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Preface

The curriculum and curricular materials have been developed and revised on a regular basis
with the aim of making education objective-oriented, practical, relevant and job oriented.
It is necessary to instill the feelings of nationalism, national integrity and democratic
spirit in students and equip them with morality, discipline, self-reliance, creativity and
thoughtfulness. It is essential to develop linguistic and mathematical skills, knowledge of
science, information and communication technology, environment, health and population
and life skills in students. It is also necessary to bring the feeling of preserving and promoting
arts and aesthetics, humanistic norms, values and ideals. It has become the need of the
present time to make them aware of respect for ethnicity, gender, disabilities, languages,
religions, cultures, regional diversity, human rights and social values to make them
capable of playing the role of responsible citizens with applied technical and vocational
knowledge and skills. This learning resource material for Electrical engineering has been
developed in line with the Secondary Level Electrical engineering Curriculum with an
aim to facilitate the students in their study and learning on the subject by incorporating the
recommendations and feedback obtained from various schools, workshops, seminars and
interaction programs attended by teachers, students, parents and concerned stakeholders.

In bringing out the learning resource material in this form, the contribution of the Director
General of CDC Mr. Yubaraj Paudel and members of the subject committee Dr. Nandabikram
Adhikari, Er. Chitra Bahadur Khadka, Mr. Damberdhwaj Angdembe, Er. Sanju Shrestha
is highly acknowledged. This learning resource material is compiled and prepared by
Er. Rupesh Maharjan, Er. Jaya Prakash maharjan, Er. Rakesh Singh, Er. Bigyan Pokharel.
The subject matter of this material is edited by Mr. Badrinath Timsina and Mr. Khilanath
Dhamala. Similarly, the language is edited by Mr. Saroj Kumar Mandal. CDC extends
sincere thanks to all those who have contributed to developing this material in this form.

This learning resource material contains a wide coverage of subject matters and sample
exercises which will help the learners to achieve the competencies and learning outcomes
set in the curriculum. Each chapter in the material clearly and concisely deals with the
subject matters required for the accomplishment of the learning outcomes. The Curriculum
Development Centre always welcomes creative and constructive feedback for the further
improvement of the material.
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Guidelines to Teachers

A. Facilitation Methods

The goal of this course is to combine the theoretical and practical aspects of the contents
needed for the subject. The nature of contents included in this course demands the use
of practical or learner focused facilitation processes. Therefore, the practical side of the
facilitation process has been focused much. The instructor is expected to design and conduct
a variety of practical methods, strategies or techniques which encourage students engage in
the process of reflection, sharing, collaboration, exploration and innovation new ideas or
learning. For this, the following teaching methods, strategies or techniques are suggested
to adopt as per the course content nature and context.

Brainstorming

Brainstorming is a technique of teaching which is creative thinking process. In this
technique, students freely speak or share their ideas on a given topic. The instructor does
not judge students’ ideas as being right or wrong, but rather encourages them to think and
speak creatively and innovatively. In brainstorming time, the instructor expects students
to generate their tentative and rough ideas on a given topic which are not judgmental.
It is, therefore, brainstorming is free-wheeling, non-judgmental and unstructured in
nature. Students or participants are encouraged to freely express their ideas throughout
the brainstorming time. Whiteboard and other visual aids can be used to help organize the
ideas as they are developed. Following the brainstorming session, concepts are examined
and ranked in order of importance, opening the door for more development and execution.
Brainstorming is an effective technique for problem-solving, invention, and decision-
making because it taps into the group's combined knowledge and creative ideas.

Demonstration

Demonstration isapractical method of teaching inwhichthe instructor shows or demonstrates
the actions, materials, or processes. While demonstrating something the students in the
class see, observe, discuss and share ideas on a given topic. Most importantly, abstract
and complicated concepts can be presented into visible form through demonstration.
Visualization bridges the gap between abstract ideas and concrete manifestations by
utilizing the innate human ability to think visually. This enables students to make better
decisions, develop their creative potential, and obtain deeper insights across a variety of
subject areas.
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Peer Discussion

Peer conversation is a cooperative process where students converse with their peers to
exchange viewpoints, share ideas, and jointly investigate subjects that are relevant or of
mutual interest. Peer discussion is an effective teaching strategy used in the classroom to
encourage critical thinking, active learning, and knowledge development. Peer discussions
encourage students to express their ideas clearly, listen to opposing points of view, and
participate in debate or dialogue, all of which contribute to a deeper comprehension and
memory of the course material. Peer discussions also help participants develop critical
communication and teamwork skills by teaching them how to effectively articulate their
views, persuasively defend their positions, and constructively respond to criticism.

Peer conversation is essential for professional growth and community building outside
of the classroom because it allows practitioners to share best practices, work together,
and solve problems as a group. In addition to expanding their knowledge horizon and
deepening their understanding, peer discussions help students build lasting relationships
and a feeling of community within their peer networks.

Group Work

Group work is a technique of teaching where more than two students or participants work
together to complete a task, solve a problem or discuss on a given topic collaboratively.
Group work is also a cooperative working process where students join and share their
perspectives, abilities, and knowledge to take on challenging job or project. Group work
in academic contexts promotes active learning, peer teaching, and the development of
collaboration and communication skills. Group work helps individuals to do more together
than they might individually do or achieve.

Gallery Walk

Gallery walk is a critical thinking strategy. It creates interactive learning environment in
the classroom. It offers participants or students a structured way to observe exhibition
or presentation and also provides opportunity to share ideas. It promotes peer-to-peer
or group-to-group engagement by encouraging participants to observe, evaluate and
comment on each other’s work or ideas. Students who engage in this process improve their
communication and critical thinking abilities in addition to their comprehension of the
subject matter, which leads to a deeper and more sophisticated investigation of the subjects
at hand.
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Interaction

The dynamic sharing of ideas, knowledge, and experiences between people or things is
referred to as interaction, and it frequently takes place in social, academic, or professional
settings. It includes a broad range of activities such as dialogue, collaboration or team
work, negotiation, problem solving, etc. Mutual understanding, knowledge sharing, and
interpersonal relationships are all facilitated by effective interaction. Interaction is essential
for building relationships, encouraging learning, and stimulating creativity in both in-
person and virtual contexts. Students can broaden their viewpoints, hone their abilities, and
jointly achieve solutions to difficult problems by actively interacting with others.

Project Work

Project work is a special kind of work that consists of a problematic situation which
requires systematic investigation to explore innovative ideas and solutions. Project work
can be used in two senses. First, it is a method of teaching in regular class. The next is: it is
a research work that requires planned investigation to explore something new. This concept
can be presented in the following figure.

Project work

[Method of teaching] [Research based Work]

Project work entails individuals or teams working together to achieve particular educational
objectives. It consists of a number of organized tasks, activities, and deliverables. The end
product is important for project work. Generally, project work will be carried out in three
stages. They are:

e Planning
e Investigation

e Reporting

B. Instructional Materials

Instructional materials are the tools and resources that teachers use to help students.
These resources/materials engage students, strengthen learning, and improve conceptual
comprehension while supporting the educational goals of a course or program. Different
learning styles and preferences can be accommodated by the variety of instructional
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resources available. Here are a few examples of typical educational resource types:

e Daily used materials
¢ Related Pictures
e Reference books

e Slides and presentation: PowerPoint slides, keynote presentations, or other
visual aids that help convey information in a visually appealing and organized
manner.

e Audiovisual materials: Videos, animations, podcasts, and other multimedia
resources that bring concepts to life and cater to auditory and visual learners.

* Online Resources: Websites, online articles, e-books, and other web-based
materials that can be accessed for further reading and research.

Maps, charts, and graphs: Visual representations that help learners understand
relationships, patterns, and trends in different subjects.

Real-life examples and Case Studies: Stories, examples, or case studies that illustrate the
practical application of theoretical concepts and principles.

C.  Assessment

Formative Test

Classroom discussions: Engage students in discussions to assess their understanding of
concepts.

Quizzes and polls: Use short quizzes or polls to check comprehension during or after a
lesson.

Homework exercises: Assign tasks that provide ongoing feedback on individual progress.
Peer review: Have students review and provide feedback on each other's work.

Summative Test

Exams: Conduct comprehensive exams at the end of a unit or semester.
Final Projects: Assign projects that demonstrate overall understanding of the subject.

Peer Assessment

Group projects: Evaluate individual contributions within a group project.
Peer feedback forms: Provide structured forms for students to assess their peers.
Classroom Presentations: Have students assess each other's presentations.
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Objective Test

Multiple-choice tests: Use multiple-choice questions to assess knowledge.
True/False questions: Assess factual understanding with true/false questions.
Matching exercises: Evaluate associations between concepts or terms.

Portfolio Assessment

Compilation of work: Collect and assess a variety of student work samples.

Reflection statements: Ask students to write reflective statements about their work.
Showcase events: Organize events where students present their portfolios to peers or
instructors.

Observational Assessment

Classroom observations: Observe students' behavior and engagement during class.
Performance observations: Assess practical skills through direct observation.
Field Trips: Evaluate students' ability to apply knowledge in real-world settings.
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Introduction to Electrical Energy

Unit 1

Electrical Energy

The energy due to the flow of charge or electrons through a conductor is known as electrical

energy.

In present context, electrical energy is one of the most essential form of energy and can be
used in various sectors or fields such as, medical sector, industrial sector, domestic purpose,
agricultural purpose, educational purpose, IT purpose and so on.

Use of Electrical Energy for Domestic Purpose

1.
2
3
4
5.
6
7
8
9

10.

For lighting (Bulbs)

For operating various electrical equipments or appliances
For cooking (Rice cooker, Microoven, Heater)

For charging batteries (invertors)

For heating purpose (Heater, Iron)

For cleaning purpose (Vacuum cleaners)

For refrigeration ( Fridge)

For washing purpose (washing machine, dish washers)
For operating various electric motors (fan, water pumps)

For operating musical instruments (entertainment)

Use of Electrical Energy for Commercial Purpose

1.

2
3.
4

For communication
For transportation (Cable cars, electric trains)
For lighting

For operation of elevators or lifts

Advantages of Electrical Energy

1.
2.

)¢

It can be controlled efficiently.

It can be transmitted at the speed of light.
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It can be easily converted into various other forms at greater efficiency.

3
4. Conversion into other forms of energy is direct and easier.
5 It is totally pollution free.

6

It can be stored efficiently.

Conversion of Electrical Energy

Electrical Energy

A
Generators Electrolysis
Motors Cell

Mechanical Energy Thermocouple Resistor Chemical Energy

Heat Gassification
o Combustion
Friction

Heat Energy

Sources of Electrical Energy

Usually electrical energy is generated by converting other forms of energy using a specific
device known as generators. The sources of electricity can be broadly classified into two
categories:

1. Thermal sources (Heat needed)
2. Non-thermal Sources (Heat not needed)
1. Thermal Sources:
a) Coal b) Nuclear fission

c¢) Natural gases/oil d) Geo thermal energy e) Solar energy

2. Non thermal energy:
a) Hydro power b) Tidal Energy ¢) Wind Energy
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» Chemical energy. This is stored, or “potential,” energy. Releasing chemical
energy from in carbon-based fuels generally requires combustion — for example
the burning of coal, oil, natural gas, or a biomass such as wood.

» Thermal energy. Typical sources of thermal energy are heat from underground
hot springs, combustion of fossil fuels and biomass (per above) or industrial
processes.

» Kinetic energy. Kinetic energy is movement, which occurs when water moves
with tides or flows downstream, or when air moves wind turbines in the wind.

* Nuclear energy. This is the energy stored in the bonds inside atoms and molecules.
When nuclear energy is released, it can emit radioactivity and heat (thermal
energy) as well.

e Rotational energy. This is the energy of spinning, typically produced by
mechanical devices such as flywheels.

e Solar energy. Energy radiates from the sun and the light rays can be captured
with photovoltaic and semiconductors. Mirrors can be used to concentrate the
power, and the sun’s heat is also a thermal source.

Generation, Transmission and Distribution of Electrical Energy

The main three phases related with production of electrical energy are generation,
transmission and distribution. Generation of electricity is done at hydropower. The
generation stations and distribution systems are connected through transmission lines. It
also connects one power station to another. A distribution system connects all the loads in
a particular areas to the transmission lines.

Generation = Hydropower (Production)
Transmission = Linkage of hydro power and substation done at very high voltage

Distribution

Primary = Link of substation and distribution centers
Second = Distribution centres to customer
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CORNSUMPTION)

The structure of a power system can be described as:

Generating station 11 kV

Step up transformer
TOUBUTYI0u000" 11 kV /220 kV
]
Primary transmission -
(High voltage) i
N 1000000000000, Step down transformer
Receiving station ——— SompemmS — 220kV/33kV
Secondary transmission Feeder
A m Step down transformer
Sn T LA 33KV /6.6 kV
Primary distribution To large bulk loads like
Foader factories, industries
substation ~oTTTT 6.6 kV /400 V or 230 V
Secondary distribution Distributors
S 7 smanon
To consumers
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Transmission

Tz T
e e S

Generation

Commercial |

Subtransmission Customers
Line H Domestic |;

| : | Customers |:
Industrial e :
Gibtpriag : Distribution ;
LR 4.l S|

Generation

Electricity is generated by different methods as stated earlier. In case of Hydropower:

Transmission

Potential energy of water in reservoir is passed through Penstock to a water turbine.
Potential Energy of water is transferred to mechanical rotation by means of water turbine.
A shaft coupled with turbine rotates the Generator and electricity is produced.

