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Preface
Science has become a part of our lives. Applications of science have
provided us many benefits, and a better quality of life. The world today
uses a language which has a lot of science in it. Without knowing, we use
many words and phrases derived from science. We are also becoming
conscious of our environment as well as our economy. Science has much
to do with both these aspects. It is, therefore, important to learn the language
of science. Children and adults alike have to know the rudiments of science
and must be able to use the language of science where necessary. They
must be able to apply the lessons learnt from science in daily life.
It is for this purpose that we have produced a book entitled “Learning
Science” in four parts. The book has the following four parts:
Part1:

Universe, Solar System, Earth

Part2:

The world of physics and energy - Learning physical principles

Part3:

The world of chemistry: Of molecules and materials,
Air around us, All about Water.

Part4:

Biology and life

It describes various aspects of science in simple language. It is hoped that
this will be useful to school children as supplementary reading material
and to all others who want to learn science and partake in the excitement
of this experience.
Bangalore
2005

Indumati Rao
C. N. R. Rao
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The world of physics and energy
- Learning physical principles

Objectives
In this lesson, we briefly survey the important physical principles
that govern many things that are familiar to us.
These include motion, heat, light and sound.
Electricity and magnetism are two other topics that we examine.
Energy can be in several forms, and one can change energy from one
form to another. But, energy can neither be created nor destroyed.
We shall learn of the different forms of energy and the problems
we face in the energy scenario.
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1.0 What is physics?
Many things happen around us all the time. A piece of
wood floats on water; but a piece of iron of the same size
sinks in water. Yet, a ship floats on water.

Floating wood and sinking iron
The density of wood is much less than the density of
iron. So, a piece of wood and a piece of iron of the
same size and volume will contain different amounts
of matter.
Wood floats on water because the upward thrust of the water
displaced by it is enough to support it.
In the case of the piece of iron, as its density is greater, the
upward thrust of the liquid is less than the weight of the iron piece.

Wooden ball versus rubber ball
A wooden ball dropped from a height
just drops to the ground.
A rubber ball, dropped from the same
height, bounces on hard ground but does
not bounce in sand.
A rocket takes off into the sky but a stone thrown up falls down.

Physics and colour
Why is the sky orange at sunrise and sunset?
It is generally blue
during the morning or
the day.
Why does the water in the ocean appear bluish when
water is a colourless liquid?
Physics tries to answer such questions.

Learning Science

3

Origin of the word Physics
The term physics has its origin in the
Greek word physikos meaning
“natural”. What is physics?
Physics is the branch of science that
examines natural happenings.

1.1 Physics through the ages
The earliest physicists were natural philosophers. Indians, Greeks, Chinese,
and Arabs observed over long periods natural happenings around them. They
discovered that many of the natural events followed a fixed pattern. They
made “laws” about them.

Physics from BC to AD
Aristotle and Archimedes were the most famous philosophers
of ancient Greece. Aristotle suggested that everything moved
around the earth. He was, of course,
Wet
wrong. Aristotle was also the
Water
Air
earliest to suggest that different
Aristotle
Matter
Hot
elements had different properties. Cold
Archimedes was the first to solve the mystery
Earth
Fire
of the floating wood and sinking iron. Even
Dry
today, his law of floatation is valid.

Archimedes
Archimedes was a great Greek philosopher. He accidentally
discovered his principle (the amount of upward thrust or force
on a floating object is equal to the weight of the liquid it
displaces). It is said that King Heron asked him to find out
whether his new crown was made of pure gold, without
damaging the crown. One day, Archimedes got the solution when he noticed
the water level rise as he got into his bath tub. It is said that he jumped out
of the tub and ran to the palace naked and put the crown into a jug of
water and noted by how much the water level rose. He then immersed a
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piece of pure gold of the same weight as the crown in the same jug of
water. The level of water rose less. This proved that the crown contained
another heavier metal.
Archimedes principle forms the basis of why some things float and some
things sink. This principle is used in a variety of ways even today.

Archimedes’ law of floatation
Archimedes was the first to realize that all objects that float in a liquid
do so because they are supported by an upward force exerted by the liquid.
This upward force was the result of the liquid pressing against the object.
This upward force or thrust called buoyancy made things float.
Archimedes also discovered that this upward force was equal to the weight
of the liquid displaced. Accordingly, an object floats if the upward thrust
it experiences is strong enough to support its weight and it sinks if the
upward thrust is less than the weight of the object. These observations
made more than two millennia earlier are valid even today.

Physics in ancient and medieval India
In ancient and medieval India, many great mathematicians
studied natural phenomena.
Aryabhatta, one of the most famous
astronomers and mathematicians of all
time, studied eclipses.

Aryabhatta (476 - 550 AD)
Aryabhatta is one of the greatest astronomers of India. He was one of the
first to use algebra. His work Aryabhattiam published in 499 AD
summarized the knowledge of mathematics of his time. Aryabhattiam
consists of astronomy, 33 rules in arithmetic, algebra and trigonometry.
π = 3.1416).
He gave the value of pi (π
Centuries before Copernicus, he stated that the apparent rotation of the
heavens was actually due to the rotation of the earth.
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1.2 Dawn of modern physics
The Renaissance in Europe in the 16th century witnessed the
beginning of modern physics. Galileo’s path-breaking
discoveries set the stage for Newton and Einstein.
Galileo, Newton and Einstein constitute the trinity of modern
physics. Galileo was the first to find experimental proof for Galileo
how and why objects fall and why the pendulum of a clock
swings. Newton gave finishing touches to Galileo’s studies of the motion of
falling objects and gravitational attraction. Einstein, without doubt, is the
most famous physicist of the 20th century.
2005 is being celebrated all over the world as The Year Of Physics to
commemorate 100 years of the famous discoveries of Einstein.

Galileo (1564 - 1642)
Galileo discovered that
the surface of the moon was not smooth,
the Milky Way consisted of millions of stars,
Venus also had phases,
the sun rotated on its axis, sunspots covered the visible
face of the sun.
He also discovered the moons of
Jupiter and the rings around Saturn.
Galileo was the first to actually see
the moons of Jupiter when he focussed his
telescope on the planet in 1610. He
discovered all these by looking night after
night through the simple refracting telescope that he himself built.
How and why do objects fall?
Galileo contributed to the understanding of falling bodies. By conducting
a simple experiment, he disproved the Aristotelian theory that bodies of
different weights fell at different speeds. According to a popular story,
Galileo dropped a feather and stone at the same time repeatedly from the
tower of Pisa to prove Aristotle wrong.
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Albert Einstein (March 14, 1879 - April 18, 1955)
Einstein is famous for his theory about the relationship
between energy, mass and the speed of light. His greatest
contribution to modern physics was his theory of relativity.
He expressed energy as the product of the mass of the body
and the square of the speed of light. i.e. E = mc2.
He was primarily responsible for warning the then President of U.S.A.,
Franklin Roosevelt of the dangers of the German experiments on nuclear
fission that could be used to develop weapons of mass destruction.
Einstein was a great philosopher and a humanist. His statement issued on
learning of the death of Mahatma Gandhi – “Centuries later, the world
will find it hard to believe that such a man walked on this earth” - is one of
the greatest tributes to Gandhiji.

Issac Newton (1672 - 1727)
Newton, one of the greatest scientists of all time, was born
just moments after the death of Galileo. His contributions
can be summed by the words of poet Alexander Pope who
remarked “ Nature and Nature’s laws hid in Night; God said
let Newton be and all was light”.
Newton, like Galileo before him, held that mathematics was the language
of science. He mathematically formulated the fundamental and universal
laws of motion and gravitation. His laws describe how objects move when
forces act upon them. His most important book was the Principia.
He also contributed to the understanding of dispersion of light and the
spectrum. He designed a better telescope by using a curved mirror to avoid
unwanted colours. Newton was professor of mathematics at Trinity
College, Cambridge, U.K. from 1669 to 1687. He became interested in
alchemy and religion in his later life.

