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1. Explain in detail the constructional details and working of DC motor. 

 

 

 

 

 construction 
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(i) When the loop is in position no. 1 [the generated e.m.f. is 

zero because the coil sides (AB and CD) are cutting no flux but are 

moving parallel to it 

 

(ii) When the loop is in position no. 2, the coil sides are moving at an angle 

to the flux and, therefore, a low e.m.f. is generated as indicated by point 

2  

(iii) When the loop is in position no. 3, the coil sides (AB and CD) are at 

right angle to the flux and are, therefore, cutting the flux at a maximum 

rate. Hence at this instant, the generated e.m.f. is maximum as indicated 

by point 3  

(iv) At position 4, the generated e.m.f. is less because the coil sides are 

cutting the flux at an angle. 

(v) At position 5, no magnetic lines are cut and hence induced e.m.f. is zero 

as indicated by point 5  

(vi) At position 6, the coil sides move under a pole of opposite polarity and 

hence the direction of generated e.m.f. is reversed. The maximum e.m.f. 

in this direction (i.e., reverse direction, See Fig. 1.2) will be when the 

loop is at position 7 and zero when at position 1. This cycle repeats with 

each revolution of the coil. 
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2. Derive the e.m.f. equation  

 
     A=p for lap winding  

     A=2 for wave winding  
3. Draw and explain the characteristics of DC generator.  

1. Open Circuit Characteristic (O.C.C.) 

2. Internal or Total characteristic (E/Ia) 

3. External characteristic (V/IL) 

Characteristics   of a Separately Excited D.C. 

Generator 

             (i)Open circuit characteristic. 
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(ii)Internal and External Characteristics 

 

 

 

 

Characteristics of Series Generator  
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Characteristics of a Shunt Generator 

 

Compound Generator Characteristics 

  

 

4. Working of D.C. Motor 

Consider a part of a multipolar d.c. motor as shown in  

When the terminals of the motor are connected to an external source of d.c. 

supply: 

(i) the field magnets are excited developing alternate N and S poles; 

(ii) the armature conductors carry currents. All conductors under N-pole 

carry currents in one direction while all the conductors under S-pole 

carry currents in the opposite direction. Suppose the conductors under N-

pole carry currents into the plane of the paper and those under S-pole carry 

currents out of the plane of the paper as shown. Since each armature 

conductor is carrying current and is placed in the magnetic field, mechanical 

force acts on it. and applyingFleming’s left hand rule, it is clear that force 
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on each conductor is tending to rotate the armature in anticlockwise 

direction. All these  forces add together to produce a driving torque which 

sets the armature rotating. When the conductor moves from one side of a 

brush to the other, the current in that conductor is reversed and at the same 

time it comes under the influence of next pole which is of opposite polarity. 

Consequently, the direction of force on the conductor remains the same  
4. Derive the  voltage equation and speed equation 

V = applied voltage 

Eb = back e.m.f. 

Ra = armature resistance 

Ia = armature current 

Since back e.m.f. Eb acts in opposition to the applied voltage V 

                             V = Eb + IaRa  

This is known as voltage equation of the d.c. motor. 
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5. . Derive the  torque equation and speed equation 

 
 

  
6. Write down the significance of back e.m.f.  

The presence of back e.m.f. makes the d.c. motor a self-regulating 

machine i.e.,it makes the motor to draw as much armature current as is 

just sufficient to develop the torque required by the load. 

7. D.C. Motor Characteristics 

Torque and Armature current characteristic (Ta/Ia) 

Speed and armature current characteristic (N/ia) 

Speed and torque characteristic (N/Ta) 
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Characteristics of Shunt Motors 

v  

  

Ta/Ia  Characteristic. 

Ta µ fIa 

N/Ia Characteristic. 

N µ Eb   /   f 

N/Ta Characteristic. 
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Characteristics of Series Motors 

 

Ta/Ia Characteristic. 

Ta µ fIa 

           Upto magnetic saturation, f µ Ia   so that Ta µ Ia*Ia         

After magnetic saturation, f is constant so that Ta µ Ia 

N/Ia Characteristic 

  

N/Ta Characteristic. 

 

 

 

 

  8. Draw and explain the characteristics of DC motor.   
     7. Draw and explain the speed control methods of DC shunt motor.  
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Speed Control of D.C. Shunt Motors 

Flux control method 

 

 
Armature control method 
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Voltage control method 

1. Multiple voltage control. 

2. Ward-Leonard system. 

 
9. Explain in detail about the ward-leonard system of speed control of 

DC motor. 

