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Preface  

Vocational Education is a dynamic and evolving field, and ensuring that every 

student has access to quality learning materials is of paramount importance.  The 

journey of the PSS  Central Institute of Vocational Education (PSSCIVE) toward 

producing comprehensive and inclusive study material is rigorous and time -

consuming, requiring thorough research, expert consultation, and publication by 

the National Council of Educational Resear ch and Training (NCERT). However, the 

absence of finalized study material should not impede the educational progress of 

our students. In response to this necessity, we present the draft study material, a 

provisional yet comprehensive guide, designed to bri dge the gap between teaching 

and learning, until the official version of the study material is made available by 

the NCERT. The draft study material provides a structured and accessible set of 

materials for teachers and students to utilize in the interim p eriod. The content is 

aligned with the prescribed curriculum to ensure that students remain on track 

with their learning objectives.  

The contents of the modules are curated to provide continuity in education and 

maintain the momentum of teaching -learning i n vocational education. It 

encompasses essential concepts and skills aligned with the curriculum and 

educational standards. We extend our gratitude to the academicians, vocational 

educators, subject matter experts, industry experts, academic consultants, a nd all 

other people who contributed their expertise and insights to the creation of the 

draft study material.  

Teachers are encouraged to use the draft modules of the study material as a guide 

and supplement their teaching with additional resources and acti vities that cater 

to their students' unique learning styles and needs. Collaboration and feedback are 

vital; therefore, we welcome suggestions for improvement, especially by the 

teachers, in improving upon the content of the study material.  

This material i s copyrighted and should not be printed without the permission of 

the NCERT -PSSCIVE.   

 

Deepak Paliwal  

(Joint Director)  

PSSCIVE, Bhopal  

Date: 06 September, 2024  
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Module 1  Fundamentals of Electrical 

and Electronics  

 

Module Overview  

 

This Module is designed to provide a foundational understanding of key concepts 

essential for anyone working in the field of electrical and electronics devices and 

appliances. Throughout this unit, important topics are covered like roles and 

responsibilities of a Juni or Field Technician in Home Appliances, the basics of electrical 

and electronics circuits, fundamental concepts of LED technology, and the essential 

tools, equipment, and measuring instruments used in the industry.  

The unit begins with an exploration of th e vital role played by Junior Field Technicians 

in the maintenance and troubleshooting of home appliances. Some insights are given in 

this unit about the responsibilities involved in ensuring the smooth functioning of 

various household devices and applianc es, understanding the working of their electrical 

and electronic systems, and addressing common issues that may arise.  

Moving on, the unit covers the basics of electrical circuits, providing the understanding 

of the fundamental principles that govern the f low of electrical current, circuit 

components, circuit analysis techniques, and the laws that govern electrical circuits.  

The unit then extends to the field of electronic circuits, where the core concepts of basis 

of electronic devices are covered. The bas ic electronic components like resistor, 

capacitor, inductor is covered here. This unit provides basic knowledge about working 

of semiconductor devices like PN junction diodes, LED, transistors, integrated circuits 

including their applications.  

To complemen t the theoretical knowledge, the unit covers the practical aspect of the 

field technician by exploring the various tools, equipment, and measuring instruments 

used by professionals in the field of electrical and electronics circuits. This hands -on 

approach  will enhance the skills in handling and utilizing the tools of the trade 

effectively.   

 

Learning Outcomes  

After completing this module, you will be able to:  

¶ Identify and describe the key duties, responsibilities, and workplace expectations 

of a junior field technician in technical support and maintenance roles.  

¶ Understand the fundamental principles of electrical circuits, including voltage, 

current, resistance, and their relationships within series and parallel circuits.  

¶ Explain the essential components  and functions of electronic circuits, including 

diodes, transistors, capacitors, and their roles in modern electronics.  

¶ Demonstrate the correct use of tools, equipment, and measuring instruments for 

diagnosing and troubleshooting electronic and electrical  systems.  
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Module Structure  

Session 1: Roles and Responsibilities of Junior Field Technician  

Session  2: Basics of Electrical Circuits  

Session 3: Basics of Electronics Circuits  

Session 4: Tools, Equipment and Measuring Instruments  

Session 1: Roles an d Responsibilities of Junior Field 

Technician  

 

The electronics industry is the sector that produces electronic devices. It emerged in the 

20th century and is today one of the largest global industries. Contemporary society 

uses a vast array of electronic devices built -in automated or semi -automated factories 

operated by the industry.  

Electronics industry, the business of creating, designing, producing, and selling devices 

such as radios, televisions, stereos, computers, semiconductors, transistors, and 

int egrated circuits etc. The electronics industry transformed factories, offices, and 

homes, emerging as a key economic sector that rivalled the chemical, steel, and auto 

industries in size.  

The electronics sector produces electronic equipment and consumer el ectronics and 

manufactures electrical components for a variety of products. Common items in the 

electronics sector include mobile devices, televisions, and circuit boards. Industries 

within the electronics sector include telecommunications, networking, ele ctronic 

components, industrial electronics, and consumer electronics.  

1.1. Growth in the Electronics Sector  

The electronics sector is growing rapidly as a result of increasing demand from emerging 

market economies. As a result, many countries are increasin gly producing more 

electronics, and investment in the foreign production of electronics has increased 

dramatically.  

Electronics sector growth is accelerated by increased consumer spending around the 

world. As developing economies grow, consumer demand for electronics also grows. 

Countries that produce electronics now have strong consumer bases that can afford 

new electronic products. At the same time, increased competition is driving the costs of 

electronics production down, making products even cheaper for  individuals.  

The supportive role of the electronics sector in providing equipment and components for 

other industries is also a factor of growth as consumers demand more automobiles, 

energy -efficient homes, and medical technologies.  

1.2 Application of Ele ctronics in Different Fields  

The various electronics applications are  

Consumer Electronics ð The devices and equipment meant for daily use are known as 

customer electronics; this industry is widely applicable to the common people. Some of 

its applications included office gadgets like computers, scanners, calculators, FAX 

machines, projectors etc.  
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It also includes home appliances like washing machines, refrigerators, microwaves, TVs, 

vacuum cleaners, video games, loudspeakers etc. and some advanced storage d evices 

such as HDD jukebox, DVDs etc. The Figure 1.1 given below shows the various products 

of consumer electronics field.  

 

Fig. 1.1: Consumer Electronics  

Industrial applications of electronics ð Electronics engineering has a huge impact on 

the smooth fun ctioning of the industries as it is used in various systems, grids and 

processing units. For example, smart electric systems collect information from the 

communication technology department, and several machines use automation and 

motor control systems usi ng electronics; also, it is used in extracting 3D images from 

2D using image processing systems. The electronic equipment used in industries are 

shown below in Figure 1.2.  

 

Fig. 1.2: Industrial applications  

Robotics and artificial intelligence ð Apart fro m image processing that involves 

computer graphics, electronic systems are also used in artificial intelligence and 

robotics technologies for inspection, navigation and assembly. Virtual reality and face 

gesture recognition are computer -based, and these de velopments have been possible 

because of electronics engineering. The use of these technologies is shown below in 

Figure 1.3.  

 

Fig. 1.3: Robotics industry application  
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Medical applications ð For data recording and physiological analysis, advanced, 

sophisti cated instruments are being developed using the latest technologies and 

electronics engineering, and these instruments are very useful in diagnosing diseases 

and for healing purposes.  

Electronics play a vital role in the functioning of medical instruments;  for instance, the 

stethoscope is used to listen to the inner sounds of the human or animal body, a glucose 

meter for checking sugar levels, a pacemaker for dropping and increasing heartbeat 

count and so on. Different types of applications are shown in Fig ure 1.4.  

 

Fig. 1.4: Medical applications  

Defence and Aerospace ð Electronics technology has been used extensively in the 

defence and aeronautical systems, which include missile launching systems, cockpit 

controllers, military radars, aircraft systems, roc ket launchers for space and many 

more. These applications are depicted in the given Figure 1.5.  

 

Fig.1.5: Defence and Aerospace applications  

Automobiles ð Electronics are widely used in the latest automobile technologies, like 

anti -collision units, anti -lock braking systems, traction controls, window regulators and 

several electronic control units. Use of electronics in the automobile sector can be easily 

understood by the Figure 1.6 given below.  
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Fig.1.6: Automobiles applications  

1.3 Size and Scope of El ectronic Industry  

The electronics sector appears to be overgrowing, owing to increased demand from 

developing countries. Before the virus outbreak, due to increased demand, electronics 

production skyrocketed, accompanied by a surge in investment.  

The globa l electronic products market is expected to be worth nearly $1,191.2 billion in 

2020, with a Compound Annual Growth Rate (CAGR) of 5.4 percent since 2015. The 

increase is primarily due to the increasing demand for various electronic products as 

employees a nd students have transitioned to online.  

Consumer Electronics Market size was valued at over USD 1 trillion in 2020 and is 

estimated to grow at a CAGR of more than 8% from 2021 to 2027. Rapidly increasing 

internet penetration across the globe will drive th e market growth.  

Consumer electronics are electronic equipment for non -commercial use. Consumer 

electronics include devices that provide one or more functionalities such as computers, 

laptops, mobile devices, smart wearables, television sets, refrigerators , smartphones, 

and home appliances.  

Continuous investments by market players in R&D for the development of new 

consumer electronic products with enhanced features will fuel the industry growth of 

consumer electronics.  

Regardless of its merits, the electron ic industry faces disruptive forces that will test its 

business model and ability to survive and thrive.  

The global electronic industries are the fastest -growing sector, worth trillions of dollars, 

and play a critical role in driving consumers to purchase innovative and smart electronic 

products. The global market for electronic components is expected to grow at a 

compound annual growth rate (CAGR) of about 4.8 percent from 2020 to 2025.  

Electronic industries have always been at the forefront of the most re cent technological 

innovations to reduce costs and improve efficiency with such a large future market 

potential. Many SMEs have found it challenging to keep up with the trends/changes as 

technology has advanced faster.  

For example, top players such as Appl e, Samsung, Microsoft, and Intel, to name a few, 

are investing heavily in new cutting -edge technology to expand their technological 

capabilities and remain competitive. They are the leading example of an IR4.0 (industrial 

Revolution 4.0) Eco -friendly syste m.  
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The integration of digital tools and technologies has increased revenue and productivity, 

improved product quality, reduced waste, and operational costs, and met the most 

recent customer/global demands.  

1.4 Recent Trends in Electronic Industry  

Here are some predictions for the specific trends that are likely to have the most 

significant impact in 2022. The most important trends in 2022 will likely focus on the 

convergence of technology trends as tools emerge that let us combine them in new and 

amazing wa ys. The Figure 1.7 below shows different trends in the electronic industry 

nowadays.  

 

Fig. 1.7: Trends in electronics industry  

1.5G Optimization ð 5G is laying the groundwork for a fully digitalized and connected 

world. We have seen many new field trials and an increasing number of commercial 

rollouts over the last two years. Furthermore, we are seeing 5G being adopted in various 

industries, ranging from manufacturing to healthcare. (Figure 1.8)  

With its high output and ultralow latency, 5G can access many  high -value areas such 

as 3D robotic control, virtual reality monitoring, and remote medical control that 

previous technologies could not. 5G is redefining and accelerating industries like 

automotive, entertainment, computing, and manufacturing. It will ev entually change 

the way we work and live.  

 

Fig. 1.8: 5G Optimization  

2.Digitization, data, and virtualization ð Many of us witnessed the virtualization of 

our offices and workplaces in 2020 and 2021, as remote working arrangements were 

quickly implemented . This was simply a crisis -driven acceleration of a much longer -

term trend. In 2022, weõll be more familiar with the concept of a òmetaverseó - 

persistent digital worlds that exist alongside the physical world we live in. (Figure 1.9).  
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Fig. 1.9: Digitiza tion, data, and virtualization  

3.Concentrate on Software Quality Standards ð The focus on quality will be the trend 

for 2022 and beyond. Software solutions will be integrated into our daily lives and the 

majority of the goods and appliances we use. (Figure  1.10) As a result, software must 

meet the quality standards of the manufacturing industry.  

 

Fig. 1.10: Concentrate on Software Quality Standards  

4.Teleworking ð Teleworking will continue to grow in 2022, bringing advances in 

software development. Compan ies worldwide will need to support hybrid forms of team 

management and collaboration to increase the productivity of their workforces. (Figure 

1.11) As the trend of conducting online meetings and video sales calls continues, this 

new standard will grow eve n more in 2022.  

 

Fig. 1.11: Teleworking  

5.Green, Clean, and Lean Energy ð Renewable energy was the only type of energy that 

saw an increase in use during the pandemic. As industries shut down and people stayed 

at home, global non -renewable energy consumpt ion decreased, resulting in an 8% 

reduction in emissions. As a result, increased investment in renewable energy 

generation is expected in the coming years.  

According to the International Energy Agency (IEA), 40% more renewable energy was 

generated and used  in 2020 than the previous year. This trend is expected to continue 

through 2022. (Figure 1.12) Overall, the cost of generating renewable energy from 

various sources, such as onshore and offshore wind, solar, and tidal, has decreased by 
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7 to 16%. This will  be highly beneficial to countries and businesses attempting to meet 

emissions targets such as becoming carbon neutral or even carbon negative.  

 

Fig. 1.12: Green, Clean, and Lean Energy  

1.5 Futuristic Trends in Electronics Manufacturing  

1. Advanced Materi als ð The semiconductor industry has been reliant on silicon for 

decades, but there is a limit to how far you can etch, lithograph, and pattern a silicon 

material. As a result, innovation to increase the performance of integrated circuits is 

coming from ne w materials and architectures. (Figure 1.13) Start -ups and scaleups are 

developing silicon alternatives and other semiconductor materials or composites for 

high performance and efficiency.  

 

Fig. 1.13: Advanced Materials  

2.Organic Electronics ð Organic Ele ctronics offer massive advantages over traditional 

inorganic electronics. They are cost -effective, flexible, indissoluble, optically 

transparent, lightweight, and consume low power. In addition, the rise in awareness for 

sustainable development and eco -fri endly manufacturing attracts manufacturers to opt 

for organic electronics. (Figure 1.14) Designing circuits with microbial components or 

producing devices with biodegradable and recyclable materials is seen to be the next 

electronics manufacturing trend.  

 

Fig. 1.14: Organic Electronics  
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3.Artificial Intelligence ð AI-powered solutions are gaining popularity in every sector. 

AI impacts the growth of semiconductor manufacturing in two ways, one is by building 

demand for innovative AI -capable electronics compo nents, and two, enhancing the 

product manufacturing and design processes. (Figure 1.15) The conventional methods 

have limitations to reshaping product development cycles, improving product design 

processes, and reducing defects. But the application of AI i s solving all these limitations.  

 

Fig. 1.15: Artificial Intelligence  

4. Internet of Things ð The rapid growth of the Internet of Things represents an 

unprecedented opportunity for the electronics manufacturing industry. It re -evaluates 

the fabrication pro cess and manages practices that are found to be difficult to achieve 

with conventional approaches. In other ways, the IoT enables electronic manufacturing 

machines to self -process and store data while being digitally connected. Continuous 

improvements in t he fabrication of sensors are also required since sensors are the key 

components that enable IoT applications. (Figure 1.16) Further, the transition to 5G -

enabled devices requires flawless, innovative chips with more efficient architectures at 

lower costs.  

