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Preface

Staff Selection Commission-Junior Engineer has always been preferred by Engineers
due to job stability. SSC-Junior Engineer examination is conducted every year. MADE
EASY team has deeply analyzed the previous exam papers and observed that a good

percentage of questions are repetitive in nature, therefore it is advisable to solve

previous years papers before a candidate takes the exam.

B. Singh (Ex. IES)

The SSC JE exam is conducted in two stages as shown in table given below.

Papers Subject Maximum Marks | Duration
Stage 1: (i) General Intelligence & Reasoning 50 Marks 2 hours
Paper-1: Objective type

(i) General Awareness 50 Marks

(iii) General Engineering : Electrical 100 Marks
Stage 2: General Engineering : Electrical 300 Marks 2 hours

Paper-Il : Objective Type

Note: In Paper-l, every question carry one mark and there is negative marking of % marks for every wrong answer.
Candidates shortlisted in Stage 1 are called for Stage 2. On the basis of combined score in Stage 1 and Stage 2, final

merit list gets prepared.

MADE EASY has taken due care to provide complete solution with accuracy. Apart from Staff Selection Commission-Junior

Engineer, this book is also useful for Public Sector Examinations and other competitive examinations for engineering graduates.

I have true desire to serve student community by providing good source of study and quality guidance. Any suggestion

from the readers for improvement of this book is most welcome.

B. Singh (Ex. IES)

Chairman and Managing Director

MADE EASY Group



Syllabus of Engineering Subjects

(For both Objective and Conventional Type Papers)
Electrical Engineering

Basic concepts: Concepts of resistance, inductance, capacitance, and various factors affecting them. Concepts
of current, voltage, power, energy and their units.

Circuit law: Kirchhoff’s law, Simple Circuit solution using network theorems.

Magnetic Circuit: Concepts of flux, mmf, reluctance, Different kinds of magnetic materials, Magnetic calculations
for conductors of different configuration e.g. straight, circular, solenoidal, etc. Electromagnetic induction, self
and mutual induction.

AC Fundamentals: Instantaneous, peak, R.M.S. and average values of alternating waves, Representation of
sinusoidal wave form, simple series and parallel AC Circuits consisting of R, L and C, Resonance, Tank Circuit.
Poly Phase system — star and delta connection, 3-phase power, DC and sinusoidal response of R-Land R-C circuit.
Measurement and Measuring Instruments: Measurement of power (1 phase and 3-phase, both active and
re-active) and energy, 2 wattmeter method of 3-phase power measurement. Measurement of frequency and
phase angle. Ammeter and voltmeter (both moving oil and moving iron type), extension of range wattmeter,
Multimeters, Megger, Energy meter AC Bridges. Use of CRO, Signal Generator, CT, PT and their uses. Earth fault
detection.

Electrical Machines: (a) D.C. Machine - Construction, Basic Principles of D.C. motors and generators, their
characteristics, speed control and starting of D.C. Motors. Method of braking motor, Losses and efficiency of
D.C. Machines. (b) 1 phase and 3 phase transformers — Construction, Principles of operation, equivalent circuit,
voltage regulation, O.C. and S.C. Tests, Losses and efficiency. Effect of voltage, frequency and wave form on
losses. Parallel operation of 1 phase /3 phase transformers. Auto transformers. (c) 3 phase induction motors,
rotating magnetic field, principle of operation, equivalent circuit, torque-speed characteristics, starting and
speed control of 3 phase induction motors. Methods of braking, effect of voltage and frequency variation on
torque speed characteristics. Fractional Kilowatt Motors and Single Phase Induction Motors: Characteristics
and applications.

Synchronous Machines: Generation of 3-phase e.m.f. armature reaction, voltage regulation, parallel operation
of two alternators, synchronizing, control of active and reactive power. Starting and applications of synchronous
motors.

Generation, Transmission and Distribution: Different types of power stations, Load factor, diversity factor,
demand factor, cost of generation, inter-connection of power stations. Power factorimprovement, various types
of tariffs, types of faults, short circuit current for symmetrical faults. Switchgears - rating of circuit breakers,
Principles of arc extinction by oil and air, H.R.C. Fuses, Protection against earth leakage/over current, etc.
Buchholtz relay, Merz-Price system of protection of generators & transformers, protection of feeders and bus
bars. Lightning arresters, various transmission and distribution system, comparison of conductor materials,
efficiency of different system. Cable - Different type of cables, cable rating and derating factor.

Estimation and Costing: Estimation of lighting scheme, electric installation of machines and relevant IE rules.
Earthing practices and IE Rules.

Utilization of Electrical Energy: lllumination, Electric heating, Electric welding, Electroplating, Electric drives
and motors.

Basic Electronics: Working of various electronic devices e.g. P N Junction diodes, Transistors (NPN and PNP
type), BJT and JFET. Simple circuits using these devices.
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CHAPTER

1. Transformers

1.6

A 100 V/10V, 50 VA transformer is converted to
100 V/ 110 V autotransformer, the rating of the
autotransformer will be

(a) 550 VA (b) 500 VA

(c) 110 VA (d) 100 VA

[SSC-JE : 2007]

A transformer has maximum efficiency at full
load, when iron losses are 800 watts, copper
losses at half load will be
(a) 1600 W (b) 800W
(c) 400 W (d) 200 W

[SSC-JE : 2007]

The purpose of the conservator in a transformer

is

(a) to cool the winding.

(b) to prevent moisture in the transformer.

(c) to prevent short circuit of primary and
secondary winding.

(d) to take up contraction and expansion of oil.

[SSC-JE : 2008]

In case of a power transformer, the no load
current in terms of rated current is
(a) 10to 20% (b) 2to 6%
(c) 15t0 30% (d) 30to50%
[SSC-JE : 2008]

7
If copper loss of transformer at §th full load is

4900 W, then its full load copper loss would be
(a) 5600 W (b) 6400 W
(c) 373 W (d) 429 W

[SSC-JE : 2008]

If a 500 kVA, 200 Hz transformer is operated at
50 Hz, its KVA rating will be

Electrical Machines

1.7

1.8

1.9

(a) 2000 KVA
(c) 250 KVA

(b) 125 KVA
(d) 1000 KVA
[SSC-JE : 2009]

The power factor at which transformer operates

(a) is unity

b) is 0.8 lag

c) is 0.8 lead

d) depends upon the power factor of the load
[SSC-JE : 2009]

The efficiency at a 100 KVA transformer is 0.98
at full as well as half load. For this transformer at
full load the copper loss

(a) is less than core loss.

b) is equal to core loss.