Physics in our daily life
Our day begins with physics. We use heat,
hear sounds and use energy.
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We switch on the fan, see TV and
preserve food in a refrigerator, use a
computer or travel to
work. Our day ends
with physics when we
turn off the TV, shut down the computer, switch off the light
and go to bed (or we are at rest).

2.0 Measurement

How much?

How fast?

How long?

How hot?

Measurement in daily life
From the time we get up, we make use of measurement in some form or the
other.
The shopkeeper weighs the
articles, the tailor measures
the length and the width of
the cloth.
How far is your school from your home?
He wants to be thin, but is fat. Are you tall or short?
The weather bulletin gives the temperature.
The car goes fast,
but walking is slow.
At what time do you get up?

2.1 Unit of measurement
What is a unit? Measure the distance between points A
and B with a scale. On one side of the scale you get
number 1 and on the other side of the scale you get
number 10.

A

B
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Put your heaviest book on a weighing scale. We obtain
a number, say 500. These numbers by themselves do
not give us an idea of the actual measurement.

Origin of physical units
As the need to measure became necessary, people used parts of the body to
measure. For example,

Cubit

handspan

foot

cubit was the distance between the elbow and the tip of the middle finger,
handspan was the distance between the tip of the thumb
and the tip of the little finger,
foot was the length of the foot and
unica or inch was 1/12 of the foot.
inch

Why was the use of body-based measurement
discarded?
Let us find out the answer to this. You measure the length
of your desk using your cubit. Now, you ask the tallest
student in your class to measure the same desk using
his cubit. What do you notice?
Similarly, compare your handspan with the
handspans of you friends. Now do you
understand why the use of body measurement
was discarded?

What is a standard unit?
A standard unit gives the same value irrespective of the person using the
measuring instrument. Length, mass and time are measured frequently. They
are called fundamental units.
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Fundamental units and derived units
Units of length (m), mass (kg) and time (s) are called fundamental units.
Here, m = metre, kg = kilogram and s = second. Metre, kilogram and second
belong to the MKS system of units.

We also measure area, volume, speed and density. The units of these are
combinations of the three fundamental units. These units are called derived
units.

2.2 Various instruments of measurement
The instruments of measurement are:
Measuring tape

Ruler

Screw gauge

Microscope

Balance

Clock

Ruler to measure straight lines as well as curved lines.
Microscope to magnify the size of a micro-organism.
Measuring tape to measure large lengths.
Vernier callipers to measure very small lengths or
the diameter of a fine wire.
Thermometer to measure temperature.
Clock to measure time and balance to measure mass.
What does a screw gauge measure?

How does a thermometer record the temperature?
Thermometer records the temperature of a body by conduction. Conduction
of heat from a hotter object to a colder object can occur only if the two
objects are in contact. Conduction of heat stops once the two objects have
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the same temperature. When the bulb of the thermometer is brought in contact
with the object whose temperature is to be measured, mercury in the
thermometer absorbs the heat from the object. As a result, the level of mercury
in the thermometer rises.
Once the temperatures of the mercury in the thermometer and the hot object
are the same, heat is not transferred anymore. The level of mercury does not
rise. The reading is taken.

How is the volume of a liquid measured?
Various measuring jars are used to measure the volume of a liquid. Some of
them are given below. The unit of volume in the MKS system is the litre.

Pipette
Measuring cylinder Graduated Beaker Measuring jar Volumetric flask

How is the volume of a stone measured?
It is not possible to measure the sides of a stone.
Therefore, we have to find other ways of determining
its volume. The volume of a stone is measured by
immersing it in a liquid and measuring the volume
of the liquid displaced. The volume of an irregular
solid is determined by measuring the volume of the
liquid displaced (in which it is immersed).

Conversion of units
In some countries, length is measured in foot, mass in pound and time in
second. This system of units is called the FPS system of units. In the MKS
system, length is measured in metre, mass in kilogram and time in second.
Conversion of MKS units to FPS units
2.5 cm = 1 inch 1 m = 39 inches 1600 m = 1 mile 1.6 km = 1mile
3.0 g = 1 ounce 1 kg = 2.25 lb
1 L = 1.75 pints 4.5 L = 1 gallon.
(pounds)
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3.0 Motion
World in motion
You and the world around you.

aeroplane moving
across the sky

moving clouds

running horse

lamp post

bicycle

cyclists

hot air
balloon rising
foot ball

moving cars

Some of objects here are moving and some are staying in the same place.

3.1 What is motion?
The aeroplane, the clouds, the cars and the cyclists are in motion. They keep
changing their position with time, with respect to a fixed object (that is you).
But the bicycle, the football and the lamp-post all stay in the same place.
With respect to the fixed object (that is you) they are stationary or at rest.

Difference between motion and rest
A body is in motion if it changes its position with time with respect to a
stationary object or person. A body is at rest if it does not change its position
with respect to a stationary object or person.

12
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Motion is relative
Let us consider the following two situations: You are
waiting at a bus stop. A bus with your friend in it
passes by. Your friend is in motion with respect to
you. The tree in front of you is stationary.
But, to your friend, the tree
(which appears to be moving backwards) is in motion
and the passenger sitting next to him in the bus is
stationary. Therefore, whether a body is in motion or
at rest depends upon the observer.

The universe in motion
Everything in the universe is in eternal motion with respect to other celestial
bodies. What does this mean? Do you know that you are in motion even
when you are sleeping? Can you think of the reason? Astronomers believe
that the universe is expanding.

You are in motion even while sleeping!
This is hard to understand but actually has a very simple reason. Our earth
is in constant motion. It rotates on its own axis and
at the same time revolves around the sun. It has
been doing this since its birth. Therefore, all things
on it, including all life forms are in constant motion.
Even as you read this, you are moving through space
watched by the stars.

Motion and change of position
Can you identify the difference between the moving cyclist and the moving
toy train?
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The distance between the child and the moving toy train is not increasing.
Only the direction is changing. In the second picture, the distance between
the boy and the cyclist is increasing. What can we conclude about motion?
The change in position with respect to the observer can be in the distance
travelled, or in the direction or in both.

Are all motions alike?

A ball rolling
down an incline

Movement of
the clock hand

A child sliding down

A marble moving on the ground, swinging of the pendulum, a moving arrow.
All these are examples of objects in motion. But, they are all moving
differently.

3.2 Different types of motion
Some of the different types of motion are:
Translatory motion (a box sliding on the floor).
Rotatory motion (fan moving).
Rotatory motion

Translatory motion

Rotatory-translatory motion
Oscillatory
motion

Oscillatory motion (pendulum swinging).
Rotatory-translatory motion (rolling a ball).

What is translatory motion?
Stick a round object on the top of a box. Slide the box
across the room. What happens to the round object on
the box? The round object on the box also moves along
with the box. This is an example of translatory motion.

14
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In translatory motion, all points of the body move through the same
distance along the same path, within the same time.

Other examples of translatory motion
A few examples of translatory motion are:
Opening and closing a window.
Opening and closing a drawer.
Writing on paper.
Shooting an arrow.
Can you think of other examples of translatory motion?

Different types of translatory motion
The skier coming down a straight path.
The rocket first going up vertically and
then moving on a curved path.
Both the rocket and the skier are in
translatory motion. Can you identify the
difference in their motion?