Transmission

Generally power station are very long distance from load centre or consumer so electricity
generated is required to transferred from generation station to different load centers via
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Transmission line. To reduce the transmission line loss voltage of transmission line is kept
very high which may be 66 kV, 132kV, 230kV or more. But the power is not generated at
such high voltage. Therefore, generated voltage is raised up to transmission voltage level
by using step-up transformer at generation substation. Then it is transmitted to different
parts of the country via transmission towers and lines. There are also some substations
which interconnects different transmission lines .Interconnected network of transmission
lines is also known as grid.

Distribution

Near the load centre, at distribution substation the transmitted voltage is reduced to Primary
Distribution voltages 11kV or 33kV via step down transformer from which electricity for
large industrial consumer can be supplied. Anumber branches of primary distribution supply
starts from distribution substation and which is known as feeders. From feeders, voltage is
further reduced to 230V-400V via pole mounted distribution transformer to supply small
industrial, commercial as well as domestic consumer. It is known as secondary distribution.

Utilization

Electricity is supplied to different consumers via connection lines through an Energy meter
which is used to determine monthly electricity consumption of that consumer.

Domestic: Electricity is used for mainly lighting, cooking, heating and cooling , cleaning,
personal caring, computer and entertainment etc.

Commercial : Lights, office equipments, computer and entertainment, heating and cooling,
cooking, personal caring, lift, elevator etc.

Industrial Load: Motors, lights, HVAC etc.

Note:
Why is the generated electric power transmitted at high voltage?

It is because the transmission efficiency is directly proportional to square of the transmitted
voltage i.e. higher the transmission voltage more the transmission efficiency and vice-
versa.

Why is the generated voltage around 11 kV isn't directly distributed to the consumers?

It is because if transmitted at that level, it produces lot of electric hazards and accidents.
So for the personal safety, that voltages are stepped down to appropriate level before it is
distributed over to the customers.
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Why the distribution voltage in European countries is is 110V and that in other parts
is 220V?

It is because they are more concerned of safety. So to minimize the risk of electric hazards,
the distribution voltage is made lower.
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Exercise

Choose the correct answer from the given alternatives.

1.

The process of converting electrical energy into mechanical energy is achieved
using:

a. Transformer b. Generator c. Motor d. Rectifier

Which of the following devices converts electrical energy into heat energy?
a. Electric motor b. Electric heater

c. Transformer d. Electric generator

Which of the following devices converts electrical energy into chemical energy?

a. Battery charger b. Transformer c. Electric motor d. Heater

Electrical energy is most widely used for:
a. Chemical processing b. Mechanical work

c. Lighting and heating d. None of the above

Which of the following applications requires electrical energy for converting it into
chemical energy?

a. Electrolysis b. Electric welding  c. Space heating d. Hlumination

Which of the following devices converts AC electrical energy to DC electrical
energy?

a. Motor b. Generator c. Rectifier d. Transformer

Which energy conversion occurs in a solar panel system?
a. Mechanical to electrical b. Electrical to thermal

c. Light to electrical d. Electrical to chemical

In residential areas, electrical energy is mainly used for:
a. Industrial automation b. Illumination, heating, and cooling

c. Large-scale manufacturing d. All of the above

Which of the following is NOT an application of electrical energy?

a. Lighting b. Heating c. Transportation d. Photosynthesis
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10.

11.

12.

13.

14.

15.

17.

18.

19.

The most economical voltage for transmitting electrical power depends on:
a. Current b. Power factor

c. Distance of transmission d. Frequency

The main disadvantage of AC transmission over long distances is:

a. Higher transmission losses b. Voltage drop

c. Skin effect d. All of the above

The primary purpose of step-up transformers in transmission systems is to:
a. Reduce current for the same power level

b. Increase resistance in the line

c. Decrease power losses

d. Bothaandc

Which type of distribution system is commonly used in residential areas?
a. Radial distribution system b. Ring main distribution system

c. Grid distribution system d. Parallel distribution system

The distribution voltage for most urban residential areas is typically:
a. 400V b. 11kV c. 33kV d. 220kV

Which of the following devices is used to control the voltage in a distribution system?

a. Circuit breaker b. Transformer tap changer
c. Fuse d. Relay

The main advantage of underground distribution over overhead distribution is:

a. Lower installation cost b. Reduced maintenance cost

c. Higher reliability and aesthetic appeal d. Easier fault detection

What is the primary reason for using high voltage in power transmission?
a. To reduce line resistance

b. To reduce power losses due to lower current

c. To increase the load on the generator

d. To simplify transformer design

Electricity distribution systems are primarily classified into:

a. Low-voltage and high-voltage systems

Utilization of Electrical Energy/Grade 10



20.

21.

b. Primary and secondary distribution systems
¢. Underground and overhead systems
d. All of the above

The frequency of power transmission in most countries is:
a.25Hz b. 50 Hz c. 60 Hz d. Eitherborc

The efficiency of power transmission is primarily affected by:

a. Conductor material b. Transmission voltage

c. Power factor d. All of the above

Write short answer to the following questions.

o 2 N o o bk~ 0w DR

o

What is electrical energy?

At what value is the electrical energy been distributed in Nepal?
Define thermal energy.

What do you mean by renewable source of energy?
Define transmission of electrical energy.

What do you mean by distribution of electrical energy?
Name the device that coverts:

Electrical energy into mechanical energy

Chemical energy into electrical energy

Heat energy into electrical energy

What are the applications of electrical energy?

What are the advantages of electrical energy?

Write long answer to the following questions.

1. Draw the schematic diagram showing the generation, transmission and distribution
of electrical energy.

2. Hydro electricity is considered as better source of energy in context of Nepal. Justify
the statement.

Project Work

1. Preparation of a report on application of energy for different sectors.
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IHlumination Unit 2

Waves

The oscillations or disturbances produced due to application of some external energy is
called wave.

Terminologies

PERIOD
One Complete Cycle
Peak Peak to Peak
Amplitude ;
Time
Trough
Wavelengih

i Wﬁjuu I LT

Compression

Wavelength

O.:-mpn_b:ﬂmt Rarelaction Rarefaction

-
i) Cycle
When a wave completes one positive and one negative cycle, then the wave is said
to have completed one cycle.

ii)  Frequency
The number of complete cycles made by a wave in one second is known as frequency.
It is denoted by 'f' and its SI unit is Hertz (Hz).

i)  Wavelength
The distance travelled by a wave in one complete cycle is known as wavelength. It
is denoted by ' A ' and its Sl unit is metre (m).
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Time Period

The time taken by a wave to complete one cycle is called time period. It is denoted
by 'T" and its SI unit is second.

v)  Amplitide
The maximum positive or negative value attained by a wave from its mean position
is called amplitude. It is denoted by 'A'".

Types of Waves

According the propogation of wave, the waves can be classified into two different types.

1.

Transverse Wave

It the particles vibrate perpendicularly with the direction of propagation of wave,
then the wave is said to be transverse wave. For eg, light waves, waves in water,
waves in string etc.

The maximum positive height attained by a wave is called crest and the maximum
negative height attained by a wave is known as trough. And the distance between two
successive crests or two successive troughs is known as wavelength.

Longitudinal Wave
If the particles of wave vibrate parallel to the direction of propagation, then the
waves are said to be longitudinal waves. For eg, sound waves, waves in spring etc.

The part in the wave where the vibration of the particles is maximum is known as
rarefaction and the part of the wave where the vibration of particles is less is called
compression.

If the wavelength of the wave is A m and the frequency of it is f Hz, then the speed
of the wave is given by,
Speed of wave (c) = frequency X wavelength
c=fX A

Relation Between Wavelength and Frequency

The wavelength and frequency of the wave are inversly proportional to each other. That
means the wave with longer wavelength has less frequency which leads to lesser energy
whereas the wave with shorter wavelength has more frequency which leads to more energy
possessed for the wave.
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Types of waves
On the basis of medium required for the wave, the waves can be classified into two
distinguished types.
1. Electromagnetic Waves
The waves that don't require a particular medium for propagation is known as
electromagnetic waves. For eg, light waves.
2. Mechanical Waves
The waves that require a particular medium for propagation is known as mechanical
waves, For eg, sound waves.
This is the reason that sound is not heard in vacuum or in space.
Spectrum of Electromagnetic Waves
electromagnetic spectrum

O0001 nm 00T am 1Tham 10nm LO001aR 01ft 11 1007 F100mi

Cusmlcu Gamma || ¥_Rays “ Ty IMICI‘D- I Iﬂadm“ Elec:tn-::
Power

visible
Light

10 24 88 MHz G60Hz
400 500 600 FLLl
WAYWELEMGTH (Hanometers)
Wisible Light
name of Aadic waves Microwaves Infrared Ultra Viclet Gamma
wave non
i
weaneel engh \/ \_/ \/\/ - _/\\\J' '\‘ /\‘.J I‘u' "JI II } H
(meters) 402 10-%m 10"'m 108 10"' 10! 10712
tength of w f il / . a ?‘g "‘;{ @
warelengsh  football field human pin head cell bareria wires atom nuchei
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The Electromagnetic Spectrum

Penetrates Earth Atmosphere?
[~ N I N
Wavelength (meters)

Radio Microwave Infrared Visible Ultraviolet X-ray Gamma Ray
103 102 105 5x10°6 108 10-10 10-12

I NV AVAVATITI

About the size of...

hfi =~ & & = @

Buildings Humans Honey Bee Pinpoint Protozoans Molecules Atoms Atomic Nuclei

Frequency (Hz)

104 108 1012 1015 1016 1018 1020
Temperature of bodies emitting the wavelength (K)

D)}

1K 100K 10,000 K 10 Million K

Visible %pcctrum

. ! ! ;

Violet/Indigo Blue Green Yellow Orange Red

400nm 475nm 530nm 580nm 629nm 700nm
e Cosmic/Gamma rays
Shorter wavelength
Much higher frequency and energy
Can be used for treating cancer but excess use may itself lead to cancer.
Produced during atomic explosions, nuclear reactions etc
o X-ray
Used for filming the internal parts of the body
May lead to cancer on long use
Used in airport for checking the luggage.
* UVrays
Contained in the rays coming from sun

May cause skin cancer and skin burn

Utilization of Electrical Energy/Grade 10 .!



e Visible light
Can be seen by human beings(ROYGBIV)

e Infrared
Produced from heating sources
Used in remote controls

Also used in night vision spectacles and binoculars

e Microwaves
Particularly used for cooking purposes such as micro oven

Used for communication purposes such as mobile communication

* Radio waves

Used for broadcasting purposes and used in radio stations.

Difference Between Heat and Light

Both of them are the form of energy. But heat gives the sensation of warmth to us whereas
light gives the sensation of vision to us.

Light is an electromagnetic wave that carry energy from one place to another in the form of
photons whereas heat is the energy that moves from one place to another due to temperature
difference between two objects.

The difference can also be described in terms of frequency. Energy contained in a wave is
E = hf and "f" for heat is less than that for light.

Luminous Flux

The total quantity of light energy emitted or radiated by a luminous object per second in the
form of light waves is known as luminous flux. It is denoted by '@ ' or 'F' and it is measured
in terms of lumens.

Mathematically

It can also be defined as the rate of luminous energy produced by a source. If Q" lumens
hour is the luminous output of a source of light and energy is radiated for "t" hours, then
the flux is given by,

Flux (F) = %Iumens
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IHHlumination

The total amount of light emitted from a lighting source or luminous objects per unit surface
area is known as illumination. It is denoted by E and its SI unit is lumens /m? or Lux.

. . L i Flu: F
Illumination (E) = ————— = ~ Lux or lumens/m2

Area
Light Energy
It is defined as the energy obtained in visual radiations in a specific time. It is denoted by
IIQII.
Phase Angle

It is the angle formed by two converging lines in a same plane. It is measured in radians.
The maximum plane angle can be 2 7z radians.

Lengthof Arc(l)
Phase Angle () = ™ g a0z 1r)

1 Radian

It is the angle formed at the centre of a circle by an arc whose length is equal to the radius
of the circle.

Solid Angle

The angle formed by the surface passing through a point space and its surrounding area is
known as solid angle. It is denoted by 'w' and its Sl unit is steradians

B

Area

Luminous Intensity

Luminous intensity in any given direction is the luminous flux emitted by the source per
unit solid angle measured in the direction in which the intensity is required.

It is denoted by the symbol 'I' and it is measured in Candela (cd) or lumen per steradian.

lux IFrori@r  lumens(lu)

Luminous Intensity (1) = LolidAngle N w - steradians = candela

Brightness or Luminous

The brightness of the surface is defined as the luminous intensity per unit projected area
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of either a surface source of light or reflecting surface. It is denoted by 'L' and its SI unit is
stilb or lambert.

1 Lambert = 1 lumen/cm?

1 stilb = 1 candle/cm?

I
2
AcosO candela/m

Brightness or Luminance (L) =
Candle Power

It is the light radiating capacity of a source in a given direction and it is defined as the
number of lumens given out by the source in a unit solid angle in a given direction. It is
denoted by symbol C.P.

i.e. C.P. = lumens/ @

Glare

Eye is the organ that enables to see the object in the surrounding. For the formation of
image in the retina, appropriate amount of light rays must enter through the eye. If a bright
object comes into view of an eye, large amount of light produces sharp image on retina.
In that case, the iris will automatically contract pupil to limit the light. And when the eye
need to view the object at less light compared to bright object already in view, the iris will
contract reducing amount of light. So it becomes difficult to see the object. This phenomena
is called glare.

