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Unit-I

Chapter 1 : DC Circuits

1-1 to 1-28

Syllabus :

Idea of electric potential, EMF, Current,

Power and Energy. Introduction of Resistor, Inductor and

Capacitor,

Effect of temperature on resistance of

conductor. Ohm’s law : Applications and Limitations,

Kirchhoff’'s voltage law and Kirchhoff’'s current law,

Types of connections : Series and Parallel connections
of resistors, Battery : Concept of cell and Battery, Rating

of battery, Series and Parallel connection of batteries,
Applications.
11 Network or CirCUit ..o 1-2
12 Idea of EMF and Current.......meoneennecenneenes 1-2
121 EMF.cecncecneciisecisseeiessinens 1-2
122 CUIMENt ettt 1-2
1.3 Idea of Electric Potential ......cccooveomrennrenrrenerennes 1-3
1.3.1 Potential Difference (P.D.)......cccceouu...... 1-3
1.3.2 Difference between EMF and PD ........ 1-3
14  Concept of POWEr (P)....ooveomrermrerereneeereeeeeeeseeees 1-4
1.5 Concept of ENergy (E) ccoomecemnecennecernecernecenns 1-4
1.6 RESISTOIS .ottt cesecssenens 1-5
1.6.1  Resistance (R).....ccocoveveeveeerieereeene, 1-5
1.6.2 Factors Affecting the Resistance
ValU...ooceccscscrecrecinecieecineees 1-5
1.6.3  Resistivity or Specific Resistance (p)... 1-6
17 CAPACILOrS ..o saseseasessaessanens 1-6
171  CapacitanCe .......nnennensensensens 1-7
1.8 INAUCLOFS w.coueimieicicieeiceireceirecniecssseeiseesseesesessinens 1-7
1.8.1 Effect of Temperature on Resistance of
CONAUCEOTS ..o 1-8
1.9 Resistance Temperature Coefficient (R.T.C)....1-8
1.9.1 Expression for Resistance at t°C.......... 1-9
110 ONM'S LAW. coeerrreereeeeeeceeeteeeeeeesseesssesssseseneees 1-9
1.10.1 Limitations of ohm’s law.......cccccceececn. 1-10
1.10.2 Applications of ohm’s Law.................. 1-10
1.11 Important Definitions.......ccnecene. 1-10

112

113

114

115

116

117

118

1.19

1.20
121

1111 Circuit Element....conronnronreennrcennneens 1-10
1.11.2 Open CirCUit erereerireereeieeeseeeseeens 1-10
1.11.3 Short Gircuit ..o 1-10
1114 Branch..eeneceneceenecnone 1-10
1.11.5 Mesh or LOOP. coooreermreerneeeneeereeeneeeneeens 1-11
1.11.6 Node or JUNCtion .....cmeneeneceerecnnne 1-11
Kirchhoff's LaWS......occeneceeneceeneeeeeceieseesseseeseeeens 1-11
1.12.1 Kirchhoff's Current Law (KCL)............. 1-11
Mesh or Loop and Sign Convention................ 1-12
1.13.1 Kirchhoff's Voltage Law (KVL)............ 1-13
Types of CoONNECiONS .......coovervververnrernrrennrienneanns 1-14
1141 Series Connection of Resistors.......... 1-14
1.14.2 Parallel Connection of Resistors........ 1-15
1.14.3 Division of Voltage in the Series
Connected ReSiStOrs. .......ccoveevevneceenecs 1-15
Batteries and Cells.......occvceccnecneccnecrnecinees 1-16
1151 CellS e 1-16
1152 Battery .occrecnecneceeeireceereciesecnene 1-16
1.15.3 Primary and Secondary Cells.............. 1-16
The Lead-Acid Cell ... 1-17
1.16.1 CoNnStruCtioN.....ccveceeceeceeceereceerecrenecnnne 1-17
1.16.2 Working of a Lead - Acid Cell............ 1-17
Batteries. ..o ceenes 1-19
1.17.1 Battery TYPes ..o 1-19
Characteristics of a Battery ........ceceerevenrennnnes 1-19
1.18.1 Cell EffiCiency oo 1-20
1.18.2 Ratings of Batteries........ccccemrverrrrnnnen. 1-20
Series and Parallel Connection of
Batteri@s. ..o 1-21
1.19.1 Series Connection of Batteries........... 1-21
1.19.2 Parallel Connection of Batteries........ 1-22
Applications of Batteries......c..ccocverenrrrrnrrernnnen. 1-22

1 Mark or 2 Marks UQs with
ANSWETS .ottt et ssse e sasesseenas 1-27
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Unit - I1

Chapter 2 : AC Fundamentals

2-1 to 2-32

Syllabus
Terminology

Generation of Alternating EMF, Basic

Cycle, Time - period, Amplitude,

Frequency, RMS value, Average value, Form factor,

Peak factor, Pure resistor, Inductor and Capacitor with

AC supply, Power triangle and Power factor.