¢) is more than core loss.

d) all the above

(
(
(

(
(
(

[SSC-JE : 2009]

Which of the following will improve the mutual
coupling between primary and secondary
circuit?
(a) Transformer oil of high breakdown voltage
(b) High reluctance magnetic core
(c) Winding material of high resistivity
(d) Low reluctance magnetic core

[SSC-JE : 2009]

High leakage transformers are of
(a) small voltage ampere rating

(b) high voltage ampere rating
(c) high voltage rating
(d)

d) low voltage rating [SSC-JE : 2009]

A transformer is working at its full load and its
efficiency is also maximum at which iron loss
is 1000 Watts. Then, its copper loss at half of full
load will be:

(a) 250 Watts
(c) 400 Watts

(b) 300 Watts
(d) 500 Watts
[SSC-JE : 2010]
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1.12 Distribution transformers are designed to have 1.19 Theiron loss in a 100 KVA transformer is 1 kW
maximum efficiency nearly at: and full load copper losses are 2 kW. The
(a) 100% of full load (b) 50% of full load maximum efficiency occurs at a load of
(c) 25% of fullload (d) 10% of full load (a) 100 KVA (b) 70.7 KVA
[SSC-JE : 2010] (c) 141.4 KVA (d) 50 KVA
1.13 A 2 kVA transformer has iron loss of 150 W and [SSC-JE : 2012]
full load copper loss of 250 W. The maximum 1.20 The iron loss per unit frequency in a
efficiency of the transformer will occur when the ferromagnetic core, when plotted against
total loss is: frequency, is a
(a) 500 W (b) 400 W (a) Straight line with positive slope
(c) 300 W (d) 275W (b) Straight line with negative slope
[SSC-JE : 2010] (c) Parabola
1.14 A 20KkVA, 2000V /200 V, 2-winding transformer, (d) Constant )
. [SSC-JE : 2012]
when used as an autotransformer, with constant
voltage source of 2000V, is capable of handling 1.21 Following graph shows the loss characteristic
(a) 20 kVA (b) 220 kVA of a sheet of ferromagnetic material against
(c) 320 kVA (d) None of these varying frequency f. P, is the iron loss at
[SSC-JE : 2011] frequency f. Hysteresis and eddy current losses
. of the sheet at 100 Hz are
1.15 Power transformers are designed such that
maximum efficiency occurs at P,/f
(a) half of the full load Slope = 0.001
(b) near full load 0.01
(c) 1/4" of full load
(d) 3/4™ of full load ]
[SSC-JE : 2011] !
1.16 Ina 1-phase transformer, the copper loss at full () 10 W, 100 W (b) 10W, 50 W
load is 600 Watts. At half of the full load the (C) 1 W, 5W (d) 1w, 10w
copper loss will be [SSC-JE : 2012]
(a) 150 Watts (b) 75 Watts 1.22 Eddy current loss in ferromagnetic core is
(c) 600 Watts (d) 300 Watts proportional to
[SSC-JE : 2012] (a) square of frequency
1.17 In autotransformer, the number of turns in (b) square root of frequency
primary winding is 210 and in secondary (c) frequency
winding is 140. If the input current is 60 A, the (d) reciprocal of frequency
currents in output and in common winding are [SSC-JE : 2012]
respectively 1.28 Ifthe frequency of input voltage of a transformer
(a) 40A, 20 A (b) 40A, 100 A is i d keeping the magnitude of the
(c) 90 A, 30 A (d) 90 A, 150 A 'S Inereased xeeping 9
[SSC-JE : 2012] voltage unchanggd, then
(a) both hysteresis loss and eddy current loss
1.18 A 3-phase transformer has its primary in the core will increase.

connected in delta and secondary in star.
Secondary to primary turns ratio per phase is
6. For a primary voltage of 200 V, the secondary
voltage would be
(a) 2078 V
(c) 1200V

(b) 693V
(d) 58V
[SSC-JE : 2012]

(b) hysteresis loss will increase but eddy current
loss will decrease.
(c) hysteresis loss will decrease but eddy
current loss will remain unchanged.
(d) hysteresis loss will decrease but eddy
current loss will increase.
[SSC-JE : 2013]
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1.24

1.25

1.26

1.27

1.28

1.29

The high-voltage and low-voltage winding
resistances of a distribution transformer of
100 KVA, 1100/220 volts, 50 Hz are 0.1 Q and
0.004 Q respectively. The equivalent resistances
referred to high-voltage side and low-voltage
side are respectively

(a) 2.504 Q and 0.2 Q

(b) 0.2 Q and 0.008 Q

(c) 0.10016 Q and 2.504 Q
(d)

d) 0.008 Q and 0.10016 Q@  [SSC-JE : 2013]

Low voltage windings are placed nearer to the
core in the case of concentric windings because
(a) it reduces hysteresis loss.
(b) it reduces eddy current loss.
(c) it reduces insulation requirement.
(d) it reduce leakage fluxes.

