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A21.2 Micro-switches A-20
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A221 Diode A-20
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Unit I
Chapter 1: Electric Circuits 1-1 to 1-48

Syllabus : Electric Circuits : Classification of electrical
networks, Ideal and practical voltage and current sources,
Source transformation, Simplification of networks using
series and parallel combinations, Star delta transformation,

Kirchhoff’s laws (loop Current analysis).

11  Introduction to Networks / CirCuits ........ccene. 1-2
111 Network 1-2
112  Circuit Element 1-2
113  Open Circuit 1-2
114  Short Circuit 1-2
115 Branch 1-2
116  Mesh or Loop 1-2
117  Node or Junction 1-2
1.2 Classification of Electric Networks ... 1-2
121  Active or Passive Network ......ccoeceecnnecceees 1-3
122 Bilateral or Unilateral Network ........ccccoouecee 1-3
123 Distributed or Lumped Network ................. 1-3
1.24  Linear or Nonlinear Network ......cccccconeveuee. 1-3
13 Energy Sources 1-4
13.1 Independent Voltage Sources ...t 1-4
132 Current Sources 1-5
14  Circuit Simplification Techniques ........ccewcemmmrrvcrnenrnens 1-6

15

1.6

17

18

19

141 Series Circuits (Resistors in series) ............... 1-6
14.2 Parallel Circuit (Resistors in Parallel) ........... 1-7

143 Division of Current Between Parallel

Resistors 1-11
144  Division of Voltage in the Series

Connected Resistors 1-12
145 Relative Potential 1-12
14,6  Comparison of Series & Parallel

Circuits 1-13

Removal of Redundant Branches and Redundant

Subcircuit 1-14

Source Transformation 1-18

1.6.1  Transformation of Voltage Source to

Current Source 1-18

16.2 Transformation of Current Source to

Voltage Source 1-19
1.6.3  Voltage Sources in SEries ......ceenne 1-20
1.64  Current Sources in Parallel ........ccccconeveunnne. 1-21
Star-Delta and Delta-Star Transformation ............... 1-22
171  The Star Network 1-22
1.7.2  The Delta Network 1-23
1.7.3  Delta-Star Transformation ... 1-23
1.7.4  Star to Delta CoNversion ... 1-26
Kirchhoff's Laws 1-31
181 Kirchhoff's Current Law (KCL) .......cccoouuuene. 1-31
182  Node Analysis 1-33
183  Solved Examples on KCL .....ccccommeeerermercennnee 1-34
Mesh or Loop and Sign Convention ... 1-35

