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Preface | udra+T

This book, Instrument Mechanic, 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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Acknowledgment | 3THR

The content of this book has been developed with
reference to the official ITI syllabus and the guidelines
issued by the Directorate General of Training (DGT) and
the National Instructional Media Institute (NIMI). It has
been prepared using the prescribed syllabus documents
and standard training resources for educational purposes.
The publishers gratefully acknowledge the contribution of
these institutions to curriculum development and the
promotion of vocational education in India.

39 Y¥deh oh! AT T faen SnTfdiehTiven STSIans uTashA auT
gfteror AgTAdener™ (DGT) ok AT Srgaenae Hifsar g
(NIMI) grRT STRY fRen-fAden & deef & fobar mar g1 52 difde e
& foiq FRaffka aTsashn axadsti gd A uiRieror @&meFi & arR
R FIR O T gl

Teh1Teh YR | Ursachd e der saradiiie fer & deares 7 e
G & AT & Ufd asiargdes HTHR e hed 8l




Syllabus

Modules

Trade Theory

Basic Safety

Familiar with Industrial Training Institute (ITI)

Basic Fitting

Basic hand tools

Tube Joint and Fitting

Copper tube cutting, bending, swaging, and flaring

Basic Electricity &
Passive Components

Electricity and fundamental laws

Electrical Machine

AC generators, DC generators, and their working principles

Transformer

Transformers and their working principles

Electrical Measuring
Instruments

Electrical measuring instruments and their working principles

Semiconductor,
Transistors and
Power Supply Circuit

Semiconductor diodes, transistors and classification, half-wave and full-wave rectifiers, working
principle of Zener diodes, and switch-mode power supply (SMPS)

Oscillators Oscillators and their working principles
Operational Operational amplifiers and their applications
Amplifiers

Logic Circuits Number systems

A/D and D/A Digital-to-Analog (D/A) converters
Converters

Digital Meters and
CRO

Working of frequency meters, phase measuring meters, time measuring instruments, and
digital capacitance meters

Computers

Computers, their parts, and working principles

Microprocessor 8085

Microprocessor 8085 and its applications

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.

Speed and Velocity,
Work, Power and
Energy

Speed and velocity - Rest, motion, speed, velocity, difference between speed and velocity,
acceleration and retardation Speed and velocity - Related problems on speed & velocity Work,
power, energy, HP, IHP, BHP and efficiency

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

Basic Electricity

Part-A: - Introduction and uses of electricity, molecule, atom, how electricity is produced,
electric current AC, DC their comparison, voltage, resistance and their units

Part-B: - Conductor, insulator, types of connections - series and parallel. Ohm's law, relation
between V.I.R & related problems. Electrical power, energy and their units, calculation with
assignments. Magnetic induction, self and mutual inductance and EMF generation Electrical
power, HP, energy and units of electrical energy

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 Instrument.

Lines- Types and
applications in Free
hand drawing

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

Drawing of
Geometrical figures

Angle, Triangle, Circle, Rectangle, Square, Parallelogram. Lettering & Numbering-Single Stroke.

Dimensioning

Types of arrow head. Leader line with text. Position of dimensioning (Unidirectional, Aligned)

Symbolic
representation

Different symbols used in the related trades.

Reading of chemical
plant Circuit Diagram

Reading of chemical plant circuit diagram

Reading of Chemical
plant Layout drawing

Reading of chemical plant 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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8. Semi-Conductor, Transistors and Power Supply Circuit |
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8.1.1 Meaning of Semiconductor (Fig. 8.1)

A semiconductor is a material whose electrical
conductivity is between conductor and insulator.
Silicon and germanium are commonly used
semiconductor materials in electronic circuits. Their
conductivity can be controlled by temperature and
impurities.

8.1.2 Importance of Semiconductor Devices
Semiconductor devices are widely used in modern
electronic equipment because of their small size, low
power consumption, high efficiency, and reliability.
They are used in radios, televisions, computers,
communication systems, and industrial control
circuits.
8.1.3 Basic Concept of Diode
A diode is a two-terminal semiconductor device that
allows electric current to flow mainly in one
direction. It is widely used in electrical and electronic
circuits for rectification, switching, protection, and
signal processing.
Construction of a Diode
A diode is formed by joining two types of
semiconductor materials:

e P-type semiconductor - It contains holes as

the majority charge carriers.
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e N-type semiconductor - It contains electrons
as the majority charge carriers.
The joining of P-type and N-type materials forms a P-
N junction, which is the basic structure of a diode.
Terminals of a Diode
A diode has two terminals:
1. Anode (P-side) - The terminal connected to
the P-type semiconductor.
2. Cathode (N-side) - The terminal connected to
the N-type semiconductor.
Working Concept
The main function of a diode is to control the
direction of current flow. When the diode is
connected so that current can flow through the P-N
junction, it is forward biased and conducts current.
When it is connected in the opposite direction, it is
reverse biased and allows only a very small current
to flow.
Thus, a diode acts like a one-way valve for electric
current. This property makes it useful for converting
AC into DC and for controlling current in electronic
circuits.
8.1.4 Role of Diodes in Electronic Circuits
A diode is a semiconductor device that allows electric
current to flow mainly in one direction. It has two
terminals: anode and cathode. Due to its one-way
conduction property, a diode is widely used in
electronic circuits for different applications.
1. Rectification of AC into DC
Diodes are used in rectifier circuits to convert
alternating current (AC) into direct current (DC). A
diode allows only one direction of current flow and
blocks the opposite direction. Half-wave and full-
wave rectifiers use diodes to produce pulsating DC
from an AC supply.
2. Signal Detection
Diodes are used for signal detection in electronic
circuits. They can separate or detect the required
signal from a high-frequency AC signal. This property
is commonly used in radio receivers and
communication circuits for detecting audio signals.
3. Voltage Regulation
Certain diodes, such as Zener diodes, are used for
voltage regulation. A Zener diode maintains an
approximately constant voltage across a load when
operated in its reverse breakdown region. It is
therefore used to provide a stable voltage to
electronic components.
4. Circuit Protection
Diodes are used to protect electronic circuits from
unwanted voltage conditions. They can provide
protection against reverse polarity and voltage
spikes. For example, a diode connected across a
relay coil can protect other circuit components from
the voltage generated when the coil is switched off.
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5. Switching Applications

Diodes can also be used as electronic switches. They
conduct when forward biased and block current
when reverse biased. This property is useful for
controlling the direction of current and switching
signals in electronic circuits.

8.1.5 Semiconductor Materials

Conductors

Conductors allow electric current to flow easily
because they have a large number of free electrons.
Example: Copper, aluminium.

Insulators

Insulators oppose the flow of electric current
because they have very few free electrons. Example:
Rubber, glass, plastic.

Semiconductors

Semiconductors have conductivity between
conductors and insulators. Their conductivity
increases with temperature. Silicon and germanium
are widely used semiconductors.

Intrinsic Semiconductor

A pure semiconductor without any impurity is called
intrinsic semiconductor. It has equal number of
electrons and holes.

Extrinsic Semiconductor

A semiconductor mixed with impurity atoms is called
extrinsic semiconductor. Doping increases
conductivity.

8.1.6 Meaning of Doping

Doping is the process of adding impurity atoms to a
pure semiconductor to increase conductivity.

8.1.7 P-type Semiconductor

When trivalent impurity such as boron is added to
silicon, a P-type semiconductor is formed. Holes
become majority charge carriers.

8.1.8 N-type Semiconductor
When pentavalent impurity such as phosphorus is

added to silicon, an N-type semiconductor is formed.

Electrons become majority charge carriers.