Simply, glare can be defined as the discomfort felt by an observer due to presence of a
very bright light source in the visual field. It is generally caused due to excessive and
uncontrolled brightness.

For a good lighting system, the glare should be taken in consideration, as it plays an
important role in good illumination. To remove the glare, the more bright lights should not
be used.

Effect of Glare
- Annoyance
- Discomfort
- Interference

- Fatigue of the eye

ii Utilization of Electrical Energy/Grade 10



Reduction Techniques

- Not to use very bright lights.

- Use of reflected light instead of direct light.

- Use of diffusers (Translucent material for softening of light)
Laws of Illumination

There are two laws of illumination, namely

i)  First law (Inverse square law)

i) Second law (Lambert Cosine law)

First law or inverse square law states that "The illumination produced by a lighting source
is inversely proportional to square of distance between the source and the surface given that
the distance between the source and the surface should be infinitely high so that the source
can be assumed as a point source.

First law or inverse square law states that “The illumination produced by a lighting
source is inversely proportional to square of distance between the source and the surface
given that the distance between the source and the surface should be infinitely high so that
the source can be assumed as a point source.

E D:di S ()

where E = illumination required
d= distance between source and object

- i

Second law or Lambert’s cosine law states that “Illumination varies directly to the cosine
of angle between the direction of incident light and the normal to a particular point.
Eotcost . ve e o (11)

where g is the angle between direction of incident light and the normal to a particular point

E Dcdi eeeee e e (0
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E cosf .. oo en o (ED)

Combining (i) and (ii)

E o cos @
dz
I
E = — Cos (7 RO £ 1)
where | = proportionality constant known as luminous intensity expressed in candle
power(CP).
From figure.
54 h
cosd =— =-
5B d

where h=height of source from working plane, d= distance between source and point
h
" cosd

Substituting thefvalue of d in (iii)

E =TK cosg

(cosd)-

cos=g
E=1x — ® cosg

I
E = 3 ®x cos36
Solved Numericals

1. A100 CP lamp is hung 2m above the centre of a circular area of 3m diameter.
Determine the illumination at the center of the circle.

Sol".

Luminous intensity(1)=100CP

Illumination(E)=?

Angle between incident ray and the normal to the point (0) = 0°
we have,

I |
[llumination at the centre (E) =FCOS39

_100 03_@
—?(cosO) == =1

=25 lumens/m?

. The illumination at the center of the circle is 25 Lux (lumens/m?)
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(i)

(i)

- The illumination at point 3m away from the vertical axis of lamp is 51.11 Lux.

The lamp of 500 watt gives 1250 CP uniformly below the horizontal plane.If
the lamp is suspended at the height of 2.7m above the working plane, find the
illumination vertically below the lamp. Also find the illumination at a point on

the horizontal 3 meters away from vertically below the lamp.

Sol".

Luminous intensity(1)=1250CP

Height (h) = 2.7m

At point A (Vertically below the lamp)

Illumination(E)="

Angle between incident ray and the normal to the point (6) = 0°

we have,

E = ﬁcos3 g

_ 1250
(2.7)°

=171.47 Lux

(cos0°)®

At point B (3m away from the vertical axis of lamp)

In rt. ASAB

5B = ,‘,-_'5".-13 + AR? Source(S)

— 1250CP

=277 + 37 A
= w’lﬁ.zg 2.7m

=4.04m

=L —0.668 A -

54
Loosf =— = =
5B 404

And,

_4
n%cos3 @
1250

= ——(0.668)3
oRE ( )

=51.11 Lux

Eg
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3. The illumination at a point on a working plane directly below the lamp is to be
100 lumens/m?. The lamp gives 256 CP uniformly below the lamp. Determine
the height at which the lamp is suspended. Also find the illumination at a point
on the working table 1.2 meters away from the vertical axis of the lamp.

Sol".
Luminous intensity(1)=256CP
(i)  Atpoint A (Vertically below the lamp)
IHlumination(E)=100 lumens/m? = 100 Lux
Angle between incident ray and the normal to the point (6) = 0°
we have,

I
E= ;cos36r
256
or, 100 = F(CDS{]G}E

or, 100 = =2 x 13
h'.‘.

256

w00

Of, h =+/2.56

~h=16m

or, ht = 2.5

(i) At point B (1.2m away from the vertical axis of lamp)

In rt. ASAB

5B =,/SA*+ AB*

=167 + 1.2
=44

=2m

_ L nes
Ep = C05°g

_ 256
162
=51.2 Lux

(0.8)°

« The illumination at point 1.2m away from the vertical axis of lamp is 51.2 Lux.
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4, A light source with intensity uniform in all direction is mounted at a height of 8
m above the horizontal surface. Two points A and B both lie on the surface with
point A directly below the source. How far is B from A so that the illumination

at B is only o as great as A?
Sol",
Height (h) = 8m

Let luminous intensity given out by the lamp to be | CP

Now,
In rt.ASAB
5B = V'SAE + AB?
= 8: +.'X-':
= 54"".'3(.':
v cosf =2 = B_"
£E veEtxd

According to question,

1
E.=—E

B 20 A

1 st ., 1t 043
or, h:{msﬂ} = o5 % h:{msﬂ )

3

g 1
or, ( _) == x 13
VeE+xs 20

=
or, ( 3_) = 3L
Vod+xT 1J 20

or, (=) = 0.3685

g
' 0.3685

or V6d + %2

or, 21.71 =64 + %7

or, 461.3241 = 64 + x?

or, 407.3241 = x?

or, 20.18 = x

- Bis 20.18m far from point A.

Utilization of Electrical Energy/Grade 10

&m

Source(S)
o
d= V64 + x2
7]
L1 B
xm



Tutorials

1.

A source of 5000 lumens is suspended 6.1m above the ground. Find the
illumination:

a) At a point vertically below the lamp.

b) Ata point 12.2 m away from vertically below the lamp.

(Hint: Luminous Intensity (1) = %)
T

[Ans: 10.69 Lux, 0.96 Lux]
A lamp giving out 95.5 CP luminous intensity in all directions is suspended 8m
above the working plane. Calculate the illumination at a point on working plane
6m away frpm vertically below the lamp.

[Ans: 0.764 Lux]

A lamp of 750 watt with luminous intensity of 1500 CP is suspended 3m above
the horizontal plane. Calculate:

a) lllumination directly below the lamp.
b) Illumination at a point 5m away from vertically below the lamp.

[Ans: 166.67 lux, 22.7 Lux]
The illumination at a point on working plane directly below the lamp is to be 50
lumens/m?(Lux). The lamp gives 162 CP uniformly below the horizontal plane.
Find the height at which the lamp is suspended. Also find the illumination at a
point on working plane 5.4m away from vertically below the lamp.

[Ans: 1.8m, 1.557 Lux]
A small light with intensity uniform in all direction is mounted at a height of
10m above horizontal surface. Two points A and B both lie in the surface with

point A vertically below the source. How far is B from A if illumination at B is
ﬁ as that at point A?

Two lamp posts are 16m apart and are fitted with a 100 CP lamp each at a height
of 6m above the working plane. Calculate the illumination on the working plane
(a) under each lamp (b) midway between the lamps.

Source of Light

The light energy can be generated in following ways.

By passing electricity over a filament by raising its temperature to emit light.
(Incandescent lamp)

-
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e By maintaining electric discharge through gas or vapour as in fluorescent lamps,
vapour lamps etc.

e By establishing arc between two electrodes producing light. Eg, arc lamps
The various electric lamps are classified as follows:

Electric Lamps

t | |
! ! ! '

Incandescent Arc Lamps Discharge Lamps LED
(Filament Lamp)
Fi -
Carbon Filament L] carbon Ave Lamp N Sodim Vapour
Lamp Lamp
Mercury Vapour
Tungsten |—D Flame Arc Lamp —» v vep
Filament Lamp Lamp
Neon Tubes
Fluorescent Tubes

1. Arc Lamps

An arc lamps consists of two electrodes through which an electric current is passed.
When the electrodes come in contact with each other, it produces arc due to heat
which in turn produces light. The light is produced due to vaporization of the
electrode(carbon). Generally there are two types of arc lamps namely,

i) Carbon arc lamp

ii) Flame arc lamp

i) Carbon Arc Lamp

ST

— ><_ —

VWY 11]1]s

The positive electrode (anode) will vaporize twice times than that of cathode.
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It is used in cinema projectors, search light and flash cameras. When electric current
is passed through carbon electrodes, an arc will be produced between them and a
white light is produced.

The rate of burning of positive rod is twice as that of negative rod. A resistance 'R'" is
used for maintaining the arc.

The whole assembly is kept in a sealed glass tube with addition of some inert gases.
The gases are used for colouration of the light.

For eg, Neon give reddish colour
Argon gives bluish white colour
Helium gives pinkish colour

The efficiency of this lamp is 12 lumens/watt.

Note:
When AC is passed in this lamp then flickering may take place but in case of DC, there is
no flickering.

Incandescent Lamp

When any conductor is heated to a very high temperature, it produces electromagnetic
radiations containing both heat and light energy. This process is called incandescence and
the bulb that works in this principle is known as incandescent lamp. It is also known as
filament lamp.

Advantages

e Itsinitial cost is low. (Cheaper)

*  The brightness can be controlled.

»  The quality of colour of light is high.

Carbon Filament Lamp

It consists of a fine carbon filament placed inside an evacuated bulb in order to increase the
life of filament.

The carbon filament lamp has a melting point of around 3600°C but it starts vapourizing at
arounf 1700°C at excessive rate. So the efficiency of this bulb is less.
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And this efficiency can be increased by filling the bulb with some inert gases.

Disadvantages

Because of having a lot of disadvantages, carbon filament lamps are not in use these days.
Some of the disadvantages are as follow:

1. The carbon filament vaporizes at around 1700°C. So its efficiency is less.

2. The vaporized carbon remains inside the bulb as black particles. So it reduces the
brightness of the bulb.

3. The carbon is brittle. So it is very difficult to stretch it for making a filament.
4, Making a coil from carbon is not easy.

5. The energy consumption is 4 watts/CP against 12 watt/CP (candle power) of tungsten
filament lamp.

Tungsten Filament Lamp

Glass Bulb

Gas Filling

it Tungsten Filament
} Support Wires

+ Lead Wires

— ——— — Dumet Wire

Nitrogen or
Argon Gas

— Exhaust Tube

Stem
Fuse

In this lamp, the tungsten is used as filament which has melting point of around 3400°C. The
filament lamps are classified into two types, namely vacuum filament lamp and gas filled
lamp. The vacuum lamp prevents the oxidation of filament and also prevents decrement in
temperature due to radiation.

A filament temperature of around 2000°C can be obtained in vacuum lamp whereas a
temperature of around 2500°C can be obtained in gas filled lamp. So the efficiency is
increased.

Likewise, the filament can be used | n two different forms, namely zig-zag and coiled
filament. A zig-zag filament is used in vacuum lamp and a coiled filament is used in gas
filled lamps.
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Different colours are obtained by using different coloured glass and its average life is
around 1000 hrs.

Properties of Filament to be Used

e It should have very high melting point.

e |t should have high resistance and low temperature coefficient.

e It should be ductile

e It should be mechanically strong so that it won't break during normal vibrations.

Disadvantages

1.
2.

It has very less efficiency (i.e. 12 lumens per watt)

It produces yellowish white light which is not taken as of high quality.

Discharge Lamps

To remove the drawbacks of filament lamps, a discharge lamp is been introduced.

It works on the phenomenon of electric discharge through a gas or vapour and the
colour of light depends on the nature of gas or vapour filled.

In the fluorescent lamp, phosphors are used to absorb the light energy.

Discharge Phenomenon

When an electric potential is applied across two electrodes sealed inside the glass tube
containing gas or vapour, the electrons start to flow from cathode to anode. During the
movement of electrons, it comes in contact with the molecules of gas or vapour producing
ultra violet rays.

Discharge lamps are of two types,

1.

Note:

The lamp that produces the same colour of light as produced by discharge through
gas or vapour.

Eg, sodium vapour lamps, mercury vapour lamps, neon gas lamps

The lamps that work on the process of fluorescence and are known as fluorescent
lamps. It absorbs the UV rays produced during discharge and emits visible light.

Fluorescence

When colliding takes place, UV rays are produced and they are absorbed by phosphors and
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turn the invisible light into visible light. This phenomena is known as fluorescence.

1. Sodium Vapour Lamp

Amonge the various discharge lamps, sodium vapour is most efficient one having an
efficiency of around 60 to 70 lumens per watt. But if compared in terms of input and
output power, its efficiency is just 20%. Mostly, it is used in streets and highways.

Electrode Alumina arc tube —\

v

Arc

Sodium-mercury amalga

A.C. voltage Ballast
Construction

It consists of a U-shape discharge tube containing neon gas and sodium vapour. The neon
gas is used for starting discharge.

The tube is enclosed in a double walled evacuated glass known as outer tube for preventing
the heat loss. It also consists of a high reactance transformer for supplying high voltage
for starting discharge. It also stabilizes the amount of current. And a capacitor is used for
improving the power factor.

Working

When electric current is passed through the lamp, the electrons move from cathode to anode.
This ionizes the gas and the electric discharge starts. Due to this, the sodium vapourizes and
the lamp starts at normal operation.

It produces a yellowish colour. So it is called monochromatic lamp. The lamp should be
placed horizontally so that the sodium can spread uniformly.