 

Fig. 1.16: Internet of Things  

5.Embedded Systems ð Embedded systems are an unavoidable part of any electronic 

device nowadays and it has a crucial role in deciding the speed, security, size, and power 

of the devices. Since we are in the transition phase  of a connected world, there is high 

demand for embedded systems. (Figure 1.17) So, the designing and manufacturing 

sector of such systems is undergoing numerous innovations to improve performance, 

security, and connectivity capabilities.  
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Fig. 1.17: Embe dded Systems  

6.Printed Electronics ð Printing electronics components on a semiconductor substrate 

is the most effective way to reduce the overall cost of the manufacturing process. So, 

manufacturers are always trying to tackle this challenge by searching f or new 

technologies and advancements in conventional printing technologies. (Figure 1.18) 

Unlike traditional semiconductors that use tiny wires as circuits, printed electronics 

rely on conductive inks and often flexible films. Further, the advancements in printing 

technologies allow the flexible hybrid electronics field to obtain enough momentum. 

Therefore, start -ups and scaleups are developing solutions for advanced printing 

technologies.  

 

Fig. 1.18: Printed Electronics  

7.Advanced IC Packaging ð In recent  years, chip packaging has become a hot topic 

along with chip design. The traditional way to scale a device based on Mooreõs law has 

limitations nowadays. The other way to get the benefits of scaling is to put multiple 

complex devices in an advanced packag e. (Figure 1.19) So, semiconductor 

manufacturers develop new advanced IC packaging technologies to provide greater 

silicon integration in increasingly miniaturized packages. This also enables 

manufacturers to offer customization and improve yields by verti cally stacking modular 

components.  

 

Fig. 1.19: Advanced IC Packaging  
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8.Additive Manufacturing ð 3D Printing in electronics manufacturing eliminates the 

need for flat circuit boards. It enables new innovative designs and shapes that cannot 

be produced thro ugh conventional means. 3D printers also fabricate electronic 

components as a single, continuous part, effectively creating fully functional electronics 

that require little or no assembly. (Figure 1.20) Consequently, the implementation of 

this electronics manufacturing trend speeds up prototyping, offers mass customization, 

and decentralizes parts production.  

 

Fig. 1.20: Additive Manufacturing  

1.6 Role and responsibilities of Junior Field Technician Home Appliances  

Junior Field Technician Home Appliances i dentifies the cause of issues or malfunctions 

with household appliances and fixes them. They troubleshoot, disassemble, repair, and 

install a range of home appliances, such as LED bulbs, electric iron, fans, coolers and 

other comparable appliances. To inst all and fix these appliances, technicians require an 

understanding of fundamental electronic components as well as the use of power and 

hand tools.  

The work of Junior Field Technician Home Appliances is dependent on the type of 

equipment they are skilled i n, to install and provide support related to typical small 

home appliances. Technicians generally conduct site visits to install or repair these 

appliances. The individual at work is responsible for rectifying faults in the appliances 

at customersõ premises. The technician receives the faulty appliance, diagnoses the 

problems, performs repair as required, resolves issues, ensures effec ti ve func ti oning of 

all the parts and checks the working of the appliance before confirming to the customer. 

This job requir es the individual to have a ttention  to details, pa ti ence, ability to listen, 

steady hands, basic skills and customer orienta ti on. Technicians must use a clean 

levelled pla tform to work with different types of equipment used for checking and 

repairs.  

Role and responsibilities of Junior Field Technician Home Appliances can be 

summarized as following:  

1.Installing the newly purchased appliance  

2.Diagnosing the problem for a malfunction  

3.Assessing possible causes  

4.Rectifying minor problems  

5.Replacing faulty modules for failed parts  

6.Recommending factory repairs for bigger faults  

Summary  

This chapter covers the electronic industry's growth, applications, and recent trends, 
including 5G, digitization, and green energy. The chapter outlines the roles of Junior 
Field Technicians in home appliances, involving tasks like installation, diagnosing 
malfunctions, addressing issues, and recommending repairs. These technicians play a 
vital role in ensuring the proper functioning of household appliances, requiring skills 
like attention to detail and technical proficiency.  
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Check Your Progress  

A. Multiple Choice Questions  

1.  What role does the electronics sector play in supporting other industries, as 

mentioned in Chapter? (a) Restricting growth (b) Hindering innovation (c) Pr oviding 

equipment and components (d) Isolating from global markets  

2.  What is the main factor contributing to the rapid growth of the electronics sector? 

(a) Decreased consumer spending (b) Reduced competition (c) Increased demand 

from emerging market economi es (d) Decline in foreign investment  

3.  Which industry is NOT mentioned as a part of the electronics sector in the chapter? 

(a) Telecommunications (b) Automotive (c) Chemical (d) Consumer electronics  

4.  What is the expected worth of the global electronic product s market in 2020? (a) 

$1,191.2 billion (b) $500 billion (c) $2 trillion (d) $800 billion  

5.  What is the Consumer Electronics Market's estimated Compound Annual Growth 

Rate (CAGR) from 2021 to 2027? (a) 4% (b) 5.4% (c) 8% (d) 10%  

6.  Which trend is NOT mentioned i n the section on recent trends in the electronic 

industry? (a) 5G Optimization (b) Virtualization (c) Additive Manufacturing (d) 

Internet of Things  

7.  What is the focus of the trend "Green, Clean, and Lean Energy" in the electronic 

industry? (a) Increased use  of non -renewable energy (b) Reduced emissions (c) 

Higher production costs (d) Decline in renewable energy investment  

8.  Which is a futuristic trend in electronics manufacturing? (a) Increased use of silicon 

(b) Virtual reality (c) 3D Printing (d) Traditional  IC Packaging  

9.  What is the primary responsibility of Junior Field Technician Home Appliances? (a) 

Designing electronic components (b) Troubleshooting and fixing household 

appliances (c) Developing software solutions (d) Conducting market research for 

electr onics  

10.  What skill is NOT mentioned as essential for Junior Field Technician Home 

Appliances? (a) Attention to details (b) Basic skills in electronics (c) Artistic creativity 

(d) Customer orientation  

B. Fill in the Blanks  

1.  The electronics industry is the sect or that produces ________.  

2.  The electronics sector manufactures a variety of products, including mobile devices, 

televisions, and _______.  

3.  The global market for electronic components is expected to grow at a compound 

annual growth rate (CAGR) of about_____f rom 2020 to 2025.  

4.  The role of a Junior Field Technician Home Appliances involves identifying, ______, 

and installing household appliances  

5.  Consumer electronics are electronic equipment for __________.  

6.  The integration of digital tools and technologies has in creased ________, improved 

product quality, reduced waste, and operational costs, and met the most recent 

________. 

7.  With its ___________, 5G can access many high -value areas  



 

Junior Field Technician Home Appliances, Grade IX  

 

PSS Central Institute of Vocational Education, NCERT, Bhopal  

 

13  

8.  According to the International Energy Agency (IEA), _______renewable energy was 

generated and used in 2020 more than  the previous year.  

9.  Printing electronics components on a semiconductor substrate is the most effective 

way to reduce the overall cost of the _______.  

10.  The work of Junior Field Technician Home Appliances is dependent on the 

________they are skilled in.  

C. State whether True or False  

1.  The electronics sector produces only industrial electronics and does not contribute 

to consumer electronics.  

2.  Consumer electronics include devices like washing machines, refrigerators, and 

microwav es. 

3.  The electronics sector's growth is not influenced by consumer spending but solely 

by foreign investment.  

4.  The global electronic products market is expected to be worth approximately 

$1,191.2 billion in 2020.  

5.  The metaverse is a concept representing persi stent digital worlds that exist 

alongside the physical world.  

6.  Quality standards in software development are not a significant trend in the 

electronics industry.  

7.  Teleworking is expected to decline in 2022 as companies move away from online 

meetings and vide o calls.  

8.  Green, Clean, and Lean Energy trends resulted in an 8% increase in emissions 

during the pandemic.  

9.  Advanced IC packaging technologies aim to provide greater silicon integration in 

increasingly miniaturized packages.  

10.  3D Printing in electronics manuf acturing does not eliminate the need for flat circuit 

boards.  

D. Answer the following questions in short  

1.  What is the electronics industry, and when did it emerge?  

2.  Name two common items produced in the electronics sector.  

3.  What factors contribute to the grow th of the electronics sector?  

4.  Give an example of a consumer electronics device.  

5.  Briefly explain the trends in the electronics industry for 2022.  

6.  How does 5G impact various industries, according to the content?  

7.  What is the primary focus of software quality standards in 2022?  

8.  What are some futuristic trends in electronics manufacturing mentioned in the 

content?  

9.  What are the roles and responsibilities of a Junior Field Technician Home 

Appliances?  

10.  What skills are essential for a Junior Field Technician Home App liances?  
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Session 2: Basics of Electrical Circuits  
 

 

Electrical circuits form the basic structure of electronic appliances. Circuits consist of 

components like resistors, capacitors, and conductive pathways, allowing electric 

current flow. Key concept s include Ohm's Law (V = IR) and circuit types: series and 

parallel. Learning circuit symbols aids in interpreting circuit diagrams, enabling 

comprehension of device functionality.  

2.1 Electric Circuits  

An electric circuit is a path made by the interconnec tion of electrical components. 

Electrons from a voltage or current source flow along this path. The following Figure 2.1 

lists the elements present in a basic electric circuit.  

 

A Source that provides electrical pressure known as voltage or 

Electromagneti c force (EMF) to electrical equipment to enable them to 

work.  

Example:  Battery  

 

A device in a circuit which consumes electric power is called load.  

Example: Bulb  

 

A Conductor that connects the supply source and the load.  

Example: Wires  

Fig. 2.1: Elect ric circuit constituents  

2.2 Open and Closed Circuit  

Open circuit ð An open circuit is a circuit in which the path is incomplete which means 

there is no flow of current.  

Closed circuit ð A closed circuit is a circuit in which the path is complete and there  is 

a flow of current in the entire path.  

Connections in open and closed circuits are shown below in Figure 2.2.  

 

Fig 2.2: (a) Open circuit (b) Closed circuit  

In a typical circuit, a battery provides voltage for the load through wires. For example, 

the r equired voltage for a bulb to glow is provided by a battery. The following Figure 2.3 

shows such an electric circuit.  
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Fig. 2.3: Electric circuit  

Activity 1  

Practical Activity 2.1. To prepare an electric circuit to analyse the state of open and 

closed ci rcuits.  

Material Required  

9 volts battery, connecting wire, resistor, lamp, wire stripper, wire cutter, and switch.  

Procedure  

Step 1. Take a battery; identify the positive and negative terminals of the battery.  

Step 2. Cut the required length of wire using  a wire cutter and then strip the 

insulation of ends using a wire stripper.  

Step 3. Take a lamp, observe its two terminals, connect stripped wire to both the 

terminals.  

Step 4. Now, take one of the terminals of the lamp and connect one end of the resistor 

to the stripped wire of the lamp.  

Step 5. Then, again cut and strip the required length of wire, then using this stripped 

wire connect the other end of the resistor to the positive terminal of the battery.  

Step 6. Next, we will connect the remaining termin al of the lamp to one of the ends of 

the switch.  

Step 7. And then connect the other end of the switch to the negative terminal of the 

battery.  

Step 8. Turn ON the lamp using a switch and observe that the circuit is working 

properly. It is shown in Figure 2 .4 and 2.5 given below.  

 

Fig. 2.4: Open circuit                                Fig. 2.5: Close circuit  

 

While repairing the electric appliances, one needs to test the continuity of various 

electrical and electronic components. To test the components, a test lamp can be used. 

Let us learn the procedure to make a test lamp using the activity.  
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Activity 2  

 Practical Activity 2.2. To construct a test lamp.  

Material Required  

1 bulb, 1 bulb holder, wire, wire cutter, wire stripper, plug  

Procedure  

Step 1. Cut t he wire into two pieces using a wire cutter, making each two meters long.  

Step 2. Now, you have two pieces of wire. Each wire is two meters in length. Strip the 

insulation of the wire terminals.  

Step 3. Connect these wires in the bulb holder.  

Step 4.  Now, you have a bulb holder in which wires are connected as shown Figure 

2.6.  

 

Fig. 2.6: Electric AC bulb with two terminals  

Step 5.   Connect the terminal of one wire to the plug as shown in Figure 2.7.  

 

Fig. 2.7: Electric plug is connected to a phase wire  

St ep 6. Leave one wire free for testing i.e. terminal A and B are used for testing as 

shown in Figure 2.8.  

 

Fig. 2.8: Neutral terminal have two terminal A and B  

Step 7.  Insert the plug in the socket as shown in Figure 2.9.  
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Fig. 2.9: Electric Plug is conne cted to the AC socket  

Step 8.  Now, check the continuity of the path in a circuit or component using point 

A and B. If the bulb is ON that means, circuit is complete or continuous.  

Caution ð Donõt come in direct contact with electric power. 

 

Assignment  

Consider a battery of 9V, fixed resistor of 3 -ohm, bulb or LED of 5 watt connect them 

as per the circuit diagram shown in Figure 2.10. Find out the voltage, current, 

resistance, power in a given circuit.  

 

Fig. 2.10: Electric circuit  

2.3 Types of Electric Circuits  

An electric circuit is classified into two types - Series circuit and Parallel circuit.  

Series Circuit  

In this type of a circuit, all components are connected as a chain and  

Current flowing through each one of them is the same all over the circuit . There is a 

single route through which the current flows. So, the current passes through each and 

every component.  

Suppose, a battery and two electric bulbs are connected along a single path in such a 

way that it will form a close circuit. Therefore, curr ent flowing through each bulb 

remains the same, whereas voltage will divide across each bulb.  

Opening or breaking any point in a series circuit causes the whole circuit to stop 

functioning, which then needs to be replaced. Suppose, if one of the bulbs is f used, the 

electric path becomes incomplete, and another bulb is also turning off.  

Series circuits are used in a variety of applications. These include thermostats, water 

heaters, refrigerators, and most light switches. Figure 2.11 shows the bulbs connected  

in series. Figure 2.11 (a) shows circuit diagrams and Figure 2.11 (b) shows schematic 

diagram of series connection.  
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Fig. 2.11: A series circuit (a) Circuit diagram (b) Schematic Diagram  

Parallel Circuit  

In this type of a circuit, two or more than two c omponents are connected in parallel. In 

a parallel circuit, the components are of the same voltage. The current flow varies across 

the components.  

Suppose, a battery is connected to two electric bulbs in such a way that each bulb is 

placed in a separate pa th forming a close circuit with a common battery.  Therefore, 

current flowing through each bulb divides, whereas voltage across each bulb remains 

the same.  

If any point of the circuit gets damaged, only that part needs to be replaced.  Suppose, 

if one of t he bulbs is fused, only one electric path breaks, another bulb connected in 

another path will not get affected. Parallel circuits are the standard circuits found in 

home electrical wiring and offer distinct advantages over other circuits . Figure 2.12 

shows  the circuit diagram of parallel connection in symbolic as well as actual connected 

components.   

 

Fig. 2.12: A parallel circuit (a) Circuit diagram (b) Schematic Diagram  

Comparison and Similarities of series and parallel circuits  

The table 2.1 below gen eral comparison of series and parallel circuits.  

Table 2.1 Difference between series and parallel circuits  

Series Circuit  Parallel Circuit  

Has one pathway.  May have two or more pathways.  