19.1  Kirchhoff's Voltage Law (or Mesh or Loop

Law) 1-36
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19.2  Procedure to be Followed to Solve an 233  The Right Hand Gripping Rule
Examp|e using Kirchhoff's Laws ...ovnn.... 1-37 (or nght Hand Thumb Rule) .......................... 2-4
193  Cramer's Rule for Solving the Simultaneous 234 The Corkscrew Rule e 25
Equations 1-37 | 24 Magnetic Field due to Solenoid 2-5
194  Solved Examples on KVL and KCL ........ 1-39 241  Right Hand Thumb RUIE .....ccooeeeererecrerrsenee 2-5
195 Mesh Analysis or Maxwell's Loop Current 242  Corkscrew Rule 2-6
Method 141 1 55 Toroid 2-6
* Review Questions 1-47 2.6 Force on a Current Carrying Conductor in a
Unit I Magnetic Field 2-6
. 261 Magnitude of the FOrce ... 2-7
Chapter 2 : Magnetic Circuits 2-1 to 2-16
26.2 Direction of the Force Exerted on the
Syllabus Magnetic Circuit Flux, Flux density, Conductor (Fleming's Left Hand Rule) .......2-8
Reluctance, MMF, Permeability and Field strength, Their 27 Permeability )-8
units and Relationships, Comparison of electric and
271 Absolute Permeability (1) ..coovevevvevereennnen 2-8
magnetic circuit, Series magnetic circuit.
2.7.2  Permeability of Free Space or
21  Introduction 2-2
Vacuum (L) woeeeeeeeeeeeeeeeeeseseeesese e 2-9
2.1.1 Magnet 2-2 ) N
273 Relative Permeability (1) ..ooeveveeeeecrcrenee. 2-9
2.2 Law's and Definitions 2-2
2.8 MMF, Reluctance and Permeance .........ccoceneccenes 2-9
221  Pole Strength 2-2
) 281 Magneto motive Force (MMF) .......ccconveenn. 2-9
222 Laws of Magnetism 2-2
223 Magnetic Field 2-2 282  Reluctance (5) 2-10
224 Magnetic Lines of FOrce ....mcrmmrrvnn. 2-3 2.83  Permeance 2-10
225  Magnetic FIUX § .ooveeverrereeiereireineeseeeneieins 2-3 29 Magnetic Circuit 2.10
22,6 Magnetic Flux Density (B) .....cocommrermreerereenne 2-3
29.1  Expressions for Various Quantities ........... 2-11
227 Magnetic Field Strength (H) ..ccooevvoonnereennens 2-3
2.9.2  Comparisons of Magnetic and Electrical
228  Electromagnets 2-3
Circuits 2-11
2.3 Magnetic Effects of Electric Current .....o..ccomevvveenne. 2-3
210 Composite Magnetic Circuits 2-12
231 Dot and Cross Conventions ... 2-4
2.10.1 Series Magnetic CirCUit.....coorwonmreermrreernrrennn. 2-12
2.3.2  Rules to Decide Direction of Magnetic
Field 94 2.10.2 A Series Magnetic Circuit with Air Gap ..2-13
ie -

Review Questions 2-16
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Unit II

Chapter 3 : Single Phase AC Circuits 3-1to 3-52

Syllabus : Single Phase AC Circuits : Elementary idea
about power generation, Transmission and distribution,
Generation of single-phase sinusoidal A.C voltages, AC
quantities, Single phase ac circuit analysis (R, L, C, R-L-C
series) on the basis of impedance, Admittance, Concept of

active, Reactive, Apparent power and power factor etc.