21
2.2

23

24

25
2.6
27
2.8
29
2.10

211

212

INtrodUCtION oo 2-2
AC WaVEfOrMS .....oooeveeereeeereeeseeeseeessseeseeseseessseseons 2-2
221 Types of AC Waveforms.......cccucceoneen. 2-2
222 Sinusoidal AC Waveforms..........ccoeeeu... 2-2
Generation of Alternating EMF........cccccoveconecenen. 2-3
231 Derivation for the Induced EMF .......... 2-4
Basic Terminology ..........ecrneceeecennnee. 2-5
241 WaveforM.... e 2-6
242 Instantaneous Value........nns 2-6
243 CyClen e, 2-6
244 Time Period or Periodic Time (T)......... 2-6
245  FreqUeNCY ... ceeneeiseeieseiessiens 2-7
246  AMplitude.... s 2-7
247  Angular Velocity (@)....ceeecernecernecens 2-7
Peak and Peak to Peak Value.........ccccouccomuuvunncee 2-7
Effective or RM.S. Value........coooonrorriorrnrrirnrne 2-8
Average Value.......cncemeceineceineceineserineces 2-9
Form Factor (Kf). v 2-11
Crest Factor or Peak Factor (Kp) ....ccoovvveuunee. 2-12
Phasor Representation of an Alternative
QUANTITY oo seesessenens 2-12
Phase of an Alternating Quantity .........ccccccneees 2-13
2111 Phase ANgle..... s 2-13
2.11.2 Phase Difference......ccomrenmreornreneeenn. 2-13
2.11.3 Leading and Lagging Phase

DifferenCe ..o 2-13
Mathematical Representation of Phasor ........ 2-15
2.12.1 Polar Representation..........cn.. 2-15
2.12.2 Rectangular Representation................ 2-15

213

2.14

2.15

2.16

2.17

2.18

2.12.3 Conversion from Polar to

Rectangular........oeeneeneennenninninens 2-16
2.124 Rectangular to Polar Conversion......2-16
Addition and Subtraction of Phasors.............. 2-16
2.13.1 Multiplication and Division of

PRhasOors......ooreeereeeneeereeeeseseeseeeeseceeeens 2-16
Single Phase AC CirCUItS ......ccccmecrnveceerneceereceens 2-17
2.141 Reactance and Impedance................ 2-17
2.14.2 Inductive Reactance (X)) ...ccoccorverrerunnee 2-18
2.14.3 Capacitive Reactance (Xc) .coowerreneenn. 2-18
2144 Impedance (Z) .....omenneeenneeonnes 2-18
Pure Resistor with AC SUPPIY cc.covcveureceneceinnenns 2-18
2.15.1 Analysis of the Purely Resistive AC

CIrCUIT et 2-18
2.15.2 Voltage and Current Equations......... 2-18
2.15.3 Voltage and Current Waveforms......2-19
2.15.4 Phasor Diagram.........nrennsennees 19
2.15.5 Power in Purely Resistive AC

CIFCUILS ceverecreceireciecrieciesecsseesseesneenes 2-19
2.15.6 Average PoOwer......noneineneenns 2-19
2.15.7 Impedance of the Purely Resistive

CIFCUIL coveecececrecieciiecsieesseeiseees 2-19
Pure Inductance with AC Supply ..c.cooveevverennce 2-20
2.16.1 Equations for Currentiand

VOIAgEe Voo 2-20
2.16.2 Waveforms and Phasor Diagram......2-21
2.16.3 Power in a Purely Inductive Circuit ..2-21
2.16.4 Impedance of a Purely Inductive

CIFCUIt e 2-21
Pure Capacitor with AC SUPPIY ..covvvrrrrrerrinrinnee 2-22
2.17.1 Equations for Voltage and Current..2-22
2.17.2 Current and Voltage Waveforms......2-23
2.17.3 Power in a Purely Capacitive

