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Preface | udra+T

This book, Electrician, has been specially designed to help
students succeed in both academic examinations and
career-oriented preparation.

It includes detailed Trade Theory, Workshop Calculation and
Science, Engineering Drawing, Employability Skills, and a
question bank in mock test format based on the NIMI exam
pattern.

This book follows the latest syllabus prescribed by
DGT/NCVT and is aligned with the latest NIMI
examination pattern. It is structured for easy
understanding and practical application.

The MCQs in this book have been designed at multiple
levels—Remembering, Understanding, Application, and
Analysis—in a dual-language format to enhance
conceptual clarity and examination readiness.

Our goal is not only to help students excel in ITI courses
and NCVT examinations, but also to prepare them for
competitive employment opportunities in both the
government and private sectors.
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How to Study This Book | 39 Y¥dd &l eI hdl

The Trade Theory section is covered in detail. Students are
advised to study this section thoroughly and carefully, and
to develop a clear conceptual understanding with the help
of detailed explanations, diagrams, and a flow-based
presentation.

Except for the Trade Theory section, the other sections
contain important summaries. These summaries are
sufficient in accordance with the weightage of the
respective sections.

Practice the MCQs only after completing the theory part of
the module.

Students are advised to study this book in only one
language, either Hindi or English. They should not compare
the Hindi version with the English version during study.

In case of any discrepancy in technical terminology,
translation, or conceptual interpretation, the English
version shall be considered authoritative.

At the end of the book, practice sets based on the NIMI
exam pattern have been provided. Students are strongly
advised to practice these questions at least twice before
appearing for the examination.

To practice the question bank in a computer-based mock
test format, scan the QR code provided in the last part of the
book.
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Syllabus

Modules Trade Theory

Safety Practice & Organization of ITI's and scope of the electrician trade, Safety rules, safety signs, hazards, Fire

Hand Tools types and extinguishers, Rescue operations, first aid, artificial respiration
Disposal of waste material, Personal Protective Equipment, Guidelines for cleanliness of
workshop and maintenance, Trade hand tools - specification - standards NEC code 2011- lifting
of heavy loads.

Wires, Joints, Fundamental of electricity - conductors - insulators - wire size measurement-crimping, Wire

Soldering, UG Cables

joints - Types - Soldering methods, Underground (UG) cables - construction - materials - types -
joints - testing.

Basic Electrical

Ohm's law - simple electrical circuits and problems, Kirchhoff's law and its applications

Practice DC series and parallel circuits, Open and short circuit in series and parallel network, Laws of
resistance and various types of resistors, Wheatstone bridge - principle and its application,
Effect of variation of temperature on resistance, Series and parallel combination circuit.

Magnetism & Magnetic terms, magnetic material and properties of magnet, Principles and laws of electro

Capacitors magnetism, The magnetic circuits - self and mutually induced emfs, Capacitors - types -
functions, grouping and uses.

AC Circuits Alternating current-terms & definitions-vector diagrams, Series resonance circuit, R-L, R-C and

R-L-C parallel circuits, Parallel resonance circuits, Power, energy and power factor in AC single
phase system - Problems, Power factor - Improvement of power factor, 3-Phase AC
Fundamentals.

Cells & Batteries

Primary cells and secondary cells, Grouping of cells, Battery charging method - Battery charger,
Care and maintenance of batteries, Solar cells.

Basic Wiring Practice

B.1.S. Symbols used for electrical accessories, Principle of laying out of domestic wiring,
Test board, Extension board and colour code of cables, Special wiring circuits - Tunnel, corridor,
godown and hostel wiring.

Wiring Installation &
Earthing

Main board with MCB DB Switch and fuse box, NE code of practice and IE Rules for mounting
energy meter board, Estimation of load, cable size, bill of material and cost for a wiring
installation, Testing a domestic wiring installation - location of faults - Remedies, Earthing -
Types - Terms - Megger - Earth resistance Tester.

Illumination Illumination terms - Laws, Low voltage lamps - different wattage lamps in series, Construction
details of various lamps, Lighting for decoration - Serial set design - Flasher, Show case lights
and fittings - calculation of lumens efficiency.

Measuring Instruments - Scales - Classification - Forces - MC and MI meter, Wattmeter's,

Instruments 3-phase Wattmeter, Tong- tester (clamp - on ammeter), Smart meters - Automatic meter

reading - supply requirements, Extension of range of MC voltmeters - loading effect -voltage
drop effect.

Domestic Appliances

Concept of neutral and earth - cooking range, Heating element, heater/immersion heater,
electric stove and hot plate, Food mixer.

Transformer Transformer - Principle - Classification - EMF Equation, Transformer losses - OC and SC test -
efficiency - Voltage Regulation, Parallel operation of two single phase transformers
Three Phase transformer - Connections, Cooling of transformer - Transformer oil and testing,
Small transformer winding - Winding machine, General maintenance of three-phase
transformers, Project work.

Modules Workshop Calculation & Science

Unit, Fractions

Classification of unit system. Fundamental and Derived units F.P.S, C.G.S, M.K.S and SI units.
Measurement units and conversion. Factors, HCF, LCM and problems. Fractions - Addition,
subtraction, multiplication & division. Decimal fractions - Addition, subtraction, multiplication &
division. Solving problems by using calculator.

Square root, Ratio
and Proportions,
Percentage

Square and square root. Simple problems using calculator. Applications of Pythagoras theorem
and related problems. Ratio and proportion. Ratio and proportion - Direct and indirect
proportions. Percentage. Percentage - Changing percentage to decimal.

Material Science

Types metals, types of ferrous and nonferrous metals Physical and mechanical properties of
metals Introduction of iron and cast-iron Difference between iron & steel, alloy steel and carbon
steel Properties and uses of rubber, timber and insulating materials

Mass, Weight, Volume
and Density

Mass, volume, density, weight and specific gravity. Related problems for mass, volume, density,
weight and specific gravity.

Heat & Temperature
and Pressure

Part-A: - Concept of heat and temperature, effects of heat, difference between heat and
temperature, boiling point & melting point of different metals and non-metals Scales of
temperature, Celsius, Fahrenheit, kelvin and conversion between scales of temperature Heat
&Temperature - Temperature measuring instruments, types of thermometers, pyrometer and
transmission of heat - Conduction, convection and radiation Co-efficient of linear expansion and
related problems with assignments




Part-B: - Concept of pressure - Units of pressure, atmospheric pressure, absolute pressure,
gauge pressure and gauges used for measuring pressure

Mensuration

Area and perimeter of square, rectangle and parallelogram. Mensuration - Area and perimeter
of Triangles. Area and perimeter of circle, semi-circle, circular ring, sector of circle, hexagon and
ellipse. Surface area and volume of solids - cube, cuboid, cylinder, sphere and hollow cylinder.
Finding the lateral surface area, total surface area and capacity in litres of hexagonal, conical
and cylindrical shaped vessels.

Trigonometry

Measurement of angles. Trigonometrical ratios. Trigonometrical tables. Application in
calculating height and distance (Simple applications)

Modules

Engineering Drawing

Introduction to
Engineering Drawing
and Drawing
Instruments

Introduction to engineering drawing and drawing instruments, Conventions, Sizes and layout of
drawing sheets, Title block, its position and content, Drawing instruments

Free hand drawing

Free hand drawing of - Geometrical figures and blocks with dimension.
Free hand drawing of - Transferring measurement from the given object to the free hand
sketches, Free hand drawing of hand tools

Drawing of
Geometrical Figures

Drawing of geometrical figures - Angle & triangle, Drawing of geometrical figures - Circle
Geometrical figures - Square, rectangle and parallelogram, Lettering and numbering - Single
stroke

Dimensioning
Practice

Dimensioning Practice - Types of arrowheads

Symbolic
Representation

Symbolic representation - Different electrical symbols used in the related trades

Reading of Electrical
Circuit Diagram

Reading of electrical circuit diagram

Reading of Electrical
Layout drawing

Reading of electrical layout drawing

Modules

Employability Skills

Introduction to
Employability Skills

Outline the importance of Employability Skills for the current job market and future of work. List
different learning and employability related GOI and private portals and their usage. Research
and prepare a note on different industries, trends, required skills and the available
opportunities

Constitutional values -

Explain the constitutional values, including civic rights and duties, citizenship, responsibility

Citizenship towards society etc. that are required to be followed to become a responsible citizen. Discuss
the role of personal values and ethics such as honesty, integrity, caring and respecting others,
etc. in personal and social development.

Becoming a Discuss relevant 21st century skills required for employment. Highlight the importance of

Professional in the
21st Century

practicing 21st century skills like Self-Awareness, Behaviour Skills, time management, critical
and adaptive thinking, problem-solving, creative thinking, social and cultural awareness,
emotional awareness, learning to learn etc. in personal or professional life. Create a pathway for
adopting a continuous learning mindset for personal and professional development.

Basic English Skills

Use appropriate grammar and sentences while interacting with others. Read English text with
appropriate articulation. Role plays a situation on how to talk appropriately to a customer in
English, over the phone or in person. Write a brief note/paragraph / letter/e -mail using correct
English.

Career Development
& Goal Setting

Create a career development plan. Identify well-defined short- and long-term goals

Communication Skills

Demonstrate how to communicate effectively using verbal and nonverbal communication
etiquette. Write a brief note/paragraph on a familiar topic. Explain the importance of
communication etiquette including active listening for effective communication. Role plays a
situation on how to work collaboratively with others in a team.

Diversity and
Inclusion

Exhibit how to behave, communicate, and conduct oneself appropriately with all genders and
PwD

Financial and Legal
Literacy

Discuss various financial institutions, products, and services. Demonstrate how to conduct
offline and online financial transactions, safely and securely and check passbook/statement.
Explain the common components of salary such as Basic, PF, Allowances (HRA, TA, DA, etc.), tax
deductions. Calculate income and expenditure for budgeting. Discuss the legal rights, laws, and
aids.

Essential Digital Skills

Describe the role of digital technology in day-to-day life and the workplace. Demonstrate how to
operate digital devices and use the associated applications and features, safely and securely.
Demonstrate how to connect devices securely to internet using different means. Follow the dos
and don’ts of cyber security to protect against cybercrimes. Discuss the significance of




displaying responsible online behaviour while using various social media platforms. Create an e-
mail id and follow e- mail etiquette to exchange e -mails. Show how to create documents,
spreadsheets and presentations using appropriate applications utilize virtual collaboration tools
to work effectively.

Entrepreneurship

Describe the types of entrepreneurship and enterprises. Discuss the process of identifying
opportunities for potential business and relevant regulatory and statutory requirements.
Describe the 4Ps of Marketing-Product, Price, Place and Promotion and apply them as per
requirement. Create a sample business plan, for the selected business opportunity. Discuss
various sources of funding and identify associated financial and legal risks with its mitigation
plan.

Customer Service
Duration

Describe different types of customers. Role play a situation on how to identify customer needs
and respond to them in a professional manner. Explain various tools used to collect customer
feedback. Discuss the significance of maintaining hygiene and dressing appropriately.

Getting ready for
apprenticeship & Jobs

Draft a professional Curriculum Vitae (CV). Use various offline and online job search sources
such as employment exchanges, recruitment agencies, and job portals respectively.
Demonstrate how to apply to identified job openings using offline /online methods as per
requirement. Discuss how to prepare for an interview. Role play a mock interview. List the steps
for searching and registering for apprenticeship opportunities.