Once the lamp goes out, it again needs certain time to come to normal operation. Its average
life is around 3000 hrs and isn't affected by voltage variations.

2. Mercury Vapour Lamp
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The construction of this lamp is similar to sodium vapour lamp. But in this lamp, either
mercury or high gas pressure is used to increase the efficiency.

It consists of two main electrodes of tungsten coated with barium oxide for the easiness
of electrodes to flow, which are enclosed in a hard glass tube containing argon gas and
mercury. An auxiliary electrode (starting electrode) is placed near main electrode. The tube
us enclosed in another ordinary glass coated with fluorescent powder. The space in between
is evacuated to prevent the loss of heat.

Working

The choke used in bulb supplies high voltage required for discharge and it also stabilizes
the amount of current. The power factor of the bulb is increased by connecting a capacitor
in parallel.

Initially, the current doesn’t flow through main electrodes. It starts to flow between
auxiliary and main electrodes through argon gas. The heat produced vapourizes mercury
which decreases the resistance between electrodes and then the discharge starts.

This lamp is about 2.5 times more efficient than the incandescent lamp with an efficiency
of around 35 to 40 lumens per watt. It is generally used as street lamps and park lights.

Disadvantage of Gaseous Discharge Lamps

1. The starting time is high. i.e. Take more time to come to normal operation.
2 It must be placed in particular position.

3 It has very high initial cost.

4. The starting process is complicated.

5

Its power factor is very low.

Fluorescent Lamp

Afluorescent lamp is a type of gas-discharge lamp that produces light by passing an electric
current through a low-pressure mercury vapor, which emits ultraviolet (UV) radiation. This
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UV radiation then excites a phosphor coating on the inside of the lamp, causing it to emit
visible light.

Fluorescent lamps are widely used for their energy efficiency and long lifespan compared
to traditional incandescent bulbs. They consume less electricity while providing brighter
illumination, making them suitable for homes, offices, and industrial spaces.

These lamps come in various shapes and sizes, including tubular fluorescent lights
(commonly seen in offices and schools) and compact fluorescent lamps (CFLs), which are
often used as energy-saving alternatives to incandescent bulbs.

Although fluorescent lamps are more efficient than incandescent bulbs, they contain small
amounts of mercury, which requires careful disposal to avoid environmental contamination.

Construction

It consists of a starter and choke connected in series with mains. A starter is a small cathode
glow lamp having bimetal strip at the electrodes. A choke provides around 1000V when
starter is open and about 110V during normal operation. The tube is filled with small
quantity of mercury and argon gas along with electrodes at both ends.

Fluorescent Tube Starter Filament
— 1! )
P ¥

Ballast I l

Supply voltage
It is available in different sizes as 4 ft(40 watt) and 2 ft(20 watt)

Working

When the starter is not connected, there is no flow of current. As the mains are on, the
current flows through the starter and the electrodes. This heats the electrode and there is
flow of electrons between them. Also the close circuit 'CC" of the starter will be heated so
that it breaks down. Due to this, the choke supplies the high voltage of around 1000V which
helps to start the discharge and the lamp lights on.

In general, the UV radiations produced due to discharge between the electrodes is absorbed
by absorbing materials 'phosphors' coated at the walls, which in turn produces visible light.
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It is mainly used for lighting purposes and has an efficiency of 30 to 40 lumens per watt. It
has an average life of about 3000 hrs.

Neon Lamps
Cap Erem Afica Dusc fooeam Slida Vacuwm Top Support
- o 4 s
L d | — '
]| : | - : " |
s v /|
| . 7
Eaider Bariunm Fattar Cathede Discivarge Tiba Sodm Adersl Disc

Neon lamps consist of glass tube containing neon gas mixed with some helium. Two pure
iron electrodes (for good discharge) are placed close to each other so that it can be used in
low voltages as 110V AC or 150V DC.

If it is used in AC supply, the electrode should be of equal length and if used in DC supply,
the negative electrodes should be slightly longer.

The resistance connected in it reduces fluctuate current due to voltage variations. It gives
orange pink coloured light and has an efficiency of 15 to 40 lumens per watt. It is used
generally in indicators and night lamps. It can be also used for the determination of polarity
of DC supply.

LED

LED ( light emitting diode) is basically a small light producing device. It is a solid state
lamp that uses LEDs as the main source of light. It produces different colours of light.
It is a P-N junction diode that emits light when activated. The two terminals (anode and
cathode) of LED when connected to the voltage source in correct polarity produces lights
of different colours as pre the semiconductor substance used inside it. LED doesn’t need a
filament to produce light. Rather its effectively done through the passage of electrons and
due to bandgap effect of the semiconductor material. When a suitable voltage is applied to
the leads, electrons are able to recombine with electron holes within the device releasing
the energy in the form of photons. This effect is called electroluminescence. The colour of
the light is determined by the energy bandgap of semiconductor.
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[EXPLOSION DIAGRAM
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Advantages

- Low energy consumption.

- Long life

- Smaller size (Portable)

- Faster switching

- Physical strength is more.

- Can be easily replaced in normal fittings.

Applications

Used in head lamps, advertising, general lighting , camera flashes, traffic lights etc.

Halogen Lamps

It is also known as tungsten halogen lamo or quartz halogen lamp. It works on the same
principle as that of incandescent lamp.

It consists of a tungsten filament sealed inside a glass tube containing inert gas mixed with
halogens like iodine or bromine. The use of halogen reduces the vaporization of tungsten
filament so the chance of blackening will be prevented. Beside this, the halogen allows the
filament to operate at higher temperature without reducing its life.
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This lamp produces a bright yellow light and has an efficiency of around 10 to 20 % more

than filament lamp.

Generally, these lamp are used in sport stadiums, parks, factories, airports and so on. The
quartz halogen lamps are specially used in scientific and medical instruments.

Note:

1. If a filament lamp has an efficiency of 10% , then it means that the lamp converts 10%
of the supplied electrical energy into light energy and remaining 90% is converted
into heat energy and other radiations.

2. If a bulb is rated with 60 watt, it means that the bulb can convert 60 Joule of supplied
electrical energy into heat and light energy in one second.

Comparison of filament and fluorescent lamp

Feature

Filament Lamp
(Incandescent)

Fluorescent Lamp

Working Principle

Produces light by heating a
tungsten filament until it glows.

Uses electric discharge through
mercury vapor to produce UV
light, which excites the phosphor
coating to emit visible light.

Energy Efficiency

Low (only about 5-10% of
energy is converted to light, the
rest is wasted as heat).

High (converts about 30-40% of
energy into light).

Lifespan

Short (about 1,000 hours).

Long (8,000-15,000 hours).

Brightness

Lower lumens per watt.

Higher lumens per watt.

Heat Emission

High (produces a lot of heat).

Low (stays cooler).

Startup Time

Takes a moment to reach full

brightness (older models may
flicker when starting).
Cost Cheap initial cost but higher|Higher initial cost but saves

electricity consumption.

electricity in the long run.

Environmental
Impact

No toxic materials, but higher
energy consumption.

Contains mercury, requiring careful
disposal.

Usage

Suitable for short-term,
decorative, or heating purposes.

Ideal for long-term lighting in
offices, homes, and industrial areas.

¢
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Stroboscopic Effect

When an AC supply is passed through the discharge lamps, the lamp extinguishes for
about 100 times in 1 second as the supply voltage is of range 220V, 50Hz. This cannot be

detected under normal situation. But when a rotating object is observed under such lamps,
the objects are seen rotating at different speed than its actual speed.

And this effect seen in variation of speed of rotating objects when seen under the discharge
lamps is known as stroboscopic effects.

Requirement for Good Lighting Scheme

For a good lighting system, the brightness of the lighting source should be properly
maintained so that the objects can be seen clearly. For that, the following factors are to be
considered.

i) Illumination level
ii)  Absence of glare
iii)  Color of lighting (Source)

iv)  Absence of dark shadows

And the illumination level for various places should be maintained as follows:

1. Entrances - 100 lumens/m2 (Lux)
2. Living Room - 300 Lux

3. Bed Room - 30 - 100 Lux

4, Dining Room - 150 Lux

5. Kitchen - 80 Lux

6. Study Room - 150 Lux

7. Stairs - 80 Lux

8. Bath Room - 80 Lux

Terms of IHlumination
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1. Space Height Ratio

It is defined as the ratio of horizontal distance between two adjacent bulbs to height
of the bulbs from working plane.

Horizontal distance betweentwo adjacent bulbs

1.e. Space helght ratio = Height of bulb from working plane

Its value should vary from 0.8 to 1.2 but shouldn't exceed 1.5.

2. Depreciation Factor
It is the ratio of illumination produced under brand new condition to illumination
produced under working condition.

Ilumination produce by brand new source
Illumination produced by a source under working condition

i.e Depreciation factor =
The value of depreciation factor is always greater than 1.

3. Maintenance Factor

It is the ratio of illumination produced under working condition to illumination
produced under brand new condition. Simply it can be defined as the reciprocal of
depreciation factor.

Ilumination produced under working condtion
Illumination produced during brand new condition

i.e Maintenance factor =
The value of depreciation factor is always less than 1.

4, Coefficient of Utilization
It is defined as the ratio of light falling on the working plane to light emitted by a
lighting source.

Light falling on the working plane (surface)
Light emitted by the source

i.e Coefficent of Utilization =
Its value ranges from 0.4 to 0.6.

And the coefficient of utilization depends on following factors:
1. Nature of lighting source (Direct or Indirect)

2. Nature of the fittings like reflectors, diffusers and their height.
3. Colour of walls

Methods of Lighting (Design) Calculations

The methods that can be used for the lighting calculations are as follows:
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i) Watt per square meter method
ii)  Lumen or Light Flux method

iii)  Point to point or Inverse Square law method

i) Watt per Square Meter Method

This method is particularly used for rough calculations and checking. It is based
on making an allowance of watt per square meter to be illuminated according to
illumination needed.

i)  Lumen or light flux Method

This method is used where the source of light has to produce almost uniform
illumination throughout the working plane.

The total output lumens is calculated as:

Total output lumens = No. of bulbs X Watt of each bulb X Efficiency of bulbs in
terms of lumens per watt X Coefficient of Utilization

If depreciation factor is given,

Total output lumens = (No. of bulbs X Watt of each bulb X Efficiency of bulbs in
terms of lumens per watt X Coefficient of Utilization) / Depreciation Factor

iii)  Point to point or Inverse Square Law Method

This method is used if one or more lighting source has to produce illumination at a
point, given that the candle power of each source in a particular direction is known.

Calculation of Light Points Required for Interior Illumination
Let,
A = Area of working plane
E = lllumination required
Then,

Total output lumens = E X A

It is affected by coefficient of utilization,
Total output | - £x4
otal output lumens = 5

Likewise, it is also affected by depreciation factor,
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. Total output lumens = ExA*DF

U.F.
If maintenance factor is given,

. _ ExA

.". Total output lumens = UFxME.

.. Number of lamps =

Total output lumens

Solved Numericals

1.

Hence, the required total amount of power for the bulbs is 10000 watts.

2.

It is required to provide an illumination of 100 lumens/m? in a workshop hall
of 40m X 10m and efficiency of lamp is 14 lumens/watt. Calculate the watts
required if coefficient of utilization is 0.4 and depreciation factor is 1.4.

Soln.

Length of the hall(l) = 40m

Breadth of the hall(b) = 10m

Area of the room =40X10 = 400m?
Illumination(E) =100 Lux
Coefficient of utilization(U.F) =0.4
Depreciation factor(D.F) =1.4
Efficiency of bulb = 40 lumens/watt

Now,

Ex AxD.F.
U.F.
_100x400x1.4

- 0.4

Total output lumens =

=140000 lumens
140000

14
=10000 watts

Total watt required =

Adrawing hall of length 30m and breadth 15m is to be illuminated with 120 lux.
The lamps are required to be hung 5m above the working plane. Assume the
space height ratio of unity, a coefficient of utilization 0.5, depreciation factor
of 1.4 and efficiency of bulb to be 40 lumens/ watt, find the number of 80 watt

tubes to be used in that room.

¢

Outputlumen of each bulb T UFXMFX o
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Sol".

Length of the hall(l) =30m
Breadth of the hall(b) =15m
Area of the room =30x 15 =450m?
Illumination(E) =120 Lux
Coefficient of utilization(U.F) =0.5
Depreciation factor(D.F) =14
Efficiency of bulb = 40 lumens/watt
Now,
Total output lumens = %
_ 120x450x1.4
0.5
= 151200 lumens
Total watt required = 2
40
=3780 watts
No of tubes required J=
890
=47.25
~ 48 bulbs

Hence, the required number of tubelights is 48.

3. It is required to provide an illumination of 100 Lux in a factory hall 30m by
15m. Assume that depreciation factor is 1.25, coefficient of utilization is 0.4 and
efficiency of lamp is 14 lumens/watt. Find the number of bulbs required for

(i) 100 watt ii) 250 watt iii) 400 watt iv) 500 watts ?
Soln.