8.1.9 Majority and Minority Charge Carriers
In a semiconductor, electric current is carried by two
types of charge carriers: electrons and holes.
Depending on the type of semiconductor, one type
becomes the majority carrier and the other becomes
the minority carrier.
1. P-Type Semiconductor
A P-type semiconductor is formed by adding a
trivalent impurity to a pure semiconductor. This
creates a large number of holes.
e Holes are the majority charge carriers
because they are present in a larger number.
e Electrons are the minority charge carriers
because they are present in a smaller
number.
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e Currentin a P-type semiconductor is mainly
due to the movement of holes.
2. N-Type Semiconductor
An N-type semiconductor is formed by adding a
pentavalent impurity to a pure semiconductor. This
provides a large number of free electrons.
e Electrons are the majority charge carriers
because they are present in a larger number.
e Holes are the minority charge carriers
because they are present in a smaller
number.
e Currentin an N-type semiconductor is mainly
due to the movement of electrons.
8.1.10 PN Junction Diode
Formation of PN Junction
When P-type and N-type materials are joined
together, a PN junction is formed. Electrons and
holes combine near the junction.
Depletion Region
The area around the junction where free charge
carriers are absent is called depletion region. It acts
as an insulating barrier.
Barrier Potential
A small voltage developed across the depletion
region is called barrier potential. It opposes further
movement of charge carriers.
Typical values:
e Silicon diode: 0.7 V
¢ Germanium diode: 0.3V

8.1.11 Biasing of PN Junction Diode
Forward Bias
In forward bias, P-side is connected to positive
terminal and N-side to negative terminal of supply.
Depletion region decreases and current flows easily.
Reverse Bias
In reverse bias, P-side is connected to negative
terminal and N-side to positive terminal. Depletion
region increases and current flow becomes very
small.
Effect of Biasing on Current Flow

e Forward bias — High current flow

e Reverse bias — Very low leakage current
8.1.12 Working Principle of Semiconductor Diode
Current Conduction Mechanism
In forward bias, electrons and holes cross the
junction and current flows. In reverse bias, only a
small leakage current exists.
Behaviour During Forward Bias
The diode offers low resistance and conducts current
after reaching knee voltage.
Behaviour During Reverse Bias
The diode offers very high resistance and blocks
current flow.
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8.1.13 Characteristics of PN Junction Diode

A PN junction diode is a semiconductor device that
allows current to flow mainly in one direction. Its
characteristics describe the relationship between the
voltage applied across the diode and the current
flowing through it.

1. Forward Characteristics

When a diode is connected in forward bias, the P-
side is connected to positive supply and the N-side to
negative supply. Initially, the forward current is very
small. After the knee voltage is reached, the forward
current increases rapidly with a small increase in
voltage.

2. Reverse Characteristics

When a diode is connected in reverse bias, the P-side
is connected to negative supply and the N-side to
positive supply. A very small reverse current, called
reverse saturation current, flows. This current
remains very small until the applied reverse voltage
reaches the breakdown voltage.

3. Knee Voltage

The minimum forward voltage required for
significant conduction of current through a PN
junction diode is called the knee voltage. Below this
voltage, the forward current is very small. After
reaching the knee voltage, the current increases
rapidly.

4. Reverse Breakdown

When a high reverse voltage is applied to a diode,
the reverse current remains small up to a certain
limit. When the reverse voltage reaches the
breakdown voltage, the reverse current increases

suddenly. This condition is called reverse breakdown.

Excessive current during breakdown can damage an
ordinary diode if it is not properly limited.

8.1.14 Types of Semiconductor Diodes
Semiconductor diodes are electronic components
that allow electric current to flow mainly in one
direction. Different types of diodes are designed for
different applications in electrical and electronic
circuits. The important types of semiconductor
diodes are given below.

1. Rectifier Diode

A rectifier diode is mainly used for AC to DC
conversion. It allows current to flow in the forward
direction and blocks current in the reverse direction.
It is commonly used in power supply and rectifier
circuits.

2. Zener Diode

A Zener diode is mainly used for voltage regulation.
It operates in the reverse-bias region at a specified
voltage and helps maintain a nearly constant output
voltage. It is commonly used for protecting and
regulating electronic circuits.

3.LED
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LED stands for Light Emitting Diode. It converts
electrical energy into light when forward biased.
LEDs are widely used as indicator lamps, display
devices, and lighting components.

4. Photodiode

A photodiode is used for light sensing applications. It
converts incident light into an electrical signal.
Photodiodes are commonly used in light sensors,
optical communication systems, and automatic
control circuits.

5. Tunnel Diode

A tunnel diode is a special semiconductor diode that
has a very high-speed response. It is mainly used in
high-frequency circuits, such as oscillators and high-
speed electronic applications.

6. Varactor Diode

A varactor diode is a voltage-controlled
semiconductor diode. Its capacitance changes with
the applied reverse voltage. It is mainly used in
tuning and frequency control circuits, such as radio
and communication equipment.

Trade Theory
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Fig. 8.2: Construction, Biasing and Classification of Transistors | gifSi%ex i Tw=Hr, araf@n aur arffazor

8.2.1 Introduction (Fig. 8.2)

A transistor is a three-layer semiconductor device
used to control the flow of current in an electronic
circuit. It is one of the most important components in
modern electronics and is widely used in
communication, industrial, and control systems. A
transistor mainly performs two functions:
amplification and switching. In amplifier circuits, it
increases weak electrical signals to higher levels. In
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8.2.1 uR=4 (Fig. 8.2)
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switching circuits, it operates as an ON/OFF
electronic switch.

Transistors are widely preferred because of their
small size, low power consumption, fast operation,
and high efficiency compared to vacuum tubes. They
are extensively used in radios, televisions,
computers, instrumentation systems, and
automation equipment.

8.2.2 Construction of Transistor
A transistor is constructed using semiconductor
materials such as silicon or germanium. It consists of
three layers and two PN junctions. The three
terminals are Emitter, Base, and Collector.
e Emitter: Supplies charge carriers.
e Base: Thin middle region controlling current
flow.
e Collector: Collects charge carriers from the
emitter.
The emitter is heavily doped, the base is lightly
doped, and the collector is moderately doped.
Proper construction helps the transistor work
efficiently as an amplifier and switch.
8.2.3 Classification of Transistors
Transistors are mainly classified into Bipolar Junction
Transistor (BJT) and Field Effect Transistor (FET).
Classification of BJT
BJT works with both electrons and holes as charge
carriers.
¢ NPN Transistor: Current flows due to
electrons. Widely used because of better
performance.
¢ PNP Transistor: Current flows due to holes.
Classification of FET
FET is a voltage-controlled device with high input
impedance.
e JFET (Junction Field Effect Transistor): Uses
PN junction for control.
e MOSFET (Metal Oxide Semiconductor FET):
Widely used in digital and power electronics.

8.2.4 Working Principle of Transistor

The working of a transistor is based on the
movement of charge carriers across semiconductor
junctions. In active operation, the emitter-base
junction is forward biased and the collector-base
junction is reverse biased. Electrons or holes move
from emitter to collector through the base region.
A small base current controls a large collector
current. This process is called amplification. Due to
this property, transistors are used in audio
amplifiers, communication systems, and control
circuits.

8.2.5 Transistor Biasing

Meaning of Biasing
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Biasing means applying the proper DC voltage to the
terminals of a transistor for its correct operation.
Proper biasing keeps the transistor in the active
region and prevents distortion in the output signal.
Types of Biasing
1. Forward Bias
Forward bias is the condition in which proper voltage
is applied to the emitter-base junction of a transistor.
It allows the transistor to conduct properly.
2. Reverse Bias
Reverse bias is the condition in which proper voltage
is applied to the collector-base junction of a
transistor. It helps the transistor operate correctly in
the active region.
Common Biasing Methods
The commonly used transistor biasing methods are:

¢ Fixed Bias

e Voltage Divider Bias
Fixed Bias
In fixed bias, a fixed DC voltage is applied to the
transistor through a resistor. It is a simple biasing
method but provides less stability.
Voltage Divider Bias
In voltage divider bias, resistors are used to provide
a suitable base voltage to the transistor. This method
is more stable and is commonly used in practical
transistor circuits.