 
In this method, the adjustable voltage for the armature is obtained from an 

adjustable-voltage generator while the field circuit is supplied from a 

separate source. This is illustrated in Fig. (5.5). The armature of the shunt 

motor M (whose speed is to be controlled) is connected directly to a d.c. 

generator G driven by a constant-speed a.c. motor A. The field of the shunt 

motor is supplied from a constant-voltage exciter E. The field of the 

generator G is also supplied from the exciter E. 

The voltage of the generator G can be varied by means of its field 
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regulator. By reversing the field current of generator G by controller FC, 

the voltage applied to the motor may be reversed. Sometimes, a field 

regulator is included in the field circuit of shunt motor M for additional 

speed adjustment. With this method, the motor may be operated at any 

speed upto its maximum speed. 

     9explain the speed torque characteristics of series shunt and compound 

generator 

 
                                                    UNIT 2   
                                            Transformers 

                                                PART - B 
1. Derive the e.m.f. equation of transformer 

.   
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2. Explain in detail about the transformer on no load.  

 
No load input power, W0 = V1 I0  cos 0 

The   component   IW  in phase with the applied voltage V1. This is known 

as active or working or iron loss component and supplies the iron loss 

and   a very small primary copper loss. 

IW = I0 cos 0 

The component IW in phase with the applied voltage V1. This is known 

as active or working or iron loss component and supplies the iron loss 

and a very small primary copper loss. 

IW = I0 cos 0 

 

    

3.Draw and explain ideal transformer. Draw its vector diagram. 

                         
An ideal transformer is one that has 

         (i) no winding resistance 

         (ii) no leakage flux i.e., the same flux links both the windings 

   (iii) no iron losses (i.e., eddy current and hysteresis losses) in the core   
4.Draw and explain in detail about the practical  transformer on  load 

with phasor diagrams 
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3. Exact Equivalent Circuit of a Loaded Transformer 

 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



 
 

 

5.Explain  the  voltage regulation  for the transformer with phasor 

diagrams  

The voltage regulation of a transformer is the arithmetic difference (not 

phasor difference) between the no-load secondary voltage (0V2) and the 

secondary voltage V2 on load expressed as percentage of no-load voltage  

6. Explain in detail about the testing procedures for the transformer.  

Open-Circuit or No-Load Test  

 
Short-Circuit or Impedance Test 

Advantages of Transformer Tests 

7. Why Transformer Rating in kVA? 

An important factor in the design and operation of electrical machines is the 

relation between the life of the insulation and operating temperature of the 
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machine. Therefore, temperature rise resulting from the losses is a 

determining factor in the rating of a machine. We know that copper loss in a 

transformer depends on current and iron loss depends on voltage. Therefore, 

the total loss in a transformer depends on the volt-ampere product only and 

not on the phase angle between voltage and current i.e., it is independent of 

load power factor. For this reason, the rating of a transformer is in kVA and 

not kW 

8. explain the working of transformer. 

 

     
The following points may be noted carefully: 

(i) The transformer action is based on the laws of electromagnetic induction. 

(ii) There is no electrical connection between the primary and secondary. 

The a.c. power is transferred from primary to secondary through magnetic 

flux. 

(iii) There is no change in frequency i.e., output power has the same 

Frequency as the input power. 

(iv) The losses that occur in a transformer are: 

(a) core losses—eddy current and hysteresis losses 

(b) copper losses—in the resistance of the windings 

When an alternating voltage V1 is applied to the primary, an alternating flux 

is set up in the core. This alternating flux links both the windings and 

induces e.m.f.s E1 and E2 in them according to Faraday’s laws of 

electromagnetic induction. The e.m.f. E1 is termed as primary e.m.f. and 

e.m.f. E2 is termed as secondary e.m.f. 

9. Losses in a Transformer 

The power losses in a transformer are of two types, namely; 

1. Core or Iron losses 

 

2. Copper losses 

10. Discuss about the cooling methods of  Transformer 

Dry type 

Oil immersed cooling 
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                                                             UNIT 3 
           INDUCTION MACHINES AND SYNCHRONOUS MACHINES 
 
 

PART - B 
 

1. Explain the constructional details and working of 3 phase induction 

motor.  