Length of the factory hall(l) =30m

Breadth of the factory hall(b) =15m

Area of the room =30X15 =450m2
Illumination(E) =100 Lux
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Coefficient of utilization(U.F) =0.4
Depreciation factor(D.F) =1.25
Efficiency of bulb = 14 lumens/watt

Now,

ExAxD.F.
Total output lumens = =oE

_100x450x1.8
- 0.4

= 140625 lumens
140625

14
=10044.64 watts

Total watt required =

Now,

10044642
100

=100.4464

i) No of 100 watts required =

105 bulbs

. . 10044.64
i) No of 250 watts required =" a0

=40.18
~ 41 bulbs

_ 1004464
400

=2511

iii)  No of 400 watts required

~ 26 bulbs

- . 1002464
iv)  No of 500 watts required =" 100

=20.09
~ 21bulbs

4. A small assembly shop 16m long, 10m wide and 3m up to trusses is to be
illuminated to a level of 200 Lux. The coefficient of utilization and maintenance
factor are 0.74 and 0.8 respectively. Calculate the number of lamps required, if
the lumens output of each lamp is 3000 lumens.
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Sol".
Length of the assembly shop(l)

=16m

Breadth of the assemble shop(b) =10m

Avrea of the room
Illumination(E)

Coefficient of utilization(U.F)
Maintenance factor(M.F)
Output of each bulb

Now,

Total output lumens

No of bulbs required

=16X10 =160m?
=200 Lux

=0.74

=0.8

= 3000 lumens

ExA
T ULF. ¥ M.F
_ 200 X160
074 0.8
=54054.05 lumens

_ 54054.05
~ Zooo

=18.01

~18 bulbs

Hence, the required number of bulbs is 18.

5. A motorcycle workshop of length 24m and breadth 16m is to be illuminated
with 120 lux. The lamps are required to be hung 5m above the working plane.
Assume the space height ratio of 1.0, a coefficient of utilization 0.5, maintenance
factor of 0.8 and efficiency of bulb to be 40 lumens/ watt, find the number of 150
watt bulbs to be used in that room. Also show the spacing layout for required

room.

Sol.

Length of the room(l)
Breadth of the room(b)

Area of the room
Illumination(E)

Coefficient of utilization(U.F)
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=24m

=16m

=24X16 = 384m?
=120 Lux

=0.5



Maintenance factor(M.F) =0.8

Efficiency of bulb = 40 lumens/watt
Now,
_ ExA
Total output lumens = UF. = MF
_ 120 = 384
T D5 x0E
=115200 lumens
. 115200
Total watt required =T
=2880 watts
. 2880
No of bulbs required =m0
=19.2
~ 19 bulbs

Therefore 5 lamps can be mounted along length of the room giving a space height
4.8
ratio of (— = EI.QE.) and 4 lamps can be mounted along breadth of the room giving

a space height ratio of (— = 0.8)

5
The location of the lamps can be shown as below.
A 2Zm
T O ®) ®) ®) ©)
am
T O O O O O
16m am
-— | O O O O O
4m
| O O O O O
' 2Zm
1 1 1 | |
bam 48m ' 48m | 48m | 4.8m '24m
-t -
24m

A classroom of size 30m by 12m is to be illuminated with 50 Lux. The
lamps are required to be hung 5m above the workbench. Assume the
space height ratio of around 1.2, coefficient of utilization factor of 0.5,
lamp efficiency of 15 lumens/watt, maintenance factor of 0.77, estimate
the number, rating and positon of lamps.(Rating of bulbs = 300 watt)
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Sol".

Length of the room(l)
Breadth of the room(b)

Avrea of the room
Illumination(E)

Coefficient of utilization(U.F)
Maintenance factor(M.F)

Efficiency of bulb
Now,
Total output lumens

Total watt required

No of bulbs required

=30m

=12m

=30X12 =360m?
=50 Lux

=05

=0.77

= 15 lumens/watt

_ ExA _ 50x%360
T UF. xMF 05 =077

_ 18000
~ nass

= 46753.24 lumens
_ 46753.24
T

= 3116.88 watts
3116.88
300

=10.38
~ 12 bulbs

Therefore 6 bulbs can be mounted along length of the room giving a space height ra-

tio of G = l) and 2 bulbs can be mounted along breadth of the room giving a space

height ratio of (E = 1.2)

The location of the lamps can be shown as below.

3m
-+ O O O @) O O
12m| 6m
-+ O O O O @) O
3m
2.5mI 5m | 5m | 5m i 5m | 5m bam
- -
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A school canteen 40m in length and 25 m in breadth is to be illuminated with
metal glass filled filament lamps to 90 lumens/m? on the working plane. If the
coefficient of utilization is 0.5 and the source of 500 watt having a luminous
efficiency of 20 lumens/watt is to be hung 5m above the working plane, calculate
the number of bulbs required. Also show the suitable positions of the fittings.
Take depreciation factor as 1.2.

Sol".

Length of the canteen(l) =40m

Breadth of the canteen(b) =25m

Area of the room =40X25 =1000m?
Illumination(E) =90 Lux
Coefficient of utilization(U.F)  =0.5

Depreciation factor(D.F) =1.2

Efficiency of bulb

= 20 lumens/watt

Now,
T | | _ ExA _ S0 = 1000 = 1.2
otal output lumens = UF wmE - 05
= 216000 lumens
. 216000
Total watt required S
=10800 watts
. 10800
No of bulbs required = oo
=216
~ 24bulbs

Therefore 6 lamps can be mounted along length of the room giving a space height ratio

66T

of - = 1.334) and 4 lamps can be mounted along breadth of the room giving a space

height ratio of {% = 1.25)

The location of the lamps can be shown as below.
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‘ 3.12m
T © O O O O O
6.25m
T 1| O O O O O O
25m| 6 25m
+1 O O O O O O
6.25m
T | O O O @) @) O
'3.12m
T e B o
3.33m 6.67m 6.67m 6.67m 6.67m 6.67m 3.33m
-t >
40m
Tutorials
1. A hall measuring 15m X 45m is to be illuminated by a bulbs of 200 watt to give

6.

an illumination of 45 Lux. Assuming utilization factor to be 0.65 and depreciation
factor is 1.3, find the number of bulbs required if efficiency of each bulb is 2880
lumens.

A minimum illumination of 80 lumens /m? is required in a factory shed of 100m by
10m. Calculate the number, location and wattage of the bulbs to be used. Assume
depreciation factor is 0.8, coefficient of utilization is 0.4 and efficiency of lamp is 40
lumens/watt.

A classroom of size 30m by 30m is to be illuminated with 75 Lux. The lamps are
required to be hung 5m above the workbench. Assume the space height ratio of
0.9 — 1.0, coefficient of utilization factor of 0.5, lamp efficiency of 15 lumens/watt,
depreciation factor of 0.8, estimate the number, rating and positon of lamps.( Rating
of lamp is 2000 watts).

It is required to illuminate the living room 16m X 30m with 80 Lux. If the lamps of
60 watts are to be hung 5m above the working plane, design the layout scheme for
it. Take depreciation factor as 1.25, utilization factor as 0.5 and efficiency of bulb as
60 lumens/watt so that it meets the space height ratio in range of 0.8 to 0.9.

A workshop 30m X 15m is to have illumination of 150 Lux on its working plane.
The lamps are hung 5m above it. Give the layout of a suitable installation using 80
watt fluorescent lamp. Take utilization factor as 0.5, depreciation factor as 1.4 and
efficiency of lamp is 40 lumens/watt.

It is required to provide illumination of 100 Lux in a factory hall 30m by 15m.
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Assume that depreciation factor of 0.8, coefficient of utilization is 0.4 and efficiency
of lamp is 14 lumens/watt. Find the number of lamps to be used, if the available
rating of lamp is 250 watt. Also draw a schematic diagram of the layout, given that
the lamps are suspended at a height of 2.5m above.

7. Ahall measuring 15m X 45m is to be illuminated by suitable lamps to give an average
illumination of 45 Lux. Assuming the mounting height of lamp to be 3m above the
working plane, utilization factor of 0.65 and depreciation factor of 1.3, estimate the
number and installation position of lamps, if a lamp of 150 watt is selected with an
efficiency of 14 lumens per watt.

Reflectors and Diffusers
The reflectors are the substances that reflect light onto the working plane (subject). They
can be solid or flexible, round, oval, rectangular, square or an umbrella. They also come in
cloth, metal, cardboard or foamcore mediums. Reflectors commonly come in a few colors:
white, silver and gold. Since reflectors have two sides, we can often get a single reflector
in two colors. The size and color of the reflector depends on the size of your shot and its
mood or style.

White (an excellent choice for weddings) reflects a soft diffused light without changing its
color. Silver reflects a brighter, crisper light that adds a bit of sparkle to the image (excellent
for product shots) and gold adds warmth and a soft glow to the image (great outdoors). For
example, if we shoot models or warm interviews, we will want medium to large diffused
reflector that is either gold or a combination of gold and silver.

Diffusers

A lighting diffuser is a device used to spread and soften light, reducing harsh glare and
creating a more uniform illumination. A diffuser is a large piece of translucent material that
is placed between the light and the subject to spread the light and make it softer.

It is commonly made from materials like acrylic, glass, or polycarbonate and is used in
various lighting fixtures, including fluorescent lamps, LED panels, and ceiling lights.

Purpose of Lighting Diffusers

. Even Light Distribution: Helps spread light evenly across a space.

. Glare Reduction: Minimizes eye strain by softening bright light.

. Aesthetic Enhancement: Improves the appearance of lighting fixtures.

. Protection: Shields the light source from dust and damage.
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Common Types of Lighting Diffusers

1. Frosted Diffusers — Slightly opaque, providing a soft glow.

2. Prismatic Diffusers — Have patterns to enhance light dispersion.
3. Opal Diffusers — White and highly diffusive for uniform lighting.

Lighting diffusers are widely used in offices, homes, commercial spaces, and
photography studios to create a comfortable and visually appealing environment.

Factors to be considered for designing lighting schemes
. Provide proper illumination

. Absence of glare

. Absence of dark shadows

. Uniform illumination throughout the working plane
. Colour of light and colour of the walls

. Mounting height

. Spacing of the bulbs

Types of Lighting Schemes

The distribution of light emitted by a lighting source (lamps) is usually controlled to some
extent by means of reflectors and diffusers or even lenses. The interior lighting schemes

can be classified as,
Direct Semi-direct General diffuse

—0-10% 10-40% A40-80%
80-100% 60-90% 60-40%
Direct-indirect Semi-indirect Indirect
40-60% £0-90% £0-100%
40-80% 10-40% 0-10%

1. Direct Lighting Scheme
2. Semi-Direct Lighting Scheme
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3. Semi-indirect Lighting Scheme
4, Indirect Lighting Scheme
5. General Lighting Scheme

1. Direct Lighting Scheme

It is the most commonly used type of lighting scheme. In this type of scheme, about
90% of the light falls on the working plane or surface from the lighting source
with the help of deep reflectors. It is mostly used for uniform illumination. In this
scheme , there is chances of presence of dark shadows and glare. It is mainly used
for industrial and general outdoor lighting.

0% - 10%

// l \\ 90% - 100%

2. Semi-Direct Lighting:
In this scheme, about 60 to 90% of total light flux is allowed to fall on the working
plane and remaining light is used to illuminate the walls and ceilings. This scheme
is best suited for rooms with high ceilings where high level of uniform distribution
is required.

3. Semi-Indirect Lighting:

In this lighting about 60 to 90 percent of the total light is thrown upwards to the
ceiling for diffused reflection and remaining reaches the working plane. It doesn't
create glare and produces soft shadows. It is mostly applicable for indoor lighting
decoration purposes.

4. Indirect Lighting:

In this lighting, 90 percent of total light is thrown uwards to the ceilings for diffused
reflection using bowl or inverted reflectors. In this ceiling acts as a source and glare
is removed. Thus the resulting illumination is much softer and diffused. It is used for
decoration purpose in cinemas, seminar halls, theatres, hotels etc.
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5. General Lighting:

In this scheme lamps made up of diffusing glass are used which gives nearly equal
illumination in all directions.
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Exercise

Choose the correct answer from the given alternatives.
1. Illumination is defined as:

a. Light emitted by a source

b. Light received on a surface per unit area

c. The brightness of the source

d. The total power of light emitted

2. The unit of illumination is:
a. Lumen b. Lux c. Candela d. Watt

3. Which of the following laws is used to calculate illumination?
a. Ohm’s Law b. Kirchoff’s Law

c. Inverse Square Law d. Ampere’s Law

4, The luminous efficiency of a light source is measured in:
a. Lumens per watt b. Lux per watt

c. Candela per watt d. Watts per lumen

6. Which type of lamp has the highest luminous efficiency?
a. Incandescent lamp b. LED lamp

c. Fluorescent lamp d. Mercury vapor lamp

7. A luminaire that reflects most of its light upward is classified as:

a. Direct b. Semi-direct
c. Indirect d. Semi-indirect

8. A luminaire with a frosted glass cover is used to:
a. Increase glare b. Provide diffused lighting

c. Focus light in one direction d. Reduce power consumption

11.  Which type of luminaire is typically used in street lighting?
a. Downlight b. High-pressure sodium vapor lamp

c. LED panel light d. Compact fluorescent lamp

.= Utilization of Electrical Energy/Grade 10



12.

13.

14.

15.

16.

17.

19.

20.

21.