[SSC - JE : 2014 (FN)]

If Kis the phase-to-phase voltage ratio, then the
line-to-line voltage ratio in a 3-phase, Y-A
transformer is

(b)

(d)
[SSC - JE : 2014 (FN)]

=& &=

v
In an autotransformer of voltage ratio v Vi>V,
2

the fraction of power transferred inductively is
proportional to

@ wan  ®
(- 1) (=)
RAUETA R N

[SSC - JE : 2014 (FN)]

Stepped core is used in transformers in order
to reduce

(a) volume of iron
(c) iron loss

(b) volume of copper
(d) reluctance of core
[SSC - JE : 2014 (FN)]

A delta-star transformer has phase to phase
voltage transformation ratio of a : 1 [delta phase:
star phase]. The line to line voltage ratio of star-
delta is given by:

1.30

1.31

1.32

1.33

1.34

1.35

1.36

a V3
(@) 7 () =
) a@ @ 32

a
[SSC - JE : 2014 (AN)]

A 10 Q resistive load is to be impedance
matched by a transformer to a source with
6250 Q of internal resistance. The ratio of primary
to secondary turns of transformer should be
(a) 25 (b) 10
(c) 15 (d) 20

[SSC - JE : 2014 (AN)]

The primary and secondary windings of a

transformer are wound on the top of each other

inordertoreduce ______ .

(a) iron losses (b) winding resistance

(c) copper losses  (d) leakage reactance
[SSC-JE : 2015]

The no load input power to a transformer is

practically equal to loss in the transformer.
(a) Copper (b) Eddy current
(c) Iron (d) Windage

[SSC-JE : 2015]

The no load primary current 1, is about __ of
full load primary current of a transformer.
(a) above 40% (b) 30-40%
(c) 15-30% (d) 3-5%

[SSC-JE : 2015]
Leakage flux in a transformer occurs because,
(a) transformer is not an efficient device.
(b) applied voltage is sinusoidal.
(c) air is not a good magnetic insulator.
(d) iron core has high permeability.

[SSC-JE : 2015]

The load carried by V-V connection is
(a) 47.7% of the original load
(b) 57.7% of the original load
(c) 67.7% of the original load
(d) 87.7% of the original load
[SSC-JE (Forenoon) 1.3.2017]

If the AC supply to transformer is replaced by
DC
(a) the primary winding will burn
(b) the secondary winding will burn
(c) the transformer has no effect
(d) all options are correct
[SSC-JE (Forenoon) 1.3.2017]
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1. Transformers

1.1 (@ 12 (d 13 (d 14 ®) 15 (b)) 16 (b 1.7 (d) 1.8
1.9 (d 110 (@ 111 (@ 112 (b) 113 (¢) 114 (b) 115 (b) 1.16
117 (¢) 118 (@) 119 (b) 120 (@) 121 (d 122 (a) 123 (c) 1.24
125 (¢) 126 (¢) 127 (d 128 (b) 129 (d) 130 (@) 131 (d) 1.32
133 (d) 134 (¢) 135 (b) 136 (a) 137 (a) 138 (d) 139 (a) 1.40
141 (b) 142 (b) 143 (c) 144 (d) 145 (d) 146 (a) 1.47 (d) 1.48
149 (¢) 150 (b) 151 (@ 152 (¢c) 153 (b) 154 (a) 155 (c) 1.56
157 (d) 158 (d) 159 (a 160 (d 161 (b) 162 (a) 163 (b) 1.64
165 (¢c) 166 (c) 167 (d 168 (b) 169 (d 170 (b) 1.71 (a) 1.72
173 (d) 174 (b) 175 (b) 176 (b) 177 (¢) 178 (c) 179 (c) 1.80
181 (a) 182 (d) 183 (b) 184 (b) 1.8 (d) 1.86 (a) 187 (d) 1.88
189 (a) 190 (b) 191 (&) 192 (a) 193 (b) 194 (d) 195 (c) 1.96
197 (@ 198 (@) 199 (¢) 1.100 (d) 1.101 (¢) 1.102 (a) 1.103 (b) 1.104
1.105. (a) 1.106 (c) 1.107 (b) 1.108 (a) 1.109 (a) 1.110 (d) 1.111 (c) 1.112
11183 (d) 1114 (d) 1115 () 1116 (a) 1.117 (d) 1.118 (a) 1.119 (b) 1.120
1121 (b) 1122 (b) 1123 (b) 1.124 (b) 1125 (b) 1126 (a) 1.127 (a) 1.128
1.129. (b) 1130 (c) 1131 (b) 1.132 (d) 1.133(d) 1.134 (b) 1.135 (c) 1.136
1137 (¢) 1.138 (b) 1.139 (b) 1.140 (b) 1.141 (d) 1142 (c) 1.143 (a) 1.144
1145 (b) 1146 (c) 1147 (b) 1.148 (a) 1.149 (d) 1.150 (b) 1.151 (a) 1.152
1153 (d) 1.154 (a) 1.155 (d) 1.156 (d) 1.157 (d) 1.158 (b) 1.159 (b) 1.160
1.161 (b) 1.162 (@) 1.163 (c) 1.164 (d) 1.165 (c) 1.166 (c) 1.167 (b) 1.168
1169 (b) 1170 (¢) 1171 (¢c) 1172 (d) 1173 (a) 1174 (c) 1175 (d) 1.176
1177 (¢) 1178 (d) 1.179 (c) 1.180 (c¢)
2. DC Machines