CIFCUIL e 2-23
2.17.4 Impedance of a Purely Capacitive

CIFCUIL covercecrececieciiecieeesseesneees 2-23
Important Terms Related to Power-.................. 2-24
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2.18.1 Apparent POWer (S)....cccoeerereeneeneunennae 2-24
2.18.2 Real Power or True Power or Active
POWET (P).eeeeeeeeeeeeee e 2-24
2.18.3 Reactive Power or Imaginary
Power (Q) ..o 2-24
2.18.4 Power Factor ... 2-25
2.18.5 Importance (Significance) of Power
FACtOr oo 2-25
2.18.6 Causes and Effects of Low Power
FACtOr e 2-26
2.18.7 Power Triangle......cccoeomroneionrrenrernrirnnenn. 2-26
2.19 1 Mark or 2 Marks UQs with Answers............. 2-32
. Review Questions 2-26
Unit - II

Chapter 3 : Three Phase AC Circuits 3-1 to 3-16

Syllabus :
Types of 3-phase connection
connection with vector diagram.

Generation of 3-phase alternating EMF,
Star and Delta

3.1 Introduction to Polyphase AC Circuits............... 3-2
3.1.1 Three Phase Supply Waveforms.......... 3-2

3.2 Advantages of Three Phase Systems over

Single Phase System........nccennecennecennne 3-2
3.21 Comparison of 1- Phase and 3-Phase
SYSTEIMS ..ooicreciecreeeieeeieeeiessiessies 3-3
3.3 Generation of 3-Phase AC EMF........ccccuuvcuoncne. 3-3
3.3.1  Symmetrical or Balanced System........ 3-4
3.3.2 Concept of Phase Sequence.............. 3-4
34  Three Phase Supply Connections .........ccconeeen. 3-4
34.1 Star Connection (Wye Connection).... 3-5
342 Delta CoNNeCtion.......cmecernecernecerenne. 3-5
3.5 Types of LOadS.....ccrneeineernecrieceinecens 3-5
3.5.1 Balanced or Unbalanced Load.............. 3-5
3.6 A 3-Phase Star Connected Supply .....cccoccceneeee. 3-6
3.6.1 Line Voltages and Phase Voltages...... 3-6
3.6.2 Relation between Phase and Line
CUITENt ... 3-7
3.6.3  Relation between Phase and Line

VOIAGES. ..o, 3-7

3.64 The Complete Phasor Diagram............. 3-8
3.6.5 Expression for Three Phase Power ......3-8
3.6.6  Power Factor for a Star Load................. 3-9
3.7 A 3-Phase Delta Connected Supply ......ccccueveuunee. 3-9
3.7.1 Line Voltages and Phase Voltages......3-9
3.7.2  Line Current and Phase Current for
Delta ConNection .......cvcnecnecenncenns 3-10
3.7.3 Relation between I, and Ig ...........cce.. 3-10
3.74 The Complete Phasor Diagram.......... 3-11
3.7.5 Expression for Three Phase Power...3-11
3.7.6  Power Factor for Delta Load............... 3-12
3.8  Power Relations for Delta Load .......ccccoeveerneeces 3-12
3.81 Power Factor.....ncnecrecreceneenne 3-12

3.9 Comparison of Star and Delta Systems........ 3-12
3.9.1 Applications of 3-phase Circuit......... 3-13
3.10 1 Mark or 2 Marks UQs with Answers............. 3-16

¢ Review Questions

Unit - III

Chapter 4 : Electromagnetic Induction and Inductors
4-1 to 4-32

Syllabus : Electromagnetic induction Faraday’s law,
Lenz’s law, Fleming’s right hand rule for generators,
Fleming's left hand rule for motors, Statically and
Dynamically induced EMF, Inductance : Self and Mutual
inductance, Types of inductor, Energy stored in magnetic
field.

