the generator 
G1 will supply current not only to the load but also G2 chance is their the current from G1 
will make a loop through G2 
 
Hence to avoid such discripency or unequality of field current between two series generator 
an equalizing bar is connected before the series field winding as shown figure 2. 
 
 
Short question with answers 

1-what is dc generator ? 

Ans- Generator is an electrical  machine which converts mechanical energy into Electrical energy. 

2- what is commutator ? 



Ans-commutator is a rotating part of a machine and it’s function to convert a.c to d.c  and it is also 

called as rotating rectifier. 

3-state the principle of operation of dc generator. 

Ans- It works under the principle of Faraday laws of electromagnetic induction i.e whenever a 

conductor or coil rotades inside a magnetic field then an emf will induced in that coil. 

4- what is parallel operation of d.c generator and write it’s andvantages? 

Ans- It is defined as a process in which electrical loads are shared equally among the generator. 

The advantages of parallel operation of d.c generator are- 

• continuity of service 

•high efficiency. 

Long questions 

1 derive the e.m.f equation of dc generator? 

2-Explaain the principle of working of Dc generator? 

3- write down the various parts of a DC generator and explain their functions? 

4- what is parallel operation of a DC generator explain briefly? 

5- Give a brief classification of dc generator. 

6- problems on emf equation. 

 
 
 
 
 
 
 
 
 
 
 
 

Chapter-3 
DC MOTOR 

 
3.1 principle of working of dc motor 
 
DEFINATION 

It is defined as a DC electric machine which converts electrical energy in to mechanical 

energy. 

 

M/C 



 I/P O/P 

 Electrical energy mechanical energy 

Principle: 

• It works under the principle that whenever a current carrying conductor is placed in 

a magnetic field then a mechanical force is experienced by the conductor. 

• Working: 
• When DC supply is given to the armature conductor through carbon brushes and 

commutator then direct current starts to flow through the armature windings at the 
same time magnetic flux from north poles. Now the current carrying armature 
conductors are in the uniform magnetic field. So a mechanical force is experienced 
by the armature conductor. Since two ends of the armature shaft are mounted by 
ball bearing. So the armature will start rotating in one direction. The direction of 
rotation can be determined by Flemings left hand rule. 

 
3.2 concept of development of Torque and Back Emf in DC motor 
 

Back emf (Eb) /counter emf 

• It is defined as an induced e.m.f , which opposes the applied voltage. 

• The formula for back emf is given by  

 

Eb= 
∅𝑧𝑁 

60
×

𝑃

𝐴
     , V  

 

Eb α ∅𝑁   [ Since Z.P.A are constant] 

Significance of back emf 

The back emf work as a regulator for the motor that means it automatically changes the 

armature current according to the load. 

 

 

Symbol and circuit diagram: 

 



 

Let  

Eb= back emf / counter emf , v 

V= applied voltage, V 

Vb= Brush contact drop ,V  

IL= line current , A 

Ia= armature current ,A 

Ra= armature winding resistance , Ω 

Applying KVL to the above closed circuit we get 

-IaRa-Eb+ V – 2 Vb= 0 

= › Eb = V - Ia Ra – 2 Vb 

Ia=IL 

This is called voltage equation of a DC motor  

Condition for maximum power developed by the motor  

We know that in a dc motor  

Eb = V-IaRa- 2Vb 

Now we neglecting the brush contact drop  so 

Eb = V - IaRa -----------(i) 

If we multiply Ia in both sides of equation I we get  

Eb Ia = V Ia -  Ia 
2Ra 

PM = V Ia - Ia 
2Ra    ---------(ii)[ Eb Ia = Pm] 

For maximum power         

𝑑(𝑃𝑚)

𝐼𝑎
 

Differentiating power w r t Ia 

 
𝑑( 𝑉  Ia− Ia 2Ra) 

𝑑  Ia 
= 0 

 
𝑑( 𝑉 Ia) 

𝑑  Ia 
 --

𝑑 ( Ia 2Ra)

𝑑  Ia 
 = 0 

 V -2 Ia Ra =0 

 V =2 Ia Ra 

 Ia Ra = V/2 

Now we putting value of Ia Ra  in equation( I )  



We get 

Eb = V- 
𝑉

2
 

 Eb =
2𝑉−𝑉

2
 

 Eb =
𝑉

2
 

When the back emf is half of the supply voltage the motor gives maximum 

power. This is the condition for maximum power developed of the DC motor 

 
3.3 Derive equation relating to back emf ,current , speed, and torque equation 
Torque  
It is the twisting moment of a force about an axis its magnitude is the product of force F 
and radius (r) 
Mathematically  
T=F*r 
Let in a dc motor r= radius of the armature in meter 
L= effective length of each conductor 
Z= total no of armature conductor 
A=no of parallel path  
I=flux per pole in weber. 
P=no of poles 
Tg= the gross of armature torque in N-m 
The force 
F=BIL 
B=φ /a 
I=Ia/A 

F= 
𝜑

𝑎
x

𝐼𝑎

𝐴
xl 

 

F=
𝜑 𝐼𝑎 𝑙

𝑎 𝐴
 

torque in each conductor 
T=FXr 

=
∅ 𝐼𝑎 𝑙

𝑎 𝐴
xr 

Where a = crossectional  area of  the pole the crossectional area per pole, 
 

A= 
2𝜋𝑟𝑙

𝑝
 

Tg=
∅ 𝐼𝑎 𝑙𝑟

𝑎 𝐴
 

 

=
∅ 𝑰𝒂  𝑷

𝟐𝝅 𝑨
 

 
 

= Tg= 
𝟏

𝟐𝝅
x

𝒑

𝑨
xφIa 

 
 



=0.159 Φia(P/A) 
 
Problem -1 
 A 4 pole 500 v shunt motor has 720 wave connected in the armature. The full load 
armature current is 60 A and the flux per pole is 03wb the armature resistance is 2Ω and the 
contact drop Iv per brush calculate the full load speed of the motor. 
Data given 
P=4 
V=500v 
Ia= 60A 
Z=720 
A=2  
φ =03 wb 
Ra= .2 Ω 
2vb= 2 
Required data  
N= ? 
 
Solution  
We know for shunt motor 
Eb=V- IaRa-2 vb 
= 500-60x0.2-2 
=486v 
For emf equation we know that  

Eb= 
𝜑𝑧𝑁

60
X

𝑃

𝐴
 

 

N=
𝐸𝑏𝑥60𝑥𝐴

𝜑𝑋𝑍𝑋𝑃
 

=
𝟒𝟖𝟔𝑿𝟔𝟎𝑿𝟐

𝟎.𝟎𝟑𝑿𝟕𝟐𝟎𝑿𝟕
 

 
=675 rpm         Ans 
 
 
 
3.4 classify DC motor and explain characteristics, application 

 

Classification of DC motor  

 

 



 

 

Separated Excited DC motor  

  If the field winding of a DC motor are excited by some external DC source then it is 

called as separately excited DC motor. 

self excited DC motor: 

• if the fixed windings of a DC motor are excited or energised by the current produced 

of its own it is said to be self excited DC motor. 