2.1 (d 22 (a 23 (a) 24 (a 25 (b) 26 (c) 27 (d) 28
2.9 (b) 210 (d) 211 (¢) 212 (d) 213 (b) 214 (b) 215 (b) 2.16
217 (b) 218 (a) 219 (b) 220 (a) 221 (c) 222 (c) 223 (d) 224
225 (a) 226 (b) 227 (b) 228 (c) 229 (b) 230 (b) 231 (c) 232
233 (d) 234 (¢c) 235 (a) 236 (a) 237 (b) 238 (d 239 (d) 240
241 (c) 242 (c) 243 (b) 244 (b) 245 (c) 246 (a) 247 (a) 2.48
249 (b) 250 (b) 251 (¢) 252 (¢) 253 (b) 254 (d 255 (c) 256
257 (d) 258 (d 259 (b) 260 (b) 261 (c) 262 (d 263 (a) 2.64
265 (a) 266 (b) 267 (b) 268 (c) 269 (b) 270 (d) 271 (b) 272
273 (a) 274 (d 275 (b) 276 (a) 277 (d) 278 (d) 279 (a) 2.80
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281 (c) 282 (c) 283 (a) 284 (a) 285 (b) 286 (c) 287 (b) 2.88 (d)
289 (b,d) 290 (a) 291 (b) 292 (c) 293 (b) 294 (d) 295 (c) 296 (a)
297 (d) 298 (a) 299 (c) 2.100 (b) 2.101 (d) 2.102 (c) 2.103 (a) 2.104 (¢)
2105 (b) 2.106 (a) 2.107 (c) 2.108 (b) 2.109 (d) 2.110 (d) 2.111 (a) 2.112 (a)
2118 (¢) 2114 (a) 2115 (a) 2.116 (d) 2.117 (&) 2.118 (b) 2.119 (a) 2.120 (a)
2121 (¢) 2122 (c) 2.123 (c) 2.124 (c) 2.125 (d) 2.126 (d) 2.127 (d) 2.128 (b)
2129 (b) 2130 (a) 2131 (c) 2132 (b) 2133 (b) 2.1834 (a) 2.135(c) 2.136 (b)
2137 (d) 2.138 (b) 2.139 (c) 2.140 (a) 2.141 (a) 2.142 (a) 2.143 (b) 2.144 (a)
2145 (d) 2.146 (c) 2.147 (b) 2.148 (c) 2.149 (d) 2.150 (d) 2.151 (b) 2.152 (d)
2153 (b) 2.154 (a) 2.155 (a) 2.156 (d) 2.157 (c) 2.158 (a) 2.159 (d) 2.160 (a)
2161 (b) 2.162 (b) 2.163 (b) 2.164 (b) 2.165 (a) 2.166 (a) 2.167 (a) 2.168 (d)
2169 (b) 2.170 (d) 2.171 (¢) 2.172 (d) 2.173 (a) 2.174 (c) 2.175 (b) 2.176 (a)
2177 (a) 2.178 (b) 2.179 (d) 2.180 (d) 2.181 (d) 2.182 (b) 2.183 (d) 2.184 (b)
2185 (b) 2.186 (c) 2.187 (d) 2.188 (c) 2.189 (a) 2.190 (c) 2.191 (a) 2.192 (c)
2198 (c) 2.194 (c) 2.195 (b) 2.196 (a) 2.197 (c) 2.198 (b) 2.199 (b) 2.200 (c)
2201 (a) 2.202 (a) 2.203 (b) 2.204 (b) 2.205 (c) 2.206 (b) 2.207 (b) 2.208 (a)
2209 (a) 2210 (a) 2.211 (b) 2212 (a) 2.213 (d) 2.214 (d) 2.215(d) 2.216 (b)
2217 (b) 2218 (a) 2.219 (a) 2.220 (c) 2.221 (d) 2.222 (c) 2.223 (d) 2.224 (d)
2225 (b) 2.226 (b) 2.227 (d) 2.228 (b)
3. Three Phase Induction Machines

3.1 (¢ 32 (¢) 33 (b) 34 (¢) 35 (¢) 36 (d 37 (¢) 38 (3
3.9 (@ 810 (b) 811 (b) 312 (b) 313 (¢) 814 (b) 315 (d) 3.16 (a)
317 () 318 (b) 319 (¢) 320 (c) 321 (d 322 (d 323 (b) 324 (a)
325 (d) 326 (d) 327 (¢) 328 (¢c) 83829 (c) 830 (¢c) 831 (d 832 (¢
333 (d 334 (d 33 (¢c) 33 (b) 337 (c) 338 (b) 339 (b) 340 (b)
341 (c) 342 (d) 343 (a) 344 (d) 345 (c) 346 (d) 347 (d) 3.48 (¢
349 (c) 350 (b) 351 (a) 352 (c) 353 (d 354 (a) 355 (d) 3.56 (a)
357 (c) 358 (b) 359 (a9 360 (a) 361 (a) 362 (a) 363 (c) 3.64 (b)
365 (b) 366 (b) 367 (b) 368 (a) 369 (b) 370 (¢c) 871 (¢c) 872 (¢
373 (b) 374 (b) 375 (¢c) 3876 (c) 377 (a) 378 (a) 3.79 (a) 3.80 (b)
381 (d 382 (c) 383 (b)) 384 (c) 385 (a) 386 (d 3.87 (c) 3.88 (d)
389 (b) 390 (d 391 (¢) 892 (a) 393 (b) 394 (d 395 (b) 396 (b)
397 (d) 398 (a) 399 (a) 3.100 (b) 3.101 (&) 3.102 (d) 3.103 (d) 3.104 (a)
3.105 (b) 3.106 (d) 3.107 (a) 3.108 (d) 3.109 (a) 3.110 (b) 3.111 (c) 3.112 (a)
3.113 (b) 3.114 (b) 3.115(c) 8.116 (b) 3.117 (c) 3.118 (b) 3.119 (c) 3.120 (d)
3.121 (a) 3.122 (c) 3.123 (d) 3.124 (b) 3.125 (c) 3.126 (d) 3.127 (c) 3.128 (a)
3.129 (d) 3.130 (b) 3.131 (b) 3.132 (a)
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4. Synchronous Machines