The difference in translatory motion
When a skier comes down a steep, straight slope, he moves along a straight
path. This type of motion is called rectilinear motion. When a rocket is
fired, initially it travels in a straight path and later it moves in a curved
path. This is called curvilinear motion.

Rotatory motion
In a moving fan and the merry-go-round, all
the points do not move along the same path.
But, all points move around a fixed centre on
the axis of rotation. This type of motion is called
rotatory motion.
Rotation of the earth on its axis is an example of
rotatory motion while the revolution of the earth
around the sun is translatory (curvilinear) motion.

Learning Science
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Rotatory-translatory motion
How is the motion described in the pictures here
different from the motion of fan blades?
The wheels of the bicycle are moving
around a fixed centre and moving along a
path on the road at the same
time. The same is true of the
Cyclist
drilling machine. There are
two types of motion here – rotatory motion and
translatory motion.
Drilling machine
In rotatory-translatory motion, the fixed centre
around which rotatory motion is taking place, is itself in translatory
motion. Can you think of other examples?

Back and forth motion or oscillatory motion

Plucking of a string. Children playing on swings.

The string, the swing and the weight are moving
to and fro about a fixed position. They are all in
oscillatory motion.

Weight hung from a thread
and pushed to and fro.

Oscillation, amplitude and time period
Oscillation is the movement in which the object moves repeatedly back and
forth about a fixed position (one complete swing of the pendulum). Amplitude
is the maximum distance
on either side of the mean
position. Extreme position
is the farthest position on
either side of the mean
extreme
position. Time period is
position
mean
the
time
taken
to
complete
mean position
position
one oscillation.
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3.3 Laws of motion
Rest or inertia

A marble on the ground

A bicycle

A bird sitting
on a branch

Coin on a card
covering a glass

What is common in all these pictures? All the objects in the pictures are at
rest. Newton, a great physicist, called this the state of inertia of a body.

From inertia to action

A toy car.

A bird sitting on a branch.

Leaves on the ground.

All these are at rest.
Carry out the following actions.

Push the car.

Disturb the bird.

Blow on the leaves.

What do you notice?
They are no longer at rest. They are in motion. What brought about this
change? External push forced the bodies to action.

The laws of motion
Newton was the first to observe that a body continued to be in its state of rest
until an external force changed that state. This observation forms part of
Newton’s First Law of Motion.

State of rest

External force

Learning Science
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Newton’s First Law of motion
Newton’s First Law of motion states that a body remains at rest or continues
in uniform motion unless and until an external force acts upon it. Newton
called this property “inertia” of the body. Inertia can be inertia of rest or
inertia of motion.
This law explains why objects remain at rest or in uniform motion. Or
why we continue to stay in bed until an external force is applied! Or why
a car skids on a wet or icy road when the brakes are applied suddenly.

Inertia of motion
Have you travelled by a bus or a car? When the bus
starts suddenly, you are jerked backwards. Your feet,
which are in contact with floor of
the bus, move with the bus while
your upper body is still at rest!
This is called inertia of rest. What happens when the
moving bus suddenly stops? You fall forward. Can you think of the reason?

Moving bus and you
When a bus (or a car) is moving at considerable
speed, you are also moving with the bus – but with
a difference. Your feet, which are resting on the
floor of the bus, are at rest due to inertia of rest but
the upper part of your body is in motion due to
inertia of motion.
When the brakes are applied suddenly, a force acts in
the opposite direction of the moving bus and the bus
stops. The motion of the upper part of your body is
also halted; as a result, you fall forward.
This is similar to a bus or car travelling at great speed skidding on an icy
or a wet road when the brakes are applied. Here, the front wheels and the
front portion of the bus or car comes to rest while the back portion and the
back wheels are still in motion.
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Rolling marbles, coins and the moving truck
Roll down two marbles into the toy truck and
measure the distance it moves. Next, roll
down six marbles down the ramp. What do
you notice?
The truck moves faster and covers a greater
distance. Here, the greater push produced
by the six marbles produces a different result
on the same mass of the toy truck. Place a few coins in the toy truck and roll
down two marbles. The toy truck moves a shorter
distance than when there were no coins in it.
Here, the same amount of push or force produces
a different result because the mass of the truck
has changed. What can you conclude? The push or the force depends both
on the mass and the change in speed.
Force (F) = mass (m) x acceleration (a) or F = m x a

Unit of force
Force is equal to the mass of the body multiplied by the change in the speed
of movement or acceleration. F = ma.
If the unit of mass is 1 kilogram or kg and the unit of acceleration is
1 m/s2, then, force = 1 kg x 1 m/s2 or kg m /s2
The unit of force is called Newton or N. One N is the force that produces an
acceleration of 1 m/s2 in a body of 1 kg mass.

How does the equation F = ma help us to understand events
around us?
The equation helps to distinguish between
a strong push or force and a weak push or
force, to predict how the same mass moves
when different amounts of force are applied, and
also to understand how different masses move
when the same amount of force is applied.
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Newton’s Second Law of Motion
This law describes what happens when a force acts on an object at rest or in
motion. When a force is acting on an object at rest, it starts moving. Also, the
force acting on an object in motion may either speed it up or slow it down or
change the direction in which it is moving.
Look at the following pictures

Boatmen rowing

An archer pulling
the bowstring

A girl catching
a ball

Do you notice how in each of them, action and reaction are equal and opposite?
Newton stated this as the third law of motion - for every action, there is
an equal and opposite reaction.

Rowing a boat backwards to move forwards
When a rower uses oars, the rower pushes the water backwards. The
backward force on the water produces an equal and opposite force. This
force pushes the boat forward. An oar acts as a lever. A short pull by the
rower produces a longer movement at the end of the oar in water.

Equilibrium of the sky divers
The sky divers remain in equilibrium because two
equal and opposite forces are acting upon them the force of gravity and the force of the air
resistance. The force of gravity pulling them
downwards is matched exactly by the force of the
air resistance slowing them down. As a result, they
fall at a constant speed. This is an example of
Newton’s third law of motion.

20
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Weightlifter and the third law of motion
The strained expression on the face of a weightlifter shows that large
forces are involved even when nothing is moving. The force with which
the weightlifter lifts the weight, produces an equal downward force on his
arms. The weight of the bar is transmitted down to the floor through his
legs. This force presses downwards on the floor. The floor, in turn, pushes
the legs upwards with an equal force (Newton’s third law of motion).
If the floor is pushed with less force, the weightlifter would go through
the floor and if it pushed with greater force, he would fly into the air!

3.4 Simple machines
Man has used various devices to make difficult tasks easy to perform.
Axe
A ramp
Wedge
Scissors

Nut cracker

Crowbar

These are some examples of simple machines.

What are machines?
Machines are devices that increase the usefulness of the
force applied, magnify the force used; that is, make a
small effort to produce large effect.
They move heavy loads and
convert the effect of a small
downward force to large
sideways force.
In other words, machines
multiply a force, help us to perform a task with less
effort and help us to change direction. However,
machines do not work on their own. They need some
external force or energy.

Zipper
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Lever: the simplest machine
A long rod, a place to stand and a load to move.
effort arm
A crowbar is a simple machine. It is a lever. Why
is the stone in the middle necessary?
The rod cannot be moved without it. Here, a Crowbar
small effort is applied to move a heavy load.
Fulcrum
The lever is a simple machine.
load arm
Heavy
How does the crowbar lift the big stone? Here,
load
the crowbar is resting on a stone. When the man
pushes the crowbar down, the other end of the crowbar (which is under the
stone) acts upon the stone and lifts the load up. The small stone on which the
crowbar is placed is called the fulcrum. The part of the crowbar on the side
of the man is called the effort arm and the one on the side of the load is
called the load arm.
A small effort but a longer effort arm lifts a heavy load. That means,
Effort x effort arm = load x load arm
Fulcrum
Load arm
Load

Load

Effort arm
Effort

Fulcrum
Effort

Small effort x Longer effort arm = Bigger load x Shorter load arm
This is called the law of the lever.