Introduction to
Artificial Intelligence
(AT)

Understanding AL How does Al work? Types of Al. What can Al do? Impact of Al on Jobs &
Industries. Exploring Careers with AL Learning with Al Using Al Responsibly.
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5. AC Circuits | T.&ft. aRuy
5.1 Alternating Current - Terms & Definitions - Vector Diagrams | gcraedf
URT - UG Td GRHUTITY - doey IRA

VA _— .
V=2 —— Peak Value | RIGR A (V) SiNUSCIdal Wave | SUIHI 78T

Anti-clockwise rotation at
------------- RMS Value | RMS m (Vrms) ‘\angular Velocrty w
nitude aﬂ:ﬂaﬁ

............... Average Value | 3R A (V) Mag w TR ol
{ Time / t'(e) %a e Angle
\/ = a%m : i p

Reference axis

A

One Cycle Time Period T '
W%W L Vector (Phasor) | 3@ (FeR)
Peak =~ 2 * RMS Represents Magnitude and Phase position.
Average = (2/n * Peak. (Using voltage as example, gRATT 3R TR fRUfY oY g2far g1
for ho voltage is consittent for subseq | T} ‘qpﬁ)
Resistive Circuit (R) _\aa- Inductive Circuit (L) Capacitive Circuit (C) _|L
yfoRieh ofty (R) e ufay (L) IA dufaafoy(c) 0
=(Q° _ g
v e In(pPhase >V ¢ =90
I THM RO H ¢ =90° >V
Voltage and Current In Phase Current Lags Voltage Current Leads Voltage
3R YRT G TRO1 F | YRT el § Ui YRT diec & 3 §
Fig. 5.1: Alternating Current - Terms and Phasor Diagrams | UeTadl &IRT - Ug Td thoR RA
5.1.1 Introduction (Fig. 5.1) 5.1.1 uf=r= (Fig. 5.1)
Alternating current (AC) is widely used in domestic Tt 4RT (AC) ohT aTTeh IUINT Bl Ue 3enfiien faga
and industrial electrical systems. It changes its yonfeat & fohar SITaT €1 I8 99T & 912 319+t gReToT ik
magnitude and direction periodically, making it faer ot 3rad =Y A Feerdt 8, fogd gg Ufey d=ror ug
suitable for power transmission and distribution. faa=or & fag Sugad gt &1
5.1.2 Definition of Alternating Current 5.1.2 yaradf Rt Y gRemaT
Alternating current is the current that varies TeaTadT RT 98 RT & S 999 & 9Ty GEeR ©4 &

sinusoidally with time and reverses its direction at uRafda gt 2 ofik e siarier R aroet e seerd 21

regular intervals. . o
5.1.3 Basic Terms and Definitions 5.1.3 g g T aRuTeTd

¢ Instantaneous Value: Value of AC at any rehTfas JT: et oft 701 v AC &1 HI
instant of time. )

e Maximum (Peak) Value: Highest value e (dier) wT9: T 95 & AC ERT UTe Jead 7|
attained by ACin a cycle.

e RMS Value: Effective value of AC equal to DC
producing same heating effect.

¢ Average Value: Mean value over half cycle.

e Frequency (f): Number of cycles per second
(Hz).

e Time Period (T): Time taken for one cycle (T =
1/f).

e Form Factor: Ratio of RMS value to average
value.

e Peak Factor: Ratio of maximum value to RMS
value.

5.1.4 Waveform of Alternating Current
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RMS AT9: AC T U1t A1H, ST O S T91d 33
& gTet DC & SRTeR BT 8

3 | 318 <k o1 3 A |

3gf (f): ufa Yebs =chi Y T (Hz)!

Uy 3mad (T): T Teh & e foar mar w3 (7= 1/f)1
i Sreree: RMS AT 3R S A et SiguTd |

tes tharer: Sifdichdd A 3R RMS AT &l 3UTd |
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AC is represented by a sinusoidal wave showing
variation of current with time.
5.1.5 Phase and Phase Difference
Phase indicates the position of a waveform relative
to time. Phase difference is the angular displacement
between two AC quantities.
Vector Diagram (Phasor Representation)
AC quantities are represented by rotating vectors
(phasors) indicating magnitude and phase
relationship.
5.1.6 Vector Representation of AC Quantities
AC quantities (voltage and current) are represented
by rotating vectors called phasors. The length of the
vector represents magnitude, and its angular
position represents phase. Phasors rotate in
anticlockwise direction at angular velocity (w). This
method simplifies AC circuit analysis.
5.1.7 Vector Diagrams
Vector (phasor) diagrams show phase relationship
between voltage and current.

Resistive Circuit: Voltage and current are in

same phase.

Inductive Circuit: Current lags voltage by 90°.

Capacitive Circuit: Current leads voltage by 90°.
5.1.8 Mathematical Relations
In AC circuits,

v = V,sin wt
i = L,sin (wt + ¢)
Where ¢is phase angle.

Reactance: X, = 2nfL
1

¢ = Zurc

These relations are used to calculate current,

voltage, and phase angle.
5.1.9 Applications
Vector diagrams are used in AC circuit analysis,
power factor calculation, and troubleshooting in
motors, transformers, and lighting circuits. They are
widely used in workshop measurements and
industry.
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5.1.4 YT &RT AT d7R"T

AC &} II3ThR T gRT UeiRid fohar STrar §, St 99 &
g1 &RT & URed= @l gfdt &1

5.1.5 thel Qd thet 3iaR

thet fopdlt a9eT bt gua & graer fRAfA &t gerfar g1 oot
3R g AC Tft & i swiofia g &) garfar 81
dae? IRE (hor fA=yor)

AC 1t vt guimeiier dae (Sor) gRT veffa forar Sar
2, ST gfmTor 3R thet Teey oY g2rid &

5.1.6 AC <fXat apr1 derer A=gqur

AC fT (Gteest Td RT) St hoR dhgarr aret goiefia
Jaex g1 vefefd favar STrar 81 deex 6t odars afkemor ot
gl & T SYhT HIvfiT W Tl &Y go1fdT 81 Thok
graTad faem # spiofta 3 (w) @ gAd €1 I8 fafd AC aRay
forectyor &t TR T 81

5.1.7 da=R IRE
e (BhoR) R dlecsT T4 URT & &g thel &Y ot gerfd
El
ufartelt aRuer: aiest 3k ey 9aH et & gid &1
URep gRyer: oRT aices @ 90° Hie 5T 8l
TR IR &R gieest & 90° 311 & 8l
5.1.8 nforci deer
ot ufkger 4,
v = V,sin wt
i = I,sin (wt + @)

S8l ¢ el pIvT gl
ufqad: X, = 2nfL
1
Xe =onfC

31 TS T IUTNT YRT, Giees] Ud Thol ShIUT bl TOHT |
fopar STt 81

5.1.9 gyt

Jaer 3R T IUGNT AC TRy fa=awor, greR thaex T
AT AteR, SR Td Uehrer gyt & gty @it & fag fasan
STTAT & | $+1ehT &T9eh SUANT hRITAT AT Td e | foham
ST 81
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5.2 Series Resonance Circuit | sj@er 3igA1g aRaa
SERIES RESONANCE CIRCUIT | ivft a1 uRay

|eR1l R L AT RESONANCE | 3TTE TR Current & Voliage In-phase
. Total Impedance Z is minimum: Z = -
1. Total Imped Z is mini Z=R v
uRRR  R&L et ST Z i &: 2= R l .
2. Current | is maximum: Jpa, = VIR R SR et FHI TR0T A
v c_|_ &IRT | 1T §: fpay = VIR v, VL=V cancellation
AC T\ gdufE ¢ —1— 3. Power Factor (PF) is unity: PF = 1 VL=V ﬁ?ﬁ‘
Vv Qﬁ W (PF) gaﬂg %: PF=1 y VR = Vtotal andrl
kol Cy
Imax‘f __________________ Q-FACTOR & SHARPNESS | Q-thare 3R ditevrar
= 47\ Resonance sharpness indicator | 3G Heorar Ghas
CONDITION FOR RESONANCE | SR @I R | & |1=0707 e SN rormua g =% or L2
________________ 77! R BW
XL =Xc = Effective 7, ——
= : o Q= SHARPER PEAK = BETTER SELECTIVITY
(Inductive Reactance = Capacitive Reactance = Operation Rage s'élﬂ'cgﬁr",{ty F7 Q = H1ev R = YR TG
=g GBI E S
1 ) 3 \\‘ 7/, Bandwidth _———— 1=0.707 - Ipax poiNts
2nf,L=1/ e (BW=fy - fi) —> 1=0.707 * Iyax T
2nf,C Vsl BW=1,-£) V7N T -
o1 fi fr fa Frequency (f)
Resonant Frequency: f,- = omiic | Hﬂqm SiTQ'h Lower C?ngf{%e%cy Up{gg%1 C;gﬁgi%gcy 3R (f)

Fig. 5.2: Series Resonance Circuit | $j@dT 31 aiRay

5.2.1 Introduction (Fig. 5.2)
A series resonance circuit consists of resistance (R),
inductance (L), and capacitance (C) connected in
series to an AC supply. It is widely used in tuning and
filtering applications in electrical and electronic
systems.
5.2.2 Definition of Series Resonance
Series resonance occurs when inductive reactance
(XL) becomes equal to capacitive reactance (XC). At
this condition, the circuit impedance is minimum and
current is maximum.
5.2.3 Circuit Diagram of Series R-L-C Circuit
The circuit includes AC supply connected in series
with resistor, inductor, and capacitor.
5.2.4 Working Principle of Series Resonance
In AC circuits, XL increases with frequency while XC
decreases. At resonance, XL = XC, and both cancel
each other. Hence, only resistance remains in the
circuit. The current becomes maximum and is in
phase with voltage. Power factor becomes unity,
which is important in practical applications.
5.2.5 Condition for Resonance
Resonance occurs when:
X, =X,
The resonant frequency is given by:
1
ﬁ R —

2mVLC
5.2.6 Resonant Frequency
Resonant frequency is the frequency at which
inductive reactance equals capacitive reactance in a
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5.2.1 gf=ra (Fig. 5.2)

ST 371G gy | ufaRie (R), IR (L) d2r erfedr
(C) =t AC 3MYfct & T et § SIST SIdT & | $ThT ATIh
YT fagd Ud setagi-ie gomfardt & & gd ftheehar
SgunT F fohat ST 8|

5.2.2 SjelT 311G <ht gRyrr

SR 3TATE a9 BT & 5Ta IReb Ruaeq (X,) eniar Ruada
(X.) & sR1eR g ST 1 59 f&Afa & ufkge ot ufdemen
A gidT 8 3R RT Hfeehad gl 8l

5.2.3 sj@dT R-L-C aRRay &1 aRuy &

g9 gikge & AC 3myfd ol ufaRtes, Uves qur darfa & ary
ST | SIS ST 8l

5.2.4 Sj@d SIS o it Rgia

AC alkaeli & X, gt & 91 I¢dT & Safch X, gedT 8l
TG W X, = X, B ST g 3R GHT Ueh-gelk il Fved
24 81 o1 uRkuy & g ufaRty ¥ SIar 81 oRT Sifdepaw
Bl STt 8 3R dicest & 1Y AT thel § gidl 81 UTeR thaex
QehdT gl SITdT 8, S STagiiRes Sy # Ageyquf 81
5.2.5 311G i o1

SATG d9 BT § S

X, =X
Wﬁaﬁ%ﬁmwﬁm%
1
fr

2mVLC
5.2.6 /AT g
TG g I8 g & f99 R gj@er R-L-C aRuer §
IRep Ruaey aTRar Ryaed & sR1eR gt SiraT &1 39 g
R GRUY RT o felq Aad a1y ue aar gl
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series R-L-C circuit. At this frequency, the circuit
offers minimum opposition to current.
1
f =

2nVLC
5.2.7 Impedance and Current at Resonance
At resonance, X; = X, so impedance becomes purely
resistive. Hence, total impedance Z = R. Current is
maximum and is in phase with supply voltage.
5.2.8 Voltage Distribution in Circuit
At resonance, voltage across inductor and capacitor
are equal in magnitude but opposite in phase, so
they cancel each other. Voltage across resistor
equals supply voltage.
5.2.9 Quality Factor (Q-Factor)
Q-factor indicates sharpness of resonance. Higher Q
means better selectivity of circuit.

0 =XL _2nf,L

R R

5.2.10 Bandwidth
Bandwidth is the difference between upper and
lower frequencies at which current falls to 70.7% of
maximum value. It indicates range of frequencies for
effective operation.