41 () 42 () 43 (@ 44 (d) 45 (d) 46 (d) 47 (b) 48 (a)
49 (c) 410 (b) 411 (b) 412 () 413 (d) 414 (d) 415 (c) 4.16 (d)
417 (d) 418 (b) 419 (d) 420 (d) 421 (b) 422 (c) 423 (d) 424 (b)
425 (a) 426 (b) 427 (b) 428 (a) 429 (c) 430 (c) 431 (a) 432 (o)
433 (a) 434 (d) 435 (a) 436 (a) 4.37 (c) 438 (c) 439 (c) 440 (b)
441 (b) 442 (c) 443 (a) 444 (a) 445 (d) 4.46 (a) 447 (d) 4.48 (a)
449 (c) 450 (a) 451 (b) 452 (a) 453 (c) 454 (a) 455 (a) 456 (a)
457 (a) 458 (b) 459 (b) 460 (a) 461 (b) 462 (b) 463 (b) 464 (d)
465 (a) 466 (c) 467 (d 468 (c) 469 (c) 470 (d) 471 (b) 472 (o)
473 (b) 474 (@) 475 (b) 476 (b) 477 (a) 478 (a) 479 (c) 4.80 (a)
481 (c) 482 (b) 483 (b) 484 (b) 485 (c) 486 (b) 487 (a) 4.88 (d)
489 (d) 490 (d) 491 (b) 492 (b) 493 (d) 494 (c) 495 (b) 496 (b)
497 (c) 498 (d) 499 (a) 4.100 (c) 4.101 (a) 4.102 (b) 4.103 (b) 4.104 (b)
4105 (b) 4.106 (a) 4.107 (b) 4.108 (d) 4.109 (c) 4.110 (b) 4111 (a)  4.112 (b)
4113 (c) 4114 (b) 4115 (b) 4116 (c) 4117 (b) 4.118 (a) 4.119 (d) 4.120 (b)
4121 (b) 4122 (c) 4123 (c) 4.124 (d) 4125 (d) 4.126 (c) 4.127 (a) 4.128 (b)
4129 (c) 4130 (c) 4.131 (d) 4.132 (a) 4.133 (a) 4.134 (b) 4.135 (a) 4.136 (c)
4137 (a) 4.138 (d) 4.139 (c) 4.140 (b) 4.141 (b) 4.142 (b) 4.143 (c) 4.144 (d)
4145 (d) 4.146 (d) 4.147 (c) 4.148 (b) 4.149 (a) 4.150 (d) 4.151 (c) 4.152 (b)
4153 (d) 4.154 (c) 4.155 (a) 4.156 (a) 4.157 (b) 4.158 (d) 4.159 (a) 4.160 (a)
4161 (c) 4.162 (b) 4.163 (a) 4.164 (a) 4.165 (c) 4.166 (a) 4.167 (b) 4.168 (b)
4169 (d) 4170 (a) 4171 (c) 4172 (d) 4173 (d) 4.174 (b) 4175 (a) 4.176 (d)
4177 (c) 4178 (b) 4.179 (d) 4.180 (c) 4.181.(d) 4.182 (b) 4.183 (d) 4.184 (a)
4185 (d) 4.186 (c) 4.187 (a) 4.188 (a) 4.189 (d) 4.190 (d) 4.191 (a) 4.192 (b)
4193 (a) 4.194 (d) 4.195 (b) 4.196 (b) 4.197 (d) 4.198 (a) 4.199 (d)  4.200 (c)
4201 (d) 4.202 (b) 4.203 (d) 4.204 (a) 4.205 (a) 4.206 (a) 4.207 (b) 4.208 (c)
4209 (d) 4.210 (d) 4.211 (c) 4212 (a) 4.213 (a) 4.214 (c) 4.215 (a) 4.216 (d)
4217 (b) 4218 (a) 4.219 (d) 4.220 (a) 4.221 (d) 4.222 (d) 4.223 (c) 4.224 (b)
4225 (c) 4.226 (b) 4.227 (a) 4.228 (a) 4.229 (a) 4.230 (a) 4.231 (c) 4.232 (b)
4233 (b) 4.234 (a) 4.235 (c) 4.236 (d) 4.237 (d) 4.238 (d) 4.239 (b)  4.240 (c)
4241 (c) 4.242 (a) 4.243 (d) 4.244 (d) 4.245 (a) 4.246 (a) 4.247 (c) 4.248 (a)
4249 (b) 4.250 (b) 4.251 (b) 4.252 (b) 4.253 (c) 4.254 (a) 4.255 (c) 4.256 (a)
4257 (c) 4.258 (d) 4.259 (d) 4.260 (c) 4.261 (a) 4.262 (a) 4.263 (b) 4.264 (d)
4265 (c) 4.266 (a) 4.267 (a) 4.268 (c) 4.269 (d) 4.270 (d) 4.271 (d) 4.272 (d)
4273 (d) 4274 (b) 4.275 (b) 4.276 (d) 4.277 (b) 4.278 (c)
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5. Fractional Kilowatt Motors

5.1 (d 52 (¢ 53 () 54 (d 55 (a 56 (d 57 (a 58 (d)
5.9 (@ 510 (d) 5141 (¢) 512 (d 513 (d) 514 (c) 5.15 (¢c) 5.16 (b)
517 (d) 5.18 (a) 519 (b) 520 (a) 5.21 (b) 522 (d) 523 (c) 5.24 (a)
525 (a) 526 (d) 527 (d 528 (d 529 (b) 530 (a) 531 (a) 5.32 (¢
533 (@ 534 (b) 583 (c) 536 (c) 537 (d 538 (a) 539 (b) 540 (a)
541 (c) 5.42 (a) 543 (c) 544 (a) 545 (a) 546 (d) 547 (d) 548 (a)
549 (d) 550 (b) 5651 (a) 552 (c) 6553 (c) 6554 (b) 555 (c) 56556 (b)
557 (b) 5.58 (a) 559 (b) 560 (a) 561 (d) 562 (a) 563 (d) 5.64 (c)
565 (d) 566 (b) 567 (a) 568 (a) 569 (a) 570 (c) 571 (a) 572 (c)
573 (c) 5.74 (a) 575 (¢) 576 (d) 577 (c) 578 (c) 579 (d) 5.80 (c)
581 (¢) 582 (d) 583 (c) 584 (b) 658 (a) 6586 (a) 587 (b) 5.88 (b)
589 (d) 590 (b) 591 (¢) 592 (d) 593 (d) 594 (d) 595 (d 596 (c)
597 (d) 5.98 (c) 599 (d) 5.100 (c) 5.101 (b) 5.102 (d) 5.103 (b) 5.104 (d)
5105 (a) 5.106 (b) 5.107 (a) 5.108 (b) 5.109 (c) 5.110 (d) 5.111 (b) 5.112 (d)
51183 (b) 5.114 (a) 5115 (¢c) 5.116 (c) 5117 (d) 5.118 (c) 5.119 (c) 5.120 (a)
5121 (a) 5.122 (d) 5.123 (c) 5.124 (c) 5.125 (d) 5.126 (c) 5.127 (a) 5.128 (a)
5129 (d) 5.130 (d) 5.131 (b) 5.132 (c) 5.133 (a) 5.134 (c) 5.135 (a) 5.136 (a)
5137 (c) 5.138 (d) 5.139 (a) 5.140 (d) 5.141 (c) 5.142 (a) 5.143 (d) 5.144 (a)
5.145 (c) 5.146 (a) 5.147 (d) 5.148 (a) 5.149 (a) 5.150 (b) 5.151 (a) 5.152 (a)
5158 (c) 5.154 (d) 5.155 (c) 5.156 (d) 5.157 (c) 5.158 (b) 5.159 (d) 5.160 (c)
5.161 (b) 5.162 (c) 5.163 (a) 5.164 (b) 5.165 (c) 5.166 (b) 5.167 (d) 5.168 (c)
5.169 (d) 5.170 (a) 5171 (b) 5172 (b) 5173 (c) 5.174 (c) 5.175 (b) 5.176 (c)
5.177 (b) 5.178 (c) 5.179 (c) 5.180 (a) 5.181 (d)
6. Miscellaneous