Even Archimedes forgot!
Archimedes, perhaps the world’s first engineer, was supposed to have
said “ Give me a rod and a place to stand, I will move the earth”.
What did he forget? Without the fulcrum, a lever does not function. To
operate his long rod and move the earth, the fulcrum needed to be as close
to the earth (load) as possible and the effort (Archimedes pushing the rod
down) as far as possible from the fulcrum!
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Balancing act
A fruit-seller weighs 2 kg of mangoes but you are convinced it weighs less.
How does he do it?

Classification of levers
Levers are classified as follows:

Scissors
First Order Lever

Wheel barrow
Second Order Lever

Human forearm
Third Order Lever

Levers are classified on the basis of the positions of the fulcrum, the load and
the effort. The three types of levers are:
The First Order Lever: In this class
fulcrum
of levers, the fulcrum is between the
load and the effort. (see-saw,
load
effort
crowbar, scissors).
fulcrum The Second Order Lever: In this
class of levers, the load is between
the fulcrum and the effort (bottle
effort load
opener, nut cracker, wheel barrow).
fulcrum
The Third Order Lever: In this class
of levers, the effort is between the
load effort
fulcrum and the load (broom,
human forearm, tongs).
A lever gives us a mechanical advantage. MA = Load / effort.

A wheel with a groove, an axle and a rope
How did Archimedes
drag a ship up the
beach?
Cranes of different types

Drawing water
from a well
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He attached the ship to a number of grooved wheels, passed strong
ropes over the grooves and pulled the ship up the beach. In other
words, he used pulleys to solve the problem.

So, what is a pulley?
A pulley is a simple machine in which a rope passes over the
grooved wheels. The load to be moved is attached to one end
of the rope and effort is applied at the other end of the rope. A
pulley can change the direction of the force acting upon the Effort
body and also magnify the force. It can also lift weights against
Load
gravity.

Wedge
Did you know that a wedge and a ramp are simple machines?
Generally, a wedge is used to split wood. In a wedge, a small downward effort is changed to a large sideways force. The wood is
forced apart by a small force as the wedge moves down. A zipper
also uses a wedge to separate or lock the teeth.

How does a zipper work?
A zipper uses the principle of an inclined plane. A zipper has two
rows of interlocking teeth and a slide containing wedges. These
wedges detach the teeth and force them apart when the zipper is
being moved downwards and the wedges force the teeth back
together when the zipper is being moved upwards.
The wedges convert the small effort required for opening and closing the
zipper into strong force required to separate or close the teeth.

Inclined plane or the ramp
Have you wondered
how heavy and
huge stone blocks
were lifted to build
these magnificent
buildings?
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The workers probably dragged the stone blocks up
a ramp or up an inclined plane. An inclined plane
or a ramp is a simple machine.

Types of inclined planes
Inclined planes can be simple inclined planes or
spiral inclined planes. Egyptians probably used a
spiral inclined
plane to build
the pyramids. Mountain roads,
staircases and ramps are other examples
of inclined planes.

The screw – an inclined plane with a circular motion
Did you know that an ordinary screw is actually an inclined plane?
Examine a screw carefully. You will notice that it has well cut
“threads” going up in a spiral. The distance between
one screw-thread and the next is called the pitch. The
Pitch humble screw has a wide usage. Archimedes’ screw, one
of the oldest machines, is an example of the screw as a
simple machine.

The humble screw – a versatile simple machine
An augur or a drill used to drill holes in soft grounds and hard walls is an
example of the screw as a simple machine. Augurs are also used to mix
dough, to move fine powder in factories, and to press or squeeze out
moisture. Screw is also used in a combined harvester. A spiral staircase is
also an example of a screw!

Archimedes’ screw
Archimedes’ screw is a simple machine used for raising water from lowlying water sources like rivers and canals. It has an inclined plane wrapped
around a central shaft to form a screw. The spiral (of the screw) is called a
helix.
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This spiral is enclosed in a tube open at both ends. One end is placed in the
water and when the handle at the other end is turned, water is lifted and spills
out at the top. As the helical screw turns, water is raised up the screw – that
small effort lifts water to the top. However, its mechanical advantage is
reduced as part of the effort is used to overcome the friction caused by the
screw rubbing against the sides of the tube. Even today, this simple machine
is used in many parts of the world to lift water.

Wheel and axle
The invention of the
wheel transformed the
way man lived. A simple
wheel becomes a machine when it revolves
around an axle. This simple wheel can
transmit and magnify forces.
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4.0 Force
What is common to all
these actions? The objects
are either being pushed or
pulled. This push or pull
is called force.

4.1 What does force do?
Force is affecting all these.
Force can
set an object in motion.
change the shape of an object.
increase or decrease the speed of motion.
change the direction of motion.

Force changes the speed of motion
Let us play a game with marbles. Set a marble in motion.
Hit the marble from behind. What do you notice?
The marble moves faster. Now hit the marble from the
opposite direction. The marble now moves slowly.
What can you conclude?
Force changes the speed of motion. Speed increases if the force is in the
same direction, and it decreases if the force is applied in the opposite direction.

Force can be added or subtracted
When forces are acting in the same direction, forces are added.
The resultant force acting on the body is the combined force
(i.e. the sum of the forces acting in the same direction).
When two forces are acting in opposite
directions, the force acting on the body
is the difference between the forces.
The body will move in the direction of
the greater force. When two equal forces act in opposite
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directions, the force acting on the body is zero. What happens to the body?
When two or more forces act on a body at
the same time, the actual force on the body
is called the resultant force. Look at the
picture. What is the resultant force?
Force can change the shape of an object
These are all examples of force
changing the shape of an object.

Spring

Dough Squashed fruit Rubber Band

Force can change the direction of motion
These are examples of force changing
the direction.

All forces are not the same
Some of the different types of forces are as shown below:

Muscular force

Electrostatic force

Magnetic force Gravitational force

Combined forces
Normally, most objects have more than one type of force acting upon them.
An aircraft has several forces
acting on it at the same time.
Can you name the forces
acting on the aircraft?

Lifting force
of the wings

Drag of
air resistance

Forward force
of the engines

Gravity which pulls it down
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4.2 Friction - the opposing force
Why does a ball keep rolling?
Roll a ball on the floor of your room. The rolling ball
stops after sometime, even though you are not applying any force from the
opposite direction. Spread a little oil on the floor. Roll the ball.
The ball keeps moving on the oiled surface but stops shortly after it starts
rolling on the plain floor (without the oil on it). Why?

Friction: the force that slows down moving objects
A stone slides a greater distance on a
floor with an oil spill. An ice skater
moves easily on ice. A boy
slips on a banana peel. A
marble stops rolling after
covering a short distance.
A cricket ball travels a shorter distance in India than
in England. Do you know the reason? Why do some
objects move more easily than others. This is because
in some cases, there is less opposing force to motion
than in others.

What is friction?
Friction is the force that opposes the objects sliding over each other. Why
does friction occur? Even a flat paper is not fully smooth. It has peaks and
valleys (ups and downs). When the peaks of two
surfaces come in contact, it becomes difficult for the
moving object to slide easily.