BW =f,—-fi
5.2. Series Resonance Circuit
5.2.11 Advantages
A series resonance circuit offers minimum
impedance at resonance, resulting in maximum
current flow. It provides high selectivity, making it
useful in tuning specific frequencies. The circuit has
unity power factor, improving energy efficiency. It
is simple in construction and easy to analyze, which
is beneficial for workshop practice and
troubleshooting.
5.2.12 Disadvantages
At resonance, current becomes very high, which may
cause overheating and damage to components if
not properly rated. Voltage across inductor and
capacitor can become very high, leading to
insulation failure. The circuit is also sensitive to
frequency variations, reducing stability in some
applications.
5.2.13 Applications
Series resonance circuits are widely used in radio
and TV tuning circuits, filter circuits, and frequency
selection systems. They are also used in induction
heating, communication systems, and testing
equipment in electrical workshops and industries.
5.2.14 Numerical Problems
Question
A series RLC circuit has the following values:
Resistance (R) =10 O
Inductance (L)=0.1 H
Capacitance (C) = 100 pF
Supply Voltage (V) = 100 V
Find:
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1
= omiic
5.2.7 31T UR UfdeTen Qe ey

3FFTE WR X, = X. BT 8, s9feiq ufdsnen goia: gfatenare
Bl STt 81 31 et UfdTem Z = R gidt g1 &RT fdehad
Bl & 3R MYfd aiedst & Y FHH Tl H gidt g

5.2.8 uRuy & giedst & faaror

TG R WReh Gd HTRA & UR diecst URATI # 9H
Afh Tt & RAdia gia &, o1 d vap-geR B i ar &
&1 ufaRiech & UR dieest 3Tgfd dieest o aRTeR 8idT &

5.2.9 YUt UTieh (Q-thereR)
Q-Tharex STATG oh 1&uTdT oht GerTdT &1 =T Q o1 31f &
ufRger &t dgdr Ta &HdT|
X, 2nf.L
"R R

5.2.10 Ssfaga
g ST8l ORI 3ifdehad A9 & 70.7% deh IR Sl 81 398
YT FaTe & g sgi <t T at gefar &1

. BW=f,-hf
5.2. sj&eT 311G uRay
5211 4H9
SEAT TG GRYY TG TR FAdH U UG ahdl
g, a9 sifderay R yenfed ikl 81 I8 S 99+ &l
UeH &l g, orad fafiw sngfadt st o e | Suaft
giaT g1 Tlkaer T UTeR thae TahdT BT 8, oo™ Sl garar
Sad! g1 s9ehT fAafur TR giar & de fa=awor 3= giar 8,
ST hrfRITer 1T U gy @it & foig Iuaifi 81

5.2.12 gifaat

TG TR URT Igd 318 g el 8, fored SfEa fdr a8
TR 3ifeh a9 Td Srqadl al &ifd gt Fenel! g1 R Ud

TR & UR aices agd 31fdeh g1 Hehal 8, fSIEd g=geie
fathetdT 8 Thdt g1 a8 uRuy sgia aRad+ & ufd
Gagefiet 8T 8, orad g Sy § f=Iear oA gt St
gl

5.2.13 v

YT TG URUY &1 eTaeh U At va et gfHm
gRueff, ftheex aRaet e sngf< @ gonfert & fobar Srar
&1 SYhI IUANT $SRM gifeTT, TIR Yunferal dm fagga
SHrRITeTTSHT Ue el # uRieror Iuenvolt # +ff fohar Srar g1

5.2.14 §&ITHE UH

us

o goft RLC uRkuy # A=fefea am kg o €:
gfa”ie (R) = 10 Q

e (L) = 0.1 H

eriar (C) = 100 pF

Jmgfd atedst (V) = 100 V
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Resonant frequency, current at resonance,
impedance at resonance, Q-factor, and

bandwidth.

Solution

Given

R=100Q

L=0.1H

C=100 uF =100 x 107 F=0.0001 F
V=100V

Resonant Frequency

Formula:

fr=1/2mVLC

Putting the values:
fr=1/2x3.14 x (0.1 x 0.0001)
fr=1/6.28 x v/0.00001
fr=1/6.28 x0.00316
fr=1/0.0198

fr =50.5 Hz

Answer:

Resonant frequency = 50.5 Hz

Impedance at Resonance

In a series RLC circuit, at resonance:

Impedance = Resistance

So,

Z=R=100Q

Answer:

Impedance at resonance = 10 Q

Current at Resonance
Formula:I=V/Z
I=100/10

I=10A

Answer:

Current at resonance =10 A

Q-Factor

Formula: Q = 2nfrL /R
Q=2x3.14x505%0.1/10
Q=31.7/10

Q=317

Answer:

Q-factor =3.17

Bandwidth

Formula: Bandwidth = fr / Q
Bandwidth =50.5/3.17
Bandwidth = 15.9 Hz
Answer:

Bandwidth = 15.9 Hz
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a HifS:

IFATEY Mg, FATE R R, 31F1E R ufaanen, Q-
therex SR dsfagyl

&
fRarmar &:

R=100Q

L=0.1H

C=100 uF=100x 10" F=0.0001 F
V=100V

AT g
o

fr=1/2mv/LC

A @R W)
fr=1/2x3.14x+/(0.1 x 0.0001)
fr=1/6.28 x +/0.00001
fr=1/6.28 x 0.00316
fr=1/0.0198

fr = 50.5 Hz

IR:
SFATET 3Mgit = 50.5 Hz
STATE UR ufcsmen

goft RLC aRuy & 371G i e 4
gfderer = ufate

Z=R=100Q

IR:

3T R Ufdarar = 10 Q

3FTE W URT
gnl=V/z
1=100/10
I=10A

I
3FFTE W 4RI = 10 A

Q-therez

TA: Q =2nfrL /R
Q=2x3.14x505x%0.1/10
Q=31.7/10

Q=3.17

IR

Q-thereR = 3.17

dsfagy

TA: Bandwidth = fr / Q
Bandwidth =50.5 / 3.17
Bandwidth = 15.9 Hz
IR

9 = 15.9 Hz
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5.3 R-L, R-C and R-L-C Parallel Circuits | R-L, R-C a7 R-L-C IHHIdR aRkuYy
PARALLEL AC CIRCUITS | 99MIaR AC URuy

Applied Voltage (V) | Wgwh aieest (V)

|

R-L PARALLEL CIRCUIT
R-L Iammaz uRuy

Tedl *
AC Resistor Igduct?]r
supply VBranchSR L ﬁ?;ir;ﬁ@

Voltage V is same across all branches.
Current divides based on impedance.

R-C PARALLEL CIRCUIT
R-F IR gRay

T TR Ie
Capacitor

AC(A)V R c Branch

SR l Témﬁa QI

Voltage V is same across all branches.
Current divides based on impedance.

R-L-C PARALLEL CIRCUIT
R-L-C THMIR uiRuYy

TI :IR I, jic
_|_

AC
suppy™) VR L C

Same text as above columns, and add:
Circuit behavior depends on values

dteest V weft arranall w g 1 dtedst V oft srranafl @ e 1 (behaves inductive or capacitive).
yfame & SR W oy fAenfSa gt 21 TfdaTe & SMUR R 4Ry o gkt 31 uRaY a1 SEET A R R d § (R
L inoh o 7 HYTRA Hl TR TR AT 6) |
R IN-phase wi Total Current | ; ; °
I leads V by 90° g --------5 . Ir in-phase with V Ic leads V (90°)
lnvﬁmamflm;ﬁv eV 90° amd flo i gl Ir V 3 12 T Ie V & 3 (90°)
it m : >V # Net Reactive
I v Current (Ic-1,)
I lags V by 90° Total Current | Total Current | i uﬁﬁm&ﬁa
ILV@90°di® e URT | Fl U | R (Ie-1)

Total Current | = v(IR2 + (IC-IL)? | G &RT | = /(IR? + (IC-IL)2
Sftenfiies arafar & Iugh fovar SiraT &
Allows Independent Load Operation | @ g dare &I sigafa &a18

Used in Domestic & Industrial Wiring | &_¢ 3R

Resultant Current |

I, lags V (90°)
Ve R |

13 (90°)

Fig. 5.3: R-L, R-C and R-L-C Parallel AC Circuits | R-L, R-C @& R-L-C 99HidR AC giRay

5.3.1 Introduction (Fig. 5.3)

In parallel AC circuits, components are connected
across the same voltage supply. Current divides into
different branches depending on imp edance. These
circuits are important in domestic wiring, power
systems, and industrial applications.

5.3.2 R-L Parallel Circuit

Circuit Diagram

Resistor (R) and inductor (L) are connected in parallel
across an AC supply.

Working Principle

Voltage across both branches is same. Current
through resistor is in phase with voltage, while
current through inductor lags by 90°. Total current is
vector sum of both branch currents.

5.3.3 R-C Parallel Circuit

Circuit Diagram

Resistor (R) and capacitor (C) are connected in
parallel across an AC supply.

Working Principle

Voltage across both branches is same. Current
through resistor is in phase, while current through
capacitor leads voltage by 90°. Total current is vector
sum of branch currents.

5.3.4 R-L-C Parallel Circuit

Circuit Diagram

Resistor (R), Inductor (L), and Capacitor (C) are
connected in parallel across an AC supply. Each
branch carries its own current depending on
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5.3.1 af=ra (Fig. 5.3)

FAFIAR AC gRRueli # 319gd ek &l diecst Smyfd &
AR ¢ Bl 8| &RT ufdane & R fafda emarsi &
faurfSid gicht 81 & gRuer eRe] araf, ureRr fA%ed qur

3fenfites SrguaT & Hgayquf &

5.3.2 R-L 99HiaR ufkuer

gRay e

gfaRteres (R) a1 IRk (L) bt AC 3mYfed & AR e
ST 8

+rf fagia

g emaraf # aiees U gidT &1 Ufakiees & RT gl
& g1y A %ol J gid! §, STafch IR & &RT 90° Uie gt
&1 el YRT QI ATETSAT eht derex ANT et &

5.3.3 R-C 9uHiaR ulRar

qRue e

gfaRieres © dor HemRa © ot AC 3MYfd & FHMIAR SiteT
ST 8

Frd fagia

ST emETatt | aledst IHM gidT g1 ufaRieres | Rt gH=
ot & gidt §, STafes Jenfa & 4RT dieest § 90° 3 gt
&1 ol YRT AT T derer INT it B

5.3.4 R-L-C iR uRuy

gRay e

gfaxteres (R), O (L) e FemRa (C) st AC 3mgfd &
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impedance.

Working Principle

The applied voltage is same across all branches.
Current through resistor (IR) is in phase with voltage,
current through inductor (IL) lags by 90°, and current
through capacitor (IC) leads by 90°. The total current
is the vector sum of IR, IL, and IC. Depending on
values, the circuit may behave inductive or
capacitive.

5.3.5 Current and Impedance in Parallel Circuits
Total current is the sum of branch currents:

I= 1“}% + e —1L)?

Impedance in parallel circuits is calculated using
admittance. Lower impedance results in higher
current. These calculations are important for load
analysis and circuit design.

5.3.6 Power in Parallel Circuits

Power is mainly consumed in the resistive branch.
Inductor and capacitor store and release energy but
do not consume real power.

Real power: P = Vicos ¢

Power factor depends on phase angle between
voltage and current.

5.3.7 Advantages

Parallel AC circuits provide constant voltage across
all branches, which is useful in domestic and
industrial wiring. They allow independent operation
of loads, so failure of one branch does not affect
others. These circuits improve flexibility in load
addition/removal and help in power factor
improvement by proper selection of inductive or
capacitive branches. They are widely used in practical
installations and workshop wiring.

5.3.8 Disadvantages

Parallel circuits may draw high total current,
increasing conductor size and cost. Analysis is more
complex due to vector addition of currents.
Improper design can lead to poor power factor and
increased losses. Also, fault detection becomes
difficult in large parallel networks.

5.3.9 Applications

These circuits are used in domestic wiring systems,
industrial distribution boards, and lighting circuits. R-
L and R-C parallel circuits are used in power factor
correction and filter circuits. R-L-C parallel circuits are
used in tuning circuits, communication systems, and
resonance applications.

5.3.10 Numerical Problems (Parallel Circuits)
Numerical problems in R-L, R-C, and R-L-C parallel
circuits are based on calculation of branch currents,
total current, impedance, power, and power factor.
For a parallel circuit, branch currents are calculated
as:
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Vv, v
TRUPTX YT X

Total current is obtained using vector (phasor)

addition:
I = 1’1}% + (Ic — I)?

Impedance is given by:

I

%4
Z=7

Power in the circuit is:

P =VlIcos ¢

Where cos ¢is the power factor.

Numerical Example: Parallel R-L-C Circuit
Question
A 230V AC supply is connected to a parallel circuit
having:

Resistance, R =20 Q

Inductive reactance, XL =30 Q

Capacitive reactance, XC =60 Q

Find:

IR, IL, IC, total current, impedance, and power factor.

Solution
Given Data
V=230V
R=200
XL=300Q
XC=600Q

Step 1: Calculate Branch Currents
Current through resistor
IR=V/R

IR=230/20

IR=115A

Current through inductor
IL=V /XL

IL=230/30

IL=7.67A

Current through capacitor
IC=V/XC

IC=230/60

IC=3.83A

Step 2: Find Net Reactive Current

In a parallel R-L-C circuit:

Inductive current IL lags and capacitive current IC
leads.