6.1 (d) 62 (d 63 (d 64 (a) 65 (d 66 () 67 (@) 6.8 (2
6.9 (c) 6.10 (a) 6.11 (b) 612 (b) 6.13 (b) 6.14 (d) 6.15 (d) 6.16 (c)
6.17 (a) 6.18 (d) 6.19 (d) 6.20 (b) 6.21 (c) 6.22 (b) 6.23 (c) 6.24 (a)
6.25 (d) 6.26 (a) 6.27 (b) 6.28 (a) 6.29 (c) 630 (b) 6.31 (d) 6.32 (b
633 (c) 634 (d) 635 (a9 636 (b) 637 (a) 6.38 (c) 6.39 (a) 6.40 (d)
641 (d) 642 (b) 643 (b) 6.44 (d) 645 (c) 6.46 (b) 6.47 (c) 6.48 (d)
6.49 (c) 6.50 (a) 6.51 (c) 652 (b) 653 (c) 654 (a) 6.55 (b) 6.56 (a)
6.57 (b) 6.58 (c) 659 (a) 6.60 (d 6.61 (c) 662 (d 6.63 (c) 6.64 (d)
665 (b) 6.66 (c) 667 (d) 668 (d 6.69 (c) 6.70 (c) 6.71 (a) 6.72 (c)
673 (a) 6.74 (b) 6.75 (d) 6.76 (b) 6.77 (a) 6.78 (a) 6.79 (d) 6.80 (b)
6.81 (d) 6.82 (a) 683 (d 684 (b) 685 (a) 6.86 (d) 6.87 (d) 6.88 (b)
6.89 (d)
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SCJELWEN) I Electrical Machines

1.1 [0

Method 1:
Rating of auto transformer is given as

S, = (@) x S2vvinding

a Gauto — 1
Vv, 110 11
where, &, = t=-—=—
auo =y T 400 10
Given, Sszg =50 VA
ﬂ
10
Sauto = ?1 50 VA
ﬁ_
= 11 x50 =550 VA
Method 2:
]2
c I
A JA TC
D
A 110V 100V ||% 1i)V
100 V B b
B (2 winding T/F)
(Auto T/F)
50
= —— = 5 A
L 10
Sy = 110x 1= 110 x 5 = 550 VA

[ 1.2 [€)

For maximum efficiency (n,,,,)
Copper loss (I2R) = Iron loss (P,)
So, form,, at full load

I2-R =800W

At half load, I = %

. Copper loss at half load

2
I 800
P.,=|L] R==2 =200W
ou (2) R==

1.3 [T

Conservator is a tank placed at the top of the
transformer. It controls the expansion and
contraction of the transformer oil on heating and
cooling process respectively.

1.4 [

In transformer the no load current is just 2 - 6%
of full load/rated current, hence it can be
neglected however it is quite considerable in
the induction motor about (30-40%) of full load
current hence cannot be ignored.

1.5 [0

Copper loss P, at full load is
Pcu = If12. R

At gth fullload, I= glﬂ
Copper loss at this load,
7V
(glﬂj xR = 4900 W (Given)

= I.2- R = 6400 Watts

= Full load copper loss
1.6 [U
The transformer rating is given as:

VI =EI (for no voltage drop)
[ O
T I I
v, FEi ‘ E;
; :
E\I,=E1

(Eis induced emf.)

Since loss of voltage is neglected here, therefore
V = E is taken

So, rating is E- I kVA

. Eewf as (E=~2rfoN)
SO, KVA o< f

VA,
KVA, ~
= KVA, = KVA,x 2 = 500x 20
f 200
or, KVA, = 125 KVA
LA (d)

The power factor at which a transformer operates
depends upon the power factor of the load. If can
be leading pf, lagging pf or unity pf load depending
on the load connected on the secondary side of
the transformer corresponding to capacitive,
inductive or resistive load respectively.
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1.8 [B)

Let full load copper loss in P, = I,%-Fw’

Full load kVA = 100 kVA
Half load kVA = 50 kVA

P, (half load) = % [P, ol
Now, _ output
output + P + £,
. for full load,
098= — 10 )
100+ F + P,
At half load,
o= — 0
50+ P + %

(as P, is always constant)
From equation (i) and (if),

P. = 0.68 kW
P, = 1.36 kKW (full load)
PCU > 'Dl
[ 1.9 [O)
Reluctance

If the reluctance of the path is low in a coupled
circuit, then mutual flux will be more hence the
mutual coupling will get improved.

Lower the reluctance, lesser will be the
opposition to flux through the transformer core.
Hence the core is made of high permeability
material.

[ 1.10 [0

e |eakage transformers are those where
magnetic flux of secondary is loosely
coupled to the flux of primary.

e They are used in extra low voltage
applications where short circuit conditions
are expected.

Hence, the VA rating is low.

e These types of transformers are used for
some negative resistance applications such
as neon signs, are welding sets.