31 Elementary Idea About Power Generation ............... 3-2

3.2  Introduction to Single Phase AC circuits.......cccoeceenn.... 3-3

321  Definition of an AC Quantity ... 3-3

3.3 Various Types of AC Waveforms .........conccenns 3-3

331  Waveform 3-3

332  Types of AC Waveforms .........comeceenns 3-3

333 Sinusoidal AC Quantities ........cceeerreerrenns 3-3

34  Generation of Single Phase AC Waveform ............... 3-4

341 Elementary Alternator 3-4

3.5  Definitions 3-5

351  Waveform 3-5

3.5.2  Instantaneous Value 3-5

353  Cycle 3-6

354 Time Period or Periodic Time (T) ...ccoeuue. 3-6

35,5  Frequency 3-6

356  Amplitude 3-7

3.5.7 Angular Velocity (®) .oceeeeereeeerererreereeerenens 3-7

3.6 Peak and Peak to Peak Voltage 3-7

37 Effective or RM.S. Value 3-7
3.7.1  Analytical Method to Obtain the RMS

Value 3-8

372  Graphical Evaluation of RMS Value ........... 3-9

3.8

39

3.10

311

312

313

314

3.15

3.16

Average Value 3-9
381  Methods to Calculate the Average

Value 3-9
3.8.2  Analytical Method 3-9
3.8.3  Graphical Evaluation of Average

Value 3-10
Form Factor 3-10
Crest Factor or Peak Factor (Kp) ..cccoveceeneecerenecernnnee 3-11
Solved Examples 3-11
Phasor Representation of an Alternative
Quantity 3-13
Phase of an Alternating Quantity ..o 3-13
3.13.1 Phase Angle 3-13
3.13.2 Phase Difference 3-13
3.13.3 Leading and Lagging Phase Difference ..3-14
3.134 In Phase and Out of Phase .......cceuveeeeeen. 3-14
Mathematical Representation of Phasor .................. 3-18
3.141 Polar Representation 3-18
3.14.2 Rectangular Representation .........cco...... 3-18
3.14.3 Polar to Rectangular Conversion ........... 3-18
3.144 Rectangular to Polar Conversion ............ 3-18
Addition and Subtraction of Phasors ..........ccc... 3-19
3.151 Multiplication and Division of Phasors ...3-19
Single Phase AC Circuits 3-19
3.16.1 Reactance and Impedance ... 3-20
3.16.2 Reactance 3-20
3.16.3 Inductive Reactance (XL) .ooveeveereerveeereens 3-20
3.16.4 Capacitive Reactance (Xc) .ccoverermeeeerereenne 3-20
3.16.5 Impedance (2) 3-20
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317

318

3.19

3.20

321

AC Circuit Containing a Pure Resistance ...........

3.17.1 Analysis of the Purely Resistive AC
Circuit
3.17.2 Voltage and Current Waveforms and
Equations
3.17.3 Phasor Diagram
3.17.4 Power in Purely Resistive AC Circuits ......
3.17.5 Average Power
3.17.6 Impedance of the Purely Resistive
Circuit
AC Circuit Consisting of a Pure Inductance .............
3.181 Equations for Current i and Voltage v .....
3.18.2 Waveforms and Phasor Diagram ..............
3.18.3 Power in a Purely Inductive Circuit ...........
3.184 Impedance of a Purely Inductive
Circuit
AC Circuit Consisting of a Pure Capacitance...........
3.19.1 Equations for Voltage and Current ...........
3.19.2 Current and Voltage Waveforms and
Phasor Diagram
3.19.3 Power in Purely a Capacitive AC
Circuit
3.194 Impedance of a Purely Capacitive

Circuit

Concept of Impedance Triangle .......ccccoovevcernecenes
Important Terms Related to Power

3.211 Apparent Power (S)

3.21.2 Real Power or True Power or Active
Power (P)

3.21.3 Reactive Power or Imaginary
Power (Q)

3.214 Importance (Significance) of Power

Factor

3-21

3-21
3-21
3-21

3-21

3-22

3-22
3-22
3-23

3-23

3-24

3-25

3-25

3-26

3-26

3-27

3-27

3-28

3-28

3-28

3-28

3-29

3.22

3.23

3.24

3.25

3.21.5 Causes of Low Power Factor ... 3-29
3.21.6 Power Factor 3-29
3.21.7 Power Triangle 3-30
AC Circuits With Series Elements ........ccccoueeceneccrnnne. 3-30
The Series R-L Circuit 3-30
3231 Phasor Diagram 3-31
3.23.2 Impedance of L-R Series Circuit .......co..... 3-31
3.23.3 Impedance Triangle 3-31
3.234 Voltage and Current Waveforms ............ 3-31
3.23.5 Power in Series L-R Circuit ......ccccomeeceenneces 3-32
3.23.6  Power Triangle for L-R series Circuit ...... 3-33
3.23.7 Various Powers in RL Circuit ......cccoeeceurneces 3-33
3.23.8 Power Factor 3-33
The Series R-C Circuit 3-35
3241 Phasor Diagram 3-35
3.24.2 Impedance of RC Series Circuit .......c...... 3-35
3.243 Impedance Triangle

(Series R-C circuit) 3-36
3.244 \Voltage and Current Waveforms ............ 3-36
3.245 Power in Series R-C CirCUit .....cccomecurevennne 3-36
3.24.6 Power Triangle for R-C Series Circuit .....3-37
3.24.7 Various Powers and Power Factor ........... 3-37
An R-L-C Series Circuit 3-38
3.25.1 Importance of the Values of

Reactances 3-38
3.25.2 Phasor Diagrams 3-38
3.25.3 Impedance of Series LCR Circuit ............... 3-40
3.254 Impedance Triangle for an LCR Circuit ...3-40
3.25.5 Power Supplied to the RL.C. Circuit.......... 3-40
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3.25.6 Power Triangle 3-41