So, net reactive currentis:

Reactive current = IL - IC

Reactive current = 7.67 - 3.83

Reactive current =3.84 A

Here, IL is greater than IC, so the circuit is
inductive.
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Step 3: Calculate Total Current Using Phasor
Relation
Total current is:
I = V(IR? + Reactive current?)
I=+(11.5% + 3.84?)
=(132.25 + 14.75)
1=+147
I=12.12A

Step 4: Determine Impedance
Z=V/[I

Z=230/12.12

Z=18.98 Q

So,

Impedance = 18.98 Q

Step 5: Determine Power Factor

Power factor =IR /I

Power factor=11.5/12.12

Power factor = 0.95

Since the circuit is inductive, the power factor is:
Power factor = 0.95 lagging

Trade Theory

TROT 3: thoR W&t gRT el URT i TOHT
P IR &

I = V(IR? + ufaETd gR12)
I=+/(11.5% + 3.842)
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Fig. 5.4: Parallel Resonance Circuit | mﬂ'i?l?\'ﬂa:lﬁtlﬁ‘qﬂ

5.4.1 Introduction (Fig. 5.4)

A parallel resonance circuit consists of inductance (L)
and capacitance (C) connected in parallel across an
AC supply, usually with resistance present. It is also
called a tank circuit. This circuit is widely used in
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communication and tuning applications due to its
frequency-selective property.
5.4.2 Definition of Parallel Resonance
Parallel resonance occurs when the inductive
current (IL) becomes equal to the capacitive
current (IC). At this condition, the reactive currents
cancel each other, resulting in minimum line
current and maximum impedance. The circuit
behaves like a purely resistive circuit at resonance
and power factor becomes unity.
5.4.3 Circuit Diagram of Parallel Resonance Circuit
The circuit consists of an AC supply connected across
parallel branches of inductor and capacitor, along
with resistance. Each branch carries its own current.
At resonance, circulating current flows between L
and C, while supply current remains minimum.
5.4.4 Working Principle of Parallel Resonance
In a parallel L-C circuit, applied voltage is common to
both branches. Inductive current (IL) lags voltage by
90°, while capacitive current (IC) leads by 90°. At
resonance, IL = IC, so reactive currents cancel. Only a
small line current flows, while large circulating
current exists between L and C.
5.4.5 Condition for Resonance
Resonance occurs when:
X, =Xc
5.4.6 Resonant Frequency
The frequency at which resonance occurs is:
1
f =
2mVLC
5.4.7 Impedance and Current at Resonance
At resonance, impedance is maximum and circuit
current is minimum. The circuit behaves like a high-
resistance path.
5.4.8 Dynamic Resistance
Dynamic resistance is the effective resistance of the
circuit at resonance. It is very high and depends on L,
C, and internal resistance. It controls the sharpness
of resonance.
5.4.9 Quality Factor (Q-Factor)
Q-factor indicates selectivity of the circuit. Higher Q
means sharper resonance and better frequency
selection.

fr

Q= 3w

5.4.10 Bandwidth
Bandwidth is the difference between upper and
lower cutoff frequencies. It indicates the range of
frequencies over which the circuit operates
effectively.

BW =f,—-fi
5.4.11 Advantages
Parallel resonance circuits offer high impedance at
resonance, resulting in very low supply current. This
reduces power loss and improves efficiency. They
provide excellent selectivity, allowing only a
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desired frequency to pass. The circuit also maintains
stable voltage across components, making it
suitable for sensitive electronic and communication
systems.

5.4.12 Disadvantages

The circuit has complex design and analysis due to
multiple reactive components. High circulating
current between L and C may cause heating and
losses. It requires proper tuning; otherwise,
performance becomes poor. Also, component cost
and maintenance may be higher compared to simple
circuits.

5.4.13 Applications

Parallel resonance circuits are widely used in radio
and TV tuning circuits, filters, and oscillator
circuits. They are also used in communication
systems, signal selection, and frequency-sensitive
devices in industries and workshops.

Trade Theory
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Fig. 5.5: Power, Energy, and Power Factor in Single-Phase AC | Qahed-aR0T AC H 21fa, S5e1f Gd dTaR thaex

5.5.1 Introduction (Fig. 5.5)

In AC single-phase systems, voltage and current may
not be in the same phase. Hence, power calculation
becomes different from DC circuits. Understanding
power components is essential for efficient operation
of electrical equipment in workshops and industries.
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5.5.2 Definition of Power in AC Circuit
Power in an AC circuit is the rate at which electrical
energy is consumed or converted into useful work. It
depends on voltage, current, and the phase angle
between them.

P =VlIcos ¢
Where cos ¢is the power factor.
5.5.3 Types of Power
Active Power (Real Power)
Itis the actual power consumed in the circuit to
perform useful work such as heating, lighting, and
mechanical output. Unit: Watt (W).
Reactive Power
It is the power that alternately stores and returns
energy in inductors and capacitors. It does not
perform useful work. Unit: VAR.
Apparent Power
It is the total power supplied to the circuit,
combining active and reactive power. Unit: VA.
5.5.4 Power Triangle
Power triangle shows the relationship between
active power (P), reactive power (Q), and
apparent power (S) in an AC circuit. It is a right-
angled triangle where P is the base, Q is the
perpendicular, and S is the hypotenuse. It helps in
understanding power factor and phase angle.
5.5.5 Power Factor
Power factor is the ratio of active power to apparent
power and indicates efficiency of the system.

P
Power Factor = cos ¢ = 5

It varies from 0 to 1. High power factor means better
utilization of electrical energy. Low power factor
increases losses and reduces system efficiency.
5.5.6 Energy Consumption in AC Circuit
Electrical energy is the total power consumed over
time. It is measured in kilowatt-hour (kWh).

Energy =P x t
Itis recorded by an energy meter and used for billing
purposes in domestic and industrial installations.
5.5.7 Measurement of Power
Power in AC circuits is measured using a wattmeter.
It has current coil and pressure coil to measure
power accurately considering phase angle.
These topics are essential for energy management,
billing, and power system efficiency in practical
applications.
5.5.8 Significance of Power Factor
Power factor indicates how effectively electrical
power is used. A high power factor (close to 1)
means efficient utilization of energy, reduced losses,
and better voltage regulation. A low power factor
causes higher current flow, leading to increased
copper losses, overheating, and larger conductor
size. In industries, maintaining good power factor
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reduces electricity charges and improves system
performance.
5.5.9 Applications
Power factor concepts are applied in industrial
installations, power distribution systems, and
motor operations. It is used for power factor
correction using capacitors, reducing losses in
transmission lines. It also helps in proper selection
of equipment, improving efficiency of transformers,
motors, and lighting systems.
5.5.10 Numerical Problems
Question
An AC single-phase motor is connected to a 230 V
supply. The motor takes a current of 10 A and has a
power factor of 0.8.
Find the true power consumed by the motor.
Given formula:

P =VlIcos ¢
Where:
P = True power in watt
V = Voltage in volt
I = Currentin ampere
cos ¢ = Power factor

Given

Voltage, V=230V
Current, I=10 A

Power factor, cos ¢ = 0.8

Solution
Using the formula:
P=V XIXcos ¢

Substitute the values:
P=230x10x0.8
P =2300x0.8
P = 1840W

Answer

The true power consumed by the motor is:
1840 W or 1.84 kW.
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5.5.9 gyt

guTferdt dT Ale TaTa- H ARL 8IdT & | $HhT ST
GTiET gRT UTaR thereX YR, TAROT ATSH1 | g1+t ht
e H foham STrar 81 a8 Suevn & 3RAd g+ aur
AR, AleX Td UehIel HUMTeid! chi geTdT de # off
TEIF gl

5.5.10 S&THE UH

us

Ueh Q.Y Teh-thol Hiex eht 230 V 3MYfd & STieT 71 g1 iR
10 A UTRT &<l & 3fR 3TehT TR e 0.8 gl

Tz gRT IYHIT Y 71 aredfaes Qrfea 71 HifSigl

R man @

P =Vlcos ¢
SEH
P = gredfaes e1fe are &
V = gieest alee §
I = gRT Uf@R A
COS ¢ = UTaR theex
fear
aieest, V=230V
IR, =10 A
TR therey, cos ¢ = 0.8
gl
Gl T YT i W
P=VXxIXcos ¢
A @A |
P =230x10x0.8
P =2300x0.8
P =1840W
IR
ez gRT IYHNT Y 718 aredfaes <Ifea &:

1840 W ar 1.84 kW.
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5.6 Power Factor Improvement | 9raR theer gUR

POWER FACTOR IMPROVEMENT | If& 0lie R

[ BEFORE IMPROVEMENT | §4R & Ugal

I (Total Current)

I (@)ﬂm )
Large Lagging Angle ¢
ST UFRTH B0 ¢, '
INDUCTIVE / »V
@ LOAD g TT ¢1 Voltage
AC SOURCE RS R desl V
T Eia I (Current)
| 1 (4r1)

I}, sing, (Lagging Reactive Current)
It sin¢11 (ueaﬂm% yfaferarsiie 4RI

Low Power Factor | &% Sifc ulich
Higher Line Current | 3= ¢lg 8R1
Greater Losses | {3 JoaM

\_

~\ {

AFTER IMPROVEMENT | ﬁ‘c‘ﬂ?aﬁﬂ?

(Supply Current) I, (Load Current) I (Capacitor Current)

UR) 1, (SIS UR) I (Genf em)
I (G
&RT) I sing,

AC SOURCE STATIC | \npucTIVE
R c;g\f%gm Cr\;\PACITOR
| ; RSP UR I¢ neutralizes some lagging
HyTReT current of load
‘ 1 918 ® B U=
SEH BT §

Improved Power Factor | 98cR Rifad ol
Reduced Line Current | H @8 YRT

YRT &Y

Fewer Losses | H JHdT

~

\.

Capacitors supply leading reactive power | H%nﬂﬁ 3T wfaferarsita =ifed e $vd &
This neutralizes lagging reactive power of loads | 98 @IS @t U Ufafsharia Ufed &t IGRIH $Ral &
Line current decreases, efficiency increases | @IS YRT &4 il 8, &l @l &

Fig. 5.6: Power Factor Improvement | GreR thaer §UR

5.6.1 Introduction (Fig. 5.6)

Power factor improvement means increasing the
value of power factor towards unity. In AC systems,
many loads are inductive, causing current to lag
behind voltage and reducing efficiency. Improving
power factor is essential for economical and efficient
operation of electrical systems.

5.6.2 Need for Power Factor Improvement

Low power factor leads to higher current, increased
power losses, poor voltage regulation, and larger
size of equipment. Improving power factor reduces
losses, improves system capacity, and lowers
electricity bills in industrial installations.

5.6.3 Causes of Low Power Factor

Low power factor is mainly due to inductive loads
such as motors, transformers, and fluorescent
lamps. Other causes include lightly loaded
machines, arc furnaces, and improper system
design. These loads draw lagging current, reducing
overall efficiency.

5.6.4 Methods of Power Factor Improvement
Static Capacitors

Capacitors are connected in parallel with inductive
loads to supply leading reactive power.
Synchronous Condenser

An over-excited synchronous motor running without
load improves power factor by supplying reactive
power.