The efficiency of a luminaire depends on:
a. Reflector material b. Lamp type

c. Design of the luminaire d. All of the above

Which of the following luminaires is commonly used in emergency lighting systems?
a. Incandescent lamps b. Compact fluorescent lamps

c. LED lamps with battery backup d. Halogen lamps

The glare from a luminaire can be reduced by using:
a. A polished reflector b. A translucent diffuser

c. A high-intensity lamp d. Direct lighting

A luminaire with IP65 protection is suitable for:
a. Indoor lighting only b. Outdoor lighting in dry areas

c. Dust and water-resistant applications d. High-temperature environments

Which type of luminaire is preferred in factories for general lighting?
a. High-bay luminaires b. Recessed luminaires
c. Spotlights d. Chandeliers

Illumination is defined as the:

a. Rate of light emitted by a source

b. Amount of light falling on a surface per unit area
c. Brightness of the light source

d. Reflection of light from a surface

Which law is used to calculate illumination?
a. Joule’s law b. Ohm’s law

c. Inverse square law d. Ampere’s law

The light output from a source is measured in:
a. Lux b. Lumen
c. Candela d. Watt

The term "luminous efficiency" refers to:

a. Efficiency of light absorption b. Lumens per watt of a light source
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22.

23.

24.

25.

26.

217.

28.

29.

c. Lifetime of the light source d. Power consumed by the light source

The main purpose of lighting design is to:

a. Reduce energy consumption

b. Provide adequate illumination for tasks

c. Enhance the aesthetic appearance of a space
d. All of the above

Which of the following factors is critical in lighting design?
a. Luminance levels b. Color temperature

c. Uniformity of light distribution d. All of the above

The ratio of total flux reaching the working plane to the total flux emitted by the light
source is known as:

a. Utilization factor b. Maintenance factor

c. Glare index d. Efficiency factor

Which of the following is an example of artificial light?
a. Sunlight b. LED lamp
c. Moonlight d. None of the above

A luminaire that reflects most of its light upwards is classified as:
a. Direct lighting b. Semi-direct lighting
c. Indirect lighting d. Diffused lighting

Color temperature is measured in:
a. Lumens b. Lux
c. Kelvin (K) d. Candela

Lighting design for museums and galleries prioritizes:
a. Uniformity of illumination b. Accent lighting for exhibits

c. High-intensity lighting throughout d. Minimal energy consumption

What is the primary function of emergency lighting systems?
a. Enhance the aesthetic appeal b. Provide lighting during power utages

c. Save energy d. Reduce lighting glare
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30. For reading purposes, the recommended illumination level is:
a. 50 lux b. 100 lux c. 300 lux d. 500 lux

Write short answer to the following questions.

1. What type of conductors can be used as a filament in incandescent lamp?
2. Write short notes on:

a. Stroboscopic effect

b. Reflectors

c. Diffusers

What are the applications of inverse square law?

What are the factors to be considered for better illumination?

Why can't the high pressure lamps be used for interior lighting purpose?
What are the defects seen when carbon is used as filament in incandescent lamp?
Write short notes on LED.

Write short notes on CFL.

© N o 0o &~ w

Write long answer to the following questions.

Explain in detail about the construction and working principle of filament lamp.
Explain in detail about construction and working principle of fluorescent lamp.
Explain in detail about the different types of lighting calculation methods.

Differentiate between filament and fluorescent lamp.

o M w0 Do

State laws of illumination and derive the relation E =#cos39 where the symbols
have usual meaning.

6. List out the different types of lighting schemes. Explain them in detail.

Project Work

1. Calculation and layout design of lighting scheme of residential buildings.
2 Identification of types of luminaries

3 Measurement of illumination of various lamps using lux meter.

4. Observe the construction and connection of different lamps.
5

Observation of different types of lighting schemes.
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Industrial Utilization of Electric Energy { Unit 3

Electric Drives

It is defined as the form of machine equipment used to convert electrical energy into
mechanical energy. It also provides electric control over the whole process.

A well equipped machine can be classified into three different parts.
i) Prime mover (engine)
ii)  Transmission System (Shaft / Pulley / Belt / Gears)

iii)  The working machine

Both the prime mover and the transmission system are functioned to operate the working
machine. And to operate with better performance, the electric drive may also have frequency
changer, rectification unit and so on.

Advantages of Electric Drive

e Simple

e Cleanliness

e Smooth and easy control

e  Facility of remote control

e Easy starting

e Long life

e Low maintenance cost

Role of Electricity in Modern Industry/Society

Electricity is one of those discoveries that have changed the daily life of everybody on the
planet. Electricity is the key component to modern technology and without it most of the
things that we use everyday simply could not work, and would never have been created.
Our mobile phones, our computers, the Internet, our heating systems, our televisions, and
our light bulbs - nearly everything in the home would be completely different. There would
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be completely different systems put in place in the home to ensure that we can remain
warm, and to ensure that we can live properly every day.

Indeed, modern society would be incredibly different. Imagine how different things would
be today without the Internet. The World Wide Web has had a huge effect on our lives. It
has made everybody more aware of the world they live in, and it’s allowed them to learn
about our surroundings and know more about how near enough everything within modern
society works. It is our gateway for knowledge, and allows us to find out nearly anything
within a matter of seconds, hence, electricity has made us an incredibly intelligent and
aware society.

It’s also allowed us to become healthier. Without electricity, hospitals would have
significantly less medical equipment available to help people with medical problems.
Electricity, hence, saves lives and allows people to live longer. So not only are we are more
aware and intelligent society but we have become much healthier. Our lives are improved
no end by electricity, and it’s certainly true that most people's living quality would be
significantly reduced and affected if electricity were to somehow disappear. Electricity is
the basis of most modern inventions and naturally without it, the 21st century would be
comparable to the 19th.

In today's society, electricity is essential to daily life. Simple tasks, such as waking up at
a designated time or enjoying a piece of music, are accomplished currently via electronic
means. One only needs to consider the consequences of a relatively short power outage
factories close down, phones and computers go dead, traffic slows to a crawl, food spoils in
refrigerators to accurately observe how power-dependent our society has become. However,
electricity is a constantly developing technology, and the aspects one currently associates
with electricity and electricity generation are nowhere close to the original features. In
the past century and a half, electricity has steadily evolved from a scientific curiosity, to a
luxury of the affluent, to a modern need. Along the way, it has been shaped by a variety of
non-technological factors: economic, political, social, and environmental, to name a few.

Advantages
» Time saving (Faster Operation)
o Safety
* Less labour
» Higher production (Higher efficiency / output)
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e Easy control

e Pollution free

* Uniformity in production

* Reliable / Durable

» Production at less cost and less effort
Disadvantages

e Limited to electrified areas only

e Chances of dangerous accidents

* In case of power failure, whole equipment won't operate

Schematic Diagram of Electric Drive

Power Modulator Motor Load

A 4

Y

Source

A 4

Feedback Circuit ——»
)

I
]
l L 3
Control Unit [d=======--e=-¥uuou—q Sensing Unit

|

Input / Command

Fig: Schematic Diagram of electric drive

A schematic diagram of an electric drive typically consists of the following main
components:

1 Power Supply — Provides electrical energy to the system.

2 Converter (Rectifier/Inverter) — Converts AC to DC or vice versa for motor operation.
3. Controller (Microcontroller/PLC) — Regulates speed, torque, and performance.
4

Electric Motor (DC or AC Motor) — Converts electrical energy into mechanical
motion.

o

Load (Mechanical System) — The system or device driven by the motor.

6. Feedback System (Sensors/Encoders) — Measures parameters like speed and position
for precise control.
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Types of Drive
1. Group Drive
2. Individual Drive

3. Combination Drive

1. Group Drive

Asingle motor is used to operate two or more equipment connected via shaft, pulleys
or belts. It is also called line shaft drive.

Shaft

Pulley Belt Belt Belt

Motor Machine 1 Machine 2 Machine 3

Advantages

As single motor is used , it is more economical then using individual motors.

Disadvantages

i) If there is any failure in motor, none of the machine will operate.

ii)  If all the machine aren't operating, the motor will be operating at lesser efficiency.
iii)  Itis not possible to install machines far from the motor.

iv)  Speed control of all the machines using belt and gears is difficult.
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2.

=

Individual Drive

_I¥ J [ =

el Forar Aedg ;e o e

Imdividiaal Denve
In this type of electric drive, a single motor is used for each of the equipment or
machine. For eg, spindle drilling machine, electric tools, simple metal working tools
etc.

As separate motors are used for separate equipments, It is more expensive than group
drive. But it gives complete control for operation over each machine or equipment.

In individual drive, the motor works at full load, so it's efficiency is more and power
factor is also good. The machines can be installed at any desired locations and is
more applicable for driving heavy equipments or machines like lifts, cranes etc.

Combination Drive

In this method, more separate motors are used and in each of the motors, more
working equipments or machines will be connected. In general, it can be said as the
mix — up of individual and group drive.

Comparison between group and individual drive:

Factor Group Drive Individual Drive

Efficiency and|If all the connected equipments|The motor works at full load. So
Power factor  |aren't operating, then the motor|it has more efficiency and hence

works at lesser efficiency and thus|better power factor.
have less power factor

Reliability A fault in motor leads to failure in|A fault in motor will stop only

all connected machines. So it is less|connected motor. So more reliable.
reliable.
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Flexibility A machines need to be installed over|A machine can be installed at any
a particular positions (nearer to the |desired positions.
motor)
Speed Constant speed cannot be obtained |Constant speed can be obtained.
Initial Cost Less initial cost As more motors are needed, very

high initial cost

Space Required

Requires less space

Requires large space

Types
machines

of

Heavy cannot be

operated

equipments

Heavy equipments can be operated
like lift, cranes etc.

Factors to be Considered for Selecting Motor: (Criteria)

1. Nature of Source

Either AC or DC or single phase or three phase

2. Types of Drives

Depending upon type of drive to be installed, either group, individual or combination

3. Types of Load

Active load or passive load

4, Electrical Characteristics

Running characteristics

Starting Characteristics

Speed Control

Braking Characteristics

5. Mechanical Considerations

Type of enclosures

Type of bearings

Type of transmission for drive

Noise level

Heating and cooling time constants
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Appearance

Physical structures and sizes

Cost

Initial Cost

Running Cost - Maintenance Cost
- Depreciation Cost
- Power factor

- Losses

Rating and Size of Motor

Requirement for continuous, intermittent or variable load cycle

Pull out torque and overload capacity

Motors for Various Purposes

1.

Synchronous Motor

It provides constant speed, So the control of speed is not possible. It has a power
factor of 0.9-1.0.

Applications: teleprinters, timing devices, clocks recording instruments

Single Phase Feries Motor
It has high starting torque and has a power factor of 0.8 to 0.9 (lag)

Applications: vacuum cleaner, refridgerators, electric traction

Repulsion Motor

It has high starting torque and has a power factor of 0.8 to 0.9 (lag). It has constant
speed.

Applications: Coil winding machines

Capacitor Start Induction Motor

It has moderately high starting torque and has fairly constant speed. It has a power
factor of 0.7 to 0.9 (lag).

Applications: Compressors, refrigerator(compressor) etc.
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10.

11.

12.

Capacitor Start Capacitor Run Induction Motor

Properties same like that of capacitor start induction motor but it has comparatively
higher power factor than other motors.

Applications: Drives requiring quite operations.

Repulsion Start Induction Motor

High starting torque. Has constant speed. It requires less maintenance with a power
factor of 0.8 t0 0.9 (lag)

Applications: Drives requiring high starting torque, compressors, refrigerators

Shaded Pole Induction Motor
Simple and self start mechanism. It has low starting torque.

Applications: Small fan, blowers, movie projectors etc.

Hysterisis Motor
Runs at synchronous speed.

Applications: Electric clock

Universal Motor

Series motor that can be operated on both DC and AC supply. Also called fractional
horse power motor.

Applications: Mixers, Sewing machine etc

DC Series Motor
Used for heavy duty operations.

Applications: electrical locomotives, rolling mills, cranes, lifts etc.

DC Shunt Motor
Used for constant speed operations.

Applications: Lathes, Vacuum cleaners, wood working machines, laundry washing
machines, milling machines, grinders, metal cutting machines, small printing press
etc.

Commulative Compound motor

Applications: Compressors, stamping machines, pressure blower, centrifugal
pumps, rotary press, circular saws, shearing machines, hydro — extractors etc
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Exercise

Choose the correct answer from the given alternatives.
1. Which of the following is NOT an advantage of electric drives?
a. High efficiency b. Simple control

c. Low reliability d. High flexibility

2. Which of the following motors is commonly used in electric drives for traction
applications?
a) DC series motor b. Induction motor

c) Stepper motor d. Synchronous motor

3. Which of the following is NOT a part of an electric drive system?
a. Electric motor b. Load

c. Transmission system d. Pneumatic cylinder

4, Which type of control is typically used in industrial electric drives?

a. Open-loop control b. Closed-loop control
¢. Manual control d. Hybrid control
5. In electric drives, regenerative braking is used to:

a. Stop the motor
b. Reduce motor speed
c. Convert kinetic energy into electrical energy

d. Supply additional power to the motor

6. Inverters are used in electric drives to:
a. Convert DC to AC b. Convert AC to DC
c. Control frequency and voltage d. Bothaandc
7. In servo drives, the feedback element is usually a:
a. Resistor b. Inductor
c. Encoder d. Diode

8. What is a drive in the context of electrical systems?
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a. A device used to store energy
b. A system used to control the speed, torque, and direction of an electric motor
c. A mechanical system for motion control

d. None of the above

9. In DC drives, the speed control is achieved by:
a. Varying supply frequency
b. Varying armature voltage or field current
c¢. Changing stator voltage

d. Adjusting rotor resistance

10.  Which of the following is an advantage of AC drives over DC drives?
a. Easier speed control
b. Higher torque generation
c. Less maintenance due to no brushes

d. Better compatibility with low-speed applications

11.  Which of the following is a disadvantage of DC drives?
a. High initial cost
b. Requirement for complex control circuits
c. Maintenance issues due to brushes & commutators

d. Poor torque-speed characteristics

12. DCdrives are widely used in:
a. Rolling mills b. Elevators

c. Electric vehicles d. All of the above

13.  Which component is essential in an AC drive for speed control?
a. Transformer b. Variable Frequency Inverter

¢. Inductor d. Rectifier

14.  AC drives are widely used in:
a. HVAC systems b. Pumps and compressors

c. Conveyors d. All of the above
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15.