Why does a dolphin have a tapering body?
Dolphins, fish and sharks move through water
at great speed. They all have tapering bodies
and a narrow tail section. This allows them to
reduce friction and to glide through water.
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Friction around us

Friction causes heat

Pyramids or castles
can be built of cards
because of friction

A matchstick lights up
due to friction

Friction allows us
to write on paper
Friction helps us to walk

Friction was used to start fire

Can friction be reduced?
Friction between surfaces can be reduced by,
spreading oil or grease on surfaces.
Using wheels to move heavy objects.
Using ball-bearings in moving parts.
Can you give an example for each of these methods of reducing friction?
Hovercraft is another example of reducing friction.

Life with friction
Friction is essential for many activities. Friction is necessary for

Walking

Writing

Preventing skidding

Gripping objects

Stopping movement
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5.0 Heat

Hot coffee or tea

Ice cream
Steaming food

Molten iron

Person stuck in snow

Ice cubes

Patient with fever

These are common examples of heat that we experience in our daily lives.

5.1 Temperature of a body
We can touch some things, but we cannot touch some
others. Increase in heat raises the hotness of bodies
while loss of heat makes them cold.
Hot bodies have high temperatures.
Cold bodies have low temperatures.
The temperature of a body tells us about the degree of hotness
or coldness.

How do we measure the hotness or coldness of a body?
The temperature of a body is measured by a thermometer. All
thermometers are not the same. Thermometers used in laboratories
(laboratory thermometers) generally measure temperature between 00C
and 1100C. A clinical thermometer is used to measure changes in the
temperature of the human body. It measures temperatures from 350C
to 420C. (i.e. temperatures from 940F to 1040F).
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Why is a clinical thermometer used to measure the body
temperature?
The variations in the body temperature of a human being is in the
range of 350C (below normal temperature or sub-normal temperature)
and 420C, the normal temperature being 370C. Therefore, the stem of
the clinical thermometer has demarcations from 350C to 420C. There
are ten subdivisions to each demarcation. These subdivisions enable
a doctor to detect even small changes in the body temperature.
Also, if a laboratory thermometer is used to measure a
person’s temperature, then the reading has to be taken
while it is still in contact with the person’s body. For
once the laboratory thermometer is not in contact with
the body, its reading will change.

The kink in the clinical thermometer
In a clinical thermometer there is a small kink or bend at the bottom
of the capillary tube containing mercury. This bend or kink prevents
the mercury from flowing back into the bulb and the temperature can
be taken even when the thermometer is not in contact with the person’s
body.
Do you know why mercury is used in a clinical thermometer?
Mercury is used in a thermometer because it does not wet the sides
and can be seen easily as a thread in the capillary tube. It is a good conductor
of heat and is sensitive to temperature changes.

Temperatures useful to know
Melting ice 00C

Boiling water 1000C

Freshly prepared tea 800C

Ice cream -50C

Liquid nitrogen ~ -1960C

Liquid Oxygen ~ -1800C
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Core of the sun
~15,000,0000C

Visible face of the
sun ~60000C

Bright side (visible side)
of the moon ~1000C

Dark side (invisible side)
of the moon ~ -1800C

Electric bulb filament ~25000C

Gas flame ~1500C

Ice and salt mixture ~ -200C
Human body ~370C

5.2 What are the effects of heat?
Effects of heat are seen in a variety of ways.

Heat is necessary
to produce fire.

Heat expands bodies.

Heat from the sun is
essential for life earth.

Heat is required to
change the state of matter.

Heat is required
to dry clothes.

Heat increases the
hotness of bodies.

Heat is required
to boil water.

Heat is used
to cook food.
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Some effects of heat
Heat expands solids but does not expand all solids equally.
How do solids expand on heating? In a solid,
the atoms or molecules are packed closely.
When a solid is heated, the atoms or molecules
close to the source of heat, absorb heat and start to vibrate. This
is passed on to the neighbouring atoms or molecules.

Effect of heat and the wheels of a bullock cart
Why does the ironsmith heat the iron rim before fitting it to
the wheels? The wooden wheel of a bullock cart is generally
fitted with an iron rim to prevent wear and tear of the wooden
wheel. The iron rim has to fit tightly over the wooden wheel.
The cold iron rim cannot slip over the wooden
wheel. The ironsmith, therefore, heats the iron wheel so that it
expands. He then slips it onto the wooden wheel. When the iron
wheel cools, it contracts and fits tightly over wooden rim.
Why do we heat the cap of a bottle to unscrew the lid?

Which expands most on heating - solids, liquids or gases?
The expansion of a solid
on heating is not usually
visible. Liquids expand
more than solids when heated.
Gases expand even more than liquids when heated.

5.3 Heat as a form of energy
Heat can be used to do work.
We can, therefore, say that heat is a form of energy. Heat energy also follows
the basic law of energy. Heat energy can neither be created nor destroyed.
It can only be converted to other forms of energy.
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Examples of conversion of heat energy to other forms of energy
Heat energy can be transformed to
Crackers

Light energy
Electrical
Heating of charcoal energy

Wind
energy

Mechanical energy Sound and light
Hot air balloon
energy

The reverse change is also possible.

The explosion of a cracker
Changing heat energy to sound energy and light energy. A cracker has
certain chemicals which can be ignited easily. When heat energy is applied
to the cracker, a chemical reaction sets in and chemical changes take place
accompanied by brilliant colours (light energy) and loud sound (sound
energy).

Examples of conversion to heat energy

Mechanical energy
to heat energy

Electrical energy
to heat energy

Chemical energy
to heat energy

Can you think of other examples?

Quantity of heat
The hotness of different substances changes differently even when they get
the same amount of heat. What are the factors that affect the amount of heat
absorbed?
When the following objects are kept out in the midday sun (where there is no
shade), which of the following objects get really hot?
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Conclusion: The material of which the object is made influences the
amount of heat absorbed.

Other factors that affect the quantity of heat absorbed
Take two beakers. Take 200 ml water in one beaker
and 400 ml water in the other beaker from the same
source. Heat them both for 3 minutes. Check the
temperature of water in the two beakers. What do
you notice?
Conclusion: The quantity of a substance
influences the quantity of heat absorbed.

Conclusion
Factors affecting the quantity of heat required to change the hotness of a
substance are:
the nature of the substance.
the mass of the body.
the length of time the body is
exposed to the heat source.

5.4 Can we measure the quantity of heat?
The quantity of heat is expressed by a unit called the calorie.
A calorie is the amount of heat required to raise the temperature of one gram
of water by 10C. What does this mean? If one calorie of heat is supplied to
1gram of water, its temperature increases by 10C. How much heat has to be
supplied to raise the temperature of 1000 g or 1kg of water by 10C?
This quantity of heat is a kilocalorie (1000 calories). The energy value of
food is expressed in terms of kilocalories. A kilocalorie is sometimes written
as a Calorie (with a capital C).
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What is a joule?
It is the internationally accepted unit of heat energy. It is represented by J.
One calorie is equal to 4.184 joules (1 calorie = 4.184 J).

How much heat is needed?
Let us find out the amount of heat energy required to raise the temperature of
10 g of water from 390C to 400C, 10 grams of water x 10C = 10 calories
To heat 10 g of water from 390C to 440C,
10 grams of water x 50C = 50 calories are needed.
To heat 20 g of water from 450C to 550C,
20 g of water x 100C = 200 calories are needed.
To heat 1kg of water from 40C to 50C
1000 g of water x 10C = 1000 calories are needed (or 1kcal is needed).