• It is three types  

i. DC shunt motor: 

• if the field windings of a self excited DC motor are connected in parallel 

with the armature then it is called shunt motor 

DC series motor 

• If the field winding of a self excited DC motor are connected in series with 

the armature then it is called as DC  series motor. 

DC compound motor : 

In a self excited  dc motor , if shunt field and series field windings are simultaneously used 

then it is called as dc compound motor. 

a. Long shunt compound motor: 

In a compound motor if shunt field winding is connected across both series field and 

armature winding then it called as long shunt compound motor  

b. Short shunt compound motor  

If the shunt field winding of a compound motor is connected across the armature only 

leaving the series field then it is called as shunt compound motor  

Characteristics of dc motor 
Generally for each motor three important characteristics are seen such as  

• Speed current characteristics  

• Torque current characteristics  

DC MOTOR

SEPARATED 
EXCITED

SELF EXCITED

SERIES 
WOUND 

SHUNT 
WOUND

COMPOUND 
WOUND

SHORT 
SHUNT

LONG SHUNT



• Speed torque characteristics  
 

Characteristics of DC shunt motor 
Definition 
If armature current is taken along X-axis but speed along Y-axis then with two different 
values of armature current Ia and speed N a graph such plotted is called speed current 
characteristics  
. 
Explanation 
We know that in a DC motor , 
EbαφN 

➔N α Eb /φ 
But φ is constant normal shunt motor 
So N=k(Eb) 
N=k(v-IaR) 
When a DC motor runs at light load then current drawn by the armature (Ia) is very small ,so 
the armature rotates at its rated speed. 
If load on the motor is generally increased then armature current will increase but armature 
resistance drop (IaRa) will increase but with very small value hence speed of the motor 
decreases slightly. Therefor a dc shunt motor is treated as an approximately a constant 
speed motor. 
 
Torque current characteristics 
Definition 
If armature current is taken along x-axis but torque along y-axis then with two different 
value of torque and current a graph such plotted is called as torque current characteristics. 
 
Explanation 
We know that Tα φ Ia 

 In a shunt motor  
Φ remains constant 
So T=k Ia 

 
From the above relation it is clear that the graph is a straight line passing through the origin. 
Hence with increase of load on the motor armature current (Ia) will increase their by 
increasing the torque proportionately.  
Speed torque characteristics 
Defination 
If torque is taken along x-axis but speed along y-axis then with different values of speed and 
torque a graph such plotted is called as speed torque characteristics. 
 
Explanation 
When the motor runs at no load then armature current Ia assumed to be o 
So torque T becomes 0  but speed N becomes maximum. 
As the total load on the motor goes on increasing very slightly an shown in the figure. 
 
Application of dc shunt motor . 



 Saw mills 
 Lathe machines 
 Press mills 
 Conveyor belts 

3.5 three-point stator and four-point stator/ static of DC motors by solid state converter  
Stator 
It is defined as a safety device which limits the starting current to a safe value. 
 
3-point stator 
Definition 
The three point stator is mostly used for starting shunt motor and minimize the starting 
current. 

 
 
 
 
 
Figure shows the schematic diagram of a three point starter for a shunt motor it has three 
terminals namely L,Z and A . 
The starter resistance divided into several sections and connected in series with the armature. 
The tapping points of the starting studs. The three terminals L ,Z and A of the positive line 
terminal  shunt field terminal and armature terminal. The other terminal of Z and A are 
connected to the negative terminal of the supply. The no-volt release coils connected in the 
shunt field circuit. One end of the handle is connected to the terminal L through over load 
release coil. The other end of the handle moves against a spiral spring and makes contact with 
each stud during starting operation cutting out more and more starting resistance as it passes 
each stud in clockwise direction. 
  
4-point starter 
The 4-point starter acts a protective device that helps in safe guarding the armature of the 
shunt or compound excited DC motor against the high starting current produced in the 
absence of back emf at starting. 



 
Explanation  
Hence NVC is connected independently across the supply the fourth terminal called N in 
addition to the L , F and A so any change in the field supply current does not bring always 
produce a force at a hold against force of the spring under all the operational conditions. 
Such a current is adjusted through No voltage coil. 
 
With help of fixed resistance R connected is series with the NVC using fourth point N as 
shown in the above figure. 
When handle is taken to stud no 1 and supply is given circuits is found to be closed and 
current starts flowing in the following manner. 

1. 1st point flows through the starting resistance ( R1+R2+R3…….) and then to the 
armature. 

2. 2nd point flows through the soil windings 
3. 3rd point flows through the NVC in series with the protective resistance R 

electromagnetic pole is subjected upon the soft iron bar of the handle by the NVC 
which should be high enough to keep the handle of its running position or rather of 
its running position or rather prevent the spring the from restoring the handle at its 
original position. 

 
 
3.6 speed of dc motor by field control method Speed of dc motor by armature control 
method 

 
Speed control of dc motors  
We know that speed of a dc motor 
 

N α 
𝐸𝑏

∅
 

 

=>N α (
𝑉− Ia Ra

𝜑
) 

 
The speed of a motor depends on applied voltage (v) ,field flux (φ) and armature voltage 
drop (Ia Ra) .so controlling these three important factors we can regulate ,the speed of a dc 
motor. 



 Field or flux control method 
It is defined as a method in which speed is controlled  by controlling the flux. 
 
Explanation 
A dc  ammeter and a rheostat are connected in series with the shunt field winding as shown 
in the above figure 
We know that Nα 1/φ 
When the rheostat value is kept maximum point or position then field circuit resistance gets 
increase so current through the field winding will decrease. Hence flux produced from the 
field will also decrease. 
When rheostat value is decreased and field current is increased then flux produced from the 
pole will also increase. In the above relation with increase of flux speed of the motor gets 
decreased. 
 
Armature control method 
It is defined as a method in which speed is controlled by controlling the armature current. 

Explanation  

We know that 

N α Eb/φ 

=>N= k(v-IaRa) 

In this control method a variable resister and a dc ammeter are connected in series with the 

armature circuit as shown in figure  

When rheostat value is gradually decreased then armature current (Ia) will increase. Due to 

this increase of armature current , armature resistance drop will also increase. From 

increase of drop speed of the motor will decrease from its rated value. Hence this method is 

very useful where speed lower than rated speed is necessary 

 

3.7 power stage of dc motor and derive efficiency of a dc motor 

 

 

 Copper irmt 

                                                                                                       Friction loss 

                                                loss 

 

overall efficiency =C/A 

electrical efficiency=B/A 

o/p to the 

motor 

Power input 

(VI) 

EbIa 

Power develop  

of armature 



mechanical efficiency= C/b 

 

short questions with answer 

q-1 

what are the application of dc series motor? 

Ans- DC series motors are used in  

 Railway traction 

 Heavy cranes 

 Trolleys 

 Lifting purpose 

           Q-2 

What are the application of dc compound motor? 