41 INErOdUCHION oo 4-2
411 Magnet.....eneerecenecnseereeisssieseiens 4-2
41.2 Electromagnets........neonrinreeniennnes 4-2
4.2  Definitions Related to Magnetism...........ccoo....... 4-2
421 Magnetic Field....cnecineces 4-2
422  MagnetiC FIUX § coererreerreerireeereeiresirerirenens 4-2
4.2.3  Magnetic Flux Density (B) ......cccoveveuenee. 4-2
424 Magnetic Field Strength (H).....ccccvvee... 4-2
4.3 Permeability ... 4-3
4.3.1 Absolute Permeability (1) ..cooverrreerereene. 4-3
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4.3.2 Permeability of Free Space or
Vacuum (o) veeeeereereresersensensessesssssssennens 4-3
4.3.3 Relative Permeability (1) wooverrreereveenens 4-3
44  MMF, Reluctance and Permeance....................... 4-4
441 Magneto motive Force (MMF)............. 4-4
442 Reluctance (S) .o 4-4
443  PErmeancCe .....cncnecnecinecinecene 4-5
45  Magnetic CirCUIt ..o 4-5
451 Comparisons of Magnetic and
Electrical Circuits 4-5
4.6  B-H Curve or Magnetization Curve................... 4-6
4.6.1 Magnetic Hysteresis and
Hysteresis LOOP......cowvvvneeennienniennrenerennienns 4-7
4.6.2  Hysteresis LOSS ......ccomeneerrecrrecrmeeenennnne 4-7
4.6.3 Hysteresis Loop for Magnetic and
Non-Magnetic Materials ........ccocccune. 4-8
4.7  Concept of useful Flux, Leakage Flux and
FrINGING oo 4-9
471 Leakage FIUX....comronrirnrinriesiresieeenn. 4-9
4.7.2 Magnetic Fringing......cccocccoseensevnecerecnen. 4-9
4.8  Electromagnetic Induction .........cc.cecceneceuneccnenn. 4-10
4.8.1 Faraday's Laws of Electromagnetic
INAUCHION oo, 4-10
4.8.2 Direction of Induced EM/F......... 4-11
4.8.3 Fleming's Right Hand Rule for
GENEratorsS. ... ceeeeerecirecireeereeireeirenenes 4-11
484  LenzZ's LaW e 4-12
49  Fleming's Left Hand Rule for Motors............... 4-13
4.10 Nature of the Induced EM.F. ....coovvrrrrrrrnn. 4-14
4.11 Dynamically Induced E.IM.F. .....occcomevummevernercnanne 4-14

4.11.1 Magnitude of Dynamically

Induced EIMLF. ..o 4-14
4.12  Statically Induced EIM.F......cocvemmvcrnecrnecerrecinenee 4-15
4121 Self Induced EIM.F......onveevvomcrrneccrnanne 4-16

4122 Self Inductance........ccereervenrreerrrernenen. 4-16
4.12.3 Factors Affecting the Self

INdUCtanCe ... 4-17
4124 Mutually Induced EM.F........cconecunneee. 4-17
4.12.5 Mutual Inductance (M) ......ooveeeveeneeee. 4-18
4.12.6 Expression for Mutual Inductance....4-18
4.12.7 Coefficient of Coupling (K).....ccccoevuven. 4-19

4.12.8 Comparison of Statically and
Dynamically Induced E.M.F. ................ 4-19
4.13  Types of INAUCLON......ccomremcrmcrirnecrireceinreceieces 4-20
4.14 Energy Stored in the Magnetic Field ............... 4-21
415 1 Mark or 2 Marks UQs with Answers............. 4-31
¢ Review Questions 4-23

Unit - IV

Chapter 5 : Green Electrical Energy 5-1 to 5-08

Syllabus : Need of green energy, Classification of green
energy, Solar energy : PV cell, Panel and Array, Block
diagram of solar power system, Solar roof top, Wind
energy : Types of wind turbine, Block diagram of wind
power system.

51  Green ENergy.....cncenecrneenseeseesssecees 5-2
52 Need of Green ENergy .......ceecernecernee 5-2
5.3  Classification of Green Energy.......cocene. 5-2
54 APV Cellueereeeee et 5-4
541 PV Panelencnecnecinecieens 5-4

54.2 The Solar Photovoltaic Array................ 5-4

5.4.3 Photovoltaic Array Connections........... 5-5

5.5  Solar Power System........ccvnrenrinrinresressieeeenes 5-6
5.6  Wind Energy or Wind Power.........cccoeucnsenernnrenns 5-6
57  Wind TUIDIN@.....ccieerecrecrecineciecimeeineees 5-6
5.7.1 Construction of Wind Turbine............... 5-6

5.7.2  Types of Wind Turbine.........cccccouvrmrrunnc 5-7

5.8  Wind Power System......cccoenenrenrinrinnenrinsinreenes 5-7
¢ Review Questions 5-08
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