Current is the same anywhere in the 

circuit.  

Current splits and pas ses through pathways 

and then add up again.  

The voltage is shared in ratio to 

resistance.  

Voltage across each pathway equals supply 

voltage  

Resistance adds up and so fewer 

current draws in the circuit and battery 

last longer.  

The total resistance is less  than the least 

resistance, current drawn is less but the 

battery life is short.  

If one bulb fuses than the circuit If one bulb gets fuses still the circuit remains 
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becomes incomplete.  complete and the other bulb glows.  

Resistance Equivalent Req. = R1 + R2 + 

R3 + ...... + Rn  

Resistance Equivalent Req. = 1/R1 + 1/R2 + 

1/R3 + ...... + 1/Rn  

Similarities between Series and Parallel Circuits - Both the circuits either series or 

parallel have the same aim of converting electrical energy into heat, sound etc.  

2.4 Parameters of Electric Circuit  

Electricity comes into existence whenever there is a flow of electric charge between any 

two components. The main parameters associated with electricity are as follows.  

Voltage  

Let us understand the concept of voltage. Con sider a situation, a person needs to pick 

a stone from one -point A and drop it at point B. To complete this task, he has to do 

some work as shown in Figure 2.13.  

 

Fig. 2.13: Work to be done to move the raw material from point A to point B  

In the same way,  voltage is amount of work done required to move one coulomb charge 

from one -point A to point B. Mathematical expression for voltage is written as:  

V=W/Q  

where,                                                                                                                                                  

       ôVõ is the voltage, 

       ôWõ is the work in joule, 

       ôQõ is the charge in coulomb 

 

Alessandro Volta (1745 ð1827)  

Voltage establishes a potential difference in an electric circuit between two p oints i.e. 

one point is at higher potential and other at lower potential.  

In an electric circuit, the battery is used as a source of electric potential. Inside a battery, 

stored chemical energy provides the energy required to move the electrons in an elect ric 

circuit. Typical, general -purpose battery is shown in Figure 2.14.  
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Fig. 2.14: General -purpose battery  

When a voltage source such as a battery is connected to an electric circuit, negatively 

charged particles(electrons) are pulled towards higher poten tial (+) or positive terminal 

of the battery, while positively charged particles are pulled towards lower potential ( -) or 

negative terminal of the battery. Therefore, the current in a wire or resistor always flows 

from higher voltage towards lower voltage  as shown in Figure 2.15.  

 

Fig. 2.15: Flow of electrons on application of DC supply  

A voltmeter is used to measure the voltage or potential difference between two points in 

an electric circuit. Value of voltage is measured in volt or joules per coulomb. S ymbolic 

representation of voltage is ôVõ or ôvõ. When one joule of work is done to move one 

coulomb charge from one point to another point the potential difference between two 

points is said to be one volt.  

Let's look at the hydraulic or heat analogy show n below in Figure 2.16 to understand it 

better.  

 

Fig. 2.16: Hydraulic or heat analogy of voltage  
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Keynote:  A force that causes electricity to move across a wire/cable is known as 

voltage. Volt is the unit of voltage and is denoted with letter V.  

Example ð How much work is required to move charge of 2 C across two points having 

a potential difference 12 V?  

Solution ð Given, amount of charge Q, that flows between two points at potential 

difference V (= 12 V) is 2 C. Thus, the amount of work done ôWõ in moving the charge is  

W = VQ  

= 12 V × 2 C  

= 24 J  

Assignment 1  

Calculate the amount of work required to move a 5 C charge between the two points 

having a potential difference 10 V.  

Assignment 2  

Calculate the amount of charge required when the 24 J of work is perf orming to move 

charge in potential difference of 8V.  

Electric Current  

The flow of electric charges is called electric current . The electrons carry charges with 

them. These electrons flow from one place to another. The amount of current flowing 

from one pl ace to another determines the amount of charge flowing through a section 

of conductor in a specific time. Measuring unit of current is ampere (A). Symbolic 

representation of current is ôIõ. Mathematically, it can be written as, 

I= Q/t  

Where,  

ôIõ is the current,  

 ôQõ is the amount of charge in coulombs                          

ôtõ is the time in seconds 

         

André -Marie Ampère (1775 ð1836)  

If one coulomb charge passes through a cross -section area ôAõ in one second, then it will 

represent the current of 1  ampere. It shown in Figure 2.17. Conventionally, the direction 

of current is taken as opposite to the flow of electrons.  
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Fig. 2.17 Flow of charge through a cross section ôAõ 

Electric current, or simply current, is the flow of electric charge carried thr ough 

electrons moving across wires. It is shown in Figure 2.18. Ampere is the unit of current 

and is denoted with letter I.  

 

Fig. 2.18: current flow in the circuit  

Example ð Calculate the amount of current flowing through a wire. When the amount 

of charge  is 5 coulombs and the time is 10 seconds.  

Solution ð We will use the relation between the current, charge and time.  

I= Q/t  

I= 5/10  

I= 0.5 Ampere  

Assignment 3  

Calculate the amount of current drawn by radio. When the amount of charge flow is 

120 coulombs in  1 minute.  

Assignment 4  

 Consider an electric circuit in which LED is used for indication. While observing it 

was found that, the rate of charge used by the LED is 180 coulombs in 2.5 minutes. 

Calculate the current drawn by the LED.  

Assignment 5  

What are t he basic elements required to form an electric circuit?  

AC and DC Current  

Depending upon the movement of electrons in an electric circuit, current can be 

classified as (1) Direct current (DC) (2) Alternating current (AC)  
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The main difference between AC and  DC lies in the direction in which the electrons flow. 

In DC, the electrons flow steadily in a single direction, while electrons keep switching 

directions, going forward and then backwards in AC.  

(1) Direct Current (DC)  

It is unidirectional in nature, that  is movement of electrons takes place only in one 

direction. This means that current flow only in one direction. Typical, electric circuit 

having a DC voltage source and DC current characteristics of DC current flowing 

through the circuit are shown in Figu re 2.19.  

 

Fig. 2.19: DC Current flowing through the circuit  

DC voltage sources such as batteries and cells produce direct current. Typical DC 

voltage sources are shown in Figure 2.20. Direct current is used in wall clocks, remote 

control, motor vehicles, cell phones and many more.  

 

Fig. 2.20: Various sources of DC voltage source  

(2) Alternating current (AC)  

It is bidirectional in nature, that is movement of electrons takes place in two directions. 

This means that current flows in two directions. Figure 2. 21 & Figure 2.22 shows typical 

AC source is applied in an electric circuit and the AC current flowing through the circuit.  

 

Fig. 2.21: AC Current flowing through the circuit  



 

Junior Field Technician Home Appliances, Grade IX  

 

PSS Central Institute of Vocational Education, NCERT, Bhopal  

 

24  

 

Fig. 2.22: (a) Positive half of AC source is applied in an electric circuit (b)  

Negative half of AC source is applied in an electric circuit  

An AC voltage source like an AC generator produces alternating current. Hydel power 

plants, thermal power plants and many more are the places where AC voltage is 

generated.  In India, standard A C generating frequency (f) of alternating current is 50 

hertz. Generators at the power plants work continuously to produce AC voltage. As a 

backup for a few hoursõ diesel generators are used to provide power supply for 

appliances in case of power cut or un availability of generating power supply. Alternating 

current is used in ceiling fan, coolers, washing machines and many more. Various AC 

generators are shown in Figure 2.23.  

 

Fig. 2.23: Various AC generators  

Difference between AC and DC current  

The table 2.2 below compares the behaviour of AC and DC current  

Table 2.2 Difference between AC and DC current  

DC Current  AC Current  

DC can be defined as the flow of current 

in which the drift of electrons remains 

steady in a single direction.  

AC current can be def ined as the flow of 

current in which electrons keep switching 

directions, going either forward or 

backward.  

The magnitude of induced current 

remains constant.  

The magnitude of induced current varies 

with time.  

Types of DC signals are pure DC and 

pulsatin g DC. (Figure 2.24)  

Types of AC signals are sinusoidal, 

triangular, square wave signals (Figure 2.25)  
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Fig. 2.24  

 
Fig. 2.25  

 

Know Moreé 

Frequency can be defined as òthe number of cycles in one secondó. In Figure 2.26, point 

A to point B represents on e cycle. Hertz (Hz) is the measuring unit of frequency.  

Example: 50 Hz represents 50 cycles in 1 second.  

 

Fig. 2.26: Cycle of AC signal  

 

Assignment 6  

Prepare a list of gadgets in tabular form; this table will have two columns. In the first  

column list ou t the gadgets, which work  on the alternating current and in the second  

column list out the gadgets, which work  on the direct current.  

Electric Power ð It is the rate of doing work, which means òamount of work done in one 

secondó. It is represented by the symbol ôPõ. The SI unit of power is the watt (W). It is 

named in honour of Scottish inventor James Watt (1736 -1819). One Watt is equal to 

one joule per second.  

P = Work done per unit time = QV/t = V x I  

Where,        

       ôQõ is electric charge in coulomb s 

       ôtõ is time in seconds  

       ôIõ is electric current in amperes  

       ôVõ is electric potential or voltage in volts  

P=W/t or P=I 2R 

Where,       

       ôWõ is the work done in joules 

       ôtõ is the time in seconds 

Know Moreé 

Consider an object  placed on the ground surface, if you lift the object 1m above the 
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ground surface with a force of 1 newton. The amount of energy required represents 1 

joule as shown in Figure 2.27.  

 

Fig. 2.27: Person lifting the object  

Consider an electric bulb in the c ircuit, if it is of 60 watt that means that it will do 60 

joules of work in one second. Likewise, some of the appliances with wattage are shown 

in Figure 2.28.  

 

Fig. 2.28: Electric appliances with their wattage  

Keynote: The electrical energy transferred b y an electrical circuit, per unit time is its 

power. The unit of power is watt. An electrical circuit produces work when electricity 

flows through it.  

For instance, a fan's blades rotate when electricity passes through them, a bulb glows 

when it is connect ed with the electric supply and a refrigerator's contents cool when 

electricity passes through them. Thus, an appliance produces some work when 

electricity passes through it.  

2.3 Circuit Elements  

All electronic devices are made up of components such as re sistors, capacitors, power 

supplies, and circuit chips. If you were to open up your television or cell phone you'd 

see similar things inside. When you turn on your electronic gadget, electricity runs 

through it giving it the power to do everything you expe ct it to do.  

An electric or electronic circuit forms the core part for functioning of any electrical or 

electronic home appliances. A circuit is built up using various components. These 

components can be classified into three types (1) active components, ( 2) passive 

components (3) electromechanical components.  
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1. Active Components  

Active components depend on a source of energy to perform their functions. These 

components can amplify current and can produce a power gain. The examples of active 

components can  be given as Diode, Light Emitting Diode (LED), Transistor and 

Integrated Circuit (IC). Figure 2.29 shows the various active components used in the 

circuit.  

 

Fig. 2.29: Active components  

2. Passive Components  

Passive components are those components which can perform their specific functions 

without any power source. These components are incapable of controlling current. The 

examples of passive components are Thermistor, Inductor, Capacitor, Resistor, 

Transformer. Figure 2.30 shows the various passive compo nents used in the circuit.  

 

Fig. 2.30: Passive components  

Important note  Active components are those that deliver  or produce energy  or 

power in the form of a voltage or current. (Figure 2.31) Passive components are those 

that utilize or store energy  in  the form of voltage or current . 

 

Fig. 2.31: produce energy  
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3. Electromechanical Components  

Electromechanical components convert electric energy into mechanical energy 

(mechanical movement) or vice versa for carrying out electric operations. The example s 

of electromechanical components can be given as Timer, Starter, Connector. Figure 2.32 

shows the various electromechanical components used in the circuit.  

 

Fig. 2.32: Electromechanical components  

2.4 Ohmõs Law 

According to Ohmõs law the voltage across a conductor is directly proportional to the 

current flowing through it, provided all physical conditions and temperatures remain 

constant.  

Mathematically, this current -voltage relationship is written as,  

V = IR  

In the equation, V is the voltage across a con ductor in Volts (V), I is current flowing in 

conductor in Ampere(A) and the constant of proportionality, R is called Resistance and 

has units of ohms, with the symbol Ǹ. 

The same formula can be rewritten in order to calculate the current and resistance 

respectively as shown in the following Figure 2.33.  

 

Fig. 2.33: Ohmõs law 

Power Fact:  The standard units of measurement for electrical current, voltage, and 

resistance are given below:  

Electrical 

Quantity  

Symbol  Unit of Measurement  

Current  I ampere (A)  

Voltage V volt (V) 

Resistance  R ohm (Ý) 
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Practical Activity: To verify Ohmõs law. 

Material Required ð Nichrome wire of length 0.5m, ammeter, voltmeter, four cells of 1.5 

V each, plug key, connecting wires, and a piece of sandpaper.  

It is shown in Figure 2.34 Circuit diagram.  

 

Fig. 2.3 4: Circuit diagram of Ohm's Law  

Procedure  

Step 1. Set up a circuit as shown in Figure 2.35, consisting of a nichrome wire XY of 

length, say 0.5 m, an ammeter, a voltmeter and four cells of 1.5 V each. (Nichrome is 

an alloy of nickel, chromium, manganese, a nd iron metals.)  

 

Fig. 2.35: Ohmõs law setup 

Step 2. Firstly, use only one cell as the source in the circuit. Note the reading in the 

ammeter I, for the current and reading of the voltmeter V for the potential difference 

across the nichrome wire XY in the  circuit. Tabulate them in the Table 1 given.  

Step 3. Next, connect two cells in the circuit and note the respective readings of the 

ammeter and voltmeter for the values of current through the nichrome wire and 

potential difference across the nichrome wire . 

Step 4. Repeat the above steps using three cells and then four cells in the circuit 

separately.  

Step 5. Calculate the ratio of V to I for each pair of potential difference V and current I.  

Table 1  

S. 

No.  

Number of 

Cell used in 

the circuit  

Current through  

the nichrome 

wire, I (ampere)  

Potential difference 

across the 

nichrome wire, V 

(volt)  

V/I 

(volt/ampere)  

1. One       

2.  Two       

3.  Three        

4.  Four        

Step 6. Plot a graph between V and I, and observe the nature of the graph.  
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Precautions  

1. A ll the electrical connections must be neat and tight.  

2. Voltmeter and ammeter must be of proper range.  

3. The key should be inserted only while taking readings.  

Problems on Ohm's Law  

Some of the solved examples to better understand the ohms law are as fo llows:  

Example 1:  A 10 V battery is connected to an electric bulb having resistance 20 Ǹ. Find 

the current flowing through the electric bulb.  

Solution ð Given,  

V= 10 V  

R = 20 Ǹ 

The current flowing through an electric bulb is given by  

 V = I R  

 I = V/R  

 I =  10/20  

 I = 0.5 A  

 So, the current flowing through the bulb is 0.5 A.  

Example 2: An electric iron having resistance 40 Ǹ is connected to a supply voltage. 

The current flowing through the electric iron is 6 A. Find the voltage applied to the 

electric iron.  

 Solution ð Here, I = 6 A, R = 40 Ǹ 

Voltage equation is given by  

V = I R  

 So, Voltage is expressed as V = 6 × 40,  

 V = 240 V  

Example 3 : A 110 V voltage source supplies power to a halogen light. The current 

flowing through the halogen light is 5 A. Find the  resistance of the halogen light.  