Ans-DC compound motor are used in  

 Drilling machine 

 Small crane 

 Punching machine 

 Press mills 

Q-3 why olr is provided in starter? 

Ans- the olr stands for over load release coil which provided on starter for protection 

against high current due to overload. 

Q-4 write down the name of methods of speed control of DC motor? 

Ans – the methods are adopted for speed control of DC motor are  

 Armature control 

 Flux control or field control 

Q-5  which is constant speed dc motor? 

Ans-dc shunt motor and cumulative compound motor are constant speed meter with 

irregular loads. 

Long question 

Q-1   with neat diagram explain 4 point starter? 

Q-2  derive the torque equation on dc motor? 

Q-3    why starter is necessary for a starter ? 

Q -4   write notes on power stage of dc motor? 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter-4 

AC CIRCUITS 

4.1 Mathematical representation of phases significance of operator “J” 



Phasor algebra 

• We have used phase diagram to solve problem AC circuit. A phase diagram is a 

graphical representation of phasor i.e voltage and current of an AC ckt. 

• Engineer has developed technique to represent a phasor in a algebraic ( 

mathematical ) form such a technique is known as phasor algebra or complex 

algebra. 

• Phasor algebra has provided a relatively simple but power to for obtaining quick 

solution 

Notation of phasor 

 Y 

 

 J2 J 

 

X1 X 

 J3 J4  

J=√−1 

J2=(-1)2=-1 Y1 

J3=(-1)3=-J 

J4=-1 

Significant of operator ‘J’ 

 Y 

 

 v sin θ 

 b=v sin θ 

 θ 

 a= v cosθ 

 

 Y1 

• The complex form of voltage is 

             V= V cos θ+ J (v sinθ) 

Where the magnitude of V=I V I 

V= √((𝑉 𝑐𝑜𝑠𝜃)2 + (𝑉 sin 𝜃)2 

 

     O 



 

And due phase angle  θ= tan-1 (
𝑉 sin 𝜃

𝑉 cos 𝜃
) 

 

Here    v sin θ=b 

             V cosθ=a 

 

Mathematically representation of phasor 

 

• There are three principle way of representing a phasor in mathematically form 

1. Rectangular form 

2. Polar form 

3. Triangular form 

4.2 addition, subtraction ,multiplication  and division of phasor quantities  

Addition and subtraction of complex number: 

 The addition and subtraction of a complex no must be perform in rectangular form: 

Let 

                   Z1=a+J b 

   Z 2= c+jd 

Z1+ Z 2= (a+J b)+( c+jd) 

          = a+J b+ c+jd 

           = a+c+jb+jd 

     =(a+c)+ j(b+d) 

 

 real img. 

Z1-Z2= = (a+J b)-( c+jd) 

            = a+J b- c-jd 

                   = a-c+jb-jd 

                          = (a-c)+ j(b-d) 

Multiplication and division of complex no: 

 The multiplication and division of complex number can be performed in polar form 

i.e Z1= C1∟θ=1 

Z2=C2∟θ2 

Multiplication  

Z1.Z2= C1∟θ1X C2∟θ2 



  

Division        
Z1

𝑍2
= 

 C1∟θ1

C2∟θ2
 

                           =
𝐶1

𝐶2
  θ1- θ2 

 

 

 

R.C series circuit  

 

The circuit diagram R,C series circuit is drawn over. 

From the above circuit diagram  

 

 V=  VR +  Vc 

i=ir=ic  

phasor diagram 

 i            V 

 VR 90
0 

                           (for R) 

 Add  Vc 

 VR I 

 v 

 VC 

 

Impedence triangle 

 VR   VR/I 

  φ VC φ VC/I 



 V 

 R 

 φ XC 

 Z 

 

From the above triangle we concluded that  

Z= R- jx t 

IZI= √ R2+XC
2 

Here power factor   ,cos φ =
𝑅

𝑍
  

                                               R= Z cos φ 

  Xc= Z sin φ 

 In a R.C series circuit the current leads to the voltage by an angle  φ where varies from (270 to 

360) 

4.3 AC series circuits containing resistance , capacitances 

 

Power in A.C circuit 

Generally power are of 3 types  

1. Active power/ real power/ actual power(WATT) 

2. Reactive power/virtual power(VAR) 

3. Apparent power/total power(VA, kva) 

Active power(p) 

The power which is actually decipated in the circuit is called as active power. 

It is denoted as ‘p’ 

Its unit is watt. 

Reactive power(Q) 

The power developed in the inductive reactance of the circuit is called as reactive power. 

It is denoted as ‘Q’ 

Its unit VAR ( voltage ampere reactive Q= VI sin φ 

Apparent power (S) 

The product of RMS  values of applied voltage and current in a circuit is called as apparent 

power. 

It is denoted as ‘s’ 



Its unit is (vA/Kva) 

i.e    s = V X I ,   VA   

 power  triangle : 

 

apparent power(S) reactive power(Q) s Q 

 φ  φ 

 active power(p) P 

 

 VA/KvA VAR 

 φ 

 watt/kw 

 Active power P= VI cos φ, watt 

 Reactive power ,Q= VI sin φ , VAR 

 Apparent power , S= VI , VA ,Kva 

 

Quality factor ( Q- factor) 

It is defined as the ratio of between reactive power to the active power of a reasonant circuit. 

Qc= 
𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟

𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟
 

=I0X L  / Io
2R 

=XL/R 

=XC/R 

=W0L/R 

=1/W0C R 

Hence the formula used for quality factor is given by  

Q0=  W0L/R 

=1/W0R C 

=W0/ W2-W1 

=1/R 
√𝐶

𝐶
 

= f0/f2-f1 

Example -1 



A coil having inductance of 50 mH and resistance of 10 Ω with a 250 mt capacity across a 200 v, 50Hz 

supply calculate  

1. Reasonant frequency of the circuit. 

2. Current flowing of the circuit and the reasonande. 

3. Quality of factor of the circuit 

Given data  

R=10 Ω  

L=50mH = 50x10-3H 

      C= 25 mf = 250x10-6 F 

V= 200  

E= 50 HZ 

Required data 

1. F0=? 

2. I0= ? 

3. Q0= ? 

Solution  10Ω 50 mH   25 mF 

 

 

 

 

 200 V ,50Hz 

Reasonant frequency  

F0= 
1

2𝜋√𝐿𝐶
 

= 
1

2𝜋𝑋√50𝑋25𝑋106
 

=152.35 Hz 

Resonant current  

IO=V/R 

=200/10 

= 20 A 

Q Factor 

QO =W0/R 



=
2𝜋𝑋142.35𝑋50

10
 

= 4.47  ( unit left) 

4.4 find the relation of AC parallel circuits containing resistances , inductance and 

capacitances 

AC parallel circuit 

 

From fig Z1= R1+ JXL 

Z2= R2+ 1/JXC 

Current in Z1,   I1=V/Z1 

                                         I2=V/Z2 

Total current I=I1+I2 

Total current    I=V/Zeqv 

Where z equivalent = z1`z2/z+z2 

Z1 and Z2 are connected in parallel  

i.e 1/ Zeqv = 1/z1+1/Z2 

1/Z=(Z1+Z2)/Z1Z2 

Q-factor of parallel circuits  

It is defined as the ratio between reactive power to the active power of a resonant circuit. 

i.e         Qo= 
𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟

𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟
 

                    =
1

𝑅
√

𝐿

𝐶
 

 

Short questions with answer 



Q-1 

What do you mean by phase difference? 