Phase Advancer

Used with induction motors to supply magnetizing
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5.6.1 af=ra (Fig. 5.6)

TR Sherer R T 31ef UTaR ShareX & HIH i TehdT o fehe
FEMT &1 AC Jonfadi & 3k s URep gid &, oad oRT
e § Uie gl & iR q&rdn gedt 81 fagga yonfeai &
fRwIICT T gperel HaTel 8g UTeRr thereR YUR 1T 8|

5.6.2 UTeR thaer YR i ra2TehdT

AT UTeR B & HRUT RT e gidl g, Afe grf=ar
Fadl 8, dleesT (HaH- TR gidT § JUT USRI ahl 31ThR
ST gl ST g1 UTeR theek GUR e 9 g1t A gidl g,
JuTTet! i &dT St & a2 sfenfies ufasmi # fagd foe
HI gaT gl

5.6.3 fA% graR Shaex & R

AT OTaR ShereR T UReh @8 S AleR, CwhiaR do
TARIGE oY o hRUT BT &1 37 SR § hH I8 R I
arett #fH, 3imeh fgar aur srgfaa gome fesme enfaa €1
T s AT aRT & €, o 9w gerdn gedt g1

5.6.4 UTaR thaex gur & fafaat
Tifas GenfRa
IR IS & GHMIAR GUTRA SIS SI1d & dTfh Sroft
ufafeharete Tferd Ue 6t 11 s |
3fY-3fora fsha AteR faAT @i & e ufafeharars
1Rt T Y STt 8, fEE ureR Ghere? GerdT 8|
ol UsdiaR
SSARM HieX & 1Y IUANT fohar SIraT 8, ST AersfSiT ey
UG TR UTeR ThereY R 8|
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current, improving power factor.
5.6.5 Working Principle of Improvement Methods
Power factor improvement methods work by
supplying leading reactive power to neutralize the
lagging reactive power of inductive loads. Capacitors
produce leading current, which reduces the phase
angle between voltage and current. As a result,
power factor improves towards unity and current
drawn from supply decreases.
5.6.6 Advantages of Power Factor Improvement
Improves system efficiency and reduces power
losses. Decreases line current, allowing use of
smaller conductors. Enhances voltage regulation
and increases system capacity. Reduces electricity
charges in industries by avoiding penalties.
5.6.7 Disadvantages
Initial installation cost of equipment like capacitors
and synchronous condensers is high. Improper
selection may cause over-correction leading to
leading power factor. Maintenance is required, and
system design becomes slightly complex.
5.6.8 Applications
Used in industrial plants, power distribution systems,
substations, and motor installations. Essential for
improving efficiency of transformers, induction
motors, and lighting systems.
5.6.9 Numerical Problems
Power Factor Improvement
Question
A single-phase 230V, 50 Hz motor takes 10 A current
at a power factor of 0.6 lagging. The motor input
power is 1.38 kW. A capacitor is connected to
improve the power factor to 0.9 lagging.
Calculate:
Required capacitor kVAR
New line current
Reduction in line current
Given formula:

cos ¢ = Vi
Solution
Given Data
Voltage, V=230V
Frequency, f = 50 Hz
Initial current, I; =10 A
Initial power factor, cos ¢, = 0.6
Improved power factor, cos ¢, = 0.9
Power, P = 1.38 kW = 1380 W

Step 1: Check input power

P =Vlcos ¢
P =230x10x0.6
P = 1380W

So, input power is:
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5.6.5 guR fafdat o1 &rf fRAgia

UTeR tharex R i [Afeat okes ats ot afiT gfafhararen
g1feT oY AR A & fatw sroft ufafoharares erfaa v
TRt & | GemRa 3nroft eRT 3d &Rd &, fOad alees 8k
&RT & & thal 10T &Y gl STTAT & | URUMHEEY UTaR
thereR QehdT o fAche gt ST & derm smafd & ot S aredt
&[RT S B STt B

5.6.6 UTaR thaex GUR & ATH

TUTTeA! <hl G&TdT Sadt & 3R LIferT g1f=ar | gt 81 ars
RT "ed! g, [SIod Bi¢ areie IuahT fhy ST Tepd & | dicest
e dgdR §idT & dUT HUTTel! hi & dT Sadt &1 3eT J €8
9 SR fAgd ek HH g1 3|

5.6.7 grfaar

T T fAehig haar S IUHRUN chl URfWSh RATIAT
AT 38k gt &1 SFYRId Ta § SeR-cheaRM gl
3roft greR tharer g TehdT & | RERWTG i STaThdT gidl &
T YuTTet {3918 o Sifed gt St 81

5.6.8 3IguENT

TATYAT § IANT fehaT SITdT &1 S IER, S8aR Hiex deT
YhIRT UUTIHT <hl G&TdT S@H o fell I8 ST1a9Th gl
5.6.9 H¥EATHE UH
TR thaer guUrR
us
Tep fATTA-thet 230 V, 50 Hz Atex 0.6 Afi grer theex &R
10 A T @<t 81 AR <l $Yc UTeRr 1.38 kW 81 UTeR
Bherex bt 0.9 @i dep A & feig ga hafder Sitgr man
=
T hifSe:

1. 3lMasge hufdex kKVAR

2. 93 @8 URT

3. TS 9RT A T
e mar @

P
cosq[):W

g
& TE S

gieest, V =230V

Mg, f = 50 Hz

URfN &RT, [, = 10 4
URf9S eR $haey, cos ¢, = 0.6
YGERT 3T UTeR ek, cos ¢, = 0.9
orfe, P = 1.38 kW = 1380 W
TROT 1: TAYE UTeR &l St

P =Vlicos ¢
P=230x10x0.6
P =1380W

37 $1YC UIeR &
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P = 1.38kW

Step 2: Find reactive power before correction
For cos ¢, = 0.6,
tan ¢, = 0.8/0.6 = 1.33

Ql = Ptan ¢1
0, = 138 x 1.33
0, = 1.84kVAR

Step 3: Find reactive power after correction
For cos ¢, = 0.9,

tan ¢, = 0.436
Q, = Ptan ¢,

Q, =1.38x0.436
Q, = 0.60kVAR

Step 4: Required capacitor kVAR

Q- =0:—0Q;
Q, = 1.84 — 0.60
Q. = 1.24kVAR

So, required capacitor rating is:

Step 5: New line current after power factor
improvement

L P
27 Vcos ¢,
L 1380
27 230%09
I, = 6.674

So, new line current is:

Step 6: Reduction in line current

Current reduction=1, — I,
=10 - 6.67
=3.334

So, reduction in line current is:

3.334
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P =138kW

TROT 2: YUR A uget Rufeea arar A1 &w=Ar
cos ¢, =0.6

tan ¢, = 06
Qq = Ptan ¢,
Q, =138x1.33
Q: = 1.84kVAR

=133

TROT 3: YUR & a1q Refera urar @ &=
cos ¢, =09
tan ¢, = 0.436

Q, = Ptan ¢,
Q, =1.38x0.436
0, = 0.60 kVAR

IROT 4: 3ATIgh hafdew kVAR

Q:=0,—-0;
Q. =184-0.60
Q. = 1.24kVAR

31T MYk hufdex AT 8:
1.24 kVAR

TROT 5: UTeR haer UR & 91§ 78 A1 4RI
P

I, =——
27 Vcos ¢,
1380

2= 330%09
I, = 6674

37cT: 7S TS URT 8.

TRUT 6: ATSH RT H HHl
qRIARA =1, — I,
=10—6.67
=3.334

37cT: ATS ORT H At 8
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5.7 Three-Phase AC Fundamentals | f3-aror AC & Ja Rgia
THREE-PHASE AC FUNDAMENTALS | -t @it & 9 Rigia

GENERATION & DEFINITION | St 3fi¥ ufyurar

Three windings, 120° apart
@ arEfd, 120° #7 SfR

Induced Voltage Wayqforms

PIPs GL3|
120° Phase Difference
120° B9 SfeR

Rotating Rotor
Rotating Rotor A3
s XX
20 TR
STAR (Y) CONNECTION | ¥R (Y) PR DELTA (A) CONNECTION | K| (A) B
Phase Voltage (V,,) Phase |Line Voltage (V,) RELATIONSHIPS Lme i (I ) RELATIONSHIPS
el qee Voltage (Vy) | aTee dieet ey Line Vo'tage Q) Phase V n Vi ey
WW . g age( ) Lines .
Neutral Pomt (N) Lines | Vi, = V3 Vph g L= vph
- I, =V3* Iph

C t (1) NE 55'
?KEI tl 33 \ne urren L IL — lph
Phasg%]rrent (1n) Y sesh oo S
3 Sed for loads requiring Neutra
g B =ga $ smasusdr art dts & fag

Line Current (I
Phase Volﬂtage (V ) WW( o) Used for heavy industrial loads

B v aNeifies cite & farg

BALANCED LOAD & POWER | Sgfeia «its &k 2ifth

Equal impedances in all 3 phases (ST Gsit § T ufcaren)

BALANCED LOAD S
Equal Currents & Voltages | T8 e 3R gieest

TOTAL POWER

Potal = V3 * Vp * I * cosd
Fe Ak

Constant power delivery | f@R 2ifh smgfef
Rgia

Fig. 5.7: Three-Phase AC Fundamentals | -aror AC & g

5.7.1 Introduction (Fig. 5.7)

Three-phase AC system is widely used in power
generation, transmission, and distribution. It is
more efficient than single-phase system and
provides constant power output, which is suitable
for industrial loads and motors.

5.7.2 Definition of Three-Phase System

A three-phase system consists of three alternating
voltages of equal magnitude and frequency,
displaced by 120° electrical angle from each other.
These three phases supply power simultaneously,
ensuring smooth operation of equipment.

5.7.3 Generation of Three-Phase AC

Three-phase AC is generated by an alternator
having three separate windings placed 120° apart.
When the rotor rotates, three sinusoidal voltages are
induced in the windings with phase difference of
120°.

5.7.4 Types of Three-Phase Connections

Star (Y) Connection

In star connection, one end of each phase is
connected to a common point called neutral, and
the other ends are connected to line conductors. It
provides two voltages: line voltage and phase
voltage.

Delta (A) Connection

In delta connection, the end of each phase is
connected to the start of another, forming a closed
loop. No neutral point is present. It is used for heavy
load applications.
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5.7.1 uR== (Fig. 5.7)

fA-TR01 AC UUTTelt T 3TN fagd IadTe, Farur g
faarur & ey &9 @ fohaT SiTdT 81 g Uehel-aRUT UTTe! <hl
g 7 31k et gt § auT fRR Afer v ol 8, St
3itenfies s e Hiexl & faw Iuger 81

5.7.2 f3-=arur yurreft & gRkamar

-eRor yourreft § FAm uReATT ve srgfa Y i garerd
et gidt 8, ST Teh-geR & 120° fagd i § faenfia
gt &1 3 1 oot Tep a1y Afaa v &ed §, Sraa
IUHRUTT T GTo Tarer GRTAT gl &1

5.7.3 f3-arur AC &1 3dTEA

3-TRoT AC U 3ieerer gRT 34 foban siran g, o i
S-Sl aTgiet 120° WR [ gidl 81 S1d AeR gAar §, af
ST arEfE d 120° & el 3iaR & 1Y dI9 JTSATRR dleest
397 gidt 81

5.7.4 f3-avur GIieE & YR

@R (Y) gt

R G H Ucdeh %ol <l Teh AT Teh 91y foig (Rgge)
A o1 i1 @ 3R 3 AR of1eH Arereh! & 2 8l &1 59
TS dieeS dUT Thol dicest SIHl UT gid 21

2 (A) SIS

SoTl TS H Udeh Thol ol 3id ER Thel oh URY & 8T
i1 2, fra@ Ueh &g o[u a1 | 593 gget faig =18t gl
g R IS Ul J UART fehar Srar 81
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5.7.5 Line and Phase Quantities
In a three-phase system, line quantities refer to
values between two lines (line voltage VL, line
current IL), while phase quantities refer to values in
each phase (phase voltage Vph, phase current Iph).
Understanding these is essential for correct
measurement and calculations.
5.7.6 Relationship between Line and Phase Values
In Star (Y) connection:

V., =V3Vn I, = Iy
In Delta (A) connection:

V., =Von I, = V3 Iy
These relations are important for solving numerical
problems.
5.7.7 Balanced and Unbalanced Loads
A balanced load has equal impedance in all three
phases, resulting in equal currents and voltages. An
unbalanced load has unequal impedance, causing
unequal currents and voltage drops, leading to
system inefficiency.
5.7.8 Power in Three-Phase Circuits
Total power in a three-phase system is:

P= \/§VLILCOS [0)

It provides constant power, making it suitable for
motors and industrial equipment.

5.7.9 Advantages of Three-Phase System
Three-phase systems are more efficient, require less
conductor material, provide smooth and constant
power, and are ideal for heavy loads and industrial
applications.

5.7.10 Applications

Three-phase AC systems are widely used in power
generation, transmission, and distribution due to
their high efficiency and reliability. They are
commonly used for operating three-phase induction
motors, which are widely applied in industries such
as pumps, compressors, and machine tools.

In industries, three-phase supply is used for heavy
electrical loads, welding equipment, and large
heating systems. It is also used in transformers,
substations, and distribution panels for effective load
handling.

Three-phase systems provide smooth and constant
power, making them suitable for continuous
industrial processes and automation systems.