8.2.6 Transistor Configurations
Transistor circuits are connected in three basic
configurations:
e Common Base (CB): Low input impedance
and high voltage gain.
e Common Emitter (CE): High voltage and
current gain; most widely used.
e Common Collector (CC): High input
impedance and low output impedance.
Comparison
e Inputimpedance
e Output impedance
e Voltage gain
e Currentgain
8.2.7 Characteristics of Transistor
Transistor characteristics show the relationship
between voltage and current in a transistor. They
help an Instrument Mechanic understand how a
transistor behaves when different voltages and
currents are applied. These characteristics are mainly
studied as input, output, and transfer characteristics.
1. Input Characteristics
Input characteristics show the relation between
input voltage and input current.
e They indicate how the input current changes
when the input voltage is varied.
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e Theinput voltage is applied to the input
terminals of the transistor.
e These characteristics help in understanding
the input behaviour of the transistor.
2. Output Characteristics
Output characteristics show the relation between
output voltage and output current.
e They indicate how the output current
changes when the output voltage is varied.
e The output characteristics help in studying
the operating behaviour of the transistor.
e They are useful for determining suitable
operating conditions.
3. Transfer Characteristics
Transfer characteristics show the relation between
input current and output current.
e They indicate how a change in input current
affects the output current.
e These characteristics help in understanding
the current transfer action of the transistor.
e They are useful for studying the amplification
behaviour of the transistor.
8.2.8 Numerical Problems
Current gain:

I¢
F 0
Collector current:
Ic = Bl

8.2.9 Merits of Transistors
Transistors offer several advantages in electronic
circuits:

e Small size and lightweight

e High efficiency

e Low operating voltage

e Fast switching speed

e Low power consumption

e Long service life
Due to these merits, transistors are widely used in
portable and industrial electronic equipment.
8.2.10 Demerits of Transistors
Transistors also have certain limitations:

e Sensitive to temperature variations

e Easily damaged by overcurrent or

overheating

o Noise generation in electronic circuits

e Requires proper biasing for stable operation
Careful handling and cooling arrangements improve
transistor life.

8.2.11 Applications of Transistors

Transistors are semiconductor devices that are
widely used in electronic and industrial circuits. They
can amplify electrical signals, switch circuits ON and
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OFF, generate oscillations, and control power.
Because of these properties, transistors are
important components in many instruments and
automation systems.

1. Amplifier Circuits

Transistors are used to increase the strength of weak
electrical signals. They are commonly used in
voltage, current, and power amplifier circuits. In
measuring instruments, transistor amplifiers help
amplify signals received from sensors and other
input devices.

2. Switching Circuits

A transistor can work as an electronic switch by
operating between OFF and ON states. It is used to
control the operation of relays, lamps, motors, LEDs,
and other electronic components. Transistor
switching is faster and more reliable than mechanical
switching in many applications.

3. Oscillators

Transistors are used in oscillator circuits to generate
continuous electrical signals or waveforms. These
signals are required in electronic instruments, signal
generators, communication circuits, and timing
circuits.

4. Power Control Circuits

Transistors are used to control and regulate
electrical power supplied to different circuits and
loads. Power transistors are used for controlling
motors, power supplies, and other industrial
equipment. They can handle relatively high current
and voltage depending on their specifications.

5. Communication Equipment

Transistors are essential components in
communication equipment such as radio
transmitters, receivers, and signal-processing
circuits. They are used for signal amplification,
switching, modulation, and other electronic
functions.

6. Automation Systems

Transistors are widely used in industrial automation
systems for signal processing and electronic
switching. They help interface sensors with control
circuits and operate devices such as relays,
indicators, and actuators.

Thus, transistors are important in electronic
instruments, industrial control systems,
communication equipment, and automation
applications.
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Fig. 8.3: Classification and Working of Rectifiers | izt a1 avfferzor va srivomeh

8.3.1 Introduction to Rectifiers (Fig. 8.3)

A rectifier is an electronic circuit used to convert
alternating current (AC) into direct current (DC).
Rectification is necessary because most electronic
circuits, instruments, and control systems operate on
DC supply. The rectifier allows current to flow only in
one direction by using semiconductor diodes.
Rectifiers are widely used in power supplies, battery
chargers, communication equipment, and industrial
electronic circuits.

8.3.2 Classification of Rectifiers

Rectifiers are classified into three main types:

1. Half Wave Rectifier: Uses one diode and
converts only one half cycle of AC into DC.

2. Full Wave Rectifier: Uses two diodes with a
center-tapped transformer and converts both
half cycles into DC.

3. Bridge Rectifier: Uses four diodes connected
in bridge form and does not require center-
tapped transformer.

8.3.3 Half Wave Rectifier

Constructional Features

A half wave rectifier consists of a step-down
transformer, PN junction diode, and load resistor.
The transformer reduces AC voltage, the diode
conducts during one half cycle, and the resistor acts
as load.

8.3.4 Numerical Problems
Average output voltage, ripple factor, and efficiency
are commonly calculated in rectifier circuits.

P
n=-%x100
Pac
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8.3.5 Full Wave Rectifier 8.3.5 Gl A9 MRBRR

Constructional Features TS fAdudang

A full wave rectifier uses a center-tapped T B 49 fFTHRR F Yex-3E ighiHR 9T & SRS &l
transformer and two diodes. Both half cycles of AC 3T fohar ST g1 faefthaher & faw AC & i1 srefrshl
are utilized for rectification. T IUANT fohaT SrdT 21

8.3.9 Working Principle 8.3.9 &rd Rigia

During the positive half cycle, one diode conducts, T 37efdch & R Ueh SIS dTeTehdl Shidl &, STaich
while during the negative half cycle, the other diode  zuTTcHe Stefareh & SR GERT SIS TTcTehdT &hedl &1 GIHT
conducts. Current through the load flows in the Tehl oh SR S ¥ giehe URT G feem A yarfad gidt 21

same direction during both cycles.

8.4 Working Principle of Zener Diodes | SR 311l &1 & Rgia
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L ! oltage (Vo=Vz
PHOTOGRAPH Reverse  ———— T T l fafratia smsege
foe Voltage (Ve) 5 Voltage lnplirt"&gllt];?:?vi) A (Vi)
) Hfifa Vi Zener Diode Vo=V Load Resistor (Ry)
A&Nﬂ’g‘e Vy is Constant | i (3\2'? A )
A ) v, fRrg
Y
) ™~ V; vs Reverse Current °
Fig. 8.4: Construction and Characteristics of Zener Diode | SR stz &Y HR==T ga faLiwarg
8.4.1 Introduction to Zener Diode (Fig. 8.4) 8.4.1 9=} s/1s @1 U= (Fig. 8.4)
A zener diode is a specially designed PN junction SR SRITE Ueh fAgiy =g & fAffd PN SierM sRIE §,
diode used mainly for voltage regulation in S geeT = UGN siae e gRu} § aieest faffaws &
electronic circuits. It operates in reverse bias g forar SiTar 81 a8 Rad S99 g § i ehedT & a2

condition and maintains a constant output voltage Teh f@R 318eye dieds a7 3T 8, fS SR dieest shgl
called zener voltage. Due to its special breakdown STaT &1 3o R depereT RAgtwdrai & HRUT ZTHT

characteristics, it is widely used in regulated DC 9 SR R DC ureR awrs qor grar ufaet &
power supplies and protection circuits. o STTaT 21

8.4.2 Constructional Features of Zener Diode 8.4.2 S -R SRS &l WIS fAvarg

A zener diode consists of a heavily doped PN SR SIS Ueh 3icafdieh Siftd PN SiaR & &1 gIdT 81
junction. Heavy doping produces a very thin 31fes St & hRUT 31 d Udedt fRwehier ura s+t g, St
depletion layer, which allows breakdown at a fixed Wﬁ@ﬂﬁaﬁaﬁéﬁmmaﬁmﬁéﬁgl
reverse voltage. The diode is enclosed in a small g Ta1em 39 STtS ot U BI Arfichgaex dahet A
semiconductor package for reliable operation. et fhaT STt 21

8.4.3 Working Principle of Zener Diode 8.4.3 9} /I o & fAgia

In reverse bias condition, very small leakage current  Rer& ST 3@ H UR™Y H dgd A lchsl URT Faligd
flows initially. When reverse voltage reaches the gldl 81 99 Rad aidst SR giees dah CIEU?IT-IT AGE

zener voltage, breakdown occurs and current SheT3 BT & 3R &RT digdT ¥ Fgdt &, Safeh dieest @R
increases sharply while voltage remains constant. T EaT Bl

Low voltage zener diodes work on zener breakdown,  gx qicdwr gt IR I IR Fhe & Rigid R B
whereas high voltage types work on avalanche A, Talh I dledsl YR Yaeii=a AheiS IR i
breakdown. A 2|
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8.4.4 Zener Diode as Voltage Regulator
A zener diode maintains constant output voltage
despite input or load variations. It provides good line
regulation and load regulation in power supplies.
8.4.5 Merits of Zener Diode

e Stable output voltage

e Simple circuit design

e Reliable and fast operation
8.4.6 Demerits of Zener Diode

e Limited current handling capacity

e Power dissipation at high current

e Temperature sensitivity
8.4.7 Applications of Zener Diode
Zener diodes are used in voltage stabilizers,
overvoltage protection circuits, and reference
voltage sources. In regulated DC power supplies, the
zener diode maintains constant DC output for
electronic instruments.