Ans : when two alternating quantities do not reach their maximum or zero values simultaneously but 

one after another. 

Q-2 

Write the formula of Q-factor in a parallel circuit ? 

Ans : The formula of Q- factor in a parallel ckt is Q=
1

𝑅
√

𝐶

𝐶
 

Q-3 

 07Write the formula of resonance frequently of parallel circuit? 

Ans: the formula of parallel resonance circuit is  

Fo=
1

2𝜋
√

1

𝐿𝐶
−

𝑅2

𝐿2
 
   , HZ 

Q-4 

What is the rectangular form representation of 50∟300 

Ans: 

The rectangular representation of 5∟300=(5 cos30+ f sin 30) 

=4.33+72.5 

Q-5 what is the unit of MME? 

Ans : 

The unit of MME is A.T. 

Q-6 

What is reactive power ? 

Ans : 

The portion of power due to store energy which returns to the source in each cycle is known as 

reactive power. 

i.e – Q= VI sin φ ,kvA 

Q-7 

 At which condition resonance occurs in a series circuit? 

Ans: 

In a  series ckt when the capacitive reactive becomes equals to indicate reactive reverse occurs in a 

series ckt. 



Q -8 

What is Q- factor? 

Ans: 

It is defined as the ratio between the reactive power to the active power of a resonance circuit. 

i.e Qo=
𝑟𝑒𝑎𝑐𝑖𝑡𝑣𝑒 𝑝𝑜𝑤𝑒𝑟

𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟
 

Q-9 

What is apparent power? 

Ans: it is the vector summation of active and reactive power 

It is denoted as Pa or s 

S= VI    ,     VA 

Q-10 

What is active power ? 

Ans: 

The portion of power their average over a complete cycle of the ac wave form results in net transfer 

of energy in 1 direction is known as active power. 

Long questions  

Q-1 

Draw the ac parallel ckt containing resistance , inductance and capacitance and find out its 

resonance frequency? 

Q-2 

Draw ac series ckt containing resistance inductance and capacitance and derive its resonant 

frequency? 

Q-3 

Derive resonance frequency selectively and Q factor in series R-L-C circuit? 

 



Chapter-5 

                  Single phase Transformer 

5.1:-Ideal Transformer:- 

Definition:- 

The transformer which has no copper loss, no iron loss ,no winding resistance ,No magnetic 

leakage is known as ideal transformer. 

• There is practically no ideal transformer 

5.2:-Constuction & working principle of Transformer. 

Definition:- 

It is defined as a static electrical device which transfer electrical energy or power from one circuit 

to another circuit  through a magnetic medium with same frequency. 

Principle:- 

It works under the principle of mutual induction. 

Working:- 

 

 

In a transformer basically their are two windings which are wound in a common magnetic core. 

The winding which is connected to the supply is known as primary winding from which the power 

is taken is known as secondary winding i.e load is connected in this secondary winding. 

            When  single phase AC supply is given to the primary winding a current is flowing through 

the winding which produces an alternating flux which link with the primary coil it self and 



produces an induce e.m.f (E1) or back e.m.f Then the flux passes through the core and link with 

the secondary winding and induced voltage (E2).This voltage E2  is known as mutual induced e.m.f. 

 Constructional details:  

Following are the important parts of a transformer- 

(1) Windings 

(2) Core 

(3) Tank 

(4) Conservator 

(5) Breather 

(6) Bushings 

(1) Winding:- 

          The winding are made up of copper wire in the form of rectangular or circular shape. 

   (2)Core:- 

                The core is constructed  from sheet steel laminations in the form of rectangular  

shape.The steel is of high silicon contain to reduce the hysteresis loss.It is laminated to reduce 

the eddy current loss. 

   (3)Tank:- 

                After winding the transformer is kept inside a tank which is made of sheet steel and is 

air tight inside the tank some insulating oil is kept so that the core of the transformer is not 

electrically contact with the tank. The additional function of the oil is to cool the winding. 

   (4)Conservater:- 

                 In the top of the tank there is a small cylindrical tank known as conservator. when the 

transformer oil heat it expand so for expansion of the oil the conservator is required. 

 (5)Breather:- 

                 For expansion and contraction or compression of oil in the conservator a breather is 

kept on the top of the conservator. In the breather some silica gel are kept to observe moisture 

and dust from the atmosphere and allow pure air into the tank. 

 (6)Bushings:- 

                 The transformer winding which are kept inside the tank are brought out of the tank 

through the bushings. These bushings are either porcelain or oil field or capacitor type. 

5.3:-Derive of EMF equation of Transformer,voltage transformation ratio. 

 



   Derivation of EMF equation:- 

Let, 

V1=supply voltage to the primary, V          

V2=secondary terminal voltage, V  

N=No. of turns in the winding. 

N1=No. of turns in the primary 

windings. 

N2= No. of turns in the secondary 

windings. 

E1=Primary induced e.m.f V 

E2=secondary induced e.m.f, V 

F= frequency of the supply voltage, Hz 

(φ)m=Maximum flux in the core, W 

         When a voltage V1 is applied to the primary a flux (φ)m is praduce. whose nature is 

alternating (sinusoidal) as in figure. 

       The flux will be maximum after T/4 sec i.e 1/(4f) sec. 

   The change in flux to achieve maximum flux i.e dφ=φm 

   The change in time dt=1/4f 

According Faraday’s laws of electromagnetic induction,the average induced e.m.f for N no. of 

turns is given by, 

              e= N (dφ/dt) 

                =N×φm/(1/4f) 

               e =4fpφm N 

   R.M.S value of e.m.f, 

            Erms=Form factor × Avg e.m.f 

                   =K f × e 

                  E=1.11×4f φ m N 

                =>E=4.44f φ m N, V 



    Now E1=4.44f φ m N1,V ( for primary) 

      &  E2=4.44f φ m N2,V (for secondary) 

Voltage transformation ratio of an ideal T/F . 

Transformation Ratio:- 

Let, 

      E1=primary induced e.m.f , V 

      E2=secondary induced e.m.f ,V 

      V1=primary supplied voltage, V 

     V2=secondary load voltage, V 

     I1= primary current, A 

    I2=Secondary current,A 

    N1=primary no. of turns. 

    N2=Secondary no. of turns. 

    K= Transformation Ratio. 

From e.m.f equation we know that 

        E1 pro N1 

         E2 pro N2 

   =>E2/E1 =N2/N1---------(1) 

In an Idea transformer, 

      E1 =V1 

    & E2=V 

=>E2/E1 =V2/V1 --------------(2) 

Again in an ideal transformer losses are neglected . 