Can the same amount of heat raise the temperature of all
substances to the same extent?
Take two beakers A and B. Take 200 ml of tap water
in beaker A and 200 ml of sunflower oil or groundnut
oil at room temperature in beaker B. Heat both the
beakers for 3 minutes over a flame or heater. Stir the
liquids while they are being heated. Record the
temperatures of both the liquids at the end of 3
minutes. Which is hotter? Oil is hotter!
Conclusion: Sunflower oil/groundnut oil requires less
heat to raise its temperature by 10C.

Heat capacity and specific heat
We have to supply a certain amount of heat to raise
the temperature of a substance by 10C. This amount
of heat is called the heat capacity. Water has a
high heat capacity. This makes water one of the most
used coolants.
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The specific heat of a substance is defined as the amount of heat required
to raise the temperature of 1kg of substance by 10C.

What is the specific heat of a substance?
Take 1kg of sunflower or groundnut oil. Heat it to raise the
temperature by 10C. This quantity of heat supplied is the specific
heat of the oil. The unit of specific heat is J/kg 0C. Sometimes
people use cal/kg 0C.

Specific heats of some substances
Approximate values are:
Copper
Iron
Kerosene
Aluminium
Cooking oil
Water

cal/g 0C

J/g 0C

0.09
0.11
0.5
0.2
0.47
1.00

0.37
0.53
2.10
0.84
1.96
4.18

cal/kg 0C
0.09 x 1000
0.11 x 1000
0.5 x 1000
0.2 x 1000
0.47 x 1000
1.00 x 1000

5.5 Heat lost by cooling systems
Just as heat is absorbed when the temperature of a substance rises, heat is
given out or lost when a substance becomes cool. We can determine the amount
of heat lost. Let us look at a hot copper vessel (mass =500
gms). Now it cools from 400C to 350C. It has cooled down
by 50C. The heat lost by the copper vessel
= Mass of the copper vessel x specific heat of
copper in cal/g 0C x drop in temperature
= 500 g x 0.09 cal/g 0C x 50C = 225 cal

How does heat flow?
Put a cold metallic spoon in hot milk. Touch
the spoon after a few minutes. The spoon is
hot! Place a steel plate with a hot dosa or rice
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on your lap. Does your lap get warm? Leave a cup of hot milk on a counter.
What do you notice? The counter becomes warmer and the cup with the hot
milk becomes cooler. All these observations show that heat
flows from a hotter object to a cooler object.
Hot objects become colder after some time but the sun does
not become cold, but remains hot. Why?

Why does the sun not become cold?
Heat from a hot body can be lost (or transferred) to its surrounding air by
radiation. The sun’s heat is transferred by this process but the sun does
not become cold as its heat is the result of the continuous reaction taking
place in its core. In the sun’s core, hydrogen atoms are continuously
changed to helium atoms by nuclear fusion. This reaction is a chain reaction
and releases tremendous heat energy. The sun will not cool as long as the
hydrogen supply in its core lasts.

5.6 Heat and change of state of matter
Heat changes solids to liquids. Take some wax in a
tablespoon. Heat it over a spirit lamp or candle. The solid
wax melts and becomes liquid wax. Take some butter in a
table spoon. Heat it over a spirit lamp or candle. Butter
becomes a liquid. Both solid wax and solid butter melt and
become liquids, or they change their state.

Melting point or the temperature at
which a solid changes to a liquid
Take 10-12 ice cubes in a beaker. Immerse a
laboratory thermometer in the ice cubes. Heat
the beaker gently. The thermometer reading
remains at 00C till all the ice cubes melt even
when heat is being applied. When all the ice
has melted, the temperature begins to rise.
The melting point of ice is 00C.
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Why does a solid change to a liquid?
When a solid is heated,
the atoms / molecules in it gain energy.
the atoms / molecules
move violently.
As result, the force
between the atoms /
molecules becomes weaker.
the atoms / molecules move apart.

Melting points of different substances are different
Melting points can be as low as 00C or as high as 15350C. Melting points of
a few substances are given below.
Substance

Melting point

Substance

Melting point

Ice

00C

Zinc

4100C

Iron

15350C

Naphthalene

800C

Copper

10820C

Wax

630C

Why does a liquid change to a gas when heated?
When a liquid is heated the molecules which are loosely
packed, begin to move about freely. This movement gives
the molecules greater energy (kinetic). The energy
(kinetic) is so great that it overcomes the attractive forces
between atoms and molecules. When this stage is reached
a liquid changes to a gas or vapour.

Different substances, different boiling points
Substance
Water
Mercury

Boiling point
1000C
3570C

Substance
Iron
Copper
Zinc

Boiling point
27500C
23100C
9070C
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Difference between evaporation and boiling
Evaporation
Slow process.
Takes place at all
temperatures.
Takes place at the
free surface.

Boiling
Rapid process.
Takes place at a
fixed temperature.
Takes place throughout
the liquid.

What are volatile liquids?
All liquids do not change to the gaseous state at the same rate. Liquids which
evaporate rapidly are called volatile. Example of a volatile liquid: kerosene

Can a solid change to the gaseous state without first changing
to the liquid state?
Put a few naphthalene balls and a few marbles with
your clothes. Note the sizes of the naphthalene balls
and the marbles. After a few weeks, the naphthalene
balls will have become smaller but the marbles will
retain their size. What has happened to the
naphthalene
naphthalene balls?

marbles

The secret of the vanishing naphthalene balls
The naphthalene balls have become smaller
because they change to the vapour state. This
process is called sublimation. Camphor and
many solid deodorants (e.g. odonil), also change
to the vapour state without first becoming liquids.

Liquid back to solid
You have seen that ice changes to water when heat is supplied.
The reverse process occurs under certain conditions. Keep the
water in the freezer compartment of a refrigerator for 2 or 3 hours.
Water again becomes ice. How does this happen?
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Here, heat is taken away or water is cooled to 00C. This
process is called solidification. Heat is given out or taken
out during solidification.

Where does the heat go?
Take 10-12 ice cubes in a beaker. Immerse a
laboratory thermometer in the ice cubes.
Gently heat the beaker. The temperature
increases after all the ice changes to water. Let
us find out what happened to the heat that was supplied to
the ice cubes.

What happened to the heat that was supplied to the ice cubes?
The heat supplied is first used
to weaken the forces of
attraction among the water
Hydrogen
molecules (intermolecular
Water
bonding
molecule
forces) in the ice. The
temperature remains the same during this
process. Hence, heat is not available to
increase the hotness of ice.
This hidden heat is called
the latent heat. The thermometer records a rise in
temperature after all the ice melts because the heat is now
used to increase the hotness of water.

5.7 The latent heat of fusion
The latent heat of fusion (or melting) of a substance
can be defined as the quantity of heat required to
convert one gram or kilogram of a solid substance to
liquid at its melting point. The unit of latent heat of
fusion can be written as cal/g or kcal/kg. The latent
heat of ice is 80 cal/g.
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What is the latent heat of vapourization?
The latent heat of vapourization is the quantity of heat required to convert
a unit mass of a substance from the liquid state to the gaseous state.
Latent heat of vaporization of water is 540 cal/g (540 kcal/kg).

Where does the latent heat come from?
If heat is hidden or latent when ice changes to water, or water to steam, then
what happens when the water changes to ice or steam to water?
1 g of ice requires 80 cal of heat to change to 1 g of water. 1 kg
of ice requires 80 kcal of heat to change to 1 kg
of water. What happens when 1 kg of water
freezes to form ice? It gives out 80 kcal of heat.
When 1 kg of steam changes to water, 540 kcal
of heat is given out.