Trade Theory

8.4.4 AR VAR & €U | AR SHIS

¥R S/ITS §-Yc a1 dis # uRadH i or ot f@iR amseye
FiedsT IH1Y 3T ¢ | g UTR Tedls A S0H T8 el
T A F[ALH UG el 8

8.4.5 IR /I8 & ToUr

- f@R 3m3eye aiees

« J¥ U f2sirsa

» Fougita g ey e

8.4.6 IR RIS & N

« AT 4RI I8 &Har

* 3T URT R Aferd 3ueay

« ITIAM & Ufd ddgeierar

8.4.7 R SIS & SIgualT

SR SIS T SUANT el LeTSoR, fiavateest YR
gRgeff gerr daf dieest |tal | fobar 1rdr 81 faffafia DC
TR IATs H SR S/1S Salaei+dh SUaheul o faiy f@R

DC 3713¢Ye sHIY 3@l 5

8.5 Switch Mode Power Supply (SMPS) | f&= dts grar 9wt (SMPS)
BLOCK DIAGRAM AND WORKlNG PRINC'pLE OF SMPS WORKING PRINCIPLE: HIGH- FREQUENCY SWITCHING

FOR EFFICIENT CONVERSION
(SMPS & gl 3R 3R i fAgia) (e R garet wuiRv & forg 3= aqfa ) (FEpuLses -
L/ ' INPUT RECTIFIER HIGH-FREQUENCY OUTPUT RECTIFIER ler EDHF DC OUTPUT
AC MAINS AND FILTER SW'TCH'NG SECT'ON TRANSFORMER AND FILTER '
AC INPUT (379 YRBRR 3R (3mzye AFewrar 3R Dc OUTPUT
N @Jum :?IIE T
YT PULS(E_:;DTH Monuu;nou T
= e
[ PWM CON]’ROLLER € FEEDBACK CIRCUIT
HFPULSES (SWITCHED) | (PWM ShgieR) (Freda wfde)

TYPES OF SMPS (SMPS & U&R)

O¢

FLYBACK CONVERTER

. Ig I % (TS HaR)
Application: Adaptors Chargers
[(qwh&&m

\

( FORWARD CONVERTER  {*__ |
"E ” %$ (et k) [

lication: Industrial P Suppli
[?pp Icat;;({):ll In ustn‘a%a%vi;qg)p les]

Note: Stores energy dunng ON time )L

Note: Transfers energy during ON time |

BUCK CONVERTER (5 &7a&) _ |
Function: STEP-DOWN (92rT) @

1
¢t i

Application: Small Electronic Instruments
R TR

Q B T

BOOST CONVERTER (3% 7a&) _ |
Function: STEP-UP (JgTA1)

Application: Circuit Requirements o
U IHTAAHATY) T_.._T

Fig. 8.5: SMPS Block Diagram and Converter Types | TaTadied sl U Td HTddx UhR

8.5.1 Introduction to SMPS (Fig. 8.5)

A Switch Mode Power Supply (SMPS) is an electronic
power supply that converts electrical power
efficiently using high-frequency switching devices. It
is widely used in modern electronic equipment
because of its high efficiency and compact size. The
need for SMPS arises due to the disadvantages of
linear power supplies such as high heat generation,
heavy weight, and low efficiency. In a linear power
supply, excess voltage is dissipated as heat, whereas
SMPS controls power through rapid switching action.
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8.5.1 gaunadiey =1 uR= (Fig. 8.5)

@ Hig ureR gwrg (SMPS) Ueh gatareif-es UTak 9eeTs @
St =g Tgi AT IuhRoT ot IUART ek faela <rfe
I q&rdgde uRafdd wdl 81 g9ehT IuTNT gk
ST JUHUN B Tch! 3T GeTdT Ud Shitiac 3ThR &
RO AU ®Y 9 fohaT STTar g1 SMPS & STagehdT
QP uTaR ToeTs Fi HiEaT oY ifdes ST I B,
{8k HR TAUT HH G&dT e HRUT I g8 | AFQeh UTeR
T § Srfafke aieest ™1 & =Y | T g SIdT 8, STafth
SMPS g f@afai fohar & areay @ ifaa ot RdfRa wedt
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SMPS operates with less power loss and provides
regulated DC output. It is suitable for computers,
televisions, chargers, and industrial systems.
Difference between Linear Power Supply and
SMPS:

e Linear supply is bulky and less efficient.

e SMPS is compact, lightweight, and highly

efficient.
e Linear supply generates more heat.
e SMPS operates at high frequency with low
heat generation.

8.5.2 Block Diagram of SMPS
The block diagram of SMPS consists of an input
rectifier and filter, switching section, high-frequency
transformer, output rectifier, and feedback circuit.
The AC input is first converted into DC by the rectifier
and filter circuit. The switching transistor converts
DC into high-frequency pulses. The transformer
provides isolation and voltage conversion. The
output rectifier converts high-frequency AC into
regulated DC output. The feedback circuit maintains
constant output voltage by controlling the switching
operation.
8.5.3 Working Principle of SMPS
In SMPS, AC mains supply is first rectified into DC.
This DC is switched at high frequency using a
transistor controlled by Pulse Width Modulation
(PWM). The high-frequency signal passes through a
transformer for voltage conversion. The output
rectifier and filter provide smooth DC output. The
feedback circuit senses output voltage changes and
regulates the pulse width to maintain constant
output voltage. High-frequency switching improves
efficiency and reduces transformer size.
8.5.4 Types of SMPS
Switched Mode Power Supply (SMPS) is available in
different types. The type of SMPS is selected
according to the required output voltage, power,
efficiency, and application. For Instrument
Mechanics, understanding these types is useful
because SMPS units are commonly found in
electronic control systems and industrial equipment.
1. Flyback Converter
A Flyback Converter is a simple and commonly used
type of SMPS. It is mainly used in low-power circuits.
It stores energy in a transformer during the
switching operation and transfers the stored energy
to the output when the switch is turned OFF. It can
provide electrical isolation between input and
output.
Application: Small electronic instruments, adapters,
chargers, and control circuits.
2. Forward Converter
A Forward Converter is used for medium-power
applications. It transfers energy from the input to the
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&1 SMPS & 1faa 813 & a1l & et & den fafafia
DC 3113cYc UGH el &1 I8 AR, cetifdei, AToR Ud
aftenfiies yonfergt & forg Suged &1

AW gTeR s 3R SMPS & o 8iaR:

« R TETE 9 O B 3 B 2

« SMPS e, gech! aT JAfdd 2 gia 2

« Qe gwrs sifdres ST IO el Bl

* SMPS I= 3Mgfl TR &hH HBAT I7 hid U I el &

8.5.2 THUHYITH &I selleh 3IRE

SMPS & scifeh 3TR@ H 3-Yc AFREHRR Td fheez, AT
YRM, I AR BRI, 3HT3cYe SFCHRR a1 hisdd
gfche afiifad gid &1 AC 1Ye ot Ugal aehRR T ftheex
gfche grr DC # uRkafda forar sirar 81 fafEi gifsieez DC
Pl I ST el # gRafdd hidl & | SIIhIFR GURROT
Tq giecst YR UG ehdT g1 33eYC AREHRR I
amgfd AC &t lafAafad DC smgeqe # uRafdd wear 81
hrsdes afche AT fohar ot AfAd @eah emseye alees
! fRIR ATg @@ 8|