Hence input power=Out put power 

   V 1 I1 =V 2 I2 

   =>V2/V1 =I1/I2 -------------(3) 

Comparing equation (1),(2)&(3) we get, 



 E2 /E1 = V2/V1 = N2/N1 =  I1/I2 = K 

5.4:-Discuss flux, current,EMF components of Transformer and their phaser diagram under no 

load condition: 

 

Explanation:- 

When the transformer on No load:- 

 

When a transformer is loaded there is some iron loss and copper loss. when the transformer is 

on no load the primary current is not 90°lagging behind the supply voltage but makes an angle 

less than 90°and taking flux as reference vector,  

 

Let  it be (φ )0 

i.e φ 0  <90° 

Where Io is the no load current in the primary.  



 

• The current (Io) can be resolved into two components such as magnetising component and 

wattfull  component or iron loss component. 

Magnetising component (I𝝁):- 

The resolved component of no load current along the Flux-axis is called magnetising component 

or magnetising current. 

I𝜇 = 𝐼0 sin φ0 

Wattfull or iron loss component (Iw):- 

The resolved component of no load current along primary voltage axix is called wattfull or iron 

loss components. 

        Iw= I0  cos φ0 

Hence I0 = I𝜇 + Iw 

The power input to the transformer at no load:- 

Let 

     V1=Primary voltage 

      V2=secondary voltage 

     E1 =Primary induced e.m.f 



     E2=secondary induced e.m.f 

    I0=No load current on primary side 

    R1=primary winding resistance 

    R2=Secondary winding resistance 

   Cos φ 0 = No load power factor 

   We know that 

        Input power= output power +  total losses 

         Pi =Po+ Wt 

            =0+ Iron loss + Total copper loss 

            =Wo + primary Cu. Loss + Secondary Cu.          Loss. 

           =W 0+ I 0 ^R1 + 0 

         = Wo + Io ^R1 

As no load current is very small so  the no load primary Cu. Loss (Io^R1) is very very small ,Hence 

it can be neglected. The primary input to the transformer is practically the iron loss in the 

transformer. 

      Pi = Wo = V Io Cos φo,  W 

5.5:- Phaser representation of Transformer flux , current EMF primary and secondary voltages 

under loaded condition:- 

phaser diagram of an ideal T/F on load(UPF, Lagging & Leading P.F):- 

When the transformer is loaded a current I2 is flowing through the secondary winding due to this 

current a flux is produced in the secondary winding and it is opposes the flux due to the primary 

winding. 



 

Let this flux is φ2 

Hence the net flux in the core decreases momentarily and the E1 decreases .For the time being 

the potential difference between V1& E1  increases and hence a high amount of current flowing 

through the primary. 

Let I2' be the additional current flowing through the primary this current is known as load 

component of primary .Due to this current an additional flux (φ 2 is produced and which opposes 

the flux φ2 and it is can solve each other and the net flux in the core remains constant. 

  Hence whatever may be the load the flux remain constant in the core. As the flux remain 

constant the iron loss or core loss is also constant from no load to full load. 

From  above discussion. 

(φ 2= φ 2 

=>N 1I 2'=N 2 I2 

=>I2'=(N2/N1) ×I2 

=>I2'=KI2 

=>I2'=-KI2 

I2' is opposite to the  

Hence we can say the primary current  

(I1`) is sum of (vectorically) no load current (Io) and I2' i.e 



I1=Io+I2'(vector sum) 

Where, 

I1=primary current, A 

I2=Secondary current, A 

I0=No load primary current, A 

I2'=Reflected current of secondary on primary side, A 

Phaser diagram:- 

 

 

We know that, 

     I2'=-k I2 

In ideal T/F 

       K=1 

So I2'=-I2 

Again  I1 = I0+I2' 

We will discuss the phaser diagram for resistive load (Unity power factor), Inductive load(Lagging 

power factor) & Capacitive load (leading power factor). 



 

 



 

5.6:-Types of losses in single phase transformer:- 

Losses in a transformer  

Loss are two types of 1- φ  transformer  

i. Iron loss 
ii. Copper loss 

i. Iron loss  
Iron loss are in 2 types 

a) Eddy current loss 
b) Hysteresis loss 

a. Eddy current loss: 
 

We= ηeB2 f2 t2 v     , watt 
  

b. Hysteresis loss: 
 

Wh=ηh B 1.2 max f v    , watt 

 

Where t → thickness of the lamination 

v→ volume of the magnetic 



Bmax→ maximum flux density 

Iron loss is known as constant loss because as the flux in the core is constant from no 

load to full load. Iron loss can be find from the no load test i.e o.c test. 

Copper loss: 

In transformer iron loss occurs in primary and in the secondary winding. 

Hence copper loss WC =I1
2 R 1+ I2

2 R2 

I1
2 R 1= Primary winding cupper loss 

I2
2 R2= secondary cupper loss 

➔ The cupper loss can be find out from sc  test. 

5.7:-Open circuit test & S.C test of 1-ph T/F(simple problems):- 

Open circuit Test:- 

          This is also called as no-load test and it is conducted to determine iron loss or core loss of 

the transformer. 

Circuit diagram:- 

 

            This test is normally conducted on L V side keeping H.V open circuited. 

• The measuring instruments like A.C voltmeter ,A C ammeter and wattmeter are connected on 

the L.V side of the transformer as shown in the above figure. 

Procedure:- 



            After connecting all necessary measuring instruments on the L.V side, The variance is 

gradually increased till the voltmeter reads its rated value. Then ammeter and wattmeter 

readings are noted down. The wattmeter will indicate the iron or core loss. 

Theory:- 

          From this test, the exciting coil parameters of an equivalent circuit of the transformer are 

determined as follows. 

         Let, 

         Wo=Wi=Iron loss shown by the wattmeter, w 

         Vo=No-Load L.V. side rated voltage shown by the voltmeter, v 

         Io= No load current shown by the ammeter, A 

         Cosφ0 =No load power factor 

          Wi=V 0I 0 cos φ0 

           =>Cosφo=W0/V 0 I 0 

Hence watt full current,I w= I 0 cos φ0 ,A 

Similarly   

magnetising current, Im =I 0 sin φ0 

So exciting coil resistance, R0=V 0 /Iw ,ohm 

Exciting coil resistance,X0=V0 /Im ,ohm 

Short circuit test:- 

       This is also called as full load test. It is connected to determine full load copper loss of the 

transformer. 

Circuit Diagram:- 



 

         This test is normally conducted on H.V. side keeping L.V. shorted. 

• The measuring instruments like A.C voltmeter, ammeter and wattmeter are connected on H.V. 

side of the transformer as shown in the above figure. Using a thick copper wire, L.V. terminals 

shorted. 

Procedure:- 

       After connecting all the measuring instruments, the variance is gradually increased till the 

ammeter reads it’s rated current. It is observed that the rated current is achieved at reduced 

voltage.  Then voltmeter reading, ammeter reading and wattmeter reading are recorded. The 

wattmeter reading gives full load copper loss. 