3.25.7 Various Powers and Power Factors of

RLC Series Circuit 3-41

3.26 Resonance 3-45
3.26.1 Resonance in Series RLC Circuit .....ccooece... 3-45

3.26.2 Resonant Frequency (fr) ..cmrrecnnnnenens 3-45

3.26.3 Phasor Diagram at Resonance .................. 3-46

3.264 Impedance at Resonance ... 3-46

3.26.5 Current at Resonance ........ceonecens 3-46

3.26.6 Phase Angle of Series Resonant

Circuit 3-47
3.26.7 \Voltage and Current 3-47
3.26.8 Variation of Power Factor ... 3-47

3.26.9 The Q-Factor (Quality Factor) of a Series

Resonant Circuit 3-47

3.26.10 Bandwidth of a Series Resonant
Circuit 3-48

3.26.11 Magnification in Series Resonant

Circuit 3-49

3.26.12 Characteristics of Series Resonant

Circuit 3-49

. Review Questions 3-51
Unit II

Chapter 4 : Three phase AC Circuits 4-1 to 4-22

Syllabus : Three phase AC Circuits : Introduction to 3
phase supply and its necessity, Balanced three phase
system, Relation between line and phase quantities (with
phasor diagram), Power in three phase circuits for star and

Delta connection.

4.1  Introduction to Polyphase AC Circuits .......cooeeeeermenes 4-2

42

43

44

45

46

47

411  Three Phase Supply Waveforms ................... 4-2
Advantages of Three Phase Systems .........coovcomrnnen: 4-2
Concept of Three Phase Supply 4-3
431  Symmetrical or Balanced System ................. 4-4
432 Phase Sequence 4-4
Three Phase Supply Connections ...........ccoeeennreennneees 4-4
441 Star Connection (Wye Connection) ............. 4-4
442 Delta Connection 4-5
Types of Loads 4-5
451 Balanced or Unbalanced Load ..........cccccouun.. 4-5
A Three Phase Balanced Star Load ........cccconeveunneccenns 4-6
46.1 Line Voltages and Phase Voltages for Star

Connected Supply 4-6
46.2  Phase and Line Voltage for a Star Load ...4-7
4.6.3 Relation between Phase and Line

Currents 4-7
464  Relation between Phase and Line

Voltages 4-8
46.5  The Complete Phasor Diagram ..........co.... 4-9
46.6  Power Relations 4-10
46.7  Power Triangle 4-10
4.6.8  Power Factor 4-10
469  Solved Examples on Star Load .................. 4-10
Three Phase Balanced Delta Load ..o 4-13
471  Line Voltages and Phase Voltages for

Delta Connected SUPPIY ...coveveeemecerenecernnnee 4-13
4.7.2  Phase and Line Voltages in Delta

Connected Load 4-14
473 Line Current and Phase Current for Delta

Connection 4-14
474  The Complete Phasor Diagram for Delta

Load 4-15
475 Power Relations 4-16
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476  Power Triangle 4-16
47.7 Power Factor 4-16
478  Comparison of Star and Delta
Connections 4-17
479  Solved Examples on Delta Load ............... 4-17
. Review Questions 4-21
Unit II1
Chapter 5: DC Machines 5-1 to 5-22

Syllabus : DC Machines : Construction, Working principle
of D.C. Generator, Emf equation of D.C. generator
(derivation not expected), Working principle of D.C. motor,

Types of D.C. motor, Back emf (Numerical), Industrial

applications.

51  Introduction 5-2

5.2 Types of DC Machines 5-2
521  Windings in a DC Machine ..., 5-2

53 Construction of a DC Machine 5-2
5.3.1  Important Parts of a DC Generator ........... 5-3
532  Yoke 5-3
533 Poles, Pole Shoe and Pole Core ... 5-3
534  Field Winding (F1 — F2) commreeeeemnereceeene 5-4
53.5  Armature Core 5-4
53.6  Armature Winding 5-4
537 Commutator 5-5
5.3.8  Brushes 5-5