5.7.11 Numerical Problems

Three-Phase Power Calculation

Question

A balanced three-phase motor is connected to a 415
V supply. The line current is 10 A and the power
factor is 0.8. Calculate the total power consumed by
the motor.
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5.7.5 SITS< Qd et AfAAt

3-axoT yoTTett # areA AT gt el & & & A7 @
g2Ifdt & (TS aieesT VL, @s+ &RT IL), STdfch thel Afqat
Uk thol & HIF bl G2Tfll & (Thot dieest Vph, Bhel &RT
Iph) | 3TeRT T W&t AU Q& TUMT & i Simaeaes g

5.7.6 <13 Qd ol |1 & i daie
R (Y) 9ats #:

V, =V3Vpn I, = Iy
3w (A) Saie |

V, = VoI, =V3 L

&éﬁaémmq&ﬁaﬁgaaﬁﬁqgaqﬁ%

5.7.7 Sigfad gd sregfad @is
Tgfard ois & geft & ot & Tur ufaanen gidt 8, S
¢RT Ud dlees! GHM 8id & | 3igfeld @ig | ufdamem s\
gt 8, ST a1 ud it & SrgwTar STt & 3R Jomeft
Y g Tedt 8l
5.7.8 ﬁ-wqﬁmﬁﬁ'aﬁ

COoS
e m%ugmqaaﬁaﬁﬁa;
IUeRUT o fely Iugerd giar &

5.7.9 f3-arur yorreft & a1y

3-TR0T yuTTett S1fdeh HreT Bidt 8, T dTereh ATHUT i
3R T gldt &, AR Td gadd Ifa IS ohedl § qar
TR 18 U sfieifiiep srgvil & fog Suger giet &

5.7.10 v
3-TRuT AC YUTTet} AT SURNT 3= S&1dT Ud fasua-adr &

&HRUT fegd SeTe, HaR0T T faavor # =amues w9 & fahar
STTAT 8 | ST SUANT f3-TR0T S8R Hiexl &l Iai = | fohar
ST 8, STt e A Uy, ShuaR J91 Af god # Uger gid
gl

et | B-=Ror Siryf et IudiT Wik fagd o, afes
IUHIUT AT §8 gifeT fA%eq & fav fhar srar g1 a8
TAHIHR, Iudhg dT fadror G9el § uuret &g udes & faw
oft IugiT fohar STraT g1

3-TRoT yuTTelt gude vd fFRaR Q1fe ve et §, oo
SUGHT Bl &

5.7.11 S&qTHE UH
A-ther erfem moren
usl
Qe ddfeld B-thet Atex @bl 415 V 3myfd & Siigr = gl
TS &RT 10 A & 3R gTer thaex 0.8 g1 Hiex gRT @Ud i
TS et Qferd Y TOMT HfSTI
fRarmarg:
dTed aleest, V, = 415V
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Given:
Line voltage, VL=415V
Line current, IL=10 A
Power factor, cos ¢ = 0.8
Formula
P =3V, cos ¢
Solution
Substitute the values:
P=+v3x415x10x 0.8
P=1732x415x10x 0.8
P =5750.24 W
So,
P =5750 W approx.
or
P =5.75 kW
Answer
The total power consumed by the three-phase motor
is: 5.75 kW
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ATST R, [, = 10 A
UTeR thaey, cos ¢ = 0.8

el
P =3V, I cos ¢
ga- Q
A B G | @1 W
P=+3%x415%10x% 0.8
P=1732%x415x10 % 0.8
P =5750.24 W
P~ 5750 W
7
P =5.75 kW
IR

3-thet Alex gRT @Ud & T8 He Mferd 5.75 KW 81

86



Teach To India Publication

MCQ's | srgfaeredta asr

Q1. What is the primary characteristic of the
current flow in a direct current (DC) circuit, as
shown in the diagram?/srmum™ # f3@mg 7Tg SguR
"eg&l 4R (DC) "fhe # arT vyarg &Y g fatvar = 8?2

\ CURRENT FLOW

DIRECT CURRENT CIRCUIT
(a) The current alternates direction periodically./gRT
TII-THG IR QLT TGt W8t g
(b) The current flows in one direction only./eRT saet
Tep g1 e & wanfd it 21
(c) The current depends on the resistance in the
circuit./eRT Tfdhe F ufarte wr AR et 81
(d) The current decreases with time./&IRT 93 & Q1
gedt g
Ans. b | Sol. (&ar&):In a DC circuit, the current flows
in a single direction due to the fixed polarity of the
voltage source. This steady flow makes DC ideal for
devices requiring constant voltage and current./DC
gfhe &, Ticest did i FRAR gdiadT o HRUT 4RT had T e
H yanfga gt 1 a8 R varg 37 3uehvit & faw DC &t
UG T & ol AR dtecsT 3R 4R I STaIhdT gl
gl
Q2. What happens to the total power factor of an
AC circuit when inductive reactance increases? /
ST UReh ufdanen aedt ¢, at gt afdhe 1 et arar ey
TR T Y9 USdT 82
(a) Increases [ g SedT &
(b) Decreases | ag gedr &
(c) Remains constant / Ig fRR @1 &
(d) Becomes unity / g TehdT gt SI1dT &
Ans. b | Sol. : An increase in inductive reactance
increases the phase angle between current and
voltage, reducing the power factor. / 9%e ufderen & gig
R 3R Fieest o STd TRUT HI0T i deTd &, FITY UTeR thaex
gedT g
Q3. What can be concluded if the total currentin a
parallel RLC circuit is higher than the source
current? / afe MR RTeH Afhe #§ et uRT Ha
RT & 31k g, at aar fAserd fRepret s gehar 82
(a) The circuit has a high power factor / @ifche &1 aTaR
there? 3fdeh 8
(b) There is significant reactive power | gfafcharaies
LTferT oifdiah &
(c) The circuit is in resonance / dfche 3G & &
(d) The impedance is infinite / afdeTer 3+d &
Ans. b | Sol. : In a parallel RLC circuit, high branch
currents indicate significant reactive power
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contributions from the inductor and capacitor. /
AR 3TRYe! Tfche &, 3o eMRaT 4RTY ke 3R Hof@ex
gfaferareres afe & Agaqul ahTe i §fa et &1

Q4. What is the role of the circuit breaker (CB)
shown in the diagram?/srum # f3@mg 7y afhe s
(CB) <hY ffyamt T 82

______________

| ENERGY
! METER

6 I TERMINALS

¢ LOAD

(a) To measure the voltage in the circuit /afdhe & aleest
T AT

(b) To interrupt the circuit in case of overload or fault
conditions /3aRes a1 Wice AT & afdhe ot arfard epeam)
(c) To regulate the current flow in the circuit /afdhe &
4RT & YaTg i ART AT

(d) To provide constant power supply to the load /ais
ot fRIR fagrd smyfel ua™ &

Ans. b | Sol. (&mren): The circuit breaker (CB) is a
protective device that automatically interrupts the
electrical circuit when an overload or fault occurs,
preventing damage to the system and ensuring
safety./dfche sierX (CB) Teh TREIT SUHIUT & ST SfiaRalls AT
Hice & AT # WaTferd w0 ¥ faga afdhe ot anfid s g,
o Ren &t Jra @ Fara1 51 9 ofk grem gAfaa gt
Q5. Which component causes a phase difference
between current and voltage in an AC circuit? | ot
gfdhe # 4RI 3R gieest & S @R Siek fhg e &
THIRT g1 82

(a) Resistor / ufavieren

(b) Inductor / 9%

(c) Capacitor / arfedr

(d) Both B and C / &t 3fik @it gt

Ans. d | Sol. : Inductors and capacitors cause phase
shifts due to energy storage in magnetic and electric
fields. / 5Reh 3R eTRaT qrehra 3R Riegd &t & Soff &
¥BRUT & PHRUT TRUT IGeATd B g

Q6. Which type of circuit is also known as a "tuned
circuit"? / fohe WepR & wfhe &t "o fawam gam afdhe”
ot shrgr SITaT 82

(a) R-L Circuit / 3TR-uat Tfche

(b) R-C Circuit / 3m=-t afdhe

(c) Resonance Circuit / 311G @fche

(d) Parallel Circuit / gaTiaR Tfche

Ans. c | Sol. : Resonance circuits are tuned to specific
frequencies for maximum response. / 3G |fche

Sifdrepan gfaferar & forg fafere srgftal wr == fovg wird €1
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Q7. In a series RLC circuit, what is the condition for
resonance? / $j@ RTH Tfhe # srgae & AT @
ord &2

(a) XL > XC

(b) XC > XL

(c) XL =XC

(d)R=XL

Ans. c | Sol. : Resonance occurs when inductive
reactance equals capacitive reactance, cancelling

each other out. / 519 URe ufaarer enfkar ufdsmen & srmeR
gidl 8, it 3G g 8|

Q8. What is the formula for active power in a
single-phase AC circuit? / fna-the ot afdhe &
afehg faa o1 g = 82

(a) P = VI / dt = dterg

(b) P = VI cos¢ / f = &g didg

(c) P = VI sing / dt = dtams ar¢

(d) P =V?/R [ dt =dI?/3R

Ans. b | Sol. : Active power is calculated as the
product of voltage, current, and power factor. / @fsha
L1 aieeT, T, 3R UTeR tharex & UFhd & ¥ H TUMT <h
STt &1

Q9. What does "XL" represent in an AC circuit? /
ot afhe d "vaaee” fnd qerfar 82

(a) Resistance / ufajty

(b) Capacitance / emfRar

(c) Inductive Reactance / 9es ufasrer

(d) Impedance / ufdaer

Ans. ¢ | Sol. : XL represents the opposition offered by
an inductor to the flow of AC. / XLUeh WReh gRT T&t &
yag i fag Ty ufakte it gerfar &1

Q10. What is the formula for capacitive reactance?

| enfar ufdaren o g o= 8?

)
b) XC=1/2nfC
) XC=fC
) XC=1/fC
Ans. b | Sol. : Capacitive reactance is inversely
proportional to frequency and capacitance. / amRar
wfaaren smgfy ek emRar & agepargard g 81
Q11. What happens to the current in a capacitive
circuit if the frequency of the AC supply is halved?
| af2 ot smrgfe Y srgfa Y smem = faar g, At enfan
fche & ¢RT UR AT YT gSdT 282
(a) Increases | I8 Fedt &
(b) Decreases | Ig gedt &
(c) Remains constant / I8 fRR A &
(d) Becomes zero [ Ig ¢ 8l SIIcl 8
Ans. b | Sol.: Current in a capacitive circuit is directly
proportional to frequency, so halving the frequency

reduces the current. / &ikdr afdhe # arr sgft & e
Tt gt 8, SHfAY Mgy &t amen A § URT HH & S
gl

(a) XC= 2nfC
(

(c

(d
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Q12. In an AC circuit, what does "Q-factor"
represent? / gt Gfthe & "og-theaer" fFd qarfan 82

(a) Quality of current / &1 <t ToTa=T

(b) Power factor / TeR thaex

(c) Energy loss [ Swif g1

(d) Efficiency of resonance / 311G <ht &rdT

Ans. d | Sol. : The Q-factor represents the sharpness
or efficiency of resonance in an RLC circuit. /ERi-aTcE?
SRUeH! Gfehe & SrTGE Y ferm At gerar & gt 81

Q13. What happens to the power factor of an AC
circuit when a capacitor is added in parallel with
an inductive load? / 9 U<k &S & HIGR & Tk
Qe ST 4T g, af ot afthe o1 urer Saer @R =
UMTT 9341 8?

(a) Decreases / g "edr g

(b) Increases / g dgar g

(c) Remains constant / Ig fRR a1 &

(d) Becomes zero / I8 3 & ST &

Ans. b | Sol. : Adding a capacitor compensates for the
lagging power factor caused by the inductive load,
improving the overall power factor. [ Faf@ex Sig= @
Rk ol gRT 309 Wi @ dTet UTeaR therek <hl WRUTS Bl @,
e 97 UreR thaex  gUR gidT 8l

Q14. Which waveform in the diagram represents
the most common type of alternating current (AC)
used in power supply systems? /U # &H-Ht a3
faega smgfe vorreht & SuzhT i S areft TEd T
maﬁmm(Ac)muﬁﬁﬁaaﬂ?ﬁé?

CURRENT CURRENT CURRENT

Fo T T

SINE WAVE SQUARE WAVE SAWTOOTH WAVE
(a) Sine wave/drET ag
(b) Square wave/¥HERR dg
(c) Sawtooth wave/df-ga aa
(d) DC (Direct Current) waveform/DC (JII&T &RT) a9
Ans. a | Sol. (&r&m):The sine wave is the most
common waveform used in AC power systems
because it represents a smooth, continuous
oscillation. It is ideal for power generation and
transmission due to its efficiency and ease of
conversion between voltage levels./aT89 da UATad! &RT
(AC) & T¥ T I & Fifch I8 Ueh FaATE 3R AR qe
&1 ufafAfda sl g1 I8 rer SR iR g & fag
3Mesf § Hifch g dlees] TRl o &g BUIARUT & ST ITdT
gl
Q15. What is the role of power factor correction in
an AC system? / g&ft fAved & urer thaer gur $i
ffrehT T 82
(a) Reduces power consumption / sifekt @ad &t A
AT
(b) Improves voltage regulation / dteest Fz=0T § R
FXAT 8
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(c) Reduces energy losses [ &aii g1 &t A HedT &

(d) All of the above / SuterT Taft

Ans. d | Sol. : Power factor correction improves
system efficiency, reduces losses, and enhances
voltage regulation. / uTeR thaex goR &% & gerar &
CEIGIN!