Solution ð Here, V=110V, I=5A  

The resistance is given by  

R = V / I  

R = 110/5  

 R = 22 Ǹ 

 so, the resistance of halogen light is 22 Ǹ. 

2.5 Basic Components of an Electric Circuit  

The basic components that are used frequently  in any electric circuits are listed in table 

2.3.  

Table: 2.3 Electric Circuit Components  

Component Name  Component Image  

Resistor ð It is used to resist or limit the flow of current in the 

circuit.  
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Capacitor ð It is made up of one or more pairs of con ductors and 

an insulator separating them and is used to store  energy in the 

form of electric field.  

 

Inductor ð It consists of a coil or a wire loop and is used to store 

energy in the form of a magnetic field.  

 

Starter ð A device that is used to start,  stop, reverse and protect 

a motor. It controls the supply of electric power to the motor.  

 

 

Motor ð It is an electrical component which is used to transform 

electrical energy into mechanical energy to produce linear or 

rotary force.  

 

Switch ð It is a component used to make or break connections 

in an electrical circuit.  

 

Relay ð It is a switch that controls an electrical circuit by 

opening and closing contacts in another circuit, 

electromechanically or electronically.  

 

Transformer ð It is an electri cal device that transforms one AC 

voltage level to other AC voltage level.  

 

Summary  

This chapter is focused on electric circuits, explaining components like voltage sources, 

loads, and conductors. It covers open and closed circuits, series and parallel 

configurations, and key parameters like voltage, current, and power. The chapter 

classifies circuit elements into active, passive, and electromechanical components, 

citing examples. Ohm's Law (I = V/R) is discussed, and fundamental circuit components 

such a s resistors, capacitors, inductors, starters, motors, switches, relays, and 

transformers are outlined with their functions. This serves as a foundational guide to 

electrical circuit principles.  
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Check Your Progress  

A. Multiple Choice Questions  

1.  What is t he role of a voltage source in an electric circuit? (a) Consumes electrical 

power (b) Provides electrical pressure (c) Connects the supply and load (d) Acts as 

a switch  

2.  What is an open circuit? (a) A circuit with no components (b) A complete circuit 

with c urrent flow (c) A circuit with incomplete path (d) A parallel circuit  

3.  In a series circuit, what happens if any point is opened or broken? (a) Only that 

part stops functioning (b) The entire circuit stops functioning (c) Voltage increases 

(d) Current decrea ses 

4.  What unit is used to measure voltage? (a) Watt (b) Ampere (c) Volt (d) Ohm  

5.  Which type of circuit has components connected in a chain with the same current 

flowing through each? (a) Parallel circuit (b) Series circuit (c) Closed circuit (d) 

Open circuit  

6.  What does Ohm's Law state? (a) Voltage is proportional to current (b) Resistance 

is dependent on voltage (c) Current is directly proportional to resistance (d) Voltage 

equals current times resistance  

7.  Which component stores energy in the form of an electri c field? (a) Inductor (b) 

Capacitor (c) Resistor (d) Transformer  

8.  What is the function of a relay? (a) Limits current flow (b) Stores electrical energy 

(c) Controls an electrical circuit by opening and closing contacts (d) Transforms 

AC voltage levels  

9.  What is the purpose of a switch in an electrical circuit? (a) Stores energy (b) Makes 

or breaks connections (c) Controls motor speed (d) Transforms voltage  

10.  What is the main parameter associated with electricity that produces work in an 

electrical circuit? (a) V oltage (b) Current (c) Power (d) Resistance  

B. Fill in the blanks  

1.  An electric circuit is a path made by the interconnection of ________.  

2.  In a closed circuit, the path is complete, and there is a flow of current in the 

________. 

3.  In a series circuit, all com ponents are connected in a chain, and the current 

flowing through each one of them is______.  

4.  Voltage is the force that causes electricity to move across a wire or cable, measured 

in ______. 

5.  The flow of ________ carried through electrons moving across wires  is known as 

current, measured in units of amperes (A).  

6.  The two types of current flows in an electric circuit are alternating current (AC) 

and ________. 

7.  The electrical energy transferred by an electrical circuit, per unit time, is its 

_______, measured in units of watts.  

8.  Active components in a circuit depend on a _________ and can amplify current.  

9.  According to _________, the flow of current through a conducting material is 

directly proportional to the conductorõs voltage. 

10.  A resistor is used to resist or lim it the ________. 

C. State whether True or False  
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1.  In a parallel circuit, components are connected in series, and the current flow is 

the same across all components.  

2.  Electromechanical components, such as Timer, Starter, and Connector, convert 

electric energy into mechanical energy or vice versa.  

3.  The unit of voltage is the volt, and it represents the electrical pressure provided 

by a source like a battery.  

4.  Active components in a circuit, such as Diode, LED, Transistor, and Integrated 

Circuit, depend on an exter nal energy source to perform their functions.  

5.  Passive components, including Thermistor, Inductor, Capacitor, Resistor, and 

Transformer, perform their functions without requiring an external power 

source. \  

6.  In a series circuit, all components are connected i n parallel, and the current 

flowing through each is the same.  

7.  A closed circuit is a circuit in which there is no flow of current due to an 

incomplete path.  

8.  Ohm's law states that resistance (R) is constant and independent of the current 

flowing through it.  

9.  Electric circuits transform electrical energy into various forms of work, such as 

the rotation of a fan's blades or the glow of a bulb.  

10.  The unit of power, watt, measures the electrical energy transferred by a circuit 

per unit time.  

D. Answer the following questions in short  

1.  Define an electric circuit and identify its basic components.  

2.  Differentiate between an open circuit and a closed circuit. Provide examples of 

each.  

3.  Explain the characteristics of a series circuit and a parallel circuit.  

4.  How does the curr ent flow in each type?  

5.  Define voltage and current in an electric circuit.  

6.  Outline the main parameters associated with electricity in a circuit.  

7.  Classify electric circuit components into active, passive, and electromechanical 

categories. Provide examples fo r each.  

8.  State Ohm's law and its mathematical equation. Explain the relationship between 

current, voltage, and resistance.  

9. Describe the functions of various electric circuit components such as resistors, 

capacitors, inductors, starters, motors, switches, re lays, and transformers.  

10. Differentiate between AC and DC current. Identify and define the types of energy 

associated with electromechanical components in an electric circuit.  
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Session 3: Basics of Electronics Circuits  
 

 

Electronic circuits form th e backbone of modern technology. Comprised of components 

like resistors, capacitors, and transistors, these circuits enable tasks such as signal 

amplification and switching. Learning basic concepts like voltage, current, and 

resistance, as well as interpre ting circuit diagrams, is crucial for technician jobs for 

understanding the device functionality in electronic appliances.  

3.1 Resistance  

Resistance is a fundamental property in electronics that impedes the flow of electrical 

current through a conductor. I t is measured in ohms (Ǹ) and represents the opposition 

to the flow of electric charge. According to Ohmõs law, 1Ǹ resistance allows 1A of current 

to flow from one point to the other with a 1V voltage difference.  

Resistance arises due to collisions between  moving electrons and the atoms of the 

conducting material. Materials with high resistance, such as insulators, restrict the flow 

of current, while materials with low resistance, like metals, allow current to flow more 

freely. Resistors are electronic comp onents specifically designed to introduce resistance 

into a circuit and are widely used for various purposes, such as limiting current, dividing 

voltage, and controlling the flow of electricity. Resistance plays a critical role in 

determining the behaviour  of electrical circuits, influencing factors like voltage, current, 

and power. Understanding resistance is essential for designing and analysing electronic 

circuits to ensure proper functionality and performance.  

3.1.1 Resistor  

A resistor is a passive elec tronic component that limits the flow of electric current in a 

circuit. It is commonly used to control the amount of current, reduce voltage levels, 

divide voltage, or provide a specific resistance value for a circuit. Resistors are 

characterized by their resistance value, measured in ohms (Ǹ), which indicates how 

much they impede the flow of current.  

They come in various types and configurations, such as fixed resistors with a constant 

resistance value, variable resistors (potentiometers or rheostats) that  can adjust 

resistance, and specialized resistors like light -dependent resistors (LDRs) or 

thermistors, whose resistance changes with light intensity or temperature, respectively. 

Resistors are typically made from materials like carbon, metal oxide, or met al film, and 

their resistance value is determined by factors such as the material used, its length, 

width, and temperature. Understanding the role of resistors is essential in electronics 

design, as they help regulate current flow and ensure the proper ope ration of circuits.  

Properties of resistors  

Resistors, fundamental components in electronics, possess several properties that 

determine their behaviour and suitability for various applications.  

Resistance Value ð Perhaps the most crucial property, resistan ce is measured in ohms 

(Ǹ) and indicates how much a resistor impedes the flow of electric current. Resistors 

come in a wide range of resistance values, from fractions of an ohm to several Mega 

ohms, allowing for precise control over current flow in a circu it.  
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Power Rating ð This property indicates the maximum amount of power a resistor can 

dissipate without overheating or damage. It is typically specified in watts (W) and 

depends on the resistor's physical size and construction. Resistors with higher power 

ratings can handle greater amounts of electrical energy safely.  

Tolerance ð Tolerance refers to the range within which the actual resistance of a resistor 

may vary from its nominal, or rated, resistance value. It is expressed as a percentage 

and accounts f or manufacturing variations. Resistors with tighter tolerances offer 

greater precision but may be more expensive.  

Temperature Coefficient ð The resistance of some resistors changes with temperature. 

The temperature coefficient, expressed in parts per milli on per degree Celsius (ppm/°C), 

quantifies this change. A lower temperature coefficient indicates that the resistance 

change is minimal over a specified temperature range, ensuring stability in varying 

thermal conditions.  

3.1.2 Types of Resistors  

There are  numerous types of resistors that are available and can be used in electronic 

circuits. These different types of resistors have different properties depending upon their 

manufacture and construction. There are different types of resistors  available for 

various applications. The resistors are available in different shapes, size, and materials. 

It is illustrated below in Figure 3.1.  

 

Fig. 3.1 Types of resistors  

Different types of resistors that are commonl y used are given in the following table 3.1.  

Table 3.1: Types of resistors  

Type of Resistor  Symbol  Image  

Carbon Resistor ð This is made from a blend of 

carbon or graphite powder, insulation filler, and 

a resin binder. The ratio of insulation material 

determines the resistance. The resistor consists 

of a rod -shaped insulating powder with metal 

caps on both ends. Conductor wires are attached 

for circuit connection via soldering. A plastic 

coat with color -coded bands indicates resistance 

value. They range fro m 1 ohm to 25 mega ohms 

 

  

https://byjus.com/physics/resistor/
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and power ratings from ¼ watt to 5 watts.  

Wire wound Resistor ð Wire wound resistors are 

made by wrapping a resistive wire around an 

insulating core or rod. Typically, the resistance 

wire comp rises materials like Tungsten, 

manganic, Nichrome, or nickel -chromium alloy, 

while the core can be porcelain, Bakelite, press 

bond paper, or ceramic clay.  

 

 

Light Dependent Resistor (LDR) ð LDR, or 

Light Dependent Resistor, is a type of  resistor 

whose resistance varies with light intensity. In 

essence, it's a resistor that changes its 

resistance when exposed to light. LDRs are also 

known as Photo Resistors or Photoconductive 

Cells. These resistors are made using materials 

called photocon ductors, such as cadmium 

sulphide or lead sulphide.  

 

 

Variable Resistor ð Variable resistors allow for 

adjustment via a dial, knob, screw, or manual 

method. They feature a sliding arm connected to 

a shaft, enabling resistance adjustment  by arm 

rotation. Also known asPotentiometers, 

Rheostats and Trimmers . 
  

3.1.3 Carbon resistors  

Carbon resistors are widely used in electronics due to their versatility and cost -

effectiveness. They consist of a solid cy lindrical resistor element with wire leads or metal 

end caps embedded within. Available in various sizes, their power dissipation ranges 

typically from 1 watt down to 1/8 watt.  

While metals and alloys like nichrome, brass, platinum, and tungsten are also u sed for 

resistance, they   often lack the high electrical resistivity of carbon. This can result in 

bulkier components when aiming for higher resistance values. However, carbon 

resistors offer precise resistance measurements, making them ideal for calibrat ion and 

comparison purposes as shown in Figure 3.2.  

 

Fig. 3.2: Construction of a carbon resistor  

In practical applications, carbon resistors are preferred for their affordability, 

compactness, and suitability for direct printing onto circuit boards. They provide reliable 

resistance within practical requirements. Compared to metal wires, carbon is 
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abundantly available, contributing to its low cost. For instance, a dozen   resistors can 

be purchased for just 2 rupees at any electronic component store.  

3.1.4  Colour  coding of Carbon resistors  

Colour coding was formulated to identify small sized resistors on which the resistance 

value could not be printed. Colour bands should be read from that end which has the 

bands nearest to it.  

1.  The 1st and 2nd bands stand for the first two digits.  

2. The 3rd band represents the power -of-ten multiplier (the number of zeros after 

the second digit).  

3.  The 4th band represents the manufacturer's tolerance (accuracy of the resistor).  

This coding is explained with the help of an example in Fig ure 3.3.  

 

Fig. 3.3: Resistors colour codes  

Activity 1  

Practical Activity 3.1. Calculate resistance value of a resistor.  

Material Required ð Colour coded resistors, Notepad.  

Procedure  

Specification of Four Band Resistor  

Step 1. In a 4 -band resistor, three  colour bands are at left side of the resistor and at 

some distance the remaining single band at the right.  

Step 2. First colour band of the resistor is considered as the first numeric digit of 

resistance value. For the resistor shown in Figure 3.4, the fi rst band is yellow, so the 

first number is 4.  

 

Fig. 3.4: Four band Resistor Specification  

Step 3. The second colour band gives the second number. This band is violet in colour 

making the second digit 7.  
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Step 4. The third colour band is called the multipli er and gives the number of zeros, 

in this case it will be 1000 (three zeros because the colour code is orange).  

Step 5. Therefore, the value of the resistor is 47000Ý or 47kÝ. 

Step 6. The fourth colour band gives the tolerance.  

Step 7. The tolerance define s the upper and lower limit of resistance value. Consider 

a 100Ý resistor its tolerance value can be defined in following table. 

Tolerance value of resistor  

Tolerance  Colour  Stated  Allowed Upper Value  Allowed Lower Value  

+/ - 5% Gold  100Ý 105Ý 95Ý 

+/ - 10% Silver  100Ý 50Ý 90Ý 
 

Know Moreé. 

These resistors are combined together to connect in series or parallel or combination 

of them.  

Series connection of resistors ð In this connection, current remain same in each 

resistor, but voltage divides across each resistor as shown in Figure 3.5 given below.  

R equivalent  = R 1 + R 2 + R 3+é. 

 

Fig. 3.5: Series connection of resistors  

Parallel connection of resistors ð In this connection, voltage across each resistor 

remain but current divides in each branch as shown in  following Figure 3.6.  

1/R equivalent  =1/ R 1 + 1/R 2 +1/ R 3+é. 

 

Fig. 3.6: Parallel connection of resistors  

3.1.5 Functions of resistor  

Resistors are primarily used in circuits to regulate the current flow to various segments. 