8.5.3 gHuHdivy &1 & RAgia

SMPS & AC &7 9wTs &l Ugat DC # aewhrs fomar Sirar
8139 DC ot Ueq diers Arsyeie™ (PWM) gRT f3a
gifSIeR &t Fgraar 9 3= g W 9 fhar a1 81 3=
Mg Tchd dieesT URadH 8g STHIFR § g1 oRdT &
3T3eYe ARHRR Ud ftheex T DC 3M13eYe UG d gl
e dfche 33eye dieest & Rad- bl HAG Shedl &
JT fRIR 31¥eYE aleds ST IEH & Ued HISTS ehl
fafrafia a=ar &1 3= engf fafd gerar & gfg w=cft @
TUT TIABITR T SHR HH Bl g

8.5.4 SMPS & &R

@< Ats gteR gws (SMPS) faf9a uepr &t gt 21
SMPS I UehR 3HTaeh 3T3cYC dieesl, UTaR, GeTdT 3R
SUGNT & YR WR AT ST § 1 $EHE Achivieh o fol g
UhRI ! THSHT 3TN §, Filfch SMPS a1 JudHT
gl cheld fated 3R 3ftenfiies Iuehrun § ImET=T ®q
g fohar ST g1

1. GATSdeh AR

FeATSsleh hwaeX SMPS T Teh TR 3R T &Y & JuATT
fohaT I aTeTT IR 8| ST SUANT &F ¥4 ¥ dl-UeR
gfhe & fovar strar &1 g QT ufthar & ke ciawidk &
Foil GUfed ehedl g iR f&a & OFF g1 ik dufdd &ail ot
3T3cYC | RIMIAR &hdT g1 I8 379 3R 3T3cYc & &
fagd Srrgdlels UG o Hehdl 81

gfhel

2. BhIRGS A

ThRgS Thacy ol ITANT HTSTH-UTaR Teltehe | fohar ST
81 oiq f@f< feargd ON glar 8, d« I8 3-qe ¥ 3m3eyc
dh Foll RIFTART Sdl g | ST HIfSTH-UTR Tlefleher
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output while the switching device is ON. It generally
provides better efficiency than a simple flyback
converter for suitable medium-power applications.
Application: Industrial power supplies, control
equipment, and electronic instruments.
3. Buck Converter
A Buck Converter is used when the required DC
output voltage is lower than the input DC voltage. It
controls the switching operation to reduce the input
voltage to the required output level.
Example: Converting 24V DCinto 12 V DC for an
electronic control circuit.
4. Boost Converter
A Boost Converter is used when the required DC
output voltage is higher than the input DC voltage. It
uses switching and energy storage components to
increase the DC voltage.
Example: Increasing a 12 V DC supply to a higher DC
voltage required by an electronic circuit.
8.5.5 Components Used in SMPS
A Switched Mode Power Supply (SMPS) uses several
electronic components to convert electrical power
efficiently and provide a stable DC output. Each
component performs a specific function in the power
conversion process.
1. Switching Transistor
The switching transistor performs high-speed
switching operations. It rapidly turns the input power
ON and OFF according to the control signal. This
switching action helps in efficient power conversion
and reduces power loss.
2. Transformer
The transformer provides electrical isolation
between the input and output circuits. It also
performs voltage conversion by increasing or
decreasing the voltage to the required level.
3. Diodes
Diodes are used for rectification. They allow current
to flow mainly in one direction and convert AC into
pulsating DC at the required stages of the SMPS
circuit.
4. Capacitors
Capacitors are used to filter ripple voltage. They
store electrical energy and release it when required,
helping to smooth the DC voltage and provide a
more stable output.
5. PWM Controller
The Pulse Width Modulation (PWM) controller
controls the width of the switching pulses. It
regulates the switching transistor according to the
output voltage requirement and helps maintain a
constant and stable output voltage.
8.5.6 Merits of SMPS
SMPS has several advantages:

e High efficiency
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# gg I FeATgsleh thwaceX ohl JoHT H AT sga]

T UG Tl g

IUGNT: e UTeR GwTs, shelel Ul 3R Salagi-eh
A

3. Teh AR

§ch ThvdcX hl IUANT ad fhaT SITdT € 519 31aedeh DC
313eYe dieest, $1Ye DC aicdst § & 811 Ig faf=i
gfehar &t AT ek 3¢ dices hl TGS TSCYS
TR A HH el g

JISTEIUT: Soiaei-ch cheldl dfche & felg 24V DC &t 12 V
DC ¥ sige I

4, TR FHa

I HrIR T ST el fhaT 1T 8 S 3raaeh DC
313eYe dieest, $1Ye DC dicest & 3ifdes g1 gg f@afi
3R FHolf GUGUT "eahi ol IUIRT Thich DC e ot F@IdT
gl

IETERUT: Seiagi-eh Aiche o felq 3Tadeh 3ed DC et
U & 8 12 V DC &t 31fdeh DC diees & SgiTI
8.5.5 SMPS # Uged aceh

f&reg Ag urer Iwrg (SMPS) faggd ufert bt pererar @
gRafdd set 8k f@Rk DC 3mSeye UM @A & oy &g
gotargli-ich TCehl ohl SUINT ST 8| Ui Tceh fagld 2rfa
&qiR0T ufehar | Ueh faRiy shrdf et g1

1. fafRi giffier

@tz gifSiex 3= nfa @ fQAf fehar oxar &1 ag Feor
&7t o SIFER $7GC UTaR ot dsit & ON 3R OFF vl
81 g feafd fohan pere fAgd wuiaror & TgrIdT st &
3R faga g1 ot & et 8

2. TR

SIHIFR 3779¢ 3R 33cyce dfche o o fagld guaemeo
TS Shdl &1 Tg ST TR deh dlees] hl IgTehy AT
HeTaR diees] TUidRol f T 8l

3.3/™Is

318 o1 IuNT e fthaher & farg fovan ST 81 a8 =
w0 @ fAga oRT Y wep fen # yanfad g1 2ar € 3k SMPS
qfche & srmagge axull # AC &f Wida DC & uRafdd eear
gl

4, HifQex

FHUfeR &1 IuANT Rue gieest ol foheer @ o fely fokar
ST ¢ | g fagld Swtf ont AUfRd ohvdr @ 3iR 3raedehdr g
R 39 BIedl 8, [Td DC aieds i A a4 3R sifde
@R 3m3eye ueH e H Fgradr fAerd! g1

5. PWM fAi=en

e fagy Afsgele™ (PWM) s fRf<in uew & <ierg
&l IR T g1 I8 ITSCYC aleest i STaLdehd &
et STE @A H HEIIdT el 2l

8.5.6 THTHUTH & U
SMPS & 3Heh &1 &:
« 3T Q&I
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e Compactsize
e Lightweight construction
e Low heat generation
e Better voltage regulation
Due to these merits, SMPS is widely used in modern
electronic systems.
8.5.7 Demerits of SMPS
The disadvantages of SMPS are:
e Complex circuit design
e Electromagnetic interference (EMI)
o Difficult troubleshooting and repair
e Requires skilled handling
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* AT SHR

« gt fAmfor

* Y HWAT 307 g1

* IER diees fafaa

g TJUTF & ShIRUT SMPS <kl IUANT 3MYfAeh Setargi-ich
yunfadl § &arges ®9 O fohar SITar g1
8.5.7 vauHdiey & giv

SMPS & sfaat R=fafad &:

« Sifeet ufkgy fsirs

- feragehia g&aed (EMI)

« SV @IS Ud AREAd | hisATs

* 2Tt HIATE chl TG Rl
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MCQ’s | srgfaeredta as

Q1. What does the diagram represent about the
forward-biased P-N junction diode? / 3R& ®iRas
I Hi-ud SieRM SRS & IR A T gufar g?