54  Types of Armature Windings 5-6

55 Generating Action 5-6
5.5.1  Principle of Operation of a DC

Generator 5-6

5.6

5.7

5.8

5.9

5.10

511

512

513

Practical DC Generator 5-7
E.M.F. Equation of a DC Generator ...........coneeens 5-7
DC Motor 5-9
581  Construction of a DC MOtOr ...cocceeemrevrcenenns 5-9
5.8.2  Principle of Operation of a DC Motor ....... 5-9
5.8.3  Direction of Rotation of the Motor ............. 5-9
584  Torque 5-9
5.8.5  Back EMF 5-10
Voltage Equation of a DC MOtOr ......coeevcennerceernecerenne. 5-10
591  Role of Back Emf 5-10
59.2 Power Equation of a DC Motor ................ 5-11
5.9.3  Torque Equation of a DC Motor ... 5-12
5.9.4  Effect of Loading on the DC Motor
Operation 5-12
Types of DC Motors 5-13
510.1 Separately Excited DC Motor .......ccooceoneveenn. 5-13
5.10.2 DC Shunt Motor 5-14
5.10.3 DC Series Motor 5-15
DC Compound Motors 5-15
5111 Long Shunt Compound Motor ................. 5-16

5.11.2  Short Shunt Compound DC Motor .......... 5-16
5113 Cumulative Compound DC Motors ........ 5-17

5.114 Differential Compound DC Motors .......... 5-17

Torque and Speed Equations 5-17
5.12.1 Torque Equations 5-17
5.12.2 Speed Equations 5-18
5.12.3 Never Start a Series Motor on No

Load 5-18
Industrial Applications 5-21
5.13.1 Shunt Motor Applications ... 5-21
5.13.2 Series Motor Applications .........coccumreenn. 5-21
5.13.3 Cumulative Compound Motor

Applications 5-21
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5.13.4 Differential Compound Motors

Applications 5-22

o Review Questions 5-22
Unit III

Chapter 6 : Single Phase Transformers 6-1 to 6-24

Syllabus : AC Machines : Single Phase Transformers :

Construction, Operating principle, Emf equation, Voltage

and current ratios. Losses,

Concept of ideal transformer, Auto-transformer.

Efficiency and regulation,

6.1 Introduction

6.2 Construction of a Transformer

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.3 Principle of Operation

6.4  Transformer Types

6.4.1

6.4.2

6.4.3

6.5  EMF Equation of a Transformer

6.5.1

6.6  Voltage and Current Ratios

Laminated Steel Core

Different Cross-sections for Transformer

Limbs

Windings of a Transformer ..........ccoevvvcennenns

Transformer Tank

Conservator

Breather

Buchholz Relay

Explosion Vent

Core Type Transformer ...
Shell Type Transformer .......ccomerecerenne.

Berry Type Transformers .........oceecnnnneees

Expressions for the Induced Voltages ......

6-2

6-2

6-2

6-3

6-3

6-4

6-4

6-4

6-4

6-4

6-5

6-5

6-5

6-6

6-7

6-7

6-8

6.7

6.8

6.9

6.10

6.11

6.12

6.6.1  Voltage Ratios of the Transformer with

Load 6-8
6.6.2  Voltage Ratios for the Transformer without

Load 6-8
6.6.3 Transformation Ratio (K) ......ccceevrvevrrreernnnen. 6-9
6.6.4  Turns Ratio of the Transformer ........ccccc.... 6-9
6.6.5  Types of Transformers based on the

Value of K 6-9
6.6.6  Current Ratios 6-9
Rating of Transformer 6-10
Losses in a Transformer 6-12
6.8.1 Copper Loss (Pc) 6-12
6.8.2 Iron Loss (Pj) 6-13
Efficiency and Regulation 6-13
6.9.1 Efficiency (n) 6-13
6.9.2  Voltage Regulation 6-15
An Ideal Transformer 6-18
Transformer Testing 6-19
6.11.1 Direct Loading Test 6-19
6.11.2 Efficiency Measurement .......occommeecernnenes 6-19
6.11.3 Regulation Measurement .........ccoueeeeeenenes 6-20
6.114 Advantages of a Two Winding