Q16. What is the purpose of a vector diagram in AC
circuits? / Tft afdhe & dae 3T =1 32T HAT &2

(a) To measure current / &RT ATYR & fag

(b) To show phase relationships / azur dse fd@™ & fag
(c) To calculate voltage / @iesT &t TOMT et & folg

(d) To determine frequency / 3mgft Raika & & fag
Ans. b | Sol. : Vector diagrams visually represent the
magnitude and phase relationships of voltages and
currents in AC circuits. / deex 3RE T4t gfhe & aieest
3R &1 & gfkATor 3R TRT Hee at gerd §

Q17. What is the condition for resonance in a
parallel RLC circuit? / S9HiaR 3IRGes! Afche &
3rFATE & AT ord = &2

(a) XL=XC

(b) XL>XC

(c) XC>XL

(d) R=XL

Ans. a | Sol. : Resonance occurs when inductive
reactance equals capacitive reactance, resulting in
minimal impedance. / 3G a9 gidT & o1& UReh Ufdaren
egTRar ufderer & SRR gid! 8, e gfderar gaa4 gt St g1
Q18. What is the total power factor of a parallel
RLC circuit at resonance? [ 3G UR AR
SRUH Afhe &1 et UTaR haex 1 giaT 8?2

(a)o

(b) 1

(c) -1

(d) Depends on load / @tg W A+R &ear 8

Ans. b | Sol. : At resonance, the circuit behaves as a
purely resistive load, resulting in a power factor of 1. /
G W, Aihe g ufaRiet ot Sl qRg HagR &xar g, fSad
gTeR therex 1 8T 81

Q19. What is the phase relationship between
current and voltage in a purely capacitive AC
circuit? / 35 ular ot afdhe d ur ok aikw & =
TROT Hele T 8?7

(a) Current leads voltage by 90° / &R dieest & 90° 31Tt
gidt 8

(b) Voltage leads current by 90° / @icesT &RT & 90° 3Tt
glar g

(c) Both are in phase / @ e &t TRUTH g1d §

(d) Both are out of phase / GIHT 3{eT-3e T a1 H gid &
Ans. a | Sol. : In a purely capacitive circuit, the current
leads the voltage by 90° due to the phase shift
introduced by the capacitor. / g &TiRdT @fdhe &, Hufdex
GRT 37 TR SGeT1d S hRUT YRT Jieest & 90° 3T gie g
Q20. How does the addition of a capacitor affect
the total impedance in an AC circuit? / oft afdhe #
Hif¥eR st @ g ufdare @R Far y9E gsdar 8?
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(a) Increases impedance / ufdaren gt &

(b) Decreases impedance / gfdsren gedt &

(c) No effect on impedance / gfdaTen IR FIg gHm@ 81
EGI)

(d) Makes impedance infinite / ufasTen &Y rd &R qdT &
Ans. b | Sol. : A capacitor reduces the net reactance in
the circuit, which decreases the overall impedance. /
FfeR Ffche # Hat ufdfchararendr ol & &edr 8, oiad ga
gfaamen ged g1

Q21. What is the effect of increasing the frequency
of AC supply on the capacitive reactance of a
circuit? / gt smgfed Y sngft Te™ wr wfdhe 6 enf¥ar
ufdaTeT UR =T W9 ugdr 82

(a) Itincreases /| ag Sgat &

(b) It decreases / Ig gedl &

(c) It remains constant / I8 f@R @At &

(d) It becomes zero [ I8 A & St &

Ans. b | Sol. : Capacitive reactance (XC=1/2nfC) is
inversely proportional to frequency; thus, increasing
frequency decreases XC. / emRar gfdsrer (XC=1/2nfC)

3Tgft & YehATIUT! Bid §; 39, g IgM & XC wedr
gl

Q22. In a 3-phase delta connection, what is the
relationship between phase current and line
current? / 3-thel 22T haaR # thel ¥RT 3R dATS ¥RT
& o o deer g2

(a) Line current equals phase current / @8 &RT %ol
&RT & SRTSR Biclt &

(b) Line current is times phase current / @8 &RT el
&RT <1 7T il 8

(c) Line current is half of phase current / @8 &RT thet
&[IRT BT 37T BT &

(d) Line current is three times phase current [ &ig=
¢RT thel &RT T I AT BidT &

Ans. b | Sol. : In a delta connection, the line current is
times the phase current due to the geometry of the
connection. | el HAHRM H, ATS &RT thel &RT T AT gid!
2, SN e Y SR & wRrRoT Ear 2

Q23. In an RLC parallel circuit, what happens to the
total current at resonance? /| SHHIaR ARTAH Ffhe
#, 3IgATE TR Fel URT UR T AU ST &2

(a) It becomes maximum / Tg 3ifdepad g STt &

(b) It becomes minimum / Ig <gAdH gt STl &

(c) It remains constant / 78 f@R @A &

(d) It becomes zero [ I8 [ &l STl &

Ans. b | Sol. : At resonance in a parallel RLC circuit,
the reactive currents cancel each other, minimizing
the total current. /| THMIR RTH! Hfche # 3FATE |,
AqH gt STt 8l

Q24. What is the phase difference between line
voltage and line current in a purely inductive AC
circuit? / s Reh Tt wfhe # dea gl ok arsw
&IRT & i TROT iR T g 82

(a) 0°
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Ans. b | Sol. : In a purely inductive circuit, the voltage
leads the current by 90° due to energy storage in the
magnetic field. / g IR Tfhe &, s gradh & &
Sl HERUT & HRUT &RT H 90° T BT &

Q25. What is the formula for calculating active
power in a single-phase AC circuit? / fawa-ther get
wfhe & aftha afa Y o 1 g7 F=TR?

(a) P=VvI

(b) P=VI cos ¢

(c) P=VIsin ¢

(d) P=V2/R

Ans. b | Sol. : Active power is calculated using voltage,
current, and the power factor (cos ¢). / @fera erfet
Jieest, ¥RT, 3R UTeR thaex (cos ¢ )ahT SUANT ehich TTUTHT i
STt &1

Q26. What happens to the current in a purely
resistive circuit if the voltage is doubled? / gfe A=
ufaRielt wfdhe & aidst qn o= Rar g, &t arT w0
UM 94T 8?

(a) It doubles / a8 Tt gt STt &

(b) It halves / Tg 3mef} g STt @

(c) It remains the same / a8 f@R wEd &

(d) It becomes zero [ I8 A & St &

Explanation: Current in an inductive circuit is inversely
proportional to the frequency, as I=V/XL and XL=2nfL/
IR Gfche & 4RT gRT & JhATUTT gidt & aRlfeh [=V/XL
and XL=2nfL

Q27. What does the phase difference between
voltage and current in the given AC circuit
diagram indicate?/faw g AC ufhe s # aidst
3R hve & da ther siaR a1 qafar &2

APPLIED
VOLTAGE

¥ + POWER

CURRENT)

(a) The circuit has a purely resistive load./@fdhe & ot
e g ufarieft oAts 81

(b) The circuit has inductive or capacitive
components./@fdhe & URes a1 4TiRdT aTet g &1

(c) The power factor is equal to 1./dTeR haex 1 & SRR
gl

(d) The current and voltage are in phase./9RT 3R
Jiecst 9 thal | g1

Ans. b | Sol. (aam=n):The phase difference between
current and voltage in an AC circuit occurs due to the
presence of inductive or capacitive elements. This
phase difference impacts the power factor and
determines whether the circuit is leading or
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lagging./AC Gfdhe & R 3R dicesT & i et SfaR IRep a1
TR dTel Teeh! ohl SufIf & HRUT IdT 81 I T 3iaR ITaR
Therex ol UHIfad T 8 3R I8 MefRa awar g fos afdhe smoft
g a1 fusstl

Q28. How would you determine the resonant
frequency of a series RLC circuit? / 3Tq sj@et
SRueH fhe &t srgaTg gl hat RuilRa w32

(a) f.=2mLC

(b) f, = 1
' 27r\/E?
() f.=~27LC

(d) fi=LC

Ans. b | Sol. : Resonant frequency is calculated using
the inductance (L) and capacitance (C) in the circuit. /
3ATG 3gt bt Afche # UROT (L) 3R enfar (C) 1 g
&h UM I ST 81

Q29. In a 3-phase system, how would you calculate
the total power for a balanced load? / 3-thest Rea &
Hgfard @its & fag ger afaw 6 o 7 w39

(a) P=3Vv1

(b) P=\/§Vlcos¢

(c) P=VI cosd

(d) P=VI2 R

Ans. b | Sol. : Total power in a balanced 3-phase
system is calculated using the line voltage, current,
and power factor. [ dgfeld 3-thel fa%eH # et rfery ars
eSS, 4R, 3R UTaR here ST SUANT e 0T ehl SATel &
Q30. What would you expect to happen to the
reactive power in an inductive load if the
frequency is doubled? / af? smgfa Shf &= 4 s, &t
Wk dis A ufafeharares Afaa o= o= wvma g2m?

(a) It will double / &g SR[T gt SITEEft

(b) It will remain constant / ag &k T

(c) It will quadruple / I8 IR AT & STQAt

(d) It will halve / Tg 3mef} g ST@eft

Ans. c | Sol. : Reactive power (Q=V2/XL) increases with
the square of the frequency, so doubling frequency
quadruples Q. / ufdfeharare rfa (Q=V2/XL) smgf & aif
& 1Y Tl §, $ATT Mg G et & Q TR T[T g STt
2l

Q31. What would happen to the resonant
frequency if the capacitance in a series RLC circuit
is doubled? / af? i@« sRuerH wfthe & enfar ghp-H
&R & W, A JrgATE SrgfA WR T W 9Rn?

(a) It will double / g N[t gt sTerY

(b) It will halve / Tg 3mef} g SITaeft

(c) It will increase / ag st

(d) It will decrease | ag et

Ans. d | Sol. : Resonant frequency is inversely
proportional to the square root of capacitance, so
doubling C decreases fr. | 3/g1g 3gft aRdr & arfge &
FHATITA Bt 8, ST C ot G et & fr gear 21
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Q32. How would you identify the type of load in a
3-phase system using a power factor meter? / 3mq
greR thae HieX &l SUThT avdh 3-thel Reen ddls &
R I ggaT Hd HN?

(a) If power factor is 1, it is resistive / afe UTeR Hhaex 1 &,
at ag uferief &

(b) If power factor is lagging, it is inductive / afc gTaR
Bhere dte 8T 8, f 98 IRk &

(c) If power factor is leading, it is capacitive / af¢ graR
Therer 31T 8T 8, dt I8 aTRdT &

(d) All of the above / SuterT Taft

Ans. d | Sol. : Power factor readings indicate whether
the load is resistive, inductive, or capacitive based on
its value and phase angle. / aTaR Shae dfST 59k A 3R
TRUT HIUT & STYR W g 32Tl § foh alts ufaRieRt, s, @
gTRar 81

Q33. In a star-connected 3-phase system, how
would you calculate the phase voltage from line
voltage? /| ®R-&-aes 3-tho fa%ed #, 311U A1 Tieet
@ % gieest Y TUHET HE HAA?

(a) Multiply line voltage by V3 / @18 dieest &l V3 & T[om
(b) Divide line voltage by V3 / &g ateest &l V3 &
faafora &e

(c) Add line voltage to V3 / @ dieest & V3 S

(d) Subtract V3 from line voltage / @8 dteest & 3 Y
Ans. b | Sol. : In a star connection, phase voltage is
equal to the line voltage divided by V3. / @R &R 7,
Tl dieest dlgd dieesl ot 3 ¥ fAwifeid e & SRR g1 81
Q34. What is the phase relationship between the
voltage across the resistor (VR) and the inductor
(VL) in the R-L series circuit shown in the
diagram?/sraum # fewmg g R-L sioft afde § AR
(VR) 3R §8ae® (VL) & = aiedst ot Shot Heier a1 872

CIRCUIT WITHR & L IN SERIES

a) Both are in phase with each other / G Te gl thel &

o —~

I

b) VR leads VL by 90 degrees / VR, VL & 90 f2ift amt g1
c) VL leads VR by 90 degrees/ VL, VR & 90 f21ft 3t &1
(d) They are in opposite phases. /3 faudta thet & €|

Ans. c | Sol. (&@r&r):In an R-L series circuit, the
voltage across the inductor (VL) leads the current by
90 degrees, while the voltage across the resistor (VR)
is in phase with the current. This results in VL leading
VR by 90 degrees./R-L goft afdhe #, g8aex (VL) IR diees
gRT § 90 fift amt gtar 8, STaifes @R (VR) W diedst a1 &
1Y T %o A giT &1 399 VL, VR & 90 f3uft ot gt 31

—_
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Q35. What would you observe in a parallel
resonance circuit if the frequency is below the
resonant frequency? / afe FaHIaR 31g1g Hfdhe #
I SIgAE g & A g, at g T 3&?