BARRIER POTENTIAL

CANCELLED
BY BATTERY VOLTAGE

ocooooqgojoooooo
o o o o{ELECTRONS| 0 o o
0c0o0o0o00Ofloooo0o0o0
o0 o0 o o[ _HOLES o0 o 0 ©
ocoooooofloooooo

DIRECTION OF
CONVENTIONAL
CURRENT

-+H —
I

BATTERY

0.3V FOR GERMANIUM

[o.7v FOR SILICON ]
FORWARD BIASED P N JUNCTION

(a) Reverse bias operation of a P-N junction / di-g9

St o1 Rad Ira9 gares

(b) Breakdown of barrier potential by the applied

voltage / TRTIY T diedst gRT dfeR Tiefae ot gean

(c) Blockage of current flow due to high resistance /

3= TRt o hRUT &RT U1 T SaRIe

(d) Generation of new charge carriers in the junction /

SieRM H AT TTS! Ay ot fAmfor

Ans. b | Sol. : When a P-N junction diode is forward

biased, the applied voltage reduces the barrier

potential (0.3V for germanium and 0.7V for silicon),

allowing the electrons from the N-side and holes from

the P-side to flow across the junction. This results in

current flow in the direction of conventional current. /

STq Ut-TH SiaRE STIS &l BhiRds a9 fhdT ST1aT g, df vy

T dicest akaR giefdae (SHfRas & faw 0.3V ek R@fdw

& fAT 0.7V) o) &7 o a1 &, [T T9-u8l & gaae = ofik d-

geT & &g ST &t UR &R Tohd &1 399 URURS oRT &6t fem

# ¢RT UaTg g1 81

Q2. What happens when a diode is forward biased?

| 19 ST41E &l BiRAE a9 fohar SITdT € a o= giar 82

(a) It blocks current flow / g YR YaTg ht oG hdl &

(b) It conducts current / I8 RT UdTg ST &

(c) It generates heat / a8 THI 3= Pl §

(d) It increases resistance / gg UfoRlY S@AT &

Ans. b | Sol. : In forward bias, the diode allows

current to flow through it as the depletion region

reduces. / BRI 9199 H, SRS § 4RT Y4TE gidT & Hifh

St & & gt ST 8|

Q3. What is the role of a capacitor in an SMPS

circuit? / SMPS afdhe # daffer i syffrenr a1 82

(a) Voltage step-down / dieest ol & AT

(b) Energy storage and filtering / 3sif TUg0T 3R ftheefir

(c) Switching the current / &RT &t &g &

(d) Controlling frequency / 3mgf< &t A aweam

Ans. b | Sol. : Capacitors in SMPS circuits smooth out

voltage fluctuations and store energy for temporary
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use. / SMPS Ifthe & Hhufder aiees § IAR-IGIT ! I
FYd ¢ 3R TR IFNT o folg Sroif GuUgld e &1
Q4. What is the function of a base terminal in a
transistor? / gifoer & 39 ffiaa &1 & =T 82
(a) Controls the flow of current between emitter and
collector / Tffier 3R shetaex & &9 &RT UaTg ot FifAa
AT S
(b) Acts as the output terminal / 3m3eqe efif e & &9 &
PR HRAT §
(c) Provides voltage feedback / aieest thigsie UGH ol
g
(d) Amplifies input signals / $79e Hehdi oht yafefd adr &
Ans. a | Sol. : The base terminal modulates the
current flow between the emitter and collector,
allowing the transistor to amplify or switch signals. /
9 e Ufier 3R holder & &9 &RT UaTg bl GLnferd &ar
g, Ora@ zifSiex Gahdi ot vafdfa a1 fega &R gepar g1
Q5. What is the purpose of the emitter in a
transistor? / gifoier & ufiex &1 3229 =T 82
(a) To provide input signals / T9e & UaMH &et
(b) To emit majority carriers into the base / 39 &
IgHEIH HIR i SIS
(c) To amplify current / &RT &t yafefd @1
(d) To regulate voltage / et &t AT @At
Ans. b | Sol. : The emitter injects the majority charge
carriers into the base, which are then controlled by
the base to allow current flow to the collector. / Tffez
IGHEH TTS! HRAX i oF # Biedl 7, O 99 gr1 Fafa
foha STraT & aTfds dholdex # &R UaTed 8 9ok |
Q6. Which of the following statements is correct
about the PIN photodiode shown in the diagram? /
Ry 7 e ¥ R@rg g PIN wiel srits & ar &
A=faf@a 7 9 @9 ar su= T 82

INCIDENT LIGHT

\ o
Si0, COVERING /_
4
/— P-REGION
|§ 4 J

INTRINSIC ZONE

N\ N-
METAL GONTAGT —" R-REGION

TECHNOLOGICAL CONSTRUCTION OF PIN PHOTDIODES
(a) The intrinsic zone enhances the sensitivity of the
photodiode. / 37idfkes &= Wit Srate &t TagAfterdr agrdr
gl
(b) The metal contact is used to block light from
entering the photodiode. / &Tg H9dh Hict SIS # UehIeT
I TALT A T AhA & folw ST fohar Srar g1
(c) The P-region absorbs most of the light and
generates carriers. | P-&3 31feIahier UahI ol Sr@enfya
PRl g 3R HRIT I PRl g
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(d) The SiO. covering increases the electrical
conductivity of the photodiode. / SiO. &afiT wict T8
h g aTetenar Tgre &

Ans. a | Sol. : The intrinsic zone in a PIN photodiode
plays a crucial role in increasing sensitivity by
reducing the junction capacitance and allowing
higher quantum efficiency for detecting incident light.
The metal contact is used for electrical connectivity,
not for blocking light. The P-region is responsible for
collecting charge carriers but does not primarily
absorb light. The SiO- covering is used for passivation,
not conductivity enhancement. / PIN il g8 &
afieifep g TrEwagut YfiichT FITAT & ilfeh A S dafdd
! A T & 3R I=a eicH 38T UG T §, FoTad ehrer
U &HAT dgdt 81 eTg Tudh faga eafaefadt & faw sua
fora ST 8, 1 fob uemTer &t A & fig) P-at et shfvad
Tehd oA & oy imieR 8, «ifch & ®u & uehrer sagifya
T8l =T SiO. HafaT U & g gt 8, 7 3 arerehar
o & fal

Q7. What is the primary advantage of an SCR? /
SCR &1 &4 @14 T 82

(a) It can rectify high-frequency signals / ag 3= 3gf
e ept ARHTS R Hhll &

(b) It provides bidirectional current control / g fgfeer
gRT FAG01 UgT T &

(c) It can handle high power with precise control / I8
Ia L1fert bt Gteh AT & 1 HHTe HehlT &

(d) It reduces noise in circuits / Ig Tfche & TR &l v
FAT 8

Ans. ¢ | Sol. : SCRs are widely used in industrial
circuits for controlling high power with efficiency and
precision. / TOSIR T IUANT Sfieifie afdhe & 3= ufaa
! &1 3R TlehdT & 1Y AT St & fog fohar sirar g1
Q8. What is the typical input voltage range for an
SMPS? / SMPS & foiw 6= g-1qe aieest 351 82

(a) 100-240V AC / 100-240 diee Tt

(b) 50-100V DC / 50-100 Ttee St

(c) 10-50V AC / 10-50 atee &t

(d) 240-480V DC / 240-480 Tiee St

Ans. a | Sol. : SMPS circuits are designed to accept a
wide input voltage range, typically 100-240V AC, for
global compatibility. / SMPS @fdhe st Afieh srjgerar &
foIg 100-240 dice TH $7YE dieest 39 Sl WIHR e & g
fewire foram mam 81

Q9. What is the main advantage of a bridge
rectifier over a full-wave rectifier with a center-
tapped transformer? [ 9ex-3@ ZABIHR a1t HA-da
HRBRR F gerar # ot RERR &1 g &1y a1 82
(a) Requires fewer diodes / & SIS hl ATALIRAT BIcit &
(b) Requires no center-tapped transformer / ez-¢&
TIAWHIER Y SMAIRT g1 gicht

(c) Has a higher efficiency / 3= g&id1 It &

(d) Generates less heat / &# THf 3= &hedT &

Ans. b | Sol. : Bridge rectifiers do not require a center-
tapped transformer, making them more economical
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and easier to implement. / fsisT ARHRR *t Hez-¢@
AR &Y Mgl gl gidt, foad & sifeies fehthradt ik
FHrAffEd e # S a9d &

Q10. Why are heat sinks used in power transistors?
| aTeR gifoieeR # e & 1 Iugh i o simar 82

(a) To amplify current / &1 ! vaféfa s & fag

(b) To dissipate heat / T &t S & faig

(c) To increase efficiency / g&ar g™ & fag

(d) To improve conductivity / aTeerdT & GUR &= & folg
Ans. b | Sol. : Heat sinks help to prevent overheating
by dissipating excess heat generated during
transistor operation. / g & giforer darem & kM
3aad ey 7T ot ThetTey STeT 7T g & ST g1

