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                                  N.B. -        (1) Do not deface or make any mark on this paper.

                                                    (2) Solve each problem on the appropriate page of the answer book.

                                                    (3) Do not copy the questions.

                                                    (4) At least one question to be attempted from each section.

                                                    (5) All questions carry equal marks, attempt any six questions.

SECTION A

1. A three-phase transformer has its primaries delta-connected and its secondaries star-connected. The primary and secondary line volts are 6600 and 380 volts respectively. The flux is 0.02 weber  and the frequency is 50 c/s. Determine the number of turns on each primary and secondary, neglecting losses. How would the losses affect the result?    

2. Explain the terms "electric field strength", permittivity" and "relative permittivity". A P.D. of 10 kV is applied to the terminals of a condenser consisting of two circular plates each having an area of 100 sq. cm separated by a dielectric 1 mm. Thick. If the capacitance is 3 ( 10 micro-farad, calculate the electric flux density, and the relative permittivity of the dielectric.

3. A 240 volt shunt motor has an armature resistance of 0.4 ohm and a filed resistance of 120 ohm. It runs at 460 rev/min and the armature current is 25 amperes. What resistance must be placed in the shunt field circuit in order to raise the speed to 560 rev/min, the torque remaining constant. Assume the flux to be proportional to the field current.

SECTION B 
4.  A circuit of resistance 12 ohms and inductive reactance of 20 ohms is connected in parallel with another circuit consisting of a resistor 20 ohms in series with a capacitor of capacitive reactance 15 ohms. Find the total current taken when this combination is connected to a 220 Volt/40 Hz supply, what capacitance placed in parallel will make the P.F. unity.

5. Three coils each, having a resistance of 10 ohms and an inductance of 0.02 henry, are connected (a) in star, (b) in mesh, to a three-phase, 50 Hz supply, the line voltage being 500 volts. Calculate for each case the line current and the total power absorbed.

6. What is meant by 'reverse current' and 'reverse power'? Describe a relay that will operate under these conditions. 

(a) Why is plain overload protection insufficient in the case of large alternators?

(b) Draw a line diagram of connections showing how to protect an alternator against overload, leakage and internal short circuit.       

SECTION C

7. Compare methods of obtaining speed regulation of three-phase induction motors generally used in tankers by means of : (1) rotor resistance, (2) cascade system, and (3) pole-changing. Give examples where each system may be employed with advantage.

8. Describe one type of single-phase capacitor motor and show, by the aid of a diagram, how starting is effected. What advantages does such a motor posses over an ordinary single-phase induction motor and where is it used on board ships?

9. What are the main points of difference between a D.C. and an A. C. potentiometer? Explain why the accuracy of the latter is less than that of the former with reference to measurement on board a ship.

Answers :- 

1. (a) 1486, and 

(b) 50 turns


2.    
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   10 K V
  














Electrostatic charge on each plate = Q = CV  =  3 ( 10-10 ( 104





=  3 ( 10-6 Coulombs

Each coulomb of charge is assumed to have 1 coulomb of flux associated with it


Therefore total electric flux through the dielectric ( = 3 ( 10-6 coulombs 


Electric flux density D =    3 ( 10-6    Coulombs/m2



             100 ( 10-4


= 3 ( 10-4 Coulombs/m2

The potential gradient between the plates  =  10000/0.001   =  volts/m = 107 volts/m  

Since electric force = potential gradient in dielectric 


Therefore  ( = 107 Volts/m


Now D = KoKr(
 Where Ko = 8.854 ( 10-12 , Kr is the relative permittivity

Therefore 3 ( 10-4  = 8.854 ( 10-12 ( Kr ( 107

i.e. Kr  = 3.393

Relative permittivity of dielectric  = 3.393

3.  
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N =   K(V - IaRa)     , K is a constant

         
(
Since ( ( Ish where Ish is the field current we have N = K (V - Ia Ra)








    Ish


Substituting the given values in the above equation for the initial condition we have 


460
= K (240 - 25 ( 0.4)  , 
Ish  =      240      =  2 amps 


2 120

( K = 460 ( 2
= 4


              230

Also when torque is constant Ia ( = Constant


Or Ia1(1  =  Ia2(2
For ( we can substitute Ish since ( ( Ish 

(IaIsh1 = a constant  = 25 ( 2  = 50

(Ish2 =      50


   Ia2
For 2nd condition we have 

560 =  
4 (240 - 0.4 Ia2)



         50/1a2

Simplifying we have 



28000 = 960 Ia2 - 1.6 Ia2 2



or Ia22
- 600 Ia + 17500 = 0


(Ia2   =   600 ( (360000 - 70000  
 = 30.7 (the other value is too high)




2


( Ish2
 =        50          amp2




         30.7


 ( Rsh2   =   240 ( 30.7     =     147.3  - 120   = 27.3 ohms   







              50

SECTION B

4.     
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 220 v 40 cps


















* May be socked by conductance (g) and Susceptance (b) method.  

Impedance of (1) Z1 =      (122 + 202   =     23.32 ( 

Impedance of (2) Z2 =      (202 + 152   =  25 (



Current in (1)   =      220      =   9.432 amps






 
  23.32


Current in (2)    =
   220       =   8.8 amps




    25

R1     = Cos (1 =        12       =     0.5145  (Sin(1 = 0.8575  

Z1

  23.32

R2    = Cos (2 =    20            =   0.8         ( Sin(2 = 0.6

Z2

25


Active component of current }  9.432 ( 0.5145 + 8.8 ( 0.8 =  11.89 amps


Reactive component of current =  - 9.432 ( 0.8575 + 8.8 ( 0.6 = -2.8 amps

 ( Total current (negative sign indicating nett lagging current)


=    ((11.893)2 + (2.8)2 = 12.22 amps



To have unity power factor the reactive component of current should be = 0

  i.e.   220    =  2.8 amps ( where XC is the capacitive reactance of the capacitor to be included in parallel)  


          XC
But XC   =    106
                   2 ( f c

( C = 106 ( 2.8          =  50 m farads  Ans.

         2 ( 40 ( 220


  Total current  = 12.22 amps


C = 50  m farads

5. 
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    50 cycle


























































































































(b)
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Inductance Reactance  = 2 ( f L
= 2 ( ( 50 ( 0.2  = 6.28 (

Z = Impedance 



Z per coil  = ((10)2 + (2 ( ( 50 ( 0.2)2 








   

   =  (100 + 38.5 
 =   11.8 ohms



For (a) phase voltage   =      500      =   289 volts









 (3


V      =   phase current     =     289    =   24.5 amps


Z


   11.8



For star connection line current  = phase current



(Line current = 24.5 amps


Power absorbed  =   (3  VLIL Cos (




= (3 ( 500 ( 24.5      (       10    kW     =  17.93 k Watts.

1000 11.8

For (b) Z is same per coil


Phase voltage  =  Line voltage

V     =  phase current  =   5000    =   42.4 amps

Z

            11.8

( Line current  = (3 ( 500 ( 73.5      (      10   kW          =    53.75 k Watts.

1000 11.8

Q.  6, 7, 8, and 9 Refer "Alternating Current Electrical Engineering" by Philip Kemp.