Theory:- 

   From this test , winding parameters can be determined as below. 

  Let, 

Wsc= wattmeter reading under short circuit/Full load Cu. Loss, w 

 V sc= short circuit voltage, v 

 Isc= short circuit/Full load current shown by the ammeter, A 

 R 01=Equivalent resistance referred to primary side, ohm 

 X01= Equivalent reactance referred to primary side, ohm 

 X01=Equivalent impedance referred to primary side, ohm 

If the test is conducted on primary side 



  VSC =I sc Z 01 

 Z 01= V sc   / Isc 

 Wsc =Isc 
2 R01 

 R01=W sc /Isc 
2,ohm 

 X01=√(Z 01 
2-R01 

2), ohm 

 

 



 

 



 

 



 

 

5.8:-parallel operation of single phase transformer:- 

Definition:- 
It is defined as a process by which electrical loads are equally shared among the transformer. 

Explanation:- 



As we know that a transformer is designed to deliver rated load. If load on this transformer 

exceeds from its rated value then it is said to be over loaded. During this period, due to 

heavy current through the winding, windings may be damaged. At the same time this 

transformer can not meet demand of the consumers. Hence to meet extra load of 

consumers, another Transformer must be connected in parallel with this transformer. 

        While operating two transformer in parallel following condition must be satisfied. 

 

 
1.Polarity of primary and secondary winding must be properly matched . 

2.Primary windings are properly connected with the supply mains. 

3.Supply frequency should be equal to that of frequency of the Transformer. 

4.transformation ratio in both the Transformers should be same. 

5.Impedance of windings should be equal in both the Transformers. 

5.9-Auto Transformer :- 

It is one winding Transformer in which the primary winding and the secondary winding is in one 

winding.Some part of the winding is tapped for the secondary windings. In this type of 

Transformer the primary winding and secondary winding are not electrically isolated with each 

other. Its Theory and principle are same as the two winding Transformer. 

• As in this type of Transformer there is one winding so less copper is used and for a perticular  

kvA it is cheaper than the two winding Transformer. 



• As shown in figure AB is the primary winding or turn and BC is secondary winding. 

Let- primary winding is N1 

The secondary winding is N2 

• If we neglate iron loss and no load test current then V2/V1=N2/N1=I1/I2=K 

• The current in the section CB is the vector difference of I2 and I1.But as the two current are 

practically with phase opposition so for a I2 >I1 the net current is I2-I1 

 

 

Questions :- 

Short questions with answers:- 

(1)Does a transformer work on DC? If not why . 

Ans:-No because in a DC machine flux produced in the primary winding remains constant, 

Accordingly  Faraday’s laws of electromagnetic induction, no emf can be induced in secondary 

side(e=dφdt=d(constant)/dt=0) 

Hence a Transformer can not work on DC. 

(2) which loss is constant irrespective of loads? 

Ans-Irrespective of loads iron or core loss remains constant. 



(3) why Transformer is rated in KVA? 

Ans:- Generally the transformer is rated in volt ampere  because the rating of Transformer 

depends open the heating of the transformer i.e depends open the losses. The iron loss depends 

open the voltage and copper loss depends open the current so the total loss depends open 

voltage and current i.e depend open the VA and not depend open the power factor of the load 

so Transformer is rated in VA. 

(4) If full load copper loss in a transformer is 400w,what is the loss for the half load ? 

Ans:-At half load the copper loss will be 100w. 

   X 2 Wcu =(1/2) 2 ×400=100w 

(5)At what condition efficiency of a Transformer is maximum? 

Ans:-The efficiency of a Transformer will be maximum only when copper loss at any load is equal 

to the iron loss. 

(6)Why the efficiency of a Transformer is higher than that of other electrical machines? 

Ans:-The efficiency of a Transformer is more than that of other electric machines because the 

transformer has comparatively less losses due to absent of mechanical loss. 

(7)what is voltage regulation ? 

Ans- It is defined as the ratio of drop and the full load voltage. 

• It is calculated in percentage. 

 %R=(Drop in voltage/full load voltage )×100.  

(8)Which loss gives core loss of the transformer? 

Ans:-Generally O.C test gives core loss of a Transformer. 

(9) Using which test, we can find out the full load  Cu. Loss. 

Ans:- Using S.C test ,we can calculate the full load Cu. Loss. 

Long questions:- 

(1) Explain various parts and working of single -phase Transformer. 

(2) Derive the e.m.f equation of single phase Transformer. 

(3) Explain with phaser diagram of an ideal transformer on -load. 

 

(4)Explain with circuit diagram the open circuit and short circuit test of the transformer? 

    (5)Explain parallel operation of the single-phase Transformer. 



(4) Problems on ( open and short cut test) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter-6 

Three phase Induction motor 



6.1-construction feature, types of three phase induction motor 

Definition: 

It is defined as an AC electrical machine which converts electrical energy into mechanical energy. 

Principle: 

It works under the principle of mutual induction. 

Construction: 

Following are the important part of a three phase induction motor. 

1.Stator: 

It is the outer frame of the machine .it is made up of cast iron. its core is laminated in order to 

reduce the eddy current loss. its core consist of slot and teeth. 

2.Stator winding: 

Several turn of copper wire are taken through the slot of stator core and is called as stator 

winding .This stator winding may be star and delta connected. But delta connected is more 

preferable. 

3.Rotor: 

This is rotating part of the machine. Generally in a three phase induction motor two types of rotor 

are used such as- 

• Squirrel cage rotor 

• Slipring type rotor 

Squirrel cage rotor: 
This rotor has two end rings which are made up of copper. these two ring are supported by 

means of solid copper bars. the bar are skewed in order to reduce harmonics .A three phase 

induction motor is called as squirrel cage motor. 



 
 

Slipring type rotor: 
This rotor has wide application in the industries. the rotor is always star connected .three 

sliprings are mounted over the shaft and placed with equal distance from each other. Each 

phase of the rotor winding is permanently connected with each slip ring . external resistances 

or impedances are connected to each phase of the rotor winding through slipring and 

brushes.it is done to increase the starting torque of the motor. 

 

 

6.2-principle of development of rotating magnetic field in the stator: 



It works under the principle of mutual induction i.e when three phase AC supply is given to 

the stator winding then an alternating current starts to flow through each phase of the stator 

winding.so a rotating magnetic field (RMF) is create in this stator .Now this RMF link with the 

rotor bars or windings. Their by inducing certain e.m.f since the rotor circuit is closed then 

the current starts to flow in the rotor conductor. Now the current carrying rotor bar or 

conductor are in the magnetic field of the stator. Their by experiencing a mechanical force. 

since two end of the rotor shaft are mounted on the ball bearing so the rotor starts rotating 

along the direction of RMF. 

6.3- Establish relationship between synchronous speed, actual speed and slip 

of induction motor. 
1-Synchronous speed (Ns):- 

It is defined as a speed at which the stator field is rotated. It is denoted by 'Ns' and it’s unit is 

RPM. 