Q11. What determines the frequency of the output
in a full-wave rectifier if the input is 50 Hz? | afe
$19e 50 g g, al FA-da JRERR # eieye i sgfa
fre@ fRufRa gt 82

(a) 25 Hz [ 25 &&=

(b) 50 Hz / 50 &&s

(c) 100 Hz / 100 &&sT

(d) 200 Hz / 200 &&t

Ans. c | Sol. : A full-wave rectifier inverts both halves
of the AC signal, doubling the frequency to 100 Hz. /
37gft 100 &< 81 STt 81

Q12. What is the primary application of the Tunnel
Diode in the given circuit? / QT 7q gfhe # e ™
T UTAfAh IUIhT a1 82

E TUNER

— |

OUTPUT
L I\

TUNNEL DIODE

~  +BIAS VOLTAGE
(a) Used for high-frequency oscillations / 3=3-

et o forg IuiT o ST 81

(b) Operates in the forward breakdown region / ®Rag
SeneTe & H i hedl 8l

(c) Requires high voltage for operation / @a1e & fag
I dieesl Sl HATGLFehdT Bid! &

(d) Used as a rectifier / Tah Afae®hR & 9 F IughT fehar
ST 81

Ans. a | Sol. : Tunnel diodes are negative resistance
devices that operate in the quantum tunneling
region. They are widely used in microwave oscillators
and high-frequency circuits due to their fast switching
speed and low voltage operation. Unlike rectifiers,
they do not convert AC to DC but help in generating
stable oscillations. / e STAYS Ueh AhRTcAeh Ufaie f3arsa
& STt eaied eHfel &3 § Sl ST 8| Ig AIgehiad Sifedieley
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3R I=g-3gt wfche & camdes w9 T IUTNT fhaT STaT 8 Hifch
g dont & fAfT &Rar § iR 1 dieest R Hrf =T gl
fFRewErR & fAudia, ag vt ot St # uRafda 78t axar, afes
@R SIe 3O B3 | GgrIdT T g

Q13. What happens when a Zener diode is reverse
biased beyond its breakdown voltage? / S/a 9=R
SIS i I9h AT diees | e Rad araw e
ST g af =T ghar 82

(a) It gets damaged / g &ffau=d gt ST 8

(b) It regulates voltage / g dieest ol AAfAd FHear g

(c) It stops conducting / I8 TdTeld BT g PR adT &

(d) It amplifies the current / g &<c ! yafefd w=dT g
Ans. b | Sol.: Zener diodes are designed to operate in
the reverse breakdown region to maintain a constant
voltage. / SR sT1s &t Rad SepersT & & & = & fag
fstTe feha T § aTfch Uep AR qieesT 1T @7 ST 9ah |
Q14. What is the frequency of the ripple in the
output of a full-wave rectifier? /| Ga-da HRwRR &
3rseye # Rua i srgfa o gidt 82

(a) Same as input frequency / $19e 3Mg¥ & TAN

(b) Twice the input frequency / $79e g &1 Q[T

(c) Half the input frequency / g19e 3Tt T 3Mem

(d) One-third the input frequency / $T4e Mg &T -
fagrs

Ans. b | Sol. : In a full-wave rectifier, both halves of
the AC waveform are rectified, doubling the ripple
frequency. [ $a-3a faewrR & THlt Jawid & g feed
RS B 2, e Roret oy Qe & ot 31

Q15. What happens if the base-emitter junction of
a transistor is reverse biased? / afe gifSiwex &1 349-
e Siger Read araw gt at aa gar @2

(a) Transistor conducts normally / gifSier amT=g &4 &
TITe PRl &

(b) Transistor blocks current flow / gifSieR @ie Gt &l
AhdT &

(c) Transistor amplifies the input signal / gifSi%ex 8¢
e ot yafda axar g

(d) Transistor overheats / gifoieR SaTeT T gt SIdT &
Ans. b | Sol. : In reverse bias, the base-emitter
junction prevents current flow, effectively turning the
transistor off. / Rad srag &, 39-ufiier Siaem e el ot
Aepar g, O gifoiex | gt ST 81

Q16. What is the main disadvantage of a half-wave
rectifier? / gTh-adq HRBTIIR T =T THA HIT 8?2

(a) High efficiency / 3=a g&rdr

(b) High ripple factor / 3= Raat thaex

(c) Low power loss / &H UIeR g

(d) Requires no transformer / grAWIFR &Y STATRAT a1
gidt

Ans. b | Sol. : A half-wave rectifier only rectifies one
half of the AC cycle, resulting in a high ripple factor in
the output. / 8Th-ad FFCHRR had Tt Teh & Th e &l
Rfeewrg ot 8, [Sae emseye # 3= Rudt thaex gl 81
Q17. What type of current flow is allowed by a
diode in a rectifier circuit? / ¥fFewrR afdhe & srls
GRT fh¥ UhR &l hie Tl 310 872
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a) AC current only / ohaet T&ft B

b) DC current only / dhad S &ee

¢) Current in one direction only / &ad Ta fasm & @e
(d) Alternating current in both directions / gt fasmait
# Jhfceh shic

Ans. c | Sol. : A diode allows current to flow in one
direction (forward bias) and blocks current in the
reverse direction. / SRITE &hic ohl chadl Teh a2 (BRaS
91a9) & varied g1 &1 8 ok Rad fRen & aee &Y Ahar &1
Q18. How does a half-wave rectifier convert AC to
DC? / g% 39 RwIR AC &l DC # & gyRafda wear g2
(a) It allows only the positive half-cycle to pass / I8
aeT YhRTD Bh-TTS(chel bl UTRA B 3T &

(b) It allows both half-cycles but inverts the negative
one / g G gTh-ATSfohel T SITAT 3T & @Afh ThRTTH
Pl I AT 8

(c) It blocks AC completely / @8 AC @t Gt avg & A adT
g

(d) It doubles the AC frequency / a8 AC 3Tgf &l gR[AT
AT

Ans. a | Sol. : A half-wave rectifier blocks the negative
half-cycle of AC, producing pulsating DC. / g% da
fFRHRR AC FH THRTHS gTH-TTSfhel ol Aehdl &, rad
geafdT DC 34 giaT g

Q19. What is the main advantage of an SMPS over
a traditional linear power supply? / SMPS &1
gRaf¥eh TR UTaR IwTE wR g A1 o 8?

(a) Higher efficiency and reduced heat dissipation /
3 geTdT 3R & THT 3ruerg

(b) Simpler circuit design / = afdhe fZwirsa

(c) No need for filtering components / fthee T geni dr
3T Aol

(d) Works only with DC input / &dae DC Ye & |19 &
AT

Ans. a | Sol. : SMPS operates at higher frequencies,
reducing heat loss and improving energy efficiency. /
SMPS 3= gl &R &Rf &l 8, foee wif g1 e gt &
3R St gerdr It gl

Q20. In a transistor-based switching circuit, which
configuration is commonly used? / gifSieez-snmenRa
R afde # smdR WR HiF A1 BRI I faar
STaT 8?

(a) Common Base / &\ a9

(b) Common Collector / &A= shetaex

(c) Common Emitter / &ia9 Tfex

(d) Darlington Pair / sifeiies &R

Ans. ¢ | Sol. : The common emitter configuration
provides high gain and is widely used in switching
applications. / A THER HIFRTRA 3T ATH UGH dl &
3R fRfT sy & s w0 € SuaT fahar Sirar 81
Q21. Which type of power supply provides a
constant voltage output regardless of input
variations? / @ 9T UTeR AT 39Ye § dgetrd &
Trav[g R 9t 3iSeye U™ v 82

(a) Unregulated Power Supply / 3R7eics UTaR IwTs

(
(
(
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(b) Switch Mode Power Supply (SMPS) / f&ra alg urer
qelrs (SMPS)

(c) Variable Power Supply / aRuae draR dwrg

(d) Linear Power Supply / fifSaR grer 9eg

Ans. b | Sol. : SMPS regulates output voltage
efficiently despite fluctuations in input voltage. /
SMPS $Y¢ dicest | SaR-d¢Td o dTasig UHTET & & 33eye
Jieest ot iR e g

Q22. What is the primary function of a thyristor in
power circuits? / ureR afdhe # ursReer &1 geg w1t @
gl g?