Consider an LED light, for e xample. An LED is destroyed if it receives an excessive 

amount of current. So, to limit the current, a resistor is used. When a resistor 

experiences current flow, energy is lost and the resistor heats up. The effort required by 

the battery to push the elec trons through the resistor is converted into thermal energy 

within the resistor. The principle governing the operation of resistors can also be applied 

to heating elements found in hair dryers, irons, toasters, heaters, and electric stoves 

that distribute voltage.  

3.2 Capacitor  

A capacitor is a device which is made up of one or more pairs of conductors and an 

insulator separating them. It is a passive electrical component with two terminals and 
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is utilized to store energy in an electric field. The conductor s can be made of thin films, 

foils, a conductive electrolyte and so on. The non -conducting dielectric functions to raise 

the charge capacity of the capacitor. It can be made of glass, plastic film, air, paper, an 

oxide layer and so on. The unit of capacita nce, which is the property that capacitors 

possess, is called the farad (F). One farad is defined as the capacitance of a capacitor 

that stores one coulomb of charge when a voltage of one volt is applied across it.  

However, capacitors typically have capaci tance values much smaller than one farad. 

Therefore, subunits of the farad are commonly used, such as microfarads (µF), 

nanofarads (nF), and picofarads (pF), to express capacitance in electronic circuits. For 

example, one microfarad (µF) is equal to 10 -6 f arads, one nanofarad (nF) is equal to 10 -

9 farads, and one picofarad (pF) is equal to 10 -12 farads. These subunits are more 

practical for representing the small capacitance values commonly encountered in 

electronics. Capacitors are extensively used in elec trical circuits of general electrical 

devices.  

3.2.1 Types of capacitors  

Capacitors are essential components in electronics, storing and releasing electrical 

energy. They come in various types, each with unique characteristics. Ceramic 

capacitors offer sta bility and versatility, electrolytic capacitors provide high capacitance 

values, while film capacitors offer reliability, mica capacitors excel in precision. Each 

type serves specific purposes, enabling efficient design across electronic systems. The 

table  3.2 given below illustrates some commonly used types of capacitors.  

Table 3.2: Types of capacitors  

Name of capacitor  Symbol  Image  

Electrolytic Capacitor ð This is a polarized 

capacitor with high capacitance per volume. 

They consist of an anode made of al uminum foil 

or tantalum, separated by a thin dielectric oxide 

layer, and a conductive electrolyte as the 

cathode. Widely used in electronics for their 

large capacitance values. They require correct 

polarity to function properly and avoid damage 

from revers e voltage or overvoltage.  

 
 

Mica Capacitors ð Mica capacitors are known 

for their precision, stability, and suitability for 

high -temperature applications. They are 

composed of alternating layers of mica sheets 

and metal  foil electrodes. Mica capacitors offer 

low losses, high insulation resistance, and 

negligible dielectric absorption. They are 

commonly used in radio frequency (RF) circuits, 

high -voltage applications, and precision 

electronic equipment where accuracy is 

essential.  
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Ceramic Capacitor ð These capacitors are 

made of ceramic material with a metalized 

layer. They are known for their stability, 

reliability, and versatility. Ceramic capacitors 

are suitable for high -frequency applications due 

to their low parasitic effects and low equivalent 

series resistance (ESR). They come in a wide 

range of capacitance values and compact sizes, 

making them ideal for use in filters, decoupling 

circuits, timing circuits, and RF applications.  

 

  

Film capacitors ð Consist of a thin plastic film 

as the dielectric material between the metal foil 

electrodes. They are available in various 

materials such as polyester (Mylar), 

polypropylene, and polycarbonate. Film  

capacitors offer excellent stability, low losses, 

and high insulation resistance. They are 

commonly used in audio circuits, motor run 

capacitors, power factor correction, and pulse 

applications.  

 

 

Variable    Capacitor  ð The capacitors whose 

capacitance value can be varied continuously 

are called variable capacitors. It consists of 2 

sets of semi -circle plates out of which one set is 

fixed called a stator and another set is movably 

called a rotor. It is commonly used ca pacitor 

radio turning circuits  

 

 

3.2.2 Polarity of capacitors  

The polarity of capacitors refers to the orientation of their terminals in a circuit. Unlike 

resistors, which can be connected in either direction, capacitors are polarized 

components, meaning they have a designated positive (+) and negative ( -) terminal. This 

polarity is crucial for their proper function and must be observed during circuit 

assembly.  

Polarized capacitors, like electrolytic capacitors, have a specific positive terminal 

marked on their casing, indicating the side connected to the higher voltage in the circuit. 

Connecting electrolytic capacitors in reverse polarity can lead to catastrophic failure, 

causing leakage, venting, or even explosion. The longer lead is ta ken as the positive 

terminal (anode) of the electrolytic capacitor and the shorter one is taken as the negative 

terminal (cathode) as shown in Figure 3.7.  

 

Fig. 3.7: Polarity of electrolytic capacitor  
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Non-polarized capacitors, on the other hand, do not ha ve a specific polarity and can be 

connected in either direction like mica capacitor, ceramic capacitor, film capacitor, etc. 

Understanding and observing capacitor polarity is essential for ensuring the reliability 

and safety of electronic circuits.  

3.2.3 F unctions of a Capacitor  

Functions of capacitor in electronic circuits are as follows:  

1. Storing electrical energy.  

2.  Avoid stepping over the electric circuit which are using coil like power supply, 

adapter, lamps.  

3.  Capacitors have various fundamental applicatio ns in circuit configuration, giving 

adaptable filter options, noise decrease, and power stockpiling and detecting 

abilities for designers.  

Capacitors are utilized for: Creating delay/time interval in timing circuits by utilizing 

the charging time of capaci tor  

1.  to smooth differing DC power supplies by going about as a repository of charge  

2.  in filter circuits since they effectively pass AC flags yet they block DC signals  

3.2.4 Construction of Capacitor  

The parallel plate capacitor is the simplest form of a capa citor. The construction of the 

capacitor is very simple. A capacitor is made of two electrically conductive plates placed 

close to each other, but they do not touch each other. These conductive plates are 

normally made of materials such as aluminium, brass , or copper.  

The conductive plates of a capacitor are separated by a small distance. The empty space 

between these plates is filled with a non -conductive material or electric insulator or 

dielectric region. The non -conductive material or region between the  two plates may be 

an air, vacuum, glass, liquid, or solid. This non -conductive material is called dielectric.  

The two conductive plates of the capacitor are good conductors of electricity. Therefore, 

they can easily pass the electric current through them.  The conductive plates of the 

capacitor also hold the electric charge. In capacitors, these plates are mainly used to 

hold or store the electric charge.  

A dielectric material or medium is the poor conductor of electricity. They cannot pass 

electric current  through them. In capacitors, the dielectric medium or material block 

the flow of charge carriers (especially electrons) between the conductive plates. As a 

result, the electric charges that try to move from one plate to another plate will be 

trapped withi n the plate because of the strong resistance from the dielectric.  

Dielectric material does not allow the flow of charge carriers, but they allow the electric 

force, electric charge, or electric field produced by the charged particles (electrons). As 

a resu lt, when charge is built up on the two plates, a strong electric field is generated 

between the two plates. Figure 3.8 shows the construction of the capacitor.  
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Fig. 3.8: Construction of Capacitor  

3.2.5 Working of Capacitor  

When voltage is applied to the capacitor in such a way that, the positive terminal of the 

battery is connected to the left side plate of the capacitor and the negativ e terminal of 

the battery is connected to the right side plate of the capacitor, the charging of capacitor 

takes place. The working of parallel plate capacitor is explained in Figure 3.9.  

 

Fig. 3.9: Working of Capacitor  

Because of this supply voltage, a l arge number of electrons start moving from the 

negative terminal of the battery through the conductive wire. When these electrons 

reach the right -side plate of the capacitor, they experience a strong opposition from 

dielectric material. The dielectric mate rial or medium present between the plates will 

strongly oppose the movement of electrons from the right -side plate. As a result, a large 

number of electrons are trapped or build up on the right -side plate of the capacitor.  

Because of the gaining of excess electrons from outside, the number of electrons 

(negative charge carriers) on the right -side plate will become higher than the number of 

protons (positive charge carriers). As a result, the right -side plate of the capacitor 

becomes negatively charged.  

On t he other hand, the electrons on the left side plate experience a strong attractive 

force from the positive terminal of the battery. As a result, the electrons leave left side 

plate and attracted or moved towards the positive terminal of the battery.  

The ne gative charge builds on the right -side plate creates a strong negative electric field. 

This strong negative electric field also pushes the like charges or electrons on the left 

plate.  

Because of the loss of large number of electrons from the left side plat e, the number of 

protons (positive charge carriers) will become higher than the number of electrons 

https://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/potential-difference.html
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(negative charge carriers). As a result, the left side plate of the capacitor becomes 

positively charged. Thus, both the conductive plates of a capacitor ar e charged.  

The positive and negative charges on the both plates exert force on each other. However, 

they do not touch each other.  

Because of the excess number of electrons on one plate and shortage of electrons on 

another plate, a potential difference or v oltage is established between the plates. As the 

capacitor continues to charge, the voltage produced between the plates increases.  

The voltage produced between the plates opposes the source voltage. As a result, when 

the capacitor is fully charged (voltage  between the plates is equal to the source voltage), 

the capacitor stops charging. Because at this point, the energy of source voltage and the 

capacitor voltage are equal. As a result, the electrons or electric field on the right -side 

plate repels the elec trons coming from the voltage source.  

Therefore, to further charge the capacitor, we need to increase the voltage to a higher 

level. When voltage applied to the capacitor is increased to a higher level. The charge 

again starts building on the conductive pl ates of the capacitor until it reaches the new 

voltage level. When the voltage produced between the plates reaches the new source 

voltage level, it again stops charging.  

3.2.6 Capacitance of a Capacitor  

The capacitorõs ability to store an electrical charge on its plates is called its capacitance. 

The unit of capacitance is Farad (F) and it is denoted by the symbol C. It is always 

positive.  

A capacitor is said to have the capacitance of one Farad when a charge of one Coulomb 

is stored on the plates by a volt age of one volt. Sub -multiples of Farad are commonly 

used, such as micro -farads, Nano -farads and pico -farads, as Farad is a big unit of 

measurement.  

Standard Units of Capacitance  

Microfarad (ȋF) 1ȋF = 1/1,000,000 = 0.000001 = 10ð6 F 

Nano farad (nF) 1nF = 1/1,000,000,000 = 0.000000001 = 10 ð9F 

Picofarad (pF) 1pF = 1/1,000,000,000,000 = 0.000000000001 = 10 ð12 F 

3.3 Inductor  

An inductor is a passive electronic component that stores ene rgy in the form of a 

magnetic field when current flows through it. It consists of a coil of wire wound around 

a core, which can be made of various materials such as air, iron, ferrite, or powdered 

iron. The amount of inductance, measured in henries (H), de pends on factors like the 

number of turns in the coil, the core material, and the coil's physical dimensions. 

Inductors resist changes in current flow, causing voltage to be induced across them 

when the current changes. They are commonly used in electronic  circuits for various 

purposes, including energy storage, filtering, tuning, and impedance matching. 

Inductors play critical roles in applications ranging from power supplies and 

transformers to signal processing and radio frequency circuits. Understanding  the 

principles and characteristics of inductors is essential for designing and analyzing 

electronic circuits effectively.  

3.3.1 Types of Inductors  
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Different types of inductors used in electronics and electrical circuits are shown in the 

table 3.3 given be low.  

Table 3.3: Types of Inductors  

Name of inductor  Symbol  Image  

Air core Inductor ð This type of inductor uses a 

coil of wire wound around a non -magnetic core, 

such as air or plastic. Air core inductors are widely 

used in radio frequency (RF) circuits an d high -

frequency applications due to their low magnetic 

interference and high Q factor.   

 

Iron core Inductor ð Iron core inductors have a 

coil wound around a core made of laminated iron 

or iron powder. They are commonly  used in power 

applications, such as transformers and inductors 

for power supplies, due to their high inductance 

and ability to handle high currents.  
 

 

Ferrite core Inductor ð Ferrite core inductors 

have a coil wound ar ound a core made of ferrite 

material, a type of ceramic with high magnetic 

permeability. These inductors are used in power 

supplies, filters, and RF applications due to their 

high inductance and ability to handle high 

currents.  

 

 

3.3.2 Functions of inductor  

Inductors are utilized widely with capacitors and resistors to make channels for analog 

circuits and in signal handling. Alone, inductor capacities as a low -pass filter, since the 

impedance of the inductor increments as the frequency of signal increases. At the point 

when consolidated with a capacitor, whose impedance diminishes as the frequency of 

signal increments, a notched filter can be made that permits a specific frequency range 

to go through.  

An inductor associa ted with a capacitor frames a tuned circuit, which goes about as a 

resonator for oscillating current. Tuned circuits are generally utilized as a part of radio 

frequency hardware, for example, radio transmitters and receivers, as thin bandpass 

filters which  can select a particular  

1.  frequency from a combined signal. They are also used in electronic oscillators to 

produce sinusoidal signs.  

2.  Transformer is formed by coupling flux using inductors of different number of 

turns and is used in power transmission syste ms 

3.  Inductors restrict exchanging currents /fault currents. This is why they are used 

in electrical transmission systems and are alluded as reactors  

3.4 Diode  

A diode is a basic electronic component that allows electric current to flow in one 

direction whil e blocking it in the opposite direction. It acts as a one -way valve for 

electricity in a circuit. Diodes are commonly used in electronic devices for various 
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purposes, such as rectification (converting alternating current to direct current), voltage 

regulat ion, signal modulation, and light emission (in the case of light -emitting diodes or 

LEDs). They are essential building blocks in electronics and play a crucial role in 

controlling the flow of electricity in circuits  

A diode is a particular electronic devic e with two electrodes called anode and cathode. 

Most diodes are prepared with semiconductor materials, for example, silicon, 

germanium, or selenium.  

The diode is formed by combining n -type and p -type semiconductor materials. These n 

and p sides are created  using a technique called doping. The p -n junction will be 

protected using glass/plastic cover. Anode is the one with more holes, which is p -side 

and cathode is the one with more electrons which is the n -side. Current can only flow 

from P to N side. Curren t flows in forward bias when the p -side's voltage is higher than 

that of the n -side.  

3.4.1 Types of diodes  

Diodes come in various types, each designed for specific applications. Common types 

include the standard silicon diode, which allows current to flow in one direction, and 

the Zener diode, used for voltage regulation. Light -emitting diodes (LEDs) emit light 

when current passes through them, while Schottky diodes offer fast switching 

capabilities. These diverse types of diodes serve essential roles in el ectronics, from 

rectifying currents to controlling voltage and producing light. It is illustrated below in 

table 3.4.  

Table 3.4: Types of diodes  

Name of diode  Symbol  Image  

PN junction diode ð PN junction diodes, 

made of semiconductor materials like 

silico n or germanium, allow current flow 

in one direction and block it in the 

opposite direction, essential for 

rectification, signal demodulation, and 

voltage regulation in electronic circuits.  

 

 

Zener diode ð Zener diodes m ade from 

semiconductor materials like silicon or 

germanium, regulate voltage by 

maintaining a constant voltage drop 

across their terminals when reverse -

biased, serving as voltage references and 

overvoltage protection devices.  