How is latent heat useful to us?
In summer, water kept in an earthen pot keeps cool. You feel
cool under a fan when you are perspiring. When the doctor
rubs a little alcohol or spirit on your skin, you feel cool.
Alcohol or spirit evaporates very quickly. When it is applied
to your skin, this change of state of alcohol from liquid state
to gaseous state takes place by the heat taken away from your
skin. This makes you feel cool.

Why do we feel cool under a fan when we are perspiring?
A fan circulates the surrounding air. When you perspire
and sit under a fan, the circulating air evaporates the water
(perspiration) better. This takes away the latent heat of
vapourization from your body and you feel cool.
Here, the latent heat of vapourization is the amount of
heat required to convert unit mass of water to water
vapour at its boiling point without change in temperature.
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5.8 How is heat transferred?

Poori

Boiling milk

Even though heat is being
transferred in all these, it is
being transferred in
different ways. Let us find Heating an
iron rod
out why it is different?

How is heat transferred in a solid?
Let us find out by conducting a simple experiment.
Take a metal scale. Drop wax from a candle at
four different places. Wait till the wax drops
solidify and get cooled.
Place the free end of the scale on a table. Heat
the other end of the scale with a candle. Note
what happens to the wax on the scale. All the
wax drops do not melt at the same time. Why?

Melting of wax drops
The scale is made of solid steel (a solid substance). The atoms constituting
the steel scale are packed closely together. When the scale is heated, the
atoms absorb heat energy, vibrate rapidly and the vibrational energy is passed
onto neighbouring atoms. Heat energy is transferred from
the hotter part of the scale to the colder part in this manner.
This method of transfer of heat energy is called conduction.
In solids, heat is transferred by conduction.

When can heat be transferred by conduction?
Heat transfer by conduction can take place only
if the objects are in contact. The temperatures
are different in the two objects or in different
parts of the same object.
Heat transfer by conduction stops once the temperatures of
the two bodies or two parts of a body are the same.

44

Learning Science

How does a thermometer record the temperature of
an object?
The bulb of the thermometer contains heat
sensitive mercury. When the thermometer
is brought in contact with a hot object,
mercury absorbs the heat and rises in the capillary column.
It stops rising once the temperature of the mercury and the hot
object becomes the same. It is an example of conduction.

Common examples of conduction
Keep a pan of water on the heater. Touch the pan. It
is barely warm. As you continue heating, the bottom
of the pan in contact with the heater
becomes hot first. As heat is supplied,
the pan becomes hot and slowly the water in the pan
starts to boil. The pan gets heated by conduction.
Keep a metal spoon on a cup of hot coffee. After
sometime touch the spoon. It has become warm.

Do all the materials conduct heat equally?
All materials do not conduct heat equally. In fact, some solids do not conduct
heat at all. Substances which conduct heat well are called good conductors
of heat. Generally metals are good
conductors. Diamond is an
excellent conductor.
Substances which do not conduct heat well are called insulators.
Wood, paper, asbestos, leather, water, glass, rubber are insulators.

We make use of both good conductors and insulators of heat in our daily life.
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How is heat transferred in a liquid?
Liquids are not heated by conduction. Let us conduct an experiment to find
out how heat is transferred in liquids.
Take 200 ml of water in a beaker. Add a few crystals of
potassium permanganate (KMnO4) to the
water. Heat the water. Notice how streams
of the purple liquid rise up, and colourless
water comes down. And this circulation stops after sometime.

Heating by convection
The layer of water at the bottom of the beaker absorbs heat
first. As a result, its temperature rises. This heated layer
becomes lighter and rises towards the top
layer. The cold water at the top, being
heavier, moves down and absorbs heat in turn. This process
of transfer of heat by the actual movement of the layers of
water continues until the temperature is uniform in all the layers.
This is called convection. Liquids are heated by this process. In convection,
the molecules of the liquid move in cycles and carry heat with them.

How does the sun heat the earth?
The sun is ~150,000,000 km away from the earth. Yet the sun
heats the earth. There is air only upto a certain height of the
atmosphere (usually a few km). Beyond this there is only
space. There are not many molecules to transfer heat either
by conduction or convection. How, then, does the heat from
the sun reach us?

Transfer of heat in air (gases)
A person who is cooking feels hot, even when he/she
is far from the gas stove or coal fire. How is the heat
transferred here? Here, the heat source is sending the
heat rays in all directions. i.e. the heat rays are radiated
in all directions. This heat is absorbed by objects.
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All objects which absorb heat also radiate heat.
Even snow radiates heat. The amount of heat
radiated depends upon the hotness of the source.
The sun radiates more heat than the earth.

Good absorbers are good radiators
Experiment with two tins, one painted black and the other
white. Take two empty tin cans. Paint one of them white and
the other black. Keep each tin under a
lamp as shown. Switch on the lamps
for few minutes.
Switch off the lamps. Now
touch both the tins. Which is
hotter? The black tin is hotter. Dark coloured surfaces absorb and radiate
more heat.
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6.0 Light

6.1 What is light?
Have you thought about it? One way to
answer this question is to think of the
difference between day and night. During
the day, we see things around us clearly
both inside and outside our homes.
During the night, we cannot see
the same things clearly even
though our eyesight remains
the same.

Need for light
What is the reason for seeing things
clearly only during daytime? During the
day, the light from the sun (sunlight)
helps us to see things. During the night,
this light is absent and we cannot see
clearly. A light source is necessary to see clearly.

What do people in remote villages do once the night sets in?
What do people in the cities do if there is a power
breakdown? In many of the villages, oil
lamps or candles are used. In cities also,
we use an oil lamp or a candle as a
substitute for electric light.
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Sources of light
Sources of light can be natural or artificial. Some of the sources of light are:

the moon

a torch

the kerosene lamp

the sun

an electric bulb
the stars

an oil lamp

the firefly
a candle

Why are most objects not visible in the dark?
Most objects like furniture,
pots and pans and books can
be seen only when the light
from a source falls on them and the light is
reflected by the objects and reaches our eyes.
Light sources are luminous and
those objects which can only reflect
the light from a luminous source
are non-luminous. The sun is
luminous but the earth is non-luminous.

Passage of light
Let us see what happens to the light
from a candle when we see it through a
piece of plain glass, a piece of oil paper
and a piece of cardboard.
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Candlelight through plain glass, oil paper and a piece of cardboard
Wear a pair of
spectacles with plain
glass and look at the
candle. Next, cover
the plain glasses
with pieces of oil
paper and look at the candle. Now, cover the plain glasses with pieces of
cardboard. What differences do you notice?
The candlelight is seen clearly through
the plain glass of the spectacles. Plain
glass is transparent. The candle light
translucent
is blurred through the oil paper. The
transparent
oil paper is translucent. The candle
light cannot be seen through the cardboard pieces. The
cardboard is opaque. All planets and their moons are
opaque.
opaque

6.2 Brightness of light or luminous intensity
Let us compare the light given out by the following sources:

one candle,

two candles,

ten candles

firefly

an electric bulb

All these are sources of light, but their comparative brightness can be
expressed as brightness of light of a firefly < that of one candle < that of two
candles < that of ten candles < that of an electric bulb.
Brightness of a source of light is called luminosity.

What is moonlight?
The moon is not a luminous body. Then, how does the moon shine in the dark
sky with greater light than the stars? Moonlight is actually reflected sunlight.
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Light from the luminous sun falls on the non-luminous moon
and the moon reflects the sunlight. During the day, the
sunlight is very bright. So, we cannot see the reflected light
from the moon. At night, we can see the reflected light from
the moon. Do you know that the earth also reflects sunlight?