(a) Circuit behaves inductively / @fthe tRes Fi avg @R
FRAT S

(b) Circuit behaves capacitively / @fche efvar &t a<g
AR HRAT &

(c) Circuit impedance becomes maximum / @fdhe
ufdarer srferehad g Sl §

(d) Circuit current increases / @fdhe &1 5 SiTdt &

Ans. b | Sol. : Below resonance, capacitive reactance
dominates, making the circuit behave capacitively. /
3rgTe @ 2, enRar ufcamen g1t gkt 8, fora@ wfdhe enRar &t
IRE FIER AT &

Q36. How would you balance the impedance in a 3-
phase system with unequal loads? / 31T 3/ EHH @i
aret 3-%het fAvew & ufdanen & &) d@gfea w312

(a) Add resistors to each phase / U thel # ufaRiee
ShS

(b) Add capacitors or inductors as needed / 3TagehdT
SOR Hufdex a1 IR St

(c) Increase voltage / @iest dg¢

(d) Decrease frequency / 3mgf gerg

Ans. b | Sol. : Adding capacitors or inductors balances
the reactive components in each phase. / &uffez a1
IR ST & Uk Ghat A Ufdfoharares gch dgfeid gt oid &l
Q37. How would you minimize harmonics in a 3-
phase system? / 3i1q 3-thel fQvew # gmifAad ot
geAaH H3?

(a) Use filters | ftheex @1 IuaT e

(b) Increase frequency / 3mgf sI@1Q

(c) Decrease load / &g gemQ@

(d) Add resistors / ufaRieres Siig

Ans. a | Sol. : Filters are used to minimize harmonic
distortion in AC systems. / T&t f@%eq # g fApfa &t
T A & [T ftheex &1 IuAT fehat SITaT B

Q38. How would you identify the type of resonance
in a parallel RLC circuit? / 3Tq §HHIaR

wfthe & IgATE & YR Fl Uga™ i HA1?

(a) By calculating impedance / ufdsmer &t 7omT ahech

(b) By measuring current at resonance / 311G TR YRT
! AU

(c) By checking the power factor / draR Shaex i st
TP

(d) By calculating phase angle / T=uT SivT &t TUMT s
Ans. b | Sol. : At resonance, the total currentin a
parallel RLC circuit is minimum, indicating parallel
resonance. /[ 3ATE W, FHMIR RTAH! Hfche H Hel &R
IAqH BIdT 8, STt §HMIAR STA1G i 1T T &
Q39. What can be inferred about a circuit if the
power factor is close to 1? / afe ureR heex 1 & Fa
&, at gfdhe & ar & aar Ay fAehreT ST ehdar 82
(a) The circuit is purely resistive / @fche T g & ufaRieft
g
(b) The circuit is inductive / Tfdhe IR &
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(c) The circuit is capacitive / afdhe emikar g

(d) The circuit has high reactive power / @fdhe & 3=
gfdfeharere afet 8

Ans. a | Sol. : A power factor close to 1 indicates that
most of the power is active, meaning the circuit is
primarily resistive. / 9raR thaex 1 & FHA I T Aded &
foh aiferepiser arfey afohar 8, arit Tfdhe g wu @ ufoRieht 81
Q40. What analysis can be performed using a
vector diagram of an AC circuit? / gft afdhe & daer
SR T IUANT ek I AT fA=@wor faxar 51 Aehar 82
(a) Voltage and current magnitudes / @eest 3R 9T &
gfeATor

(b) Phase relationships / =Ror dsigf

(c) Power factor calculation / TeR thaex Y TomET

(d) All of the above / SuterT Taft

Ans. d | Sol. : A vector diagram provides information
about magnitudes, phase relationships, and power
factor of circuit elements. / 3aex 3G Gfhe di &
giHToT, TROT Hee, 3R UTeR thaex & IR # SIHGRI UGH ahedl
8l

Q41. How would you calculate the quality factor
(Q) of a series resonance circuit? / 3T $f&T S
Hfhe o1 TuTaT 7uTieh (Q) R MO HIN?

(a) Q=XL/R

(b) Q=R/XL

(c) Q=XC/R

(d) Q=R/XC

Ans. a | Sol. : The quality factor measures the
sharpness of resonance and is calculated as the ratio
of inductive reactance to resistance. / JUTdT 7[UTieh 31g-Tq
e ctera bl ATTAT 8 3R 8 WRek ufdarer 3k ufaty & srgurd
& =Y H 7T I A B

Q42. Why is the power factor important in an AC
system? [ of} fAew # greR thaex at Agayuf 8?2

(a) It determines energy losses / g Sat g1+ Aafka
FAT 8

(b) It affects voltage regulation / Ig st fafAas= ot
gq1fad &ear &

(c) It improves system efficiency / ag UuTelt bt GeraT at
I §

(d) All of the above / 3uRtaa gt

Ans. d | Sol. : Power factor directly impacts energy
losses, voltage regulation, and overall efficiency in an
AC system. [ UTeR thaex gt ed # St g1, ateest
fafgw, 3k aHy gardr &t e geriad a1

Q43. What can be inferred if a parallel RLC circuit
draws minimum current at a particular frequency?
| afe suHiaR siRuet afdhe fadf fagty srgfR wr <gaw
urRT i &, at o e st S derar 82

(a) The circuit is at resonance / gfche SG & &

(b) The circuit is capacitive / gfche arikar g

(c) The circuit is inductive | fdhe IRep &

(d) The circuit impedance is minimum / Gfdhe afderer
AT E

Ans. a | Sol. : At resonance in a parallel RLC circuit,
the branch currents cancel, resulting in minimal total
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current. [ THMIAR STRYe Gfche # TG UR, TTRET YRTY X
&l STt 8, fSoe ot o1 <A gl 8l

Q44. What can be analyzed if the phase voltage in
a star-connected 3-phase system is 230V? / afe
WR-Faes 3-thet fAen # thet gieest 230V g, at a1
fa=dtwor fara s | 82

(a) The line voltage is V3x230V / &g aleest V3x230V &
(b) The line voltage is equal to 230V / @@ ateest 230V
& WR

(c) The line current is equal to the phase current /
TS YRT thel YRT & SRTeR &

(d) The system is unbalanced / fa%# srigfaid &

Ans. a | Sol. : In a star connection, line voltage is \3
times the phase voltage. /| ®R &M H, ATe dleest thel
gieesT &l V3 THT giaT 81

Q45. What can be inferred if the total reactive
power in a 3-phase system is zero? / afd 3-thst
e | ga ufafharere aafaw 2= &, at o e
fRreprem ST Hwar 82

(a) The system is unbalanced / R%eH srEgfaa @

(b) The system is operating at unity power factor /
R TehdT UTaR therey UR T R T8T &

(c) The system has purely inductive loads / f&w# #
&had IReh oS &

(d) The system is underloaded / fa%e# sifdaia &

Ans. b | Sol. : Zero reactive power indicates that the
circuit is purely resistive or perfectly balanced,
operating at unity power factor. / g gfdfehareres erfed
$fa et 8 fob gfche O avg @ ufeRielt a1 g avg @ dgfaid &
3R ThdT UTeR ThereX WR h1H I 3@ &

Q46. What would happen to the quality factor (Q)
of a series RLC circuit if the resistance increases? /
afe sjEe sRueH! ufthe # ufaRte agan &, at qorar
1Tk (Q) R FIT T TST?

(a) Itincreases | ag S@dT &

(b) It decreases / Ig "ear &

(c) It remains constant / Ig f@R a1 &

(d) It becomes infinite / I8 31=id g ST &

Ans. b | Sol. : The quality factor is inversely
proportional to resistance; increasing resistance
reduces Q=XL/R. / T[0TdT {[uTich UfaRie & GhATUTAT gidT
g; ufaty Tem @ Q=XL/R "ear gl

Q47. In the R-L-C parallel circuit shown, what
determines the total current (I) supplied by the
source?/s”UH A f3@Ty 7Y R-L-C I9HiaR afdhe #, I
gR1 gfd &Y 7 Fe T (1) fhws RaffRa gt &2

XL

R, L & C PARALLEL CIRCUIT
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(a) The sum of individual currents through R, L, and
C./R, L, 3R C & ArezH ¥ yariad faaia arrsif &1 Il

(b) The voltage across R, L, and C./R, L, 3R C R ateeT|
(c) The product of the resistive, inductive, and

capacitive reactances. /gfaRteft, 9Re, 3fiR emfar ufafoharait
T U |

(d) The vector sum of currents through R, L, and C./R,
L, 3fR C & #A1eq 9 ¢RT3M Bl defex I |

Ans. d | Sol. (aam=n):In a parallel R-L-C circuit, the
total current (I) is the vector sum of the currents
through the resistor (IR)inductor (), and capacitor ()
because the currents are out of phase with one
another. This is essential for understanding AC
behavior in parallel circuits./@A iR R-L-C Gfdhe &, et
4RT (I) AR (IR), 5o (), 3R FofFex () & ATemH @
YRT3T T e TN BIT g Hifch I URTE Teh-g@R oh A1 Tl A
el gl | I8 THIR Tfche § AC SdgR &l 9HsH & faiu
39T gl

Q48. What can you conclude if the voltage across a
capacitor in an AC circuit increases as frequency
decreases? / afe oft gfc & FfAeR & R ais
Sgfv gex WR Fedt g, at i T s et Ihd 82
(a) The capacitive reactance increases | eniar ufaemen
Jed &

(b) The circuit is at resonance / gfche 3G & &

(c) The circuit becomes inductive / @fthe URes sdT1 &
(d) The impedance decreases [ gfdarer gedt &

Ans. a | Sol. : Capacitive reactance (XC=1/2nfC)
increases as frequency decreases, causing higher
voltage across the capacitor. / emRdr ufdaren
(XC=1/2nfC) gty ge=t W g &, s hufdex & ur
dieest Sifdes g ST 81

Q49. What is the primary purpose of the tank
circuit (L-C circuit) in the diagram?/srum # fRamg
g & afhe (L-C wfdhe) 1 qw=a 382a = 8?

TANK CIRCUIT
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(a) To store electrical energy in the form of
voltage./aeest & wu H fagd o1t @UdId SeT|

(b) To generate and maintain oscillations at a specific
frequency./Ta fai Mgt R Sl 3= FHAT 3R F91Q
LTI

(c) To amplify the input signal./sqe &wat i yafefa
AT

(d) To provide a constant DC voltage to the
circuit./afde &l f@&R DC aieds UeH AT

Ans. b | Sol. : The tank circuit consists of an inductor
(L) and a capacitor (C) connected in parallel, and it is
designed to produce oscillations at a resonant

1
frequency given by: f, =——7—=—=This circuit is
27\ LC

commonly used in oscillators to generate AC signals
of a desired frequency./&® afdhe Teh IR (L) 3R T
GRS (C) & &1 gIdT ¢ St GHHIGR | S8 81d 8, 3R 38 Ueh
TS Mg TR e 3= e o foig f3oime fomar man &:

1
- afe sifedied & fa ol & AC
) Tl

e 37 e & fAT SmdR WR U fawa ST &1

Q50. How would you determine if a transformer is
operating efficiently? / 3ima & fRuifa &3t fk
TIARIHR AT § HM T TET 872

(a) Measure input and output power / 379¢ 3R 3M3cye
<1 ot |G

(b) Check voltage drop across windings / aEfé™ & R
gieest g1 i ST &

(c) Compare core and copper losses [ @R 3R &R
gt Y gorT e

(d) All of the above / SuRte gaft

Ans. d | Sol. : Efficient operation of a transformer is
confirmed by minimal losses and close input-output
power match. / gIHIR & FHeret FaTe hl gt Aaq
g3t 3R 37ge-3m3cyce et o detelt e & gt &1
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