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Q.2a. Differentiate the analogies between magnetic circuit and DC resistive circuit 
with suitable units   (7) 

Answer: 
 
DC Resistive Circuit                                     Magnetic Circuit 
 
Current I (Amperes)                                       Flux  (Wb)  
 
Voltage V (V)                                                  Magneto motive force (mmf)   (AT) 
 
Resistance R = l / A ( )                                 Reluctance   = l/µA ( ) 
 
Conductivity  (S/m)                                       Permeability µ ( H/m)  
 
Conductance G = 1/R (S)                                 Permeance P = 1/   (H) 
 
I = V/R                                                               =   /  
 
Current density J = I/A (A/m2 )                         Flux density B =  /A(Wb/m2) 
   

  b.  In the magnetic circuit shown in Fig.3 the coil of 500 turns carries a current 
of 4 A. The air-gap lengths are g1= g2= 0.25 cm and g3= 0.4 cm. The cross- 
sectional areas are related such that A1= A2= 0.5A3. The permeability of iron 
may be assumed to be infinite. Determine the flux densities B1, B2, and B3 in 
the gaps g1, g2, and g3, respectively. Neglect leakage and fringing.  (9) 

    
    Fig.3 
Answer: 
The reluctance of the iron is negligible, the equivalent magnetic circuit is shown 
below 
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                                                                                   (up to equivalent circuit 4M )                                                                                                        

 
     (For calculations 5M given)           
 
 

 Q.3 a. Differentiate between core and shell-type transformers with neat sketches.(6) 
Answer: 
(For two diagrams 2M and theory given 4M)  
Two types of cores are commonly employed in practice—core-type and shell-type. 
In core-type construction shown in Fig. 4(a) the windings are wound around the 
two legs of a rectangular magnetic core, while in shell-type construction of Fig. 
4(b), the windings are wound on the central leg of a three-legged core. Though 
most of the flux is confined to a high permeability core, some flux always leaks 
through the core and embraces paths which partially lie in the air surrounding the 
core legs on which the coils are wound. This flux which links one of the windings 
without linking the other, though small in magnitude, has a significant effect on the 
transformer behaviour. Leakage is reduced by bringing the two coils closer. In a 
core-type transformer this is achieved by winding half low-voltage (LV) and half 
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high-voltage (HV) winding on each limb of the core as shown in Fig. 4(a). The LV 
winding is wound on the inside and HV on outside to reduce the amount of 
insulation needed. Insulation between the core and the inner winding is then 
stressed to low voltage. The two windings are arranged as concentric coils. In 
shell-type construction leakage is reduced by subdividing each winding into 
subsections (wound as pancake coils) and interleaving LV and HV windings as 
shown in Fig. 4 (b). 
        The core-type construction has a longer mean length of core and a shorter 
mean length of coil turn. This type is better suited for EHV (extra high voltage) 
requirement since there is better scope for insulation. The shell-type construction 
has better mechanical support and good provision for bracing the windings. The 
shell-type transformer requires more specialized fabrication facilities than core-
type, while the latter offers the additional advantage of permitting visual inspection 
of coils in the case of a fault and ease of repair at substation site. For these reasons, 
the present practice is to use the core-type transformers in large high-voltage 
installations. 
Transformer windings are made of solid or stranded copper or aluminium strip 
conductors. For electronic transformers, “magnet wire” is normally used as 
conductor. Magnet wire is classified by an insulation class symbol, A, B, C, F and 
H, which is indication of the safe operating temperature at which the conductor can 
be used. Typical figures are the lowest 105 °C for class-A and highest 180 °C for 
class-H. 
The windings of huge power transformers use conductors with heavier insulation 
(cloth, paper, etc.) and are assembled with greater mechanical support and the 
winding layers are insulated from each other—this is known as minor insulation 
for which pressed board or varnished cloth is used. Major insulation, insulating 
cylinders made of specially selected pressed board or synthetic resin bounded 
cylinders, is used between LV and core and LV and HV. Insulating barriers are 
inserted between adjacent limbs when necessary and between coils and core yokes. 
 

 
                                                                              Fig.4(a) core type transformer 
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                                                     Fig4(b) shell type transformer 

 
 

  b. A 20-KVA, 50-Hz, 2000/200-V distribution transformer has a leakage 
impedance of 0.42 + j 0.52 Ω in the high-voltage (HV) winding and 0.004 + j 
0.05 Ω in the low-voltage (LV) winding. When seen from the LV side, the 
shunt branch admittance Y0 is (0.002 – j 0.015) mho   (at rated voltage and 
frequency). Draw the equivalent circuit referred to  

   (i)  HV side  
   (ii) LV side, indicating all impedances on the circuit. (10)  
Answer: 
The HV side will be referred as 1 and LV side as 2. 
Transformation ratio,          

                                                           (2M for transformation ratio) 

 
                                                                                                                    (Impedence and 
admittance 4M) 
The equivalent circuit is drawn below 
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The equivalent circuit is drawn below 

 
                                               ( Each equivalent circuit carries 3M each) 
 
  

 Q.4 a. Derive the expression for the induced emf of a dc machine from fundamental 
principles.  (6) 

Answer: 
Consider a D.C generator whose field coil is excited to produce a flux density distribution along 
the air gap and the armature is driven by a prime mover at constant speed as shown in figure 
below. 