Cool firefly and the hot electric bulb
Why is a firefly cool to touch but an electric
bulb is hot to touch? You are likely to think
that a firefly is cool to touch because it gives
out very little light and twinkles. The answer sounds correct but
it is wrong. The firefly or glow worm gives out only light energy.
So, it remains cool even when it gives out light.
An electric bulb is hot to touch because its light is the result
of heat energy.
The sun and the stars are
sources of both heat energy
and light energy.

Why is a lighted electric bulb hot while a lighted
fluorescent bulb remains cool to touch?
Inside an electric bulb there is a thin wire called filament. The filament
gets heated to a high temperature as soon as the switch is turned on and
electric current passes through it. As a result, the filament starts to glow;
in other words the light from the electric bulb is due to the heating of the
filament. Fluorescent bulb uses a inert gas which begins to glow as soon
as an electric current passes through it. Therefore, it is cool to touch.

How is the luminous intensity of a source of light measured?
The luminous intensity of a source of light is measured
by comparing it to the brightness of a candle. The unit
of luminous intensity is candle power. If you have 100
candle power in your room, the brightness of the bulb
is equal to that of 100 candles.
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The luminous intensity of the sun
at noon is more than 1,000,000
candle power!

What is lumen?
Lumen is another unit used to measure the luminous intensity of a
source of light. 1 candle power = 12.56 lumens.
What is the luminous intensity of a 100 candle power bulb in lumens?

Brightness of a source of light and distance
Light a matchstick and hold it close to your eye. Look at
the flame for a minute. The room appears darker. The
brightness or the luminosity of the sun is more than
1,000,000 candles or 12,560,000 lumens.
But the lighted matchstick looks brighter
when held close to the eye.
The luminous intensity of a source decreases or becomes
dimmer as the distance increases.

The brightness of a surface
The brightness at a given surface is measured in lumens
per unit area. The unit is called foot candle. The modern
unit is called lux. 1 foot candle = 10.76 lux.

How do light rays travel?
Let us find out by doing a simple task. Place a lamp on a
table. Roll a paper like a tube. Look at the lamp through the
tube. You can see the
lamp clearly. Now, bend
the tube and look at the
lamp through the bent tube.
You cannot see the lamp as the
tube is bent. What does this show?
Light rays travel in a straight line.
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How fast does a ray of light travel?
The sun is ~ 150,000,000 kilometres away from us.
Yet, a ray of light from the sun reaches the earth in
8.3 minutes. A ray of light from the moon reaches us
in 1.3 seconds. So, how fast does a ray of light travel?
It travels at a speed of 299,792 km/s. The distance
travelled by a ray of light in one year is called a light
year. Light year is the unit used to measure distances between objects in
the sky.

6.3 Shadows
When does your constant companion, your shadow
desert you? Wherever you go during the day, your
shadow accompanies you. But, its size is not the same
even though there is no change in your size.
Even during the night, your shadow accompanies you as long
as there is a source of light. Once you are in the dark with no
source of light, you are free from your shadow.
The shadow of an object is formed in the direction opposite to
the light source. It is not static. It moves along with the source
of light or the object. The length of a shadow is not constant. It changes as
the angle between the source of light, the object and the ground changes.
Shadows are useful to calculate the length of the object.

Why are shadows produced?
You are cycling down a straight
road. There is a tree in your path.
What do you do? You go round
the tree. But, a ray of light can
travel only in a straight line (it cannot bend around the
opaque tree). An opaque body in the path of a ray of
light blocks it. As a result, a shadow is produced. Shadows are produced
when light rays are stopped by objects. A transparent body or object lets the
light rays pass through it. As a result, it does not cast a shadow.
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Shadows and the nature of the material of the object
An object can be made of an opaque or a translucent or a transparent material.
An opaque body casts a strong shadow as it
blocks all the light rays.
A translucent body casts a weak shadow as
it allows some light rays to pass through it.
A transparent body does not
cast any shadow as it allows
all the light rays to pass
through it.

Shadow play in the sky
Eclipses are the result of shadows cast in the sky. The shadow plays we see
frequently are the solar eclipses and the lunar eclipses.
Solar eclipse takes place when the disk of the moon sweeps
across the disk of the sun. As a consequence, the visible
face of the sun is hidden from us or a solar eclipse occurs.
In a solar eclipse, the moon passes between the sun and
the earth.
The earth casts its shadow on the opposite side of the sun.
When the moon passes through the shadow of the earth,
sunlight is cut off from the moon. As a consequence, lunar
eclipse occurs. Eclipses can be partial eclipses or total
eclipses. In the case of the sun, under certain conditions,
annular eclipse can also take place.

6.4 Reflection
Do you remember the story of the lion in the well? The only
way we can look at our own faces is by looking at
a mirror. If there is no mirror, we can
use a shiny metal surface. We
can catch a glimpse of ourselves
from the calm surface of water.
How is this possible?
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What does a shiny surface do to light rays?
When light rays fall on an object, depending on the nature of
the object, they may pass through if the object is transparent, or
they may be stopped and absorbed if the object
is opaque or they may be scattered or bounced
back if the object has a shiny surface.
Sometimes, reflection is not clear. Why?
A partially shiny and uneven surface also reflects light rays
but the reflection is not clear. When rays of light fall on an
irregular surface, the reflected rays are scattered in all
directions. The reflection of the object is therefore, not clear or is diffused.
Also, the reflected image is distorted.

Mirror on the wall
You may have heard the expression mirror
image. What is a mirror image? When light
rays fall upon (or are incident upon) a polished
or shiny surface, they do not pass through, they
are not absorbed either but their direction is changed or the rays are reflected.

Image in the mirror and you
Let us find out the features of your mirror
image. Stand in front of a mirror and look at
your reflection. Now, lift your right hand to
your right eye. What does your mirror image
do? Next, move closer to the mirror. Where is your mirror
image now? Move 10 steps back. What does your mirror image do?

Features of a mirror image: Left is right and right is left
The mirror image of an object has the
same size as the object, is at the same
distance as the object is in front of the
mirror and is laterally inverted (the
right and left sides are exchanged).
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Catching the sun in a mirror
Hold a mirror to the sun. By
adjusting the angle of the
mirror, you can get sunshine
wherever you want. You can
even shine it on someone sitting far away from you.

Multiple you
Have you been to a hall of mirrors or sheesh mahal?
When you stand in the middle of the hall, you see multiple
you’s! How does this happen? This trick can be achieved
by arranging equal-sized mirrors at various angles. The
shiny faces of the mirrors must face each other. This
property of mirrors is used in making a kaleidoscope.

Laws of reflection
Reflection of light rays by a mirror or any shiny surface
follows the following rules: the angle of incidence is
equal to the angle of reflection ( i = r ) and the
incident ray, reflected ray and the normal lie in the same
plane.

i

r

Have fun with mirrors - See without being seen?
Use a periscope. A periscope is used by
soldiers hiding in a trench to
see what is above the ground
and by the submarine crew to observe the
movement of ships on the water surface
when the submarine is under water.
Do you want to make a periscope?
To make a periscope, you require a rectangular cardboard box, two small
mirrors, black paper or plastic and a rubber band. Make slits at 450 angle on
the opposite sides of the box (about 4 inches below the top of the box and 4
inches above the bottom of the box). Push the mirrors through the slits. Make
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sure that the reflecting surfaces of the two mirrors face each other. Cut peep
holes on the reflecting side of the mirrors. The peep hole at the bottom of the
box is the viewing hole. Cover the open end of box with black paper. Now
you can see without being seen!

Kaleidoscope
The term kaleidoscope has a Greek origin. It means
“I see a beautiful image”. It