1.1 [0

The iron loss at full load is 1000 Watts and
maximum efficiency is obtained at full load.
For maximum efficiency

.. Full load copper loss

= I2-R=1000 Watts

= iron loss
.. Half load copper loss

2
ﬁ xR
2

= @ =250 Watts

[1.12[()

A distribution transformer has an average
loading of 50-70% of full load and depends on
consumer. Hence, these transforms are
designed to have maximum efficiency at around
50-70% of full load (strictly at 70-75% of full load).

EEH ©

For maximum efficiency

PCU = /31
(i.e. variable copper loss = iron loss)
ie.atn .
Totalloss = P. + P_,
=P+ P =2P

Total loss = 2 x 150 W = 300 W

1.14 {9}
Method-1:
For additive polarity connection, the voltage ratio
will be equal to 2000 .
2200
Since, a,,, > 1
11
So, Qa0 = ﬁ
Rating of auto transformer is
Sauto = aaUtO ] X S2 W

Bauto ~
on Sue= | 9] 20kVA = 220kVA

— =1

10

. . (2000
Note: For subtractive polarity (@) = g0
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10
aauto = ? (> 1)
S.. = Jgﬂ % 20 KVA = 200 kVA
— -1
9
Method-2:
(i) Case-1:
T° % 1
2000 V H 200 V
!, 1
C ICD
AD) 2200V
2000 V
: [ :
B
20x10% VA
20x10° VA
L= —/—— — =10A
A5 2000V
S, = rating of autotransformer
= (2200) x I~y
= 2200 x 100
= 220 kVA

[1.15 ()

Normally power transformers runs on full load or
switched off.

So, itis designed to have maximum efficiency at
full load. However for distribution transformer,

designing for about 70-75% of full load.

[1.16 [B)

Given, P, = 600W = J3 -R

Ccu

-+ Copper losses = I°R losses

H 2
ie. P, ol

At half of full load i.e.,

[L
1= 4=
2

Let, P, = copper loss at half of full load

C

’DchL _ [EL -R _
Feur (I /27 -R
P, 600
= PCUHL = CZFL =T=15OW
LA VA (c)
I,
v, - 2
l IT V2
Vi N, 210 _ 1,
V, N, 140 1
I, = 60A
210 210
2 = hXqag T O0xq4p =%
So, I (common winding current) = 90 — 60 = 30
A
1180
Given, V, = 200V
= phase voltage
= line voltage

(. A-connection in primary side)
A/Y transformer (Given)
Phase turns ratio:

No _ gt

N, 7

Yo 6 v.—1200vV
200 ~ ° 7 2T

= phase voltage at secondary
Secondary line voltage

V3V, = /3% 1200=2078 V

[ 1.19 [(3)

Given, P. = 1kW
Py = 2kW
Load for maximum efficiency,
F
(Sn)max = Sfull load P—

cufl

100 kVA\g = 70.7 kVA
120 [0

where, P,

ironloss = P, + P,

hysteresis loss o B2,
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Let, P, = A-f[A — constant]
P, = eddy current loss o 252,
Let, P, = B-£ [B— constant]
Thus, P = Af+BFf
P/f = ironless per unit frequency
= A+ Bf ()

Equation (i) represents straight line with positive
slope since A and B are positive constants.

[1.21 €]

P, = afand P, = bf?
P =P, +P,
Iron loss is given by
P, = af+ bf
(where a, b are constants > 0 )
% = a+ bf=0.001f+ 0.01
Since, a = 0.01 (Given at f=0)
and b = 0.001 = slope
where, P, = Hysteresis loss
= af=0.01x 100
(At f=100Hz.....Given)
or, P, = 1watt

Eddy current loss
= bf? =0.001 x (100)?
= 10 Watts

[1.22 [0

Eddy current losses are due to circulating
currents rise in the iron core,

202 42
, o fPB5 12 per m®
frequency
maximum flux density
t = thickness of laminations
ie., P oo f2
123 [0
Hysteresis loss, P, < f B},
n = Steinmetz coefficient (> 1)

e
3

=

0

@

A
W

-
([T

and eddy current loss, P, o< B2

Now, B, o< ¢e< 4

f
(Maximum flux density)

Vn
P o _
h f(fj

or, P, o V.f01-1)
V2
2
and P, o f e
ie., P, o V2

Thus, if V = constant and fis increased then,
hysteresis loss will decrease but eddy current

loss will remain unchanged.

[1.24 [

Given, r, = 01Q, r,=0.004Q
Q- 1100 _5
220
(Rogdy = 11 + a’r, = 0.1+ (5)2 x 0.004
=02Q
1‘1
and (Req)L\/ = r2+?

0004+ 21 — 00080
(5)°

[ 1.25 [

Placing HV winding after LV winding is
economical as the insulation requirement gets
reduced. In other words, LV winding is kept close
to the core and HV winding outside to minimise
the amount of insulation required.

[1.26 [
T

K, || Y

KV, i

@

o
[
V
Ratio (phase) = ﬂ:K:( o)y
1 (Vph)A
/. J3(V,
Now 7Y _ (ph)Y:\/gK
(\/L*L)A (Vph A
1.27 {C))
Auto-transformation ratio,
g = YV
v, vV,
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Power transferred inductively o< (1 - alj
A

_Y
V,
V-V,
v,

1

o —

Also, conductive transfer

an
VgtV IV,
Y
V,

EEX

1 [

TN (
NS

Square core Stepped core

Stepped core are preferred in order to reduce
the length of turn and in the way it reduces the
copper wiring requirements. Also it increases
efficiency and utilises the space better than any
other type of core.

[ 1.2 [0)

Given:
A-phase voltage : star phase voltage = a: 1.
Line voltage in Y is
(VL)Y = \/g Vph
Line voltage in A
(V) = Vph

Star phase voltage 1

Now, = —
Deltaphase voltage  a
Now iy _ /3 x star phase voltage
V) deltaline voltage
_ Gl 3
a a

[1.30 [B)

N, N,

Source (~ %2 g”g V. R =10Q

C) 1 ’ L(Ioad)
Given, R = 10Q (On  secondary
side)

R, = 6250 Q (Primary side)
= source internal resistance
- We know,  Ze N2 ()
N1

Let, turnsratio = a=—
N,

When referred to load side:

R
Using (i), R, = —S5
T NN
, _ 6250
=3 R; = —32
For impedance matching,
R: =R,
. 6250
ie., —— =10
&
= a= 4625=25

1318

In shell type transformer, the primary and
secondary windings are wounded on one and
other to reduce the leakage flux i.e. to reduce
leakage reactance.