Stator 

Rotor 

Squirrel cage type 

 
(ii) slip type 

 
Working 

When a 3-phase winding is energized from a 3-phase supply, a rotating 

magnetic field is produced. This field is such that its poles do no remain in a 

fixed position on the stator but go on shifting their positions around the 

stator. For this reason, it is called a rotating Held. It can be shown that 

magnitude of this rotating field is constant and is equal to 1.5 m where m is 

the maximum flux due to any phase. 
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  Points about the Speed of rotating magnetic field 
Points about the Direction of rotating magnetic field 
When 3-phase stator winding is energized from a 3-phase supply, a rotating 

magnetic field is set up which rotates round the stator at synchronous 
Speed Ns (= 120 f/P). 
The rotating field passes through the air gap and cuts the rotor conductors, 

which as yet, are stationary. Due to the relative speed between the rotating 

flux and the stationary rotor, e.m.f.s  are induced in the rotor conductors. 

Since the rotor circuit is short-circuited, currents start flowing in the rotor 

Conductors. 

 The current-carrying rotor conductors are placed in the magnetic field 

produced by the stator. Consequently, mechanical force acts on the rotor 

Conductors. The sum of the mechanical forces on all the rotor conductors 

produces a torque which tends to move the rotor in the same direction as 
the rotating field. 
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2. Torque-Slip Characteristics 

 

 
 

 

 
 

3. Derive an expression for maximum torque developed in three phase 

induction motor 

 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



    
 

 

 
Condition for Maximum Starting Torque 
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3. Explain about the double revolving field theory applied to single phase 
induction motor. 

The double-field revolving theory is proposed to explain this dilemma of no 

Torque at start and yet torque once rotated. This theory is based on the fact that 

an alternating sinusoidal flux (= m cos t) can be represented by two 

Revolving fluxes, each equal to one-half of the maximum value of alternating 

Flux (i.e., m/2) and each rotating at synchronous speed (Ns = 120 f/P, = 2f) 
In opposite directions.  

 
 
 
 

  

 
4. Explain the starting methods  of single phase induction motor 

  (a)split phase induction motor 

    b) capacitor motor 

     i)capacitor start induction run motor 

     ii)capacitor  run motor 

    iii) capacitor start capacitor run motor 

 
    c) shaded pole motor 
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5. discuss about the types of single phase induction motors. 

       Single-phase motors are generally built in the fractional-horse power range       

and  may be classified into the following four basic types: 

1. Single-phase induction motors 

(i) split-phase type 

 

 
 

 (ii) capacitor type 

 
(iii) shaded-pole type 

 
 

2. A.C. series motor or universal motor 
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3. Repulsion motors 

(i) Repulsion-start induction-run motor 

(ii) Repulsion-induction motor 

 

 

 

 

5. Equivalent Circuit of 3-Phase Induction Motor 

 

 
6. Speed torque characteristics of 3phase induction motor 

7. Starting of induction motors. 

            The method to be employed in starting a given induction motor depends 

upon the size of the motor and the type of the motor. The common methods used to 

start induction motors are: 

(i) Direct-on-line starting (ii) Stator resistance starting 
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(iii) Autotransformer starting (iv) Star-delta starting 

(v) Rotor resistance starting 

 

 

 

 

 

Stator resistance starting 

 
 

Autotransformer starting 
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Star-deltastarting

 
8. Discuss about the speed control of 3 phase induction motor 

    control from stator poles 

i)  By changing applied voltage 

ii) By changing the supply frequency 

iii) By changing the number of stator poles 

Control from rotor side 

i)rotor rheostat control 

ii)operating two motors in concatenation or cascade 

iv) By injection of emf in the rotor circuit 

10. Equivalent Circuit of Single-Phase Induction Motor 
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11.derive the emf equation of alternator 

  
12. methods of starting of synchronous motor. 

    A DC motor coupled to the synchronous motor shaft 

    Using the damper windings as a squirrel cage induction motor 

    A small induction motor coupled to the shaft 

     Using the field excited generator as a DC motor 

13.torque equation of synchronous motor. 