16.

The main advantage of using AC drives in industrial applications is:
a. High starting torque b. Compact size

c. Ability to operate at variable speeds  d. Simplified maintenance

Universal motors are classified as drives because they:
a. Can operate on both AC and DC b. Have high-speed capabilities

c. Are highly efficient d. Have low maintenance requirements

Write short answer to the following questions.
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What are the different parts of an electric drive? Write their main functions
What type of drive would you prefer? Give reason.

What are the advantages of electric drive?

What are the disadvantages of electric drive?

Compare electric drive with mechanical drive.

Write long answer to the following questions.

1. What are the different types of drive? Explain them in detail.

2. Compare individual drive with mechanical drive.

3. What are the factors to be considered for selecting an electric drive? Explain them in
detail.

Project Work

1. Observation of drives used in different working areas

2. Identification of motor for particular purpose

3. Site visit of nearest industry
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Unit 4 Electric Traction

Electric Traction

Electric traction means a locomotion in which the driving energy is obtained from electric
motors. One of the best application of electric traction in our daily life can be taken in the
field of transportation. For eg, electric trains, trolley bus, trams, cable cars and so on.

It has many advantages over other forms of locomotion. If the initial cost and generation
cost can be reduced, it would replace all other forms of locomotion.

Advantages
e Cheapness
e Cleanliness
e Acceleration and braking are smooth and rapid
e Less maintenance cost
e High starting torque
e Can be started immediately
e Capacity of carrying more passengers at very high speed

e No need of extra power supply for lights and fans to be used in locomotive.

Disadvantages
e High initial cost
e Limited to fixed tracks as in trolley bus, cable cars and electric trains.
e Failure in power supply will stop the operation of whole system,
e Limited to electrified areas only
e Requirement of additional equipment for braking and control.

e Precautions should be made to control interference with telegraph and telephone
lines.

Types of Electric Traction (System of track electrification)
1. AC electric traction

2. DC electric traction
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AC Electric Traction

It is used for overhead distribution system and consists of DC series motors as
drives. The locomotive carries transformers and mercury arcs or metal rectifiers.
The transformer steps down the high voltage of around 25kV at 50 Hz to required
level and the rectifier converts AC into DC.

It is used for main lines in the areas of high traffic density.

Advantages

1.
distances. So the substations are

used, hence reduces the cost.
3.

DC Traction System

As the distribution voltage is high, the sub-stations are placed at higher

required in lesser number.

As the higher distribution voltage is used, smaller sections of conductor are

Less maintenance and running or operation cost.

It is mostly used in sub-urban areas for the operation of trolley bus, electric trams and so

on. The distribution voltage in this system is

less compared to AC traction system. So the

transmission efficiency is lesser. And more number of sub-stations are required at lesser
distances, so the operation cost in DC traction system becomes higher.

Comparison of AC Traction & DC Traction System

AC Traction

DC Traction

It is mostly used in main line railway
services. Eg, electric trains

It is mostly used in sub-urban line railway
services. Eg, electric trams, trolley bus,
local trains etc

Distribution voltage is very high.

Distribution voltage is comparatively lesser.

Energy consumption is high.

Energy consumption is lesser.

Efficiency is higher.

Efficiency is comparatively lesser.

The spacing of sub-stations is more. i.e. at
around 50 — 60 kms

The spacing of sub-stations is lesser. i.e. at
around 5 -7 kms

Running cost, maintenance cost and

operation cost of sub-stations are lesser.

Running cost, maintenance cost and

operation cost of sub-stations are higher.

The size of overhead conductor is reduced.

The size of overhead conductor is more
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It causes interference in communication|lt doesn't cause any sort of interferences.
lines.

Types of Railway Services

On the basis of distance between two stops, it can be classified into following types.
1. Urban System

2. Sub-urban System

3. sMain line (Railway) system

1. Urban System
e Less gaping between the stops (around 1 km)
e High acceleration and retardation needed to control the speed.

e No chances of free run

2. Sub-Urban System
e Gaping between the stops longer than the urban(around 8 km)
e Acceleration and retardation similar to that of urban system.

e Free run is not possible.

3. Main Line System
e Gaping between the stops much higher
e Less importance for acceleration and retardation

e Possibility of free run.

Types of Railway Electrification
1. DC System
Ranges - 600V, 750V, 1500V, 3000V

2. Single Phase AC
o 15-25kV at 15§Hz, 25 Hz and 50 Hz

3. Three Phase AC
e 3000-5000V, at 16 %Hz

4. Composite (Kando System)

e Conversion of single phase to three phase ac or dc
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e Three phase are supplied to 3-phase induction motor
Electric Traction
Tramways

It is one of the most economical means of transportation for very dense areas and in
congested areas and streets of large cities. It receives power from a bow collector or a
grooved wheel from an overhead conductor at about 600 V DC and the running rail acts as
a return conductor.

It consists of at least two driving axles in order to:
o Start from either side

o Secure necessary adhesion
o Uses two motors with series parallel control.

Along with this, two drum type collators are used at each end to control the tramcars.

Disadvantages
1. The track is always danger for other road users.

2. Lack flexibility of operation in congested areas.

Due to this tramways are been replaced by trolley buses and other fuel vehicles (internal
combustion engined omnibuses)

2. Trolley Bus

Itis an electrically operated pneumatic tyred vehicle which doesn't need a fixed track
on roadways. It receives power at 600V DC from two overhead conductors.

It consists of single driving axle and a single motor. In trolley bus, there is high
adhesion between wheel and ground. The trolley bus can move through traffic a
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meter or two on each side of centre line of trolley bus.

=

Usually dc compound motor of output of 50 to 100 kW is employed in it.

Braking in Traction System

The term braking comes from the term brake. Brake is an equipment to reduce the speed
of any moving or rotating equipment, like vehicles, locomotives. The process of applying
brakes can be termed as braking.

In mechanical braking the speed of the machine is reduced solely by mechanical process
but in electrical braking the whole process is depended on the flux and torque directions.
The main idea behind different types of electrical barking is the reversal of the direction
of the flux. So it is the process of reducing speed of any rotating machine. The application
of braking is seen at almost every possible area such as inside the motor used in factories,
industrial areas or in locomotives or vehicles. Everywhere the use of mechanical and
electrical brakes is very important.

Types of Braking

Brakes are used to reduce or cease the speed of motors. There are various types of motors
available ( like DC motors, induction motors, synchronous motors, single phase motors
etc.) and the specialty and properties of these motors are different from each other, hence
the braking methods also differs from each other. Braking can be divided into three parts
mainly, which are applicable for almost every type of motors.

1. Regenerative Braking.
2. Plugging type braking.
3. Dynamic braking

Regenerative Braking
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Regenerative braking takes place whenever the speed of the motor exceeds the synchronous
speed. This baking method is called regenerative braking because the motor works as
generator and supply itself is given power from the load, i.e. motors. The main criteria for
regenerative braking is that the rotor has to rotate at a speed higher than synchronous speed,
only then the motor will act as a generator and the direction of current flow through the
circuit and direction of the torque reverses and braking takes place. The only disadvantage
of this type of braking is that the motor has to run at super synchronous speed which may
damage the motor mechanically and electrically, but regenerative braking can be done at
sub synchronous speed if the variable frequency source is available.

Plugging Type Braking

In this method the terminals of supply are reversed, as a result the generator torque also
reverses which resists the normal rotation of the motor and as a result the speed decreases.
During plugging external resistance is also introduced into the circuit to limit the flowing
current. The main disadvantage of this method is that here power is wasted.
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Dynamic Braking

Another method of reversing the direction of torque and braking the motor is dynamic
braking. In this method of braking the motor which is at a running condition is disconnected
from the source and connected across a resistance. When the motor is disconnected from
the source, the rotor keeps rotating due to inertia and it works as a self-excited generator.
When the motor works as a generator, the flow of current and torque reverses. During
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braking to maintain the steady torque sectional resistances are cut out one by one.

A

F

Separately excited motor Series motor
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Exercise

Choose the correct answer from the given alternatives.

1.

Electric traction is primarily used for..........
a. Domestic lighting b. Industrial automation

c. Propelling vehicles d. Power transmission

Which type of electric motor is widely used in electric traction systems?
a. DC series motor b. Squirrel cage induction motor

c. Stepper motor d. Synchronous motor

The main advantage of electric traction over diesel traction is............
a. Lower initial cost

b. Higher efficiency and better speed control

c. Simplicity in design

d. Reduced noise level

Regenerative braking in electric traction systems helps to...........
a. Increase speed b. Utilize braking energy

c. Reduce braking energy loss d. Bothbandc

Which system of electric traction is commonly used in railways?
a. AC single-phase system b. DC system
c. AC three-phase system d. Diesel-electric system

In an electric traction system, the power factor of the supply can be improved using:
a. Capacitors b. Inductors

c¢. Transformers d. Rectifiers

The primary function of a pantograph in an electric train is to........
a. Provide mechanical support b. Collect current from the overhead line

c. Act as a brake d. Store electrical energy

Which of the following systems offers the most energy-efficient operation for electric
traction?
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a. Diesel-electric b. Regenerative braking with AC traction

c. Hydraulic system d. Mechanical braking system

9. The main disadvantage of DC traction systems is..........
a. High maintenance cost b. High starting torque

c. Simple speed control d. Low weight-to-power ratio

10.  Which of the following is NOT a braking method in traction systems?
a. Mechanical braking b. Electrical braking

c. Electromagnetic braking d. Hydraulic braking

11.  What is the primary advantage of regenerative braking?
a. Lower maintenance cost b. Recovery of energy during braking

c. Faster stopping times d. Simplicity of design

12.  Indynamic braking, the energy is dissipated as:
a. Heat in resistors b. Stored electrical energy

c. Mechanical energy d. Magnetic energy

13.  Which braking method is most energy-efficient for electric trains?
a. Friction braking b. Electromagnetic braking

c. Regenerative braking d. Dynamic braking

14. Inrheostatic braking, the motor works as.............
a. A generator with energy dissipated in resistors
h. A motor reversing the direction of motion
c. A mechanical brake

d. A transformer to regulate voltage

15.  For high-speed trains, the preferred braking system is..............
a. Mechanical braking
b. Pneumatic braking
c. Electromagnetic braking

d. Combined braking (mechanical and regenerative)
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16.

17.

18.

19.

20.

The main disadvantage of regenerative braking is..............
a. High maintenance cost

b. Inefficiency at low speeds

c. Inability to recover energy in some systems

d. Dependence on external power grid or storage

In a regenerative braking system, the electric motor................
a. Works as a generator

b. Acts as a friction brake

c. Reduces the train's speed mechanically

d. Generates electrical energy for external use

In dynamic braking, the electric traction motor is used to................
a. Store energy in a battery

b. Create a mechanical braking force

c. Convert kinetic energy into electrical energy

d. Use friction to slow down the vehicle

Which of the following braking systems is most efficient at high speeds?
a. Pneumatic braking b. Regenerative braking

¢. Dynamic braking d. Friction braking

Which braking system is most commonly used in trains during normal operations to
control speed and stop the vehicle safely?

a. Pneumatic braking b. Regenerative braking

c. Magnetic braking d. Mechanical friction braking

Write short answer to the following questions.

1.
2.

Define traction and electric traction.

List out the different types of railway services.

Write long answer to the following questions.

1.
2.

i

Compare electric traction and mechanical traction.

What type of traction would you prefer? Give reason.
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3
4
5.
6
7

What are the advantages of electric traction?
What are the disadvantages of electric traction?
Write short notes of electric trams.

Write short notes on trolley bus.

Compare AC traction system with DC traction system.

Project Work

1.

Observation of traction system
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Power Factor

Unit 5

Power Factor

It is defined as the cosine of angle of lead or lag between the current and the voltage.

i.e. p.f.=cosd

The value of p.f. will be leading in a capacitive circuit and it will lagging in a inductive

circuit.

Note:

It can also be defined as the ratio of resistance to impedance of the circuit or ratio of true

power to apparent power.

. resistance R
l.e pf - = =
impedance =
_  wuepower W  kw
pT.= apparent power T wa kva

(S) = Apparent power =1 XV

(P) = Active power = Power dissipated in the circuit (resistor)

i.e. P=1Vcos¢

(Q) = Reactive power (VAR) = power dissipated in inductive circuit
i.e. Pf=sing

ie.S2=P*+Q?

Quiality Factor

Itis the reciproceil of power factor.

ie. Q- factor =Pf  cosf

Causes of Low Power Factor

1. Transformers and ac motors (expect overexcited synchronous motor and some
commutative motor) operate at lagging power factor. The p.f. falls due to decrease in

load.
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e.g. For induction motor, in full load, p.f.=0.8
in 50% full load, p.f.=0.7

in 25% full load, p.f.=0.5

in no load, p.f.=0.1

2. Due to increase in supply voltage during low-load periods(lunch time, night hours),
the magnetizing current of inductive reactance increases and p.f. of whole plant
(system) decreases.

3. Due to improper repair and maintenance, the power factor of motor falls. Due to less
winding, leakage of flux increases and pf decreases.