(1Marks) 
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             b. A 200-V dc shunt motor has a field resistance of 200Ω and an armature 

resistance of 0.5Ω. On no load, the machine operates with full field flux at a 
speed of 1000 r/min with an armature current of 4 A. Neglect magnetic 
saturation and armature reaction. 

   (i) If the motor drives a load requiring a torque of 100 N ·m, find the 
armature current and speed of the motor. 

   (ii) If the motor is required to develop 10 hp at 1200 r/min, compute the 
required value of external series resistance in the field circuit. (10)  

Answer: 
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 Q.5 a.  Show power flow in a DC motor with the help of diagram. What are the 

various losses that occur in DC motor?  Give the condition for maximum 
motor efficiency.   (8) 
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Answer: 
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  b.  What is a damper winding? What is the function of it and where it is located?

  (8) 
Answer: 
Damper Winding  
Additional damping is provided in the salient pole synchronous machine by means 
of damper bars located in the main poles of the machine and short-circuited 
through round rings at both ends. As the rotor oscillates, the damper bars have a 
relative movement with respect to the air-gap flux pattern which causes induction 
of emfs and flow of currents in these bars. The torque created by the bar currents as 
per Lenz’s law always opposes the relative motion. This is how a positive damping 
term is brought into play so that the oscillatory motion of the rotor about the 
operating point is considerably reduced in amplitude and the rotor quickly returns 
to the steady position. These short-circuited bars are known as damper winding or 
ammortisseur winding. These act like a squirrel cage induction motor thereby 
providing a starting   torque for the motor which otherwise being of synchronous 
kind is not self-starting. Therefore, the damper winding serves the dual purpose. 
 
  
 Q.6 a. Explain the No-load test with connection diagram to determine the 

parameters of circuit model of induction motor.    (8) 
Answer: 
  circuit 2M   rest calculations 6M                                 
As the circuit model of an induction motor is similar to that of a transformer, the 
parameters of the model can be obtained by means of non loading tests as in the 
case of the transformer—no-load test (corresponding to the OC test on the 
transformer)         
 
In this test the motor is run on no-load at rated voltage and frequency. The applied 
voltage and current and power input to motor are measured by the metering as per 
the following figure. 
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Let the meter readings be Power input = P0 (3-phase)  
 Current = I0 (average of the three meter readings)   
Voltage = V0 (Line-Line rated voltage) 

 

 

 



AE105                   PRINCIPLES OF ELECTRICAL ENGINEERING DEC 2015 
 

© IETE                                                                                                                                 12 

 

 
 
  b. Write a short note on isolated induction generator and explain how the slip 

should be negative.  (8) 
Answer: 
An isolated induction generator feeding a load is shown in Fig.  The delta- 
connected capacitors across the generator terminals provide the magnetizing 
current necessary to excite the isolated generator. The voltage build-up will be 
explained later in this section. As the generator is loaded, the operating frequency 
depends primarily upon rotor speed but is affected by the load, while the voltage is 
mainly decided by capacitor reactance (X C) at the operating frequency.  
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The machine slip (which should be negative) can be expressed as 
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 Q.7   a.   A universal motor (ac-operated) has a 2-pole armature with 960 conductors. 

At a certain load the motor speed is 5000 rpm and the armature current is 
4.6 A; the armature terminal voltage and input are respectively 100 V and 
300 W. Compute the following, assuming an armature resistance of 3.5 W.   

   (i)   Effective armature reactance  
   (ii) Maximum value of useful flux/pole (8) 
Answer: 
For circuit 2M and for(a) and (b) 3M each                                      
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  b. Give the typical applications of :  (2x4) 
   (i)    Resistance Split-phase Motor  
   (ii)   Capacitor-start Motor  
   (iii)  Permanent-capacitor Motor  
   (iv)  Two-value Capacitor Motor              
Answer: 
(2M for each)                                                     (8M) 
(i)Resistance Split-phase Motor It has a low starting current and moderate starting 
torque. It is used for easily started loads and typical applications include fans, 
saws, grinders, blowers, centrifugal pumps, office equipment, washing machines, 
etc. These are usually available in the range of 1/20 to 1/2 kW.  
(ii)Capacitor-start Motor This motor has a high starting torque and therefore is 
used for hard starting loads, such as compressors, conveyors, pumps, certain 
machine tools, refrigeration and air-conditioning equipment, etc. This is the most 
commonly used induction motor and is available up to sizes as large as 6 kW. 
(iii)Permanent-capacitor Motor It has a high starting torque but slightly lower 
than that of the capacitor-start motor as a result of the compromise between 
starting and running performances and the capacitor cost. Because of the 
permanent capacitor it has a better running power factor and efficiency and a 
quieter and smoother operation. It is used for both easy and hard to start loads. In 
fact in modern practice ceiling fans, air-circulators and blowers use this type of 
motor.  
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(iv)Two-value Capacitor Motor It combines the advantages of capacitor-start and 
permanent-capacitor motors and is used for hard to start loads. At the same time it 
gives a high power factor and efficiency under running conditions. Typical 
applications are refrigerators, compressors and stockers. 
 