Let- 

P=No. of poles used in stator. 

F=supply frequency, Hz. 

Ns=synchronous speed, RPM 

So Ns=120f/P,rpm. 

2-Actual speed (N):- 

It is defined as a speed at which the rotor is rotated.it is denoted by 'N' and it’s unit is RPM. 

3-Slip Speed (dN):- 

It is defined as the difference between synchronous speed and rotor speed. 

Mathematically-> dN=Ns-N, rpm. 

4-Absalute Slip(S):- 

It is defined as ratio between slip speed and synchronous speed of a three phase induction 

motor. It is some times called as slip.it has no unit .it is calculated in percentage. 

Mathematically->  

S=Ns-N/Ns <1 

%S=Ns-N/Ns ×100 

6.4-Establish relation between torque, rotor current and power factor. 

Definition:- 
The turning tendency or twisting moment of a force about an axis or a point is called as 

torque. 

Let, 

E2=Rotor emf at stand still, v/ph 

S=Absolute slip. 

=Stator magnetic flux per pole, WB 

R2=Rotor winding resistance, ohm/ ph 

X2=Rotor reactance at standstill, ohm/ph 

Xr=Rotor reactance under running, ohm/ph 



Zr=Rotor impedance under running, ohm/ph 

Cos=Rotor power factor 

Ir=Rotor current, A/ph 

We know that  

T α φ fr cos φr 

While starting a three phase induction motor, the rotating magnetic field or flux cuts the rotor 

conductor.so certain emf is induced in the rotor windings. 

 Hence E2 α φ 

 

Again Ir = Er/ Zr 

From the Impedance triangle  

Cos φr = R2/ Zr 

 Putting the above parameter in Equation -1 

T α E2 X 
𝐸𝑟

𝑍𝑟
 𝑋 

𝑅2

𝑍𝑟
 

T α E2 X 
𝐸𝑟𝑋 𝑅2  

𝑍𝑟2
 

  

T α  
 𝑆 𝐸2𝑋 𝑅2  

𝑍𝑟2
            [𝑊𝑒 𝑘𝑛𝑜𝑤 𝑡ℎ𝑎𝑡 𝐸𝑟 = 𝑆𝐸2]    , 𝑉/𝑃ℎ 

 

T= 
  𝐾 𝑆 𝐸22𝑋 𝑅2  

𝑍𝑟2
            K  is the proportionality constant K= 60/2ΠnS 

 

Or  

T= 
  𝐾 𝑆 𝐸22𝑋 𝑅2  

𝑅22+(𝑆 𝑋2)2
             N-m /ph  [ 𝑆 𝑋2 = 𝑋𝑟 

 

Z2= √((𝑅2)2 + (𝑋2)2 

 

 

= Zr=  √((𝑅2)2 + (𝑋𝑟)2 

  

= √((𝑅2)2 + (𝑆 𝑋𝑟)2 

 

 

 

 

 

 

 

 



6.5-Explain starting of an induction motor by using DOL starter: 

 

•This starter is basically used for a three-phase induction motor having rating of less than 

5HP. 

•from its name implies that the motor is directly connected to the three phase line with some 

safety parts such as fuse and over load relay. 

•The circuit diagram is shown in the above figure. 

6.5-Explain the starting of an induction motor by using star-Delta stator: 



 

•This stator is basically used for a three phase cage motor having power rating of 5-15 HP. 

•The circuit diagram is shown in the above figure. 

•After putting on the switch of this motor when the handle is shifted to start position. Then 

starter winding are connected in star.so per phase voltage becomes 1/√3 times the line voltage. 

Hence the torque developed becomes 1/3 time the rated value.so starting current is reduced by 

1/3 of its full value. 

• when the rotor pickup then the handle of the starter is shifted to run position. where the starter 

winding gate full voltage in its phase.so the torque developed by the motor will increase. 

State industrial use of induction motor:- 

There are a lot of applications of three phase induction motor (I.M) such as- 

 • It is used in electric train engine. 

• it is used in chimney at power plant. 

• It is used in printing machine . 

• It is used in Rolling mills. 

• It is used in pumps. 

•It is used in drilling machine. 

•It is used in lathe machine. 

• It is used in grinding machine. 



•It is used in pressing machine. 

• It is used in lifts. 

• It is used in cranes. 

• It is used in hoists. 

• It is used in  crusher. 

• It is used in oil extracting mills. 

• It is used in large capacity exhaust fans etc. 

Short question with answer:- 

(1) What is slip of an induction motor? (2019) 

Ans-It is defined as ratio between slip speed and synchronous speed of a three phase induction 

motor. It has no unit .It is calculated in percentage. 

Mathematically- 

S=Ns-N/Ns  < 1 

%s=Ns-N/Ns ×100 

(2) What is synchronous speed? 

Ans- It is defined as the speed at which the stator field is rotated .It is denoted 'Ns' and it unit is 

RPM. 

Mathematically- 

Ns= 120f/p, rpm. 

(3)For a three phase,6 pole I.M supplied whit voltage of 50hz frequency, calculate the 

synchronous speed?(2016) 

Ans-Given that:- 

P=6,f=50 HZ 

We know Ns=120f/p 

                      =120×50/6 

                     =1000 rpm. 

(4)why are induction motor called asynchronous? (2018) 

Ans- I.M is asynchronous because their rotors can never run with synchronous speed. 

(5) write down the name of various types of three phase I.M. (2013) 

Ans-The various types of three phase I.M motor are- 

(I) Squirrel cage type I.M 

(II) Slip ring type I.M 

(6)How can the direction of rotation of the motor be reversed? 



Ans-By transposing or changing over any two line leads. 

Long questions:- 

(7) write down the constructional features of three phase induction motor. (2006). 

(8) Draw the line diagram of star-Delta starter for starting of an induction motor. (2008),(2019) 

(9) Explain DOL starter with circuit diagram. (2010) 

(10) Derive the relationship between torque and rotor voltage of induction motor. (2018) 

(11) Explain how the rotating magnetic field is created in the stator of a three phase induction 

motor. (2016) 

(12) Explain the principle operation of three phase induction motor. (2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter -7 

Single phase induction motor 

Definition:- 

It is defined as an AC electrical machine which converts electrical energy into mechanical 

energy. 

7.1-Construction features and principle of operation of capacitor type of single- 

phase induction motor: 

Definition:- 

It is defined as split phase induction motor in which a capacitor remains in the starting winding  

at the time starting as well as running. 

Explanation:- 

 

 

This motor has starting or auxiliary and main or running windings are placed in the stator slot at 

an angle 90°(electrical) apart. The starting winding has less no. of turns with thin diameter to 

increase the resistance similarly the running winding  has no. of turns with thicker diameter to 

increase the  inductance property but reduce the resistance. 

               A capacitor (with appropriate value) is connected in series with the starting winding.No 

centrifugal switch is connected in this motor. 



Working:- 

When single phase  AC supply is given to the stator winding then two current flow in the auxillary 

as well as main winding so two fluxes are created in the stator and according to induction 

principle the rotor starts to rotating along the revolving field direction. 