(a) Rectification of AC / AC @hT e fthehe

(b) Switching and controlling high voltage loads / 3=
gieest dts ot fAfT ofik FfEa et

(c) Storing electrical energy / fagd Se1f SUgId @<

(d) Filtering noise signals / Afgs f&d & ftheex &eAT
Ans. b | Sol. : Thyristors are used in high-power
applications for controlled rectification and switching.
| areREeR I=g-2rfa syt & FRifAd Aaefthoher ok
feafd & fog SuahT fhg o1d 81

Q23. What is the function of a snubber circuit in
power electronics? [/ UTeR satagi<ad d war Tfdhe &1
&1 R g 82

(a) To suppress voltage spikes / dicest WIS Pl &M &
fag

(b) To store charge / ISt GBI & & faig

(c) To amplify voltage / @it &t g™ & g

(d) To convert AC to DC / AC &t DC & gt & faig

Ans. a | Sol. : Snubber circuits protect components
from sudden voltage changes, enhancing reliability. /
EIR Giche gcah] i TS dices! URdd-I O IdTh
g Tera €1

Q24. How can a faulty rectifier diode affect a
power supply? / Te ghugef dFRewrR e[l ueR awrs
&l FR YIfAd HR GehaT 82

(a) Causes excessive ripple in DC output / DC 3m3eqe &
TP RUA IUF AT §

(b) Increases voltage stability / aeest fRRAT IgIAT 8

(c) Reduces power consumption / UTeR WU &H FHedl &
(d) Prevents current flow completely / @<c UaTg st gt
e Aeh ST @

Ans. a | Sol. : A faulty rectifier diode allows AC
components to pass through, increasing ripple
voltage. / Gruquf fFHRR TITE AC Beeh! & oA 3dT &,
S od Ruet i’ Fear gl

Q25. What happens when a transistor operates in
saturation mode? / 59 Qeh gifSIve? g2 A1 #
AT g, dt T glar @2

(a) Acts as a closed switch / s &g &t TRg &rf Har &
(b) Acts as an open switch / Gct f&a &t aRg &R =T
(c) Blocks current flow / @ie UaTg ol AchdT &

(d) Operates as an amplifier / TFIGNHRR & &9 H BRI
FRAT g

Ans. a | Sol. : In saturation mode, the transistor
conducts fully, behaving like a closed switch. / g™
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Hig #, gifoRey It g & dec aifed ohedl & ok &g g &
G HIER el g

Q26. What could be the reason for excessive ripple
voltage in a DC power supply circuit? / DC 9TeR
T Afdhe # sreafdes Ruet aiedst 1 d@wifaa sror o=
& Hehet 82

(a) Defective filter capacitor / ghoguf ftheer Hafdex

(b) Increased transformer turns ratio / ST g3 ZEHIR
T 3rgaTd

(c) Higher switching frequency / 3=a f@fdT smgia

(d) Reduced input voltage / &# $9¢ dtecst

Ans. a | Sol. : Adamaged or undersized capacitor fails
to smoothen the rectified voltage, causing ripples. /
Teh &IfaUEd 1 B1e MR I HafleR AR wTEs diedst ot
GATE A # [Athet g1 8, 9ad Ruew 304 8id 8|

Q27. What could cause a sudden shutdown of an
SMPS circuit? / SMPS afde & e dg g &1
HuTfaa SRT /T g Hehell &2

(a) Overload or short circuit detection / 3fieRels a1 21ic
gfdhe fedam

(b) Properly working feedback loop / @&t a¥ich @ &
e Tl higdeh U

(c) Increased output voltage / ST g3 3TIYC ateest

(d) Low-frequency transformer usage / &# g arer
TOHER IRt

Ans. a | Sol. : SMPS includes protection circuits that
shut down power if overload conditions occur. / SMPS
# gren gfdhe gid € St sfiarels i fR&Afd & urar s e ad €1
Q28. Which type of transistor configuration is
shown in the given circuit, where the base is
common to both input and output? / &g 7 afRay &
i |1 gifoer iR R mar g, stef 9w g71ge
3R 3rseyge Sl & forg a8

S)
MINORITY CURRENT
CARRIERS OF P

N P N

,—>
E lcominerity)|. ¢
Ic(majority)

B

O
MAJORITY CURRENT
CARRIERS OF N

If ifinfs
a) Common Base (CB) / @&+ a9 (CB)
b) Common Collector (CC) / &A= hetarex (CC)
c) Common Emitter (CE) / eia Tfiex (CE)
d) Darlington Pair / sifefites &R
Ans. a | Sol. : The given circuit shows a Common Base
(CB) configuration, where the base is common to
both the input and output circuits. In this
configuration, the emitter is the input terminal, and
the collector is the output terminal. It is used for high-
frequency applications due to its low input impedance
and high voltage gain. / iRT 7g uRuy & &+ s (CB)
IR fow@mar 731 8, S8l 99 39 3R 31m3eye aiHl &

—_ e~~~
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fIQ ehiv 81 39 SRR H, TR gYe efi9a giar g iR
Feraex JT3eYe efia| 38 I=a g (high-frequency)
SIUART H IUANT fohaT ST & FRilfch $9ehT 399 fdamen
(impedance) &H 3R dleest 714 3ifed giaT g

Q29. Why does a bridge rectifier provide higher
efficiency than a half-wave rectifier? / fast faRwrRR
BTh-a4 YRR Y g1 A I g&rdT -l U Tt 82
(a) It uses both halves of the AC cycle / g AC I &
ST iRt o1 IuANT T &

(b) It operates at higher voltage levels / a8 33 st
TRl IR M AT 8

(c) It does not require a transformer | 38 gIAGER
SMTaLGehdT gl gl

(d) It blocks the DC component completely / ag DC
gceh i OX1 X8 & UhdT &

Ans. a | Sol. : A bridge rectifier converts both positive
and negative cycles into DC, increasing efficiency. /
forst AFehRR ST GBRTHS 3R THRIHS Tehl &bt DC H
Feadl g, oY geTdr Jedi gl

Q30. What is the impact of an open-base junction
in an NPN transistor? / NPN gifSeRr & silua-d9
STeFRTA <hT &1 W9 gHI?

(a) The transistor will not conduct / gifSiex &ee ared
e e

(b) The transistor will be in saturation mode / gifSiex
SqRe Mg 7 @

(c) The transistor will amplify the signal / gifSex fam=a
ol TGIYT

(d) The transistor will behave like a short circuit /

¢ifSi%eR uah 2ii¢ afche &l axg Hrf e
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Ans. a | Sol. : Without base current, the transistor
remains in cutoff mode and does not conduct. / 39
e & faT, gifSIer shesith g § 38T § 3R &ie varfed sl
T

Q31. What could be the reason for an unstable
output in a Zener diode-based voltage regulator? /
AR srTE-aTRa aiedst e | SifeR arseye &
THIRUT AT gl ehelT 82

(a) Incorrect Zener breakdown voltage / TTdd S=R
SheTS alees

(b) Proper capacitor filtering / @&l huffiex ftheefar

(c) Stable input voltage / f@R gqg dieest

(d) Low power dissipation / e# TTeR uegd

Ans. a | Sol. : If the Zener voltage is incorrect, it will
not regulate properly, leading to unstable output. /
Ife SR ieest Teld &, df I8 el &7 & fafafaa =gt &,
e e1f@R smeye g

Q32. What could be the reason for an SMPS not
starting up? / SMPS @& =1e] 7 g1+ ot "yifaa Rt o/
gl Tehar 82

(a) Faulty startup capacitor / Gquf wEaMg hufdex

(b) Increased output voltage / SIgT 3T 3TICYC alees
(c) Low heat dissipation / & Tt smued

(d) High input frequency / 3= §9¢ g

Ans. a | Sol. : A faulty startup capacitor fails to supply
the required voltage to the switching circuit,
preventing startup. / e aruquf idam &afder fafi
gfche ! 3MTaTeh aleest UaH o # fathd W8T 8, frad
WMy -1gl gl uTdT|
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