Transformer 6-20
6.11.5 Disadvantages 6-20
6.11.6 Applications of Two Winding

Transformer 6-20
Autotransformer 6-21
6.12.1  Advantages of Autotransformer ............. 6-22
6.12.2 Disadvantages of an Autotransformer ...6-22
6.12.3 Applications of an Autotransformer ........ 6-22
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6.124 Dimmerstat 6-23
6.12.5 Comparison of Two Winding and
Autotransformer 6-23
o Review Questions 6-23
Unit IV
Chapter 7 : Diodes 7-1to 7-26

Syllabus : Diode : Ordinary diode, LED, Photodiode and

Zener diode Construction, Symbol, Working,
Characteristics, Applications etc.
7.1 Semiconductors 7-2
711  Types of Semiconductors ........comrreeennn. 7-2
7.1.2  Conduction in Intrinsic Semiconductors ..7-3
7.2 Extrinsic Semiconductors 7-3
721  n-type Semiconductors ........coonmrernereenn. 7-4
722  p-type Semiconductors .......ocrmreerereenn. 7-5
7.3  Diffusion 7-6
74 Formation of P-N Junction Diode ........ccocrmncees 7-6
741 Formation of the Depletion Region .......... 7-7
74.2 Barrier Potential or Junction
Potential (V) 7-7
7.5 A p-nlJunction Diode 7-8
7.6 Operation of a p-n Junction Diode ........ccommrrvcrmmrrreenn. 7-8

7.7 The Volt Ampere (V-I) Characteristics of a

Diode 7-10
7.7.1 V-I Characteristics of an Ideal Diode ....... 7-11
7.7.2 V-I Characteristics of Silicon and
Germanium Diodes 7-11
773 Mathematical Expression of the Diode
Current 7-12

7.8

7.9

7.10

7.11

7.12

7.13

Diode as a Switch 7-12
Applications of p-n Junction Diode ........co..commmrvvenne. 7-13
79.1 Diode Testing 7-13
Zener Diode 7-14

7.10.1 V-ICharacteristics of a Zener Diode ........ 7-15

Breakdown Mechanisms in Zener Diode ................. 7-15
7111 Zener Breakdown 7-15
7.11.2 Avalanche Breakdown in Zener

Diodes 7-16
7.11.3 Comparison of Breakdown

Mechanisms 7-16
7.114 Comparison of Zener Diode and

p-n Junction Diode 7-17
7.11.5 Applications of Zener Diode ........crver 7-17
7.11.6 The Zener Voltage Regulator ................... 7-17
Light Emitting Diodes (LED) 7-21
7.12.1 Construction of LED 7-21
7.12.2  Principle of LED Operation ... 7-22
7.12.3 LED Voltage and Current.........ceccermreernereenn. 7-22
7.124  Output Characteristics of LED ....ccc..ccens 7-22
7.12.5 Applications of LED 7-22
7.126 Seven Segment LED Display ......cceeenmreeen. 7-23
7.12.7 Comparison of PN Junction Diode and

LED 7-23
Photodiode 7-23
7.13.1 Construction and Operation ........cccumveeen. 7-24
7.13.2  Photodiode Characteristics ......coeceneces 7-24
7.13.3 Applications of Photodiode .........ccuvvvern 7-25
7.134 Comparison of DIOdes ......coomrecrmmmrvernnnns 7-25

Review Questions 7-26
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Unit IV

Chapter 8 : Transistor 8-1to 8-18

Syllabus : Transistor : Construction, Types, Operation,

Transistor configuration (CE, CB and CC) : Characteristics.

8.1  Introduction 8-2
811 Bipolar Transistor Symbols and Types ......8-2
8.2 Construction of a BJT 8-2
821  An Unbiased Transistor ... 8-3
8.3  Transistor Biasing in the Active Region ...........cc.... 8-3

84  Transistor Operation in the Forward Active Region 8-4

84.1  Operation of npn Transistor ... 8-4
84.2  Operation of PNP Transistor ..........o...... 8-5
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