Vector diagram:- 

 

Let- 

   I= The total supply current. 

 Ia=Auxiliary or starting current. 

 Im= Main or running current. 

 V=Supply voltage. 

     Taking voltage as reference vector. The current vector shown below 

         I=Ia + Im 

  From the above vector diagram it is observed that the phase-φ  angle decreasing by which 

power factor is improved. 

Advantages:- 

Following advantages are observe in the capacitor type induction motor. 

1- Due to decrease of phase angle (φ) power factor is improved. 

2-  Due to large angle between Ia and Im the starting torque is also high 

3- Noise is reduced. 

4- Less interference of the radio waves. 

Application:- 
Following are the few important applications of a capacitor type I.M- 

1-It is used in ceiling fans. 

2-It is used in table fans. 



3-It is used in pedestal fans. 

4-It is used in Exhaust fans. 

 5-It is used in water pumps and official machines. 

7.1-Explain construction features and principle shaded pole type of single 

phase induction motor:- 

Shaded pole type induction motor:- 

Definition:- 
It is defined as a single phase motor in which a shading ring is used to create RMF. 

Explanation:- 

 

 

 
This motor has a stator and a squirrel cage type rotor. several turn of copper wire are 

wound over the stator frame are called as stator winding. The pole face of stator are cut 

out 1/3 distance form two opposite ends as shown in the above figure. 



Working:- 
When single phase AC supply is given to the stator winding then an alternating current 

starts flowing in the same winding. considering one cycle of current flow, we can 

described how an RMF is created in this stator. 

  Let' us consider a +ve half cycle of the alternating current as shown in the figure -2.The 

current is increased gradually by which an alternating flux is created from the stator 

winding. This flux when links with the shaded rings then certain emf is induced and a 

heavy current will start flow in the ring. This causes an induced flux which opposes the 

main flux so the main flux spreads over the unshaded region. Hence the resultant flux 

axis(φ-one) will act at the centre of unshaded region.  

        As shown in figure-3 the current reaches at its maximum point. The flux produced by 

this constant current is also a constant. This flux when links with the shaded ring , no emf 

is induced so no induced current and opposing flux.  So the main flux flows over the entire 

pole face.so the resultant flux axis(φ- two)lies at the centre of pole face. 

          As shown in figure- 4,a current is now decreasing from the maximum value due to 

this change of current in the stator winding, A variable flux is created and links with the 

shaded ring. Now the flux which is induced in the shaded ring will support to the main 

flux so concentration flux is more in the shaded portion .Hence the flux axis will act at the 

centre of shaded region. 

            By this way during  +ve half cycle it is observed that the flux moves from left to 

right in the upper half of the pole shoe similarly during -ve half cycle the flux will flow 

from right to left in lower half of the pole shoe. Therefore an RMF is produced in every 

period of the AC supply. 

Application:- 
A shaded pole type I.M is used in  

1-cinema projectors. 

2-Hair driers. 

3-Toyes. 

7.2- Explain construction & operation of AC series motor:- 
Definition: 
AC series motor is an electric motor which convert electrical energy into mechanical 

energy. It is the modification of DC series motor. It is also  known as universal motor. 

Symbol and circuit diagram:- 

Construction:- 
Construction is similar to that of DC series motor. 

•Here  

•So this motor can be operated both AC and DC supplies. 

•Therefore AC series motor called as universal motor. 

•These motors also have good starting torque. 



Operation:- 
When a current carrying conductor is placed in a magnetic field a force or torque is 

exerted. 

•when the motor is connected to an single phase A.C supply then same  alternating 

current flow through the field and armature winding. 

•The field winding is produced by an alternating flux(phae) that react with the current 

flowing in the armature to produce torque. 

• The principle operation is similar to the DC series motor. 

Application:- 
•It is used in drill machine 

•It is used in mixture machine 

•It is used in sewing machine 

•It is used in marble cutter. 

 

7.3- Concept of alternator & it’s application:- 

Definition:- 
It defined as an AC electrical machine which converts mechanical energy into Electrical 

energy. 

Principle:- 
It works under the principle of statically or dynamically induced emf. 

Construction:- 

A three phase Alternator has following important parts 

(I) Stator: 
This is an outer frame of the machine which protect all its internal parts from the 

outside impurities. This stator has laminated core.  This core has required number 

of slot and teeth. Ducts are also provided in the stator frame from proper 

ventilation and cooling. 

      (II)stator winding:- 

        Several turns of copper wire  are taken through the slots of the stator core and is called as 

stator windings. usually three phase windings (may be lap or wave wound) are taken in this. 

Connection point of view these windings may be star or delta connected. Generally star 

connected stator winding is more preferable. 

(III)Rotor:- 

This is the rotating part of the Machine.  In practice two type of rotors are used in a three 

phase Alternator, they are- 

(a) Salient pole type rotor. 

(b) Non salient pole type rotor. 



Working:- 

An AC generator or an alternator has either stationary armature but rotating field type  or 

stationary field but rotating armature type . the stationary armature but rotating field 

type has more advantage than that of the other. 

              Using any prime mover, the rotor of the alternator is rotated .At the same time 

rotor field is excited ,so magnetic flux is produced from the rotor field which is now 

rotating. This rotating flux when links with the stationary armature conductors. Then 

certain emf will induced in each of its phases. 

Application:- 

• Alternator are used in modern automobiles to charge the battery. 

• Alternator are used in thermal ,hydro and nuclear power station. 

Short question with answers:- 

(1) What is 1-(φ) I.M and which principle it works? 

Ans- It is defined as an electrical machine which converts electrical energy into 

mechanical energy 

        It works under the principle of mutual induction. 

(2) Why capacitor used in single phase I.M? (2013,2008) 

Ans-The capacitor is used in single phase I.M is to improve the power factor and to 

given proper phase displacement between the current of starting winding and running 

winding. 

(3) Write down the application of capacitor start I.M? 

Ans-It is used in – 

(I) Refrigerator 

(II) Air conditioning 

(4) Write down the application of split phase capacitor start and run induction motor? 

Ans- It is used in- 

(I) Ceiling fans 

(II) Table fans 

(III) Office fans 

(5) What is an Alternator? 

Ans-Alternator defined as an electrical machine which convert mechanical energy into 

Electrical energy.  

(6) What are application of shaded pole I.M? 

Ans-It is used in  

(I) Toys 

(II) Hair drier 

(III) Cinema projector . 



(7) What are the application of alternator? 

Ans-It is used in  

(I) Hydroelectric power plant. 

(II) Thermal Power plant 

(III) Nuclear Power plant. 

Long questions:- 
(8) Explain shaded pole type motor with sketch. (2018,2016,2013,2010,2006,) 

(9) Explain with schematic diagram and phaser diagram, the principle of operation of 

single phase capacitor start and run motor. (2016,2014,2019) 

10. Explain with ckt diagram the working of single phase series motor. (2019,2014). 

 

 

 

 

 


