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Answer all questions.

1. (b) From firs_t principles derive the e.m.f. equation of a D.C. machine. Write the units of all
parameters involved in the expression.

, (b) 'What is a starter ?What is its need for starting a large motor ?What is the basis for selectino
a starter ?

Draw the vector diagram of a transformer supplying a leading power factor load.

What is an auto-transformer ? Show how copper can be saved in an auto-transformer as
compared to equivalent two winding transformer.

Show how a rotating magnetic freld is produced by a 3-phase symmetrical winding.

A 3-phase, 50 H2,400 V induction motor runs at 288 rp.m. on full-load. Find (i) the slip ;
(ii) frequency of rotor induced current ; and (iii) speed of rotor field with respect to stator
field.

(g) Explain the working of dynamometer wattmeter.

ft) What are the limitaticns of Wheatstone bridge ? Show how they are overcome in a Kelvin
double bridge.

(8x5=40marks)

2. (a) Derive from basics an expression for the torque developed by a D.C. motor interms of flux and
- other parameters. Hence derive the torque speed characteristic of series motor.| ' 

(8 marks)
(b) A 4-pole, shunt generator with lap connected armature having field and armature resistances

of 50 Q and 0.1 O supplies sixty, 100-V,60 W lamps. Calculate the armature copper loss,

, current in each armature,conductor and the generated e.m.f. Allow a contact drop of 1 V per' brush.
(7 marks)

Or
(c) Draw the circuit schematic of a 3-point starter with all protective features. Explain its working.

(8 marks)
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(d) The magnetisation characteristics of a 4-pole, 250V,dhunt generator with 576lap connected

armature conductors at 1,000 r'p'm' is as follorvs :

Field amP. : 0 0'5 1'0 2'0 3'0 4'0 5'0

Terminal volts : 10 50 100 175 220 245 262

Determine : (i) critical field resistance ; (ii) critical speed if field circuit resistance is 100 Q ;

and (iii) the residual flux per pole'
(7 marks)

type transformer. What is a cruciform3. (a) Explain the constructional details of a 3-phase core

"otu 
? Why it is used in large transfortners ?

(7 marks)

(b) A 50-Hz, l-phase transformer has a turn ratio of 6. The resistances are 0'90 Q and 0'03 e2'

and the reactances bst and 0.18 o for LV and IfV windings respectivelv. Ilid (i) the voltage to

bc applied to lfv winding to obtain full-load current of 150 A in the LV winding on short

"circuit; 
(ii) the power factor on short circuit ; and (iii) copper loss at f load'

(8 marks)

,t Or

Draw circuit diagrams with proper meter ratings to conduct OC and SC tests on a 200 kVA'

400/280V b0 Hz-, single-phaie transformer. Explain the test procedure'
(8 marks)

Determine the number of turns per phase in each winding of a 3-phase transformer rvith a

ratio of 20000/2000v to work on a 50 Hz network.The IrV wincling is delta conn-ected and the

LV winding is y connJed. Each core has a gross section is 560 cm.2 Assume a flux de'sity of

about 1'2 tesla' 
(7 marks)

Derive from basics an expression for the e'm'f induced in a 3-phase' Y-connected armature

with double layer *i.rains. taking into account coil span and distribution of windings' What

is the basis ofselection ofcoil span ?

, (8 marks)

An 8-pole, 50-H2,3-phase induction motor has an equivalent rotor resistance of 0'07 Q per

phase.If its stalling speed is 630 r.p.m., how much resistance must be included per phase to

obtain maximum torque at starting ? Ignore magnetizing current'
(7 marks)

Draw and explain the vector diagram of a 3-phase induction motor when it is working with

sliP s' 
(T marks)

The excitation of a 415V 3-phase, mesh cQnnected synchronous motor is such that the induced

e.m.f. is 520 V Tttu impeaun." p"t. phase is 0'5 + j 4 A.If the friction and iron losses are

constant at 1000 $ calculate tie power output, line current, power factor and efficiency

for : (i) maximum power output ; and (ii) maximum power rnput'

4. (a)

(c)

(d)

(b\

(c)

(d)
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Show by relevant circuit and vector diagrartrs two wattmeters are enough to measure total
power in a 3-phase balanced circuit. Derive expressions for reading of each wattmeter and
power factor of the load.

(8 marks)

A standard cell of 1.01.85 V used with a simple potentiometer balances at 50 cm. Calculate :

(i) the e.m.f of a cell that balances at 72 cm. ;

(ii) the percentage error in a voltmeter which balances at 64'5 cm. when reading 1'33 V ;

(iii) the percentage emor in an ammeter that reads 0.43 A when balance is obtained at
43.2 cm. with the potential difference across a 2O resistor in the ammeter circuit.

. (7 marks)

Or

Draw the circuit schematic of Schering bridge and flom basics obtain expressions for the'
unknown impedance. Draw the vector diagram of balanced bridge.

(8 marks)

The power input to a 2000 Y,50-H2,3-phase motor, running on full-load at an efficiency of
9O Vo is measured by two wattmeters. If the output is 360 kW and motor power factor is

0.8lagging, frnd (i) power input to the motor;(ii) reading of each waftmeter;and (iii) the line
current.

(7 marks)

[4 x 15 = 60 marks]

(b)

'(c)

(d)J

\;