Due to heavily worn out bearings, the rotor may catch at stator.

4. Arc lamp and discharge lamps operate at low power factor.

5. Industrial furnaces such as arc and induction furnaces operate at very lagging p.f.
Note:

If the power factor is less, then the amount of current should be more. i.e. P = VI cos¢

i.e. less power factor = more current
more power factor = less current

Effects of Low Power Factor

less power factor = more current

more power factor = less current

For a given load, at constant voltage
P =VI cosd

P =+/31,V cos¢

A

Tt J3vcosg
Thus the high current due to low power factor affects the system.
Effects

1. The rating of transformers and generators is directly proportional to the output
current. So large transformers or generators are required to deliver same load at low

p.f.
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For same power to be supplied, the cross sectional area of bus-bar and the contact
area of switch gear should be enlarged.

In low power factor, the transmission, distribution cables has to carry more current.
So the size of the wire should be increased to maintain current density which increases
materials cost.

There is more energy loss due to low power factor, which results in poor efficiency.

It results in large voltage drops in generators, transformers, transmission lines and
distributers.

Advantages of Power Factor Correction

1
2
3
4.
5
6

Reduction in current through the device

Reduction in energy loss in the system

Reduction in size of conductor required for transmission and distribution
Reduction in kVA, loading of generator and transformers.

Reduction in material cost.

Increase in voltage level across load.

Methods for Power Factor Correction

The power factor of the devices operating at low power factor can be increased by following

ways.

1.
2.

By using static capacitor

By using synchronous or high power factor machines

By Using Static Capacitor
The power factor of the devices operating at low power factor can be increased by
connecting a capacitor in parallel with the device.

Advantages

1. Low initial cost

2 Low maintenance cost

3 Easy installation ( lighter in weight)
4, Can be operated in normal condition
5

Small losses and higher efficiency
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Disadvantges
1. Short life ( 8-10 yrs)

2. Get damaged under high voltage or uneconomical repair.

—— ol
N

load / ?@ i

__I; \/ — load B/

N X

The capacitor draws the current leading the voltage by approximately 90°. It neutralizes the
quadrature (reactive) and wattless components of current drawn by the device across which
it is connected.

Note:

Parallel : Shunt capacitor
Factories. Plants , transmission lines

Series : Series capacitor
Long transmission lines

2. Use of Synchronous or Hgh Power Factor Machines
i) Synchronous
Constant speed
High efficiency and uniform over variation

It has ability to maintain constant load voltages even in voltage variations.
Due to increase in the line voltage, the leading reactive k\VVA decreases.

i)  Synchronous Condensers
Onerexcited synchronous motor at no load condition

Also called synchronous phase comdenser and acts as capacitor

iii)  Using high power factor motors
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Exercise

Choose the correct answer from the given alternatives.

1.

Power factor is defined as the ratio of:
a. Apparent power to real power b. Real power to apparent power

c. Real power to reactive power d. Reactive power to apparent power
The ideal power factor of a purely resistive circuit is:

a.0 b.0.5 c.1l d.-1

A low power factor indicates that the circuit is:

a. Highly efficient b. Consuming more real power

c. Drawing more reactive power d. Free of reactive power
Which of the following devices is commonly used to improve power factor?
a. Inductor b. Resistor c. Capacitor d. Transformer

Power factor in an AC circuit can be improved by:
a. Adding inductance b. Adding capacitance

c. Increasing frequency d. Reducing resistance

In a purely inductive or capacitive circuit, the power factor is:

a.l b.0 c.-1 d. Infinity

The power factor of a circuit with a leading power factor indicates the presence of:
a. Excessive resistance b. Inductive load

c. Capacitive load d. High apparent power

What happens when the power factor of a system is unity?
a. Only reactive power flows

b. Only real power flows

c. Both reactive and real power flow equally

d. Apparent power becomes zero

In a practical power system, a lagging power factor is usually caused by:
a. Resistive loads b. Inductive loads

c. Capacitive loads d. Balanced loads
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10.

11.

12.

The disadvantages of a low power factor include:
a. Increased efficiency b. Increased current and losses

c. Reduced voltage drop d. Reduced size of the equipment

Power factor correction is typically done by:
a. Synchronous condensers b. Series reactors

c. Induction generators d. Rectifiers

The device used to measure power factor is called:
a. Wattmeter b. Power factor meter

c. Ammeter d. Voltmeter

Write short answer to the following questions.

1.
2.

Define power factor. Explain the types of power factor.

What do you mean by leading and lagging phase? Show with necessary waveforms
and phoser diagram.

In which type of load, do we have leading power factor? Show it with necessary
phase diagram.

In which type of load, do we have lagging power factor? Show it with necessary
phase diagram.

Explain how a capacitor connected in parallel across a device improves the power
factor?

Write long answer to the following questions.

1. What are the causes of low power factor. Explain in detail.

2. What are the efforts of low power factor. Explain.

3. Mention the methods of improving the low power factor. Explain.

4, What are the advantages of improving low power factor?

Project Work

1. Showing leading and lagging power factor using oscilloscope

2. Observation of pf improvement with capacitor connected in circuit.

3. Site visit of nearest commercial or industrial building to observe the common

practices for power factor improvement.
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Tariff Unit 6

Tariff

It is defined as the rate of charge for electrical energy consumption. Simply tariff means
schedule of rates or charge for supply of electrical energy to different classes of customers.

Objectives

The main objective of tariff system is to didtribute equally the cost of supplying energy
amonge the various classification of use. To fulfill the objective of tariff, it must cover the
following items

a)
b)

c)
d)

e)

Satisfactory return on total capital investment.

Recovery of cost of capital investment in generating, transmitting and distributing
equipments.

Recovery of cost of operation, supplies and maintenance.
Recovery of cost of metering equipments, billing and collecting costs.

Recovery of miscellaneous cost.

Factors to be Considered for Tariff

N o o s~ D PP

Proper return from each consumer.

Encourage customers to use the electricity.

Simple and easy to understand for public.

Acceptable to all consumers.

Encourage consumers to use power during off peak hours.
Satisfy consumers of all categories.

Penalized for low or poor power factor.

Types of Tariff

1.

Flat Demand Tariff

It is one of the earliest form of tariff in which the total demand and consumption is
fixed. In this tariff, customers are charged on the basis of number of bulbs or total
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load installed. All the customers are treated the same and rate is fixed certain amount
per lamp.
Eg,

If X =number of loads in kw or lamps
a = rate per kw or lamp
..charge = Rs. Xxa

2. Simple Tariff

The customer is charged on the basis of number of units used. In this system, the
unnecessary use of energy is removed. But the rates are very high per unit.

3. Flat Rate Tariff

The different customers are charged at different rates. It is simple and understand
by all.

If, energy consumed = x units
Rate = Rs. a per unit
Total charge = a x X

4. Step Rate Tariff

A group of tariff of decreasing unit charges for more energy consumption. For eg,

Rs 4/unit <50 units
Rs 3.5/unit 51-100 units
Rs 3/unit >100 units

Disadvantages

There may be unnecessary use of energy to cross the limit.

5. Block Rate Tariff

A given block of energy is charged at higher rates. For eg,

First 25 units Rs.4/unit
Next 40 units Rs.3.5/unit
Above Rs.3/unit

Utilization of Electrical Energy/Grade 10 ':



6. Two Part tariff

In this type of tariff system, a customer has to pay fixed charge irrespective of
consumption of electrical energy.

Total charge = Fixed charge + Running charge (Extra charge)

The rate for fixed consumption and extra consumption are different.

7. Maximum Demand Tariff

This system is very similar to two part tariff. In this, maximum demand is measured
instead of estimating.

8. Three Part Tariff
Total charge = Fixed charge + Semifixed + Variable
Fixed Charge : Expenses on giving supply(Accounting , billing)
Semifixed : On the basis of maximum demand

Variable : On the basis of energy consumed

9. Off Peak Tariff
Peak hours : Morning and early evening
Off-peak : Night time

This tariff encourages the consumers to use the electricity during off-hours by giving
discounts. By doing this, the electricity production plants should not be kept idle or
the plants doesn't need to be operated at low efficiency.

10. Power Factor Tariff

The tariffs are determined on the basis of power factor of loads. It is less used (rarely).

Surcharge (Extra charge) — On Each 0.01 fall in power factor

Discount — Each 0.01 increase in power factor

Tariff System in Nepal

The tariff system used in Nepal is the mix up of two part and a block rate tariff system.
Like in two part tariff the first part which is fixed includes the service charge which is
determined on the basis of energy consumption. And the second part is a variable charge
in which the cost for electrical energy consumption is calculated on the basis of block rate
tariff. For this, the energy consumption is categorized into 7 different blocks on the basis
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of load demand of the consumers. And the rate for each blocks are different and is shown
below

Rate of Electrical Consumption

Kwh 5A 15A 30A 60 A
(Monthly) Service | Energy | Service | Energy | Service | Energy | Service |Energy
charge | rate |charge| rate |charge| rate |charge| rate
0-20 30 3 50 4 75 5 125 6
21-30 50 6.5 75 6.5 100 6.5 150 6.5
31-50 50 8.0 75 8.0 100 8.0 150 8.0
51-100 75 9.5 100 9.5 125 95 175 95
101-250 100 95 125 9.5 150 9.5 200 9.5
Above 250 150 11 175 11 200 11 250 11

Rate for Three Phase (3-¢) Supply
1. 10 kVA
Miminum — 400 units — Rs. 11 per unit - Rs 4400
Above 400 units — Rs 12 per unit

2. 10kVA - 25kVA
Miminum — 600 units — Rs. 11.5 per unit - Rs 6900
Above 600 units — Rs 12.50 per unit

Numericals.

A customer has a load demand of 6A. The meter reading for a consumer in Ashwin is
7038 and that in Kartik is 7215.Find the total cost of the bill. Also find the amount he
has to pay with 2% discount.

Sol"
Energy consumption =7215-7038
=177 units
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Now,
Charge for energy consumption =20 X 3+ 10X 6.5+20 X8 +50 X 9.5+ 77 X 9.5

= Rs. 1491.50

Service charge =Rs. 100

Total bill amount = Rs. (1597 + 125)
= Rs. 1591.50

After a discount of 2%,

Total charge =1591.50 — 2% of 1591.50
= Rs. 1559.67
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Exercise

Choose the correct answer from the given alternatives.
1. Atariff is defined as:

a. A method of generating electricity

b. The rate at which electrical energy is sold

c. The cost of electricity generation

d. The profit made by power companies

2. Which of the following is NOT a component of an electricity tariff?
a. Fixed charge b. Energy charge

c. Depreciation charge d. Demand charge

3. A two-part tariff consists of:
a. Energy charge and power factor penalty
b. Fixed charge and energy charge
c¢. Demand charge and maintenance charge

d. Power factor penalty and reactive power charge

4. Which tariff system is commonly used for residential consumers?

a. Flat rate tariff b. Block rate tariff
c. Time-of-day tariff d. Seasonal tariff
6. In a flat rate tariff, the charges:

a. Vary with load and time
b. Are constant per unit of energy consumed
c. Depend on power factor

d. Include demand charges

7. Which type of tariff encourages consumers to use electricity during off-peak hours?
a. Flat rate tariff b. Time-of-day tariff
c. Block rate tariff d. Seasonal tariff
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8. The demand charge in a two-part tariff is based on:

a. Maximum demand of the consumer  b. Average load

c. Reactive power consumption d. Total energy consumed

9. In an electricity tariff, fixed charges depend on:
a. The total energy consumed b. The connected load or contract demand
c. The duration of use d. The time of consumption

11.  Aseasonal tariff is most suitable for:
a. Residential areas b. Industrial consumers

c. Agricultural consumers d. Commercial complexes

12.  Which tariff system is most economical for large industrial consumers?
a. Flat rate tariff b. Two-part tariff
c. Three-part tariff d. Block rate tariff

13.  The primary objective of a power factor penalty in a tariff is to:
a. Encourage energy conservation b. Improve system efficiency

c. Increase revenue for the utility d. Reduce power consumption

14.  Which type of tariff charges based on both energy consumption and maximum

demand?
a. Flat rate tariff b. Two-part tariff
c. Three-part tariff d. Block rate tariff

15. A power factor tariff usually includes:
a. A surcharge for low power factor
b. A rebate for maintaining high power factor
c. Bothaandb
d. Only demand charges

Write short answer to the following questions.

1. Define tariff.

2. What are the factors to be considered for determining the tariff.
3. What are the objectives of tariff?
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4, Name the tariif system used in Nepal. Explain it.

Write long answer to the following questions.
1. List out the different types of tariff system? Explain them.

2. A customer has a load demand of 16A. If the meter reading for month of Baishakh is
9025 and that for the month of Jestha is 9281. Calculate the bill amount on the basis
of tariff system of Nepal. Also calculate the amount paid by costomer at a discount

of 2%.
Kwh 5A 15A 30A
(Monthly) | Service Energy Service Energy Service Energy

charge rate charge rate charge rate

0-20 30 3 50 4 75 5

21-30 50 6.5 75 6.5 100 6.5

31-50 50 8.0 75 8.0 100 8.0

51-100 75 9.5 100 9.5 125 9.5

101-250 100 9.5 125 9.5 150 9.5

Above 250 150 11 175 11 200 11

Project Work

1. Understand the tariff system of Nepal and calculation.

2. Perform a case study on existing tariff system for different areas residential,
commercial and industrial etc.
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