14.v curves and inverted v curves 
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                                                       UNIT 4 

              BASICS OF MEASUREMENT AND INSTRUMENTATION 

                                                      PART B 

1. Discuss in detail about the static characteristics of transducers with 
suitable sketches. 
 Accuracy  
 Sensitivity 
 Reproducibility 
 Drift 
 Static error 
 Dead zone 

2. Discuss in detail about the dynamics characteristics of transducers with 
suitable sketches 
Speed of response 
Measuring lag 
Fedility 
Dynamic error 

3. Explain the principle of operation, construction, and working of LVDT 
with neat diagram 
 principle 
    Depending upon the position of the core, flux linking with the coils and 
hence voltages induced in them 

 
The LVDT converts a position or linear displacement from a mechanical 
reference (zero, or null position) into a proportional electrical signal 
containing phase (for direction) and amplitude (for distance) information. 
The LVDT operation does not require an electrical contact between the 
moving part (probe or core assembly) and the coil assembly, but instead 
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relies on electromagnetic coupling 
4. Describe in brief about the construction and working of a bonded and un 

bonded strain gauge. 
In unbounded strain gauges, the wires of the elements are exposed to air 
 However in bonded resistance wire strain gauge , the resistive wire is 
cemented to the carrier base 

5. Give note on resistance thermometer and thermistors. 
i)Resistive thermometer is the resistive transducer whose resistance 
changes with temperature on account of change in resistivity of the 
material RTD are used for measurement of temperature. 
Construction 
Characteristics 
ii)thermistors 
A thermistor is a type of resistor whose resistance varies significantly 
with temperature, more so than in standard resistors.. Thermistors are 
widely used as inrush current limiters, temperature sensors, self-resetting overcurrent 

protectors, and self-regulating heating elements. 
6. Discuss in detail about the broad classification of transducers and 

principle of operation of individual types. 
Transducers  
1. active transducers 
2. passive transducers 
3. analog transducers 
4. digital transducers 
5. primary and secondary transducers 
6. inverse transducers 

7. Discuss in detail about the static characteristics of transducers 
   Accuracy vs precision 
   Range vs span 
   Sensitivity vs zero drift 
   Threshold vs resolution 
8. Draw the equivalent circuit of piezoelectric transducers. Derive the 
expression for magnitude of voltage across the load by making simplifying 
assumptions  
9. Rotary variable differential transformer (RVDT) 
  Depending upon the position of rotary core, flux linking with the coils.and 
hence voltage induced in the m varies 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com

http://en.wikipedia.org/wiki/Resistor
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Inrush_current_limiter
http://en.wikipedia.org/wiki/Sensors
http://en.wikipedia.org/wiki/Resettable_fuse
http://en.wikipedia.org/wiki/Resettable_fuse
http://en.wikipedia.org/wiki/Heating_element


 
                                          UNIT 5 
                       ANALOG AND DIGITAL INSTRUMENTS 

                                     PART B 
1. Describe the working of an Anderson bridge and 
        Derive the equation of balance. 

 
Measures  the self inductance in terms of standard capacitors, the bridge is 
nothing but the modified maxwells bridge 
2. Illustrate the operating of the wheat stone bridge, derive the equation 

of balance. 
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A Wheatstone bridge is an electrical circuit used to measure an 
unknown electrical resistance by balancing two legs of abridge circuit, one 
leg of which includes the unknown component. Its operation is similar 
to the original potentiometer. 
 
 
 
 
 

3. What are the special features of high voltage schering  bridge? 

 
 
 It is one of the most widely used AC bridges for the measurement of 
unknown capacitors, dielectric loss and power factor 

4. Explain how the  self inductance can be measured in terms of standard 
capacitor using an AC bridge 

5. With neat diagram explain the working of Q meter 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com

http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Bridge_circuit
http://en.wikipedia.org/wiki/Potentiometer_(measuring_instrument)


 
 It is an instrument  which is designed to measure the value of Q 
directly  and such is very useful in measuring the characteristics of 
coils and capacitors 

6. Explain the measurement of inductance using Maxwell weins bridge? 

 
 We can measure the inductance by comparing  it with standard 
variable self inductance arranged in  bridge circuit 

7. Explain how self inductance can be measured in terms of a standard 
capacitor using an AC bridge ? 

8. Explain the operation of storage CRO with necessary diagrams. 
CRT has the persistence of the  phosphor ranging from few milli 
seconds to several seconds, but some times it is necessary  to retain the 
image for  much longer periods it requires storing of a waveforms for a 
certain duration independent of phosphor resistance such retention 
property helps to display the wave form of low frequency 
   Two types of storage techniques 
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1.mesh storage 
2.phosphor storage 
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