 

 

Light em itting diode (LED) ð LEDs, 

composed of semiconductor materials 

such as gallium arsenide, gallium 

phosphide, or indium gallium nitride, 

emit light when current passes through 

them, widely used for indicators, 

displays, and lighting due to their 

energy effic iency and colour versatility.  
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Schottky diodes ð Schottky diodes 

formed by the junction of a metal and a 

semiconductor material like silicon or 

gallium arsenide, offer low forward 

voltage drop and fast switching 

characteristics, making  them ideal for 

high -frequency circuits, rectification, 

and voltage clamping applications in 

electronics.  

 
 

3.5   P -N Junction Diode  

The PN junction diode is the most common diode used in electronics. It is made up of 

semiconductor material. It is always conducted in one direction and hence used for 

rectification. The PN junction diode has two terminals namely anode and cathode. The 

current flows from anode to cathode.  

The PN junction diode conducts only when it is conne cted in forward bias. The symbolic 

representation of the PN junction diode is shown in Figure 3.10. The arrow head 

represents the positive potential, and the bar shows the negative potential of the diode.  

 

Fig. 3.10: PN Junction Diode and its symbol  

3.5. 1 Construction and working of P -N Junction Diode  

The PN junction diode has a P -type and N-type semiconductor material which is joined 

by the process of alloying. Thus, both the ends of the  diode have different properties. 

The electrons are the majority charge carrier of the N -type material, and the holes are 

the majority charge carrier of the p-type semiconductor material . The region in which 

both the p -type and n -type material meets is known as the depletion region. This region 

does not have any free electrons because electrons and holes combine with each other 

in this region.  

The depletion region is very thin, and it does not allow the current to flow through it. 

The PN junction starts conducting when the forward bias is applied across the junction. 

The forward bias means the P -type material is connected to the positive terminal of the 

battery and the N -type material is con nected to the negative supply.  

The forward bias creates the electric field  which reduces the depletion region of the PN -

junction diode. When the potential barrier is completely reduced, it creat es the 

conducting path for the flow of current. Thus, large current starts flowing, and this 

current is called the forward current. The above -mentioned process is explained as 

shown in Figure 3.11.  

https://circuitglobe.com/n-type-semiconductor.html
https://circuitglobe.com/p-type-semiconductor.html
https://circuitglobe.com/electric-field.html
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Fig. 3.11: P -N Junction Diode working in forward bias  

3. 5.2 Functions of P -N Junction diode  

The function of the diode is to conduct current when it is forward biased as mentioned 

before and, in this state, the diode acts as a short circuit or it is turned on. When the 

n-side is at higher potential than the p -side diode doesnõt conduct and this is known as 

reverse bias. At this time the diode acts as an open circuit or it is in an off state as 

shown in Figure 3.12.  

 

Fig. 3.12: function of P -N Junction Diode in forward and reverse bias  

3.5.3 Applications of P -N J unction diode  

Some common applications of PN junction diodes are as follows:  

Rectification  

PN junction diodes are widely used in rectifier circuits to convert alternating current 

(AC) to direct current (DC) in power supplies for electronic devices.  

Signal Clipping and Clamping  

PN junction diodes are employed in clipping and clamping circuits to limit the amplitude 

of input signals, ensuring they remain within predetermined voltage levels.  

Voltage Multiplier  

PN junction diodes, particularly in combination wi th capacitors, are utilized in voltage 

multiplier circuits, to generate high -voltage outputs from low -voltage inputs.  

Switching  

PN junction diodes can be used as switches in electronic circuits to control the flow of 

current, allowing current to pass in on e direction while blocking it in the reverse 

direction.  

Voltage Limiting  

PN junction diodes are employed in voltage limiting circuits to protect sensitive 

electronic components from excessive voltage by clamping the voltage level to a safe 

threshold.  

3.6 L ight Emitting Diode (LED)  

Diodes which produce light when current flows through it are known as light emitting 

diode (LED). A light producing diode (LED) is a two -lead semiconductor light source. 
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When they are applied with a suitable voltage the electrons and holes combine and 

energy is emitted as photons/light. LED image and symbol are depicted as shown in 

Figure 3.13.  

 

Fig 3.13: (a) Light emitted diode (LED) (b) symbol of LED (c) Internal parts of LED  

Advantages of LED  

1.  Very low voltage and current is a dequate to drive run the LED.  

2.  Voltage ranges from 1 to 2 volts.  

3.  Current ranges from 5 to 20 milliamperes.  

4.  Total power yield will be under 150 milliwatts.  

5.  The response time is very less (around 10 nanoseconds)  

6.  The device does not require any warming and war m up time.  

7.  Miniature in dimension and henceforth light weight.  

8.  Have a rough structure and thus can withstand stun and vibrations.  

9.  An LED has a life expectancy of over 20 years.  

Disadvantages  

1.  A slight overabundance in voltage or current can harm the gadget.  

2.  The gadget is known to have a substantially more extensive data transmission 

contrasted with the laser.  

3.  The temperature relies upon the radiant yield power and wavelength  

Function of LED  

Four important functions are:  

1.  LEDs are used in signalling systems li ke traffic signals road diction signals etc.  

Used in LED bulbs to provide sufficient light in night /in dark rooms etc.  

In human vision measurement.  

LED is used in light sensors in reverse bias condition to detect narrow banded lights.  

Powerful facté 

Why L EDs are good choice?  

1.Long life  

2.Durable  

3.High efficiency  

4.Low energy use  

5.Compact size  

6.No UV issue  
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The light from LEDs can be tweaked rapidly so they are utilized broadly in optical fiber 

and free space optics correspondences. LEDsõ are used in road lights, presentations, 

backdrop illumination and many more applications. Infra -red LED produces light which 

is invisible to humans and are used in remote controls. They can be used in optical 

disconnection of higher voltage frameworks from low voltage  circuits.  

3.7 Transistors  

A Transistor is a three -terminal semiconductor device used for amplifying or switching 

electrical signals in electronic circuits. It consists of three regions: the emitter, base, 

and collector. By controlling the base current, a transistor can amplify signals or act as 

a switch. They are commonly used in various applications like audio amplifiers and 

digital logic circuits due to their high gain and fast switching speeds. The transistor is 

a standout amongst the most vital gadgets  in electronics. The common transistor looks 

like as shown in Figure 3.14.  

 

Fig. 3.14 Transistor image  

3.7.1 Types of Transistor  

Transistors come in two types: NPN and PNP, with each type having different doping 

polarities. The symbol of NPN and PNP trans istors are shown in Figure 3.15. Outward 

arrow on the emitter side is an indication of an NPN transistor and the inward arrow on 

the emitter side is indication of PNP transistor.  

 

Fig. 3.15: Symbols of NPN and PNP transistors  

NPN Transistor  

In an NPN tran sistor, the middle layer (base) is made of P -type semiconductor material, 

sandwiched between two layers of N -type semiconductor material (collector and emitter).  

When a small current flow from the base to the emitter (forward bias), it controls a much 

larg er current flowing from the collector to the emitter. NPN transistors are commonly 

used in amplification circuits, digital logic circuits, and switching applications due to 

their ease of use and versatility. The example of NPN transistors are 2N2222, BC547  as 

shown in Figure 3.16.  
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Fig. 3.16: NPN transistors -BC547 and 2N2222  

PNP Transistor:  

In a PNP transistor, the middle layer (base) is N -type semiconductor material, 

sandwiched between two layers of P -type semiconductor material (collector and emitter).  

When a small current flow from the emitter to the base (forward bias), it controls a much 

larger current flowing from the emitter to the collector. PNP transistors are also used in 

amplification circuits, digital logic circuits, and switching applications.  The example of 

PNP transistors are 2N3906, BC557 as shown in Figure 3.17.  

 

Fig. 3.17: PNP transistors -2N3906, BC557  

3.7.2 Transistor Operating Modes  

Transistors operate in four main modes:  cutoff, active, saturation and reverse active. 

These modes deter mine how the transistor controls the flow of current between its 

terminals. The working of transistor in these modes is given as follows:  

Cutoff Mode  

In cutoff mode, the transistor is effectively "off," and no current flows between the 

collector and emitte r terminals. This mode occurs when the base -emitter junction is 

reverse -biased, preventing the flow of majority charge carriers (electrons for NPN 

transistors, holes for PNP transistors) from the emitter to the base.  

The transistor acts as an open switch, with a high resistance between the collector and 

emitter.  

Active Mode  

In active mode, the transistor is "on," and current flows between the collector and 

emitter terminals. This mode occurs when a small forward bias voltage is applied to the 

base-emitter j unction, allowing a controlled amount of majority charge carriers to flow 

from the emitter to the base. The transistor amplifies the input signal applied to the 

base, controlling the larger current flowing between the collector and emitter.  

Saturation Mode  

In saturation mode, the transistor is fully "on," and maximum current flows between 

the collector and emitter terminals. This mode occurs when the base -emitter junction 
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is heavily forward -biased, allowing a large number of majority charge carriers to flow  

from the emitter to the base. The transistor acts as a closed switch, with a low resistance 

between the collector and emitter, allowing maximum current flow.  

Reverse -Active  

A backward current proportional to base current (flowing into base) flows from emi tter 

to collector. It is illustrated below in Figure 3.18.  

 

Fig. 3.18 Diode operation modes  

3.7.3 Applications of transistor  

A transistor is a semiconductor with a strong and non -moving part to pass a charge. It 

can amplify (increase) and switch electrica l power and electronic signals. The most 

important applications of transistors are as follows:  

The transistor as an amplifier  

The transistor works as an amplifier by controlling a larger current between its collector 

and emitter terminals in response to a small input current at its base. This amplification 

is achieved by modulating the transistor's conductivity, which magnifies the input signal 

to produce a stronger output signal.  

Let's consider a simple example using a transistor amplifier in an audio circ uit.  

Imagine there is a small microphone that produces a weak electrical signal when speak 

into it. This weak signal needs to be boosted so that it can drive a speaker and produce 

sound loud enough for people to hear. Here's where the transistor amplifier comes in: 

the weak electrical signal from the microphone is fed into the base of the transistor. This 

small signal controls the flow of a much larger current between the collector and emitter 

terminals of the transistor.  

For instance, if you whisper into t he microphone (weak signal), the transistor amplifies 

this whisper into a louder sound by controlling a bigger flow of electricity through it. As 

a result, the amplified signal drives the speaker, producing a louder sound that's audible 

to everyone. So, th e transistor effectively acts as a signal booster, amplifying the weak 

signal from the microphone to a level that's suitable for driving the speaker.  

The transistor as switch  

A transistor can work as a switch by controlling the flow of current between its 

terminals. When a small voltage is applied to the base terminal, it allows current to flow 

between the other two terminals, acting like a closed switch. When no voltage is applied, 

it blocks current flow, acting like an open switch. This switching ability is crucial in 

digital circuits, where transistors represent binary states (on/off) used in computers 

and electronic devices.  

Imagine that there is an LED that has to be to turn on and off with a switch. By 

connecting the LED to a transistor and applying a small voltage to the transistor's base 
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terminal, control can be done on whether the LED is on or off. When the voltage is 

applied, the transistor acts like a switch, allowing current to flow through the LED and 

turning it on. When the voltage is removed, t he transistor switches off, cutting off the 

current flow and turning off the LED. This simple setup demonstrates how a transistor 

can function as a switch, controlling the flow of electricity in electronic circuits.  

3.8 Integrated Circuit (IC)  

Integrated c ircuits (ICs), also known as microchips or chips, are tiny electronic devices 

made up of semiconductor materials, such as silicon. These circuits contain a large 

number of electronic components, such as transistors, diodes, resistors, and capacitors, 

all f abricated onto a single chip of semiconductor material. Figure 3.19 shows the 

Integrated Circuit.  

 

Fig. 3.19 Integrated Circuit  

ICs revolutionized the field of electronics by making it possible to miniaturize electronic 

circuits. Before ICs, electronic ci rcuits were made up of individual components 

connected by wires, which took up a lot of space and were prone to errors.  

The invention of ICs allowed engineers to pack thousands, millions, or even billions of 

electronic components onto a single chip, greatl y reducing the size and cost of electronic 

devices while increasing their reliability and performance. This miniaturization has led 

to the development of smaller, faster, and more powerful electronic devices, such as 

computers, smartphones, digital cameras , and many other consumer electronics.  

There are different types of ICs, each designed for specific purposes. For example, analog 

ICs are used for processing continuous signals, such as those found in sound or radio 

waves, while digital ICs are used for pr ocessing discrete signals, like the 0s and 1s in 

computer binary code.  

Integrated circuits are the backbone of modern electronics, enabling the creation of the 

sophisticated devices that we rely on in our daily lives.  

Summary  

The chapter gives a basic idea  of key electronic components. Resistance, measured in 

ohms (Ǹ), hinders current flow, and resistors regulate it. Capacitors store energy in an 

electric field, while inductors store it in a magnetic field. Diodes allow one -way current 

flow, and Light Emitt ing Diodes (LEDs) emit light when powered. The chapter introduces 

transistors, controlling current flow in different modes, and concludes with Integrated 

Circuits (ICs) ñsemiconductor wafers performing various tasks. ICs embody 

miniaturization, cost reducti on, and enhanced performance in electronic circuits.  
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Check Your Progress  

A. Multiple Choice questions  

1.  What is the unit of resistance? (a) Volt (b) Ampere (c) Ohm (d) Watt  

2.  What is the primary function of a resistor in a circuit? (a) Amplify signals (b ) Store 

energy (c) Regulate current flow (d) Emit light  

3.  Which electronic component stores energy in an electric field? (a) Resistor (b) 

Inductor (c) Capacitor (d) Diode  

4.  What is the primary function of a diode? (a) Amplify signals (b) Store energy (c) 

Contr ol current flow (d) Emit light  

5.  What is the mode where a transistor acts like a short circuit from collector to 

emitter? (a) Saturation (b) Cut -off (c) Active (d) Reverse -Active  

6.  What is the purpose of Integrated Circuits (ICs)? (a) Emit light (b) Regulate c urrent 

(c) Perform high -level tasks (d) Store energy  

7.  Which component is used to regulate the current flow in circuits, preventing damage 

to devices like LEDs? (a) Resistor (b) Capacitor (c) Inductor (d) Diode  

8.  What does a Light Emitting Diode (LED) do when current flows through it? (a) 

Amplify signals (b) Store energy (c) Emit light (d) Control current flow  

9.  What is the unit of capacitance? (a) Ohm (b) Farad (c) Volt (d) Ampere  

10.  Which type of capacitor does not have a polarity? (a) Electrolytic (b) Tantalum (c ) 

Polar (d) Ceramic  

B. Fill in the blanks  

1.  Resistance is the obstruction caused by a substance to current flow, measured in 

______ and denoted by the symbol Ǹ. 

2.  Resistors, the most common electronic components, are ______ used to implement 

electrical resista nce in electronic circuits.  

3.  Colour coding of resistors is a method to identify their_____.  

4.  Resistors are essential in circuits to _______, preventing damage to components like 

LEDs, where excess current can be destructive.  

5.  A capacitor, a device with two te rminals separated by an _______, stores energy in 

an electric field.  

6.  Inductors store energy in a magnetic field and resist changes in  ______.   

7.  A diode, with two electrodes (anode and cathode), allows current flow in one 

direction and ______.  

8.  Light Emitti ng Diodes (LEDs) produce______ when current flows through them.  

9.  A transistor, a three -terminal device, can amplify and ________.  

10.  Integrated Circuits (ICs) are small plates of semiconductor material containing 

thousands or millions of tiny components like _ _________. 