[ 1.32 [

e Atnoload, the secondary currentis zero and
the copper loss at no load in transformer can
be practically neglected so the total input
power drawn will be equal to the iron loss/
core loss. No load test or open circuit test is
done to find iron loss.

e Since at no load, exciting current is 2-6% of
full load current and the ohmic loss or copper
loss are negligible in practical transformer.

[1.33 20

e The no load current is negligible as
compared to full load current. Itis just 3-5%
of full load current in transformer.
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e However in an induction motor, the no load
current is not negligible and constitutes
about (30-40%) of the full load rated current.

EEA ©

Leakage flux path in transformer is air which is
not a good magnetic insulator hence it allows
some magnetic flux which is called leakage flux,
which links one winding and not the other.

—p 4 —
Airjt ¢+ 4—p Yy Air
b Core 1t
—p 4—

Leakage Leakage

flux

flux

135 [

For open A(delta) or V-V connection, which exists
if one transformer of A-A system is damaged or
opened.

Secondary line current = 1, = Ly,

V-Vcapacity = 3V, 1, =3V, 15,
A-A capacity = \/§\/L[L = \/§\/L (\/élph)

= 3Vilp,
V-Voapacty _ J3Wlm 1 _ g7 7
A-Acapacity 3Vl /3 |

EE @

DC has zero frequency. So there is no change
in flux, so no induced voltage in secondary.
Further the counter emf £, which opposes the
applied voltage V, is also zero. So primary no
load current is limited by primary winding
resistance r,. As r, is quite small, so V/r, will be
very large and primary winding will burn.

(cya (a)

100% efficiency means no losses, hence for a
transformer with 100% efficiency,

P.=F
i.e., input power is equal to output power.
So, P, = 1000 W

[ 1.38 [C)

Transformer doesn’t have any rotating part, so
friction and windage losses are not present in
the transformer. Further there is no airgap in

transformer whereas airgap is present in motor.
To establish the flux in airgap, motor requires
more current whereas to establish flux very less
current is required by the transformer. It is
because of these factors the efficiency of
transformer is higher.

[ 1.39 [0

Given, copper loss at 20% overload i.e. at

I=121,P =144 W
. P, I°
At full load:
P, = 1442 =100 W
(1.2)

Iron loss or fixed loss = 64 W = P,
Load at which efficiency is maximum

Prex = /P'ix(Rated kVA)
cfl

R = /ﬁ =0.8x(Rated kVA
Nmax 100 . ( )

i.e., at 80% load, efficiency is maximum.

[ 1.40 [T

Using emf equation in a transformer,

E = J2rf Nay
o - _E
max \/éTEfN
e, q)max o ;

[For other parameters to be constant]
Also we know,
0, =BA
i.e., lower the value of ¢, ., lower will be the area
(or size) of the transformer hence for f= 600 Hz
(maximum), ¢, is least value and thus at this
frequency, smallest size transformer will be

there.
141 [U

Let, S, : Totalload

S, : Load shared by transformer A

Sg : Load shared by transformer B

Zg, Z, : Ohmic impedances of B and A
transformers respectively
ZB
— 7'8

Then, S, Z.+72, .
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B = —ZA S
Zi+Zg
The transformers in parallel to share the total
load in proportion to their kVA ratings, then their
equivalent leakage impedances (Z,and Zg) in
ohms must be inverse of proportional to their
kVA ratings.

[ 1.42 ()

e Short-circuit test is carried out on a
transformer to determine the copper loss or
ohmic loss.

e Instruments kept on HV side and LV side
short circuited.

e This test also determine the equivalent
resistance and equivalent leakage
reactance.

1.43[8

Athigh load copper losses increases as P, e I
I — Load current

Due to increase in copper losses, efficiency
decreases.

[ 1.44 [C)

Given, 20 : 1is turns ratio

. No 20 100 40
l.e. — = —=——=——=...800Nn
N 1 5 2

S
Thus clearly, we can see that if does not means
that there are only 20 turns on primary side and
1 turn on secondary side. It's the ratio of turns
i.e. for every 20 turns on primary, there will be
one turn on secondary side.
Also we know,

Vo o Ns _ 1
v, N, 20
= VS:ZOVp

Hence (b) is not correct.
Also, Ipr = I N,

1
= [p = E-IS
Hence, (c) is not correct.

[1.45.C)

Reluctance = L
A
w = permeability

The core is of high permeability material which
has low reluctance to flux. Flux can easily
confined to the core. Core allow the magnetic
flux with lowest reluctance.

In iron-core transformers, most of the flux is
confined to high permeability core.

[ 1.46 [0

Current transformer (C.T.) is an instrument
transformer whose primary winding connected
in series with the line carrying the load while
secondary winding is connected to burden
(ammeter, relay etc). It is for measurement of
large magnitude of current.
This is 100/5 AC.T.

ﬁ — & = [_p = @ =20

Vi Ny I 5
= V, > V. i.e. step up transformer
Note: Step up and step down is related to the
voltage level.

YA (d)

e Transformer failures occurs due to
contaminated and deteriorated oil so it's
important to filter the oil and regular
maintenance is necessary.

e Slow centrifuges can be used for removal of
dirt and solid impurities. Power driven
centrifuges can remove water from oil. It can
also be used for removal of dissolved gases.

I @

Step up transformer is a transformer that
increases the voltage level from primary to
secondary having more secondary turns than

primary side.

ie., Ng >N, (for step up transformer)
Yo . Ne_Ip
Yoo N, I

Thus, Ve > Vp and Ip>1S

i.e. primary has lower voltage and higher current
than secondary.

[ 1.49 8]

If secondary is open circuited, when primary is
carrying current, the primary winding mmf is
same but secondary mmf is zero. F, = I, N, is
very large as no demagnetizing mmf.
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