 Q.8   a. Draw single line diagram of a power system. Label all the major components 

of the system.   (8) 
Answer: 
For single line diagram 4M and rest 4M  
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  b. Discuss the advantages of ring main distribution system over the radial 

system.  (8) 
Answer:  Each system carries 4M 
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The advantages of radial system are its simplicity and low cost, which result 

from a straight forward circuit arrangement where a single or radial 
path is provided between the consumer and the source or bulk power 
supply. With such an arrangement, the amount of switching 
equipment required is small and the protective relaying is simple. The 
major disadvantage of radial system is its lack of security of supply. 
When a fault occurs on any section of the feeder; a number of 
consumers will be without supply for a considerable period. The radial 
system is normally used for rural distribution these days. 
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 Q.9   a. Write a short notes on:   (2x3) 
   (i)    Vulcanized India Rubber cables  
   (ii)   PVC (Polyvinyl chloride) cables  
   (iii)  Tough Rubber Sheathed (TRS) cables used in domestic wiring 
Answer: 
For types of cables 2M, VR,PVC,TRS carries 2M each 
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  b. Explain the basic theory and construction of a permanent magnet moving 

coil (PMMC) instrument and its operation. (10) 
Answer: 
For diagram 4M, three torques carries 2M each 
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The basic theory of moving-coil instruments may be dealt with considering a 
rectangular coil of N turns, free to rotate about a vertical axis.   

 
The above figure shows the basic construction of a PMMC instrument. A moving 
coil instrument consists basically of a permanent magnet to provide a magnetic 
field and a small lightweight coil is wound on a rectangular soft iron core that is 
free to rotate around its vertical axis. When a current is passed through the coil 
windings, a torque is developed on the coil by the interaction of the magnetic field 
and the field set up by the current in the coil. The aluminum pointer attached to 
rotating coil and the pointer moves around the calibrated scale indicates the 
deflection of the coil. To reduce parallax error a mirror is usually placed along with 
the scale the scale. A balance weight is also attached to the pointer to counteract its 
weight. To use PMMC device as a meter, two problems must be solved. First, a 
way must be found to return the coil to its original position when there is no 
current through the coil. Second, a method is needed to indicate the amount of coil 
movement. The first problem is solved by the use of hairsprings attached to each 
end of the coil as shown in figure. These hairsprings are not only supplying a 
restoring torque but also provide an electric connection to the rotating coil. With 
the use of hairsprings, the coil will return to its initial position when no current is 
flowing though the coil. The springs will also resist the movement of coil when 
there is current through coil. When the developing force between the magnetic 
fields (from permanent magnet and electro magnet) is exactly equal to the force of 
the springs, the coil rotation will stop. The coil set up is supported on jeweled 
bearings in order to achieve free movement. Two other features are considered to 
increase the accuracy and efficiency of this meter movement. First, an iron core is 
placed inside the coil to concentrate the magnetic fields. Second, the curved pole 
faces ensure the turning force on the coil increases as the current increases. 
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It is assumed that the coil sides are situated in a uniform radial magnetic field of 
flux density B , let the length of a coil side (within the magnetic field) be l (meter), 
and the distance from each coil side to the axis be r(meter). 
It has been mentioned that the interaction between the induced field and the field 
produced by the permanent magnet causes a deflecting torque, which results in 
rotation of the coil. The deflecting torque produced is described below in 
mathematical form: 
Deflecting Torque: If the coil is carrying a current of , the force on a coil side  = .i 
amp 
B il N  (newton, N). 
∴Torque due to both coil sides =  (2r)(BilN) (Nm)  = (Gi Nm) 
where is the Galvanometer constant and it is expressed as G 2GrBlN=  (Nm/ amp ) 
= ( NBA Nm /amp ). (note A =2rl = area of the coil.)  

 
Controlling Torque: The value of control torque depends on the mechanical 
design of the control device. For spiral springs and strip suspensions, the 
controlling torque is directly proportional to the angle of deflection of the coil.  
 Control torque = C θ                                                                             
  
where, θ  = deflection angle in radians and spring constant = C Nm/ rad    
Damping Torque: It is provided by the induced currents in a metal former or core 
on which the coil is wound or in the circuit of the coil itself. As the coil moves in 
the field of the permanent magnet, eddy currents are set up in the metal former or 
core. The magnetic field produced by the eddy currents opposes the motion of the 
coil. The pointer will therefore swing more slowly to its proper position and come 
to rest quickly with very little oscillation. Electromagnetic damping is caused by 
the induced effects in the moving coil as it rotates in magnetic field, provided the 
coil forms part of closed electric circuit. 
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