C. State whether True or False  

1.  Resistance is the facilitation of current flow in a substance, measured in Volts (V).  

2.  Resistors are active components used to amplify electronic signals.  

3.  The 4th band in the color coding of resistors represents the  power -of-ten multiplier.  
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4.  Capacitors store energy in an electric field and are measured in Farads (F).  

5.  Inductors resist changes in electric current by inducing a voltage in the conductor.  

6.  Diodes allow current to flow in both directions and act as open circ uits in reverse 

bias.  

7.  Light Emitting Diodes (LEDs) are used in optical fiber communications and produce 

sound waves.  

8.  Transistors have only two modes of operation: saturation and cut off.  

9.  Integrated Circuits (ICs) are made of discrete electronic components.  

10.  Transistors have three terminals: base, emitter, and collector.  

D. Answer the following questions in short  

1.  Explain the primary function of a resistor in an electronic circuit.  

2.  What is the purpose of colour coding in resistors, and how is it interpreted?  

3.  Define a capacitor and its basic construction.  

4.  Explain the relationship between voltage, charge, and capacitance in a capacitor.  

5.  Describe the basic structure and function of an inductor.  

6.  What is the role of a diode in an electronic circuit, and how does it function in both 

forward and reverse bias?  

7.  What are the advantages and disadvantages of Light Emitting Diodes (LEDs)?  

8.  How does a transistor operate, and what are its different modes?  

9.  In what applications can transistors be used as amplifiers?  

10.  Explain the c oncept of Integrated Circuits (ICs) and their advantages in electronic 

circuits.  

 

Chapter 4. Tools, Equipment and Measuring Instruments  

Tools, equipment, and measuring instruments are essential for tasks of installation or 

repairing in electronics and el ectrical appliances. Common tools include screwdrivers 

and wrenches for fastening, while equipment like drills and saws aid in cutting and 

shaping materials. Measuring instruments like rulers and callipers ensure accurate 

measurements, while specialized to ols such as multimeters and oscilloscopes are used 

for electrical testing and signal analysis. These tools enhance efficiency and accuracy in 

various tasks.  

4.1 Common hands tools  

Hand tools are absolutely necessary for daily tasks. Since ancient times, pe ople have 

utilized them to carry out a variety of beneficial tasks.  There are many varieties of hand 

tools that are suitable for any type of task. Certain tools are designed for a particular 

purpose, while others are multipurpose.  

Understanding their desi gn and appropriate use is crucial if you want the best results 

from your work. Many errors and injuries can result from carelessness or ignorance.  

When using hand tools, accuracy and proper use are more crucial than productivity. A 

craftsman must select th e appropriate tools for the job based on the nature of the work 
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that needs to be done. He needs to know which tool is best for the job. If not, work 

output and quality will deteriorate.  

Some Common hands tools that are used frequently are described as foll ows:  

Cutter  

Cutters are hand tools made for cutting a variety of materials, including thin metal 

sheets and wires. They are available in various varieties, such as cable cutters, wire 

strippers, and diagonal cutters. The image of the most used type of cutt er is shown 

below in Figure 4.1.  

 

Fig. 4.1: Cutter  

Use: Wire strippers are useful for removing insulation, and diagonal cutters work well 

for cutting wires. Thick wires and cables are the intended use for cable cutters.  

Scissors  

Description: Scissors are cutting tools with two opposing blades that pivot around a 

fulcrum. They are commonly used for cutting paper, fabric, or other thin materials. The 

image of the most used type of cutter is shown below in Figure 4.2.  

 

Fig. 4.2: Scissors  

Use: Scissors are ve rsatile and can be used for a variety of tasks, from crafting and office 

work to cutting packaging materials.  

Screwdriver  

A screwdriver is a hand tool used for turning screws. It typically consists of a handle 

and a shaft with a tip that fits into the scre w's head. Screwdrivers are very important 

and are used to tighten the screws, bolts, and nuts. They come in various shapes and 

also can be altered as per the size of the bolt. The image of the screwdriver is depicted 

below in Figure 4.3.  

 

Fig. 4.3: Screwd river  
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Use: Screwdrivers come in various types, such as flathead and Phillips, and are essential 

for assembling and disassembling items held together by screws.  

Combination Pliers  

Combination pliers are versatile hand tools that combine features of both cut ting pliers 

and gripping pliers. They often have a cutting edge and serrated jaws for gripping. It is 

shown below in Figure 4.4.  

 

Fig. 4.4: Combination pliers  

Use: Combination pliers are useful for gripping, twisting, bending, and cutting various 

material s, making them an essential tool for electricians, mechanics, and DIY 

enthusiasts.  

4.2 Measuring Instruments  

A device or mechanism used to determine the present value of the quantity under 

measurement is classified as a Measuring Instrument. It acts as a u ser ôs interface 

between the physical world and the information world.  

Phase Tester  

A phase tester, also known as a voltage tester, is used to determine the presence or 

absence of an electrical voltage in a circuit. It looks like as shown in following Figu re 

4.5.  

 

Fig. 4.5: Phase Tester  

Use: It helps ensure that electrical circuits are de -energized before maintenance or 

repair work, preventing accidents.  

Earth Tester  

An earth tester measures the resistance between the grounding system and the Earth. 

It ens ures that electrical systems have a proper ground connection. The image of the 

earth tester is shown in Figure 4.6.  

 

Fig. 4.6: Earth Tester  
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Use: Used to maintain electrical safety by verifying that the grounding system is 

functioning correctly.  

Watt Meter  

A watt meter measures electrical power consumption in watts, helping users monitor 

and control energy usage as shown in Figure 4.7  

 

Fig. 4.7: Watt meter  

Use: Useful for assessing the power consumption of electrical appliances and optimizing 

energy effici ency.  

Energy Meter  

An energy meter measures the total electrical energy consumed over time, typically in 

kilowatt -hours (kWh). It is shown in the following Figure 4.8.  

 

Fig. 4.8: Energy meter  

Use: Essential for utility billing and monitoring energy consum ption in residential, 

commercial, and industrial settings.  

Multi -meter  

A multi -meter is a versatile instrument that combines multiple measurement functions, 

including voltage, current, and resistance. The real view of multi -meter is shown in 

Figure 4.9.  

 

Fig. 4.9: Multi meter  
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Use: Widely used for troubleshooting electrical circuits, checking continuity, and 

measuring various electrical parameters.  

Clamp Meter  

A clamp meter is an electrical test instrument that combines a current sensor and a 

simple digital  multimeter. Current is measured by clamps. Voltage is measured by 

probes. Electrical meters with hinged jaws enable technicians to measure current in a 

circuit without disconnecting or de -energizing it by clamping the jaws around a wire, 

cable, or other c onductor at any point in the electrical system.  

A clamp meter measures current by clamping around a conductor without the need for 

direct contact. Its different parts and design are shown in following Figure 4.10.  

 

Fig. 4.10: Clamp meter  

Use: Ideal for me asuring AC current in live electrical circuits safely, especially in 

situations where accessing the conductor is challenging.  

4.3 Measurements Using Multimeter  

Different measurements can be performed using a multimeter like voltage, current, 

resistance etc . The position of knob on the multimeter for these measurements are 

shown in Figure 4.11.  

 

Fig. 4.11: Measurements Using Multimeter  

4.3.1 Measurement of AC and DC voltage  
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Measuring AC (Alternating Current) and DC (Direct Current) voltage using a multimete r 

involves setting the multimeter to the appropriate mode and connecting the probes to 

the circuit being measured. Here's a step -by-step guide:  

Measurement of AC Voltage  

Set the Selector Switch ð Turn the selector switch to the AC voltage (V~) setting. Thi s 

is usually denoted by a "~" symbol.  

Select the Range ð Choose the appropriate voltage range on the multimeter. Start with 

a higher range and then adjust as needed.  

Connect the Probes ð Connect the red probe to the positive (+) terminal and the black 

prob e to the negative ( -) terminal. If measuring across a component, connect the probes 

to the two points in the circuit.  

Take the Reading ð Place the probes at the points in the circuit where you want to 

measure AC voltage. The multi meter will display the AC  voltage in volts on the screen. 

This procedure is shown in Figure 4.12.  

 

Fig. 4.12: Measurements of AC Voltage  

Measurement of DC Voltage  

Set the Selector Switch ð Turn the selector switch to the DC voltage (V -) setting. This 

is usually denoted by a "V -" or "VDC" symbol.  

Select the Range ð Choose the appropriate voltage range on the multimeter. Start with 

a higher range and then adjust as needed.  

Connect the Probes ð Connect the red probe to the positive (+) terminal and the black 

probe to the negative ( -) terminal. If measuring across a component, connect the probes 

to the two points in the circuit.  

Take the Reading ð Place the probes at the points in the circuit where you want to 

measure DC voltage. The multi meter will display the DC voltage in volts on the screen. 

Connection for this measurement is shown in Figure 4.13.  

 

Fig. 4.13: Measurements of DC Voltage  

Measurement of Current  

Setting the Selector Switch ð Turn the selector switch to the current (A) setting.  
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Connecting the Probes ð For measuring cur rent, the multi meter must be inserted into 

the circuit. Break the circuit and connect the multimeter in series with the load.  

Reading the Display ð The multi meter will display the current value in amperes. The 

connection can be done as shown below in Fig ure 4.14.  

 

Fig. 4.14: Measurements of Current  

Measurement of Resistance  

Setting the Selector Switch ð Turn the selector switch to the resistance (Ǹ) setting. 

Connecting the Probes ð Connect the probes to the two ends of the resistor or 

component being mea sured.  

Reading the Display ð The multi meter will display the resistance value in ohms. It 

can be performed as shown in following Figure 4.15.  

 

Fig. 4.15: Measurements of resistance  

Continuity Test using Multimeter  

Setting the Selector Switch ð Turn the s elector switch to the continuity setting (often 

represented by a symbol that looks like sound waves).  

Connecting the Probes ð Touch the probes to the two points in the circuit being tested.  

Reading the Display ð The multi meter will produce a beep if there  is continuity, 

indicating a low resistance path. The position of knob and wires for continuity testing 

is as shown in Figure 4.16.  

 

Fig. 4.16: Continuity Test using Multimeter  
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4.4 Safety practices to use Tools, Equipment and Measuring instrument  

Safety p ractices are paramount for technicians working with tools, equipment, and 

measuring instruments. Adhering to proper safety procedures helps prevent accidents, 

ensures the well -being of the technician, and promotes a secure working environment. 

Here's a det ailed guide on safety practices for technicians:  

4.4.1 General Safety Practices  

Personal Protective Equipment (PPE)  

Always wear the appropriate PPE for the task at hand. This may include safety glasses, 

gloves, hearing protection, and, if necessary, a helm et or other specialized equipment. 

The images of PPE kit are given in Figure 4.17.  

 

Fig. 4.17: Personal Protective Equipment (PPE)  

Tool Inspection  

Before using any tool or equipment, inspect it for damage, wear, or defects. Do not use 

tools that are damag ed, as they can pose a safety risk.  

Proper Tool Use  

Use each tool for its intended purpose, following manufacturer guidelines and safety 

recommendations. Improper tool use can lead to accidents and damage to the 

equipment.  

Secure Work Area  

Keep the work ar ea clean and organized. Remove clutter to prevent tripping hazards and 

ensure easy access to tools and equipment.  

Training and Certification  

Ensure that technicians are adequately trained and certified to use specific tools and 

equipment. Ongoing training is essential to stay updated on safety protocols and 

industry best practices.  

4.4.2 Electrical Safety  

De-Energize Before Maintenance  

When working on electrical systems, always de -energize circuits before performing 

maintenance or repairs. Use appropriate l ockout/tagout procedures.  

Use Insulated Tools  
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When working with live electrical components, use insulated tools to reduce the risk of 

electrical shock. Ensure tools have proper insulation and are in good condition.  

Grounding  

Ensure that equipment requiring  grounding is properly connected to a grounding 

source. This helps prevent electrical hazards.  

Voltage and Current Measurement  

When measuring voltage or current, use the correct range on the measuring instrument. 

Ensure the instrument is rated for the expe cted values and follow proper measurement 

procedures.  

4.4.3 Mechanical and Hand Tool Safety  

Wear Safety Gloves  

Use appropriate safety gloves when handling sharp or rough materials. Gloves provide 

protection against cuts, abrasions, and other hand injuries.  

Eye Protection  

Wear safety glasses or goggles to protect the eyes from flying debris, dust, or chemical 

splashes. Use a face shield when needed.  

Proper Lifting Techniques  

When lifting heavy objects, use proper lifting techniques to prevent back injuries. Lift 

with the legs, not the back, and seek assistance for heavy loads.  

Fire Safety  

Fire Extinguishers: Know the location of fire extinguishers in the work area. Understand 

how to use them and participate in fire safety drills.  

Flammable Materials  

Store fla mmable materials properly, away from heat sources. Follow safety protocols for 

handling and disposing of flammable substances.  

4.4.4 Emergency Preparedness  

First Aid  

Have a well -equipped first aid kit accessible in the work area. Ensure that all technician s 

are trained in basic first aid procedures.  

Emergency Procedures  

Establish and communicate emergency procedures, including evacuation plans, in case 

of accidents, fires, or other emergencies.  

By prioritizing these safety practices, technicians can create a work environment that 

minimizes risks, protects individuals, and promotes efficient and secure operations. 

Regular safety training and a commitment to best practices contribute to a culture of 

safety in the workplace.  

Summary  

The "Tools, Equipment and Me asuring Instruments'' chapter explores crucial hand tools 

like cutters, scissors, and screwdrivers, emphasizing precision and safety. It introduces 

measuring instruments for electrical systems, including phase testers and watt meters. 

The guide covers mult imeter usage for AC/DC voltage, current, resistance, and 

continuity tests. Key safety practices include PPE use, proper tool inspection, and 

emergency preparedness.  
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Check Your Progress  

A. Multiple Choice questions  

1.  What is the primary consideration when us ing hand tools? (a) Productivity (b) 

Accuracy (c) Multipurpose use (d) Work output  

2.  What is the purpose of wire strippers among hand tools? (a) Cutting wires (b) 

Removing insulation (c) Gripping materials (d) Bending materials  

3.  Which hand tool is essential f or turning screws and bolts? (a) Cutter (b) Scissors 

(c) Screwdriver (d) Combination pliers  

4.  What is the main use of a phase tester in measuring instruments? (a) Measure 

resistance (b) Determine voltage presence (c) Measure power consumption (d) 

Assess ener gy consumption  

5. When measuring AC voltage with a multimeter , what is the first step? (a) Connect 

the probes (b) Set the selector switch to AC voltage (c) Select the appropriate 

voltage range (d) Take the reading  

6.  What is the purpose of a clamp meter in elect rical testing? (a) Measure AC current 

(b) Measure DC voltage (c) Measure resistance (d) Measure power consumption  

7.  In general safety practices, what does PPE stand for? (a) Professional Protection 

Equipment (b) Personal Protective Equipment (c) Proper Proce dure Enforcement 

(d) Protective Productive Environment  

8.  Why is it essential to de -energize circuits before electrical maintenance? (a) To 

save energy (b) To prevent accidents (c) To increase productivity (d) To reduce 

resistance  

9.  What is the recommended prac tice for lifting heavy objects? (a) Lift with the back 

(b) Use improper techniques (c) Seek assistance (d) Avoid safety gloves  

10.  What should technicians do during emergency procedures? (a) Continue working 

(b) Ignore evacuation plans (c) Use tools without PP E (d) Follow evacuation plans  

B. Fill in the blanks  

1.  When using hand tools, ________ are more crucial than productivity.  

2.  Combination pliers are versatile hand tools that combine features of both ___.  

3.  A device or mechanism used to determine the _________of t he quantity under 

measurement is classified as a Measuring Instrument.  

4.  A ________measures electrical power consumption in watts, helping users 

monitor and control energy usage.  

5.  A multi -meter is a versatile instrument that combines multiple measurement 

func tions, including _________.  

6. A clamp meter is an electrical test instrument that combines a current sensor 

and a________. 

7. Choose the appropriate voltage range on the multimeter . Start with a _____and 

then adjust as needed.  

8.  When working on electrical systems , always _______ circuits before performing 

maintenance or repairs.  
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9.  When working with live electrical components, use______ to reduce the risk of 

electrical shock.  

10.  When lifting heavy objects, use ________ to prevent back injuries.  

C. State whether True or False  

1.  Before using any tool or equipment, it is essential to inspect them for damage, 

wear, or defects, and damaged tools should not be used to prevent safety risks.  

2.  The selector switch on a multi -meter must be set to the appropriate mode for 

measuring AC or DC voltage, current, or resistance.  

3. When measuring AC voltage using a multimeter , the appropriate voltage range 

should be chosen, starting with a higher range and adjusting as needed.  

4.  Proper grounding of equipment requiring grounding is essential to pre vent 

electrical hazards in the workplace.  

5.  Ongoing training and certification are necessary for technicians to stay updated 

on safety protocols and industry best practices.  

6.  Phase testers are used to determine the presence or absence of electrical voltage 

in  a circuit,  

7.  A watt meter is valuable for assessing the power consumption of electrical 

appliances and optimizing energy efficiency.  

8.  Earth testers are used to measure the total electrical energy consumed over time.  

9.  The clamp meter is ideal for safely measur ing AC current in live electrical circuits 

without the need for direct contact.  

10. When measurement is performed using a multimeter , the appropriate range 

should be chosen, starting with a lower range and adjusting as needed.  

D. Answer the following questions  in short  

1. Explain the importance of accuracy and proper use when using hand tools. Give 

an example.  

2. Describe the use of an earth tester and its significance in maintaining electrical 

safety.  

3. How does a clamp meter measure current in live electrical circuit s, and in what 

situations is it particularly useful?  

4. Provide step -by-step instructions for measuring DC voltage using a multimeter . 

5. Why is it essential to wear safety gloves when handling sharp or rough materials, 

and what type of protection do gloves offe r? 

6. Explain the purpose of a watt meter and how it aids in monitoring and controlling 

energy usage.  

7. What is the role of continuity test in electrical measurements using a multimeter ? 

8. Discuss the importance of personal protective equipment (PPE) in ensuring safety 

when working with tools and equipment.  

9. How does a combination plier differ from other hand tools, and what tasks is it 

commonly used for?  

10. Why is it necessary to de -energize circuits before performing maintenance on 

electrical systems, and what safet y measures should be followed?  
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Module 2  

 

Installation and Repairing of LED 

Lights  

 

Module Overview  

 

This Module provides a comprehensive overview of different types of light sources, with 

a focus on LED lights. It gives exposure to the fascinating worl d of Light Emitting Diodes 

(LEDs), examining their principles of operation,  advantages,  applications, and the 

underlying technology that powers these energy -efficient light sources. Understanding 

LEDs is crucial in the context of modern lighting systems an d electronic displays.  

The session covers the components of an LED luminary assembly, LED drivers, tools 

used in luminaire assembly, heat sinks, thermal interface materials, and the installation 

process for various LED products such as MR -16/Spot Light, LE D Bulb, LED Tube 

Light, LED Down Light, LED Round Panel Light, and LED Street Light.  

The detailed breakdown of LED luminary components, tools, and assembly steps is 

particularly valuable for individuals involved in the installation and repair of LED lights . 

The inclusion of information about LED drivers, their types, selection criteria, and the 

tools used in luminaire assembly adds depth to the understanding of the topic.  

The second part of the module covers troubleshooting and repairing of LED lights. 

Trou bleshooting  is a systematic approach to locate the cause of a fault in an electronic 

circuit or system. A Field Technician should have the knowledge and skill to repair all 

kinds of appliances. Technicians should be able to diagnose and troubleshoot the 

pr oblem. They should carry out repairs according to the requirements of that particular 

appliance. It is very important for a technician to correctly identify the fault in the home 

appliances. Wrong identification of fault will lead to waste of time and mone y and it can 

also cause damage to the equipment. It  covers common LED failure modes, secondary 

optics failure modes, thermal management system failure, and LED driver failure. The 

chapter concludes with a step -by-step guide for diagnosing and repairing fau lts in LED 

lights, emphasizing the importance of productivity and quality standards.  

Overall, the content is well -organized and informative, providing a thorough guide for 

individuals involved in the installation, repair, and maintenance of LED lights. The  

inclusion of visuals, such as figures and images, enhances the understanding of the 

concepts presented in the sessions.  

 

Learning Outcomes  

After completing this module, you will be able to:  

¶ Understand the fundamental principles of LED lights, including their structure, 

functionality, energy efficiency, and common applications.  

¶ Demonstrate the correct procedures for installing LED lights, including wiring, 

mounting, and ensuring safety compliance during the process.  

¶ Identify common issues with LED lights and apply effective troubleshooting and 

repair techniques to restore functionality and performance.  
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Module Structure  

Session 1. Basics of LED Light  

Session 2. Installation of LED Light  

Session 3. Troubleshooting and Repairing of LED  

Session 1. Basics of LED Light  

 

Light is a form of energy that allows us to see the world around us. It comes in different 

colors, like those in a rainbow, because it travels in waves with varying lengths called 

wavelengths. The part of light that we can see is called visi ble light, which includes all 

the colors we know. But there are also other types of light that we can't see, like 

ultraviolet and infrared. Ultraviolet light can give us sunburns, while infrared light 

makes things feel warm, like when we stand near a fire.  Understanding light helps us 

make sense of our surroundings and how things work in the world.  

Lighting plays a pivotal role in our daily lives, influencing our moods, productivity, and 

overall well -being. As technology advances, the range of available lig ht sources has 

expanded, offering diverse options in terms of energy efficiency, colour temperatures, 

and applications. This overview explores various types of light sources, each with its 

unique characteristics and advantages.  

From traditional incandescen t bulbs to cutting -edge LED technology, the evolution of 

lighting reflects our ongoing quest for illumination that is not only functional but also 

environmentally conscious.  

Understanding the distinctions between these light sources enables individuals to make 

informed choices based on their specific needs, contributing to a more efficient, 

sustainable, and visually appealing lighting landscape.  

1.1 Different types of light sources  

Different types of light sources that used frequently are as follows:  

V LED Li ghts (Light Emitting Diodes)  

V Incandescent Bulb  

V CFL (Compact Fluorescent Lamp)  

V Halogen Light  

These light sources as shown in Figure 1.1.  

 

Fig. 1.1: Different types of light sources  

A brief description of these light sources are as follows:  

1. LED Lights (L ight Emitting Diodes)  
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LED lights use semiconductor diodes to produce light when an electrical current is 

applied. They are energy -efficient, durable, and come in various colours.  

Advantages  

1.  Energy efficiency: LEDs consume less energy and have a longer life span.  

2.  Durability: LEDs are solid -state lights, making them more robust and resistant to 

shock and vibrations.  

3.  Versatility: Available in various colours and shapes, suitable for diverse applications.  

4.  Instantaneous illumination: LEDs light up instantly witho ut a warm -up period.  

2. Incandescent Bulb  

Incandescent bulbs produce light by heating a wire filament until it becomes white -hot 

and emits visible light. They are less energy -efficient compared to newer technologies.  

Advantages  

¶ Simplicity: Incandescent bul bs are simple in design and produce a warm, familiar 

light.  

¶ Inexpensive: More affordable than some other types of bulbs.  

3. CFL (Compact Fluorescent Lamp)  

CFLs use a different method than incandescent bulbs to produce light. They contain a 

small amount of mercury vapor that emits ultraviolet light when energized, which then 

stimulates a phosphor coating to produce visible light.  

Advantages  

¶ Energy efficiency: CFLs are more energy -efficient than incandescent bulbs.  

¶ Long lifespan: CFLs have a longer lifespan c ompared to incandescent bulbs.  

¶ Brightness: CFLs produce more light output per watt than incandescent bulbs.  

4. Halogen Light  

Halogen lights are a type of incandescent lamp that uses a tungsten filament, like 

traditional incandescent bulbs, but contains hal ogen gas that allows for higher 

efficiency and longer life.  

Advantages  

1.  Brightness: Halogen lights produce a bright, white light similar to natural daylight.  

2.  Longer lifespan: Halogen bulbs generally have a longer lifespan than traditional 

incandescent bulbs . 

3.  Dimmable: Halogen bulbs can be easily dimmed.  

These various types of lights cater to different needs and preferences, offering a range 

of energy efficiency, colour temperatures, and lifespans. Choosing the right type of light 

source depends on factors su ch as the intended use, energy efficiency goals, and 

personal preferences. LED lights, in particular, have gained popularity for their energy 

efficiency and versatility in various applications.  

Activity 1  

 Practical Activity 1.1. To familiarize students w ith different types of light sources 

and their advantages.  

Materials Needed  
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Images of LED lights, incandescent bulbs, CFLs, and halogen lights (Fig. 1.1)  

Descriptions of each light source  

Procedure  

Step 1. Show images of LED lights, incandescent bulbs, CFL s, and halogen lights to 

the students.  

Step 2. Discuss the advantages of each type based on the provided descriptions.  

Step 3. Engage students in a class discussion about which light source might be 

suitable for different scenarios (e.g., energy efficiency , brightness).  

1.2 Introduction of LED Lights  

LED lights have transformed the lighting industry with their energy efficiency, 

durability, and versatility. Unlike traditional bulbs, LEDs use semiconductor technology 

to produce light, resulting in lower en ergy consumption and longer life spans. They 

provide instant illumination, resist impact and vibration, emit minimal heat, and offer 

vibrant colors without filters. With these benefits, LEDs have become the go to choose 

for various applications, from homes  to commercial and industrial settings, driving 

energy conservation and sustainable lighting solutions. As shown in different types of 

LED lights Figure 1.2.  

 

Fig. 1.2: Different types of LED lights  

1.3 Advantages of LED technology  

LEDõs have high economic benefits due to consumption of less energy, long life and 

better service intervals. LEDs are reliable even in adverse environmental conditions. 

LED lighting offers numerous advantages over traditional lighting technologies across 

various parameters as f ollows:  

1.3.1 Low Energy Consumption  

LED lights are significantly more energy -efficient than traditional lighting options. They 

consume up to 80 -90% less energy than incandescent bulbs and around 50% less 

energy than fluorescent lights, resulting in lower electricity bills and reduced carbon 

emissions.  

1.3.2 Low Cost  

While the upfront cost of LED lights may be higher than traditional bulbs, they offer 

long -term cost savings due to their energy efficiency and longer lifespan. LED lights can 

last up to 25 tim es longer than traditional bulbs, reducing the frequency of 

replacements and overall maintenance costs.  

1.3.3 High Level of Efficiency  
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LEDs are highly efficient in  converting electrical energy into light, resulting in less 

wasted energy  and more effective illumination.  

1.3.4 Long Life  

LED lights have a much longer lifespan compared to traditional bulbs, lasting up to 25 

times longer. This reduces the frequency of replacements and associated maintenance 

costs.  

1.3.5 Small Dimensions  

LED fixtures are compact and lightweight, making them versatile and suitable for a wide 

range of applications, including tight spaces and architectural lighting designs.  

1.3.6 High Resistance to Switching Cycles  

LEDs are resilient to frequent switching on and off, making them idea l for applications 

where frequent switching is required, such as motion sensors and automotive lighting.  

1.3.7 Immediate Light Output  

LEDs provide instant illumination when switched on, eliminating the need for warm -up 

time and ensuring immediate visibilit y. 

1.3.8 Wide Range of Operating Temperature  

LEDs can operate efficiently across a wide range of temperatures, from extremely cold 

to hot environments, making them suitable for outdoor and industrial applications.  

1.3.9 High Resistance to Impact and Vibrat ion  

LEDs are durable and robust, withstanding shocks and vibrations better than 

traditional bulbs, reducing the risk of damage and premature failure.  

1.3.10 No UV or IR Radiation  

LEDs emit minimal ultraviolet (UV) and infrared (IR) radiation, making them s afer for 

use in sensitive environments and reducing the risk of UV -related health issues.  

1.3.11 High Colour Saturation  

LEDs offer vibrant and saturated colors without the need for additional filters, 

enhancing the visual appeal of illuminated spaces and o bjects.  

1.3.12 No Mercury  

Unlike fluorescent lamps, LEDs do not contain mercury, making them environmentally 

friendly and easier to dispose of at the end of their lifespan.  

1.3.13 Low Maintenance and Repair  

LED lights require minimal maintenance compared t o traditional lighting options. Their 

durable design and long lifespan mean they rarely need to be replaced, reducing the 

need for frequent maintenance interventions. This is particularly advantageous in hard -

to-reach or large -scale lighting installations.  

LED lights are generally not repairable in the same way as traditional bulbs. However, 

they are less prone to failure and damage due to their solid -state design. In case of a 

malfunction, individual LED components can sometimes be replaced or repaired, 

al though this may not always be practical or cost -effective.  

1.4 Construction of LED  

LED diodes are the essential components in LED lights, emitting light when an electrical 

current pass  through them. They offer higher energy efficiency, longer lifespan, and  

instant illumination compared to traditional lighting sources. Used in various 
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applications, from residential to commercial and automotive lighting, LED diodes have 

revolutionized the lighting industry with their efficiency and versatility.  

The constructi on of LED is very simple because it is designed through the deposition of 

three semiconductor material layers over a substrate. These three layers are arranged 

one by one where the top region is a P -type region, the middle region is active and finally, 

the  bottom region is N -type. The three regions of semiconductor material can be 

observed in the construction. In the construction, the P -type region includes the holes; 

the N -type region includes elections whereas the active region includes both holes and 

electrons.  

When the voltage is not applied to the LED, then there is no flow of electrons and holes 

so they are stable. Once the voltage is applied then the LED will be forward  biased, so 

the electrons in the N -region and holes from the P -region  will move to the active region. 

This region is also known as the depletion region. Because the charge carriers like holes 

include a positive charge whereas electrons have a negative charge so the light can be 

generated through the recombination of polarity charges. The  construction and 

structure of LED  is shown in the following Figure 1.3.  

 

Fig. 1.3: Construction of LED  

1.5 Working of LED  

LEDs work on the principle of Electroluminescence. In LED chips, on application of 

certain voltage, electromagnetic radiation in th e form of light is given out.  

When the diode is forward biased, then the electrons & holes are moving fast across the 

junction and they are combined constantly, removing one another out. Soon after the 

electrons are moving from the n -type to the p -type sil icon, it combines with the holes, 

then it disappears. Hence it makes the complete atom & more stable and it gives the 

little burst of energy in the form of a tiny packet or photon of light . The Figure 1.4 shows 

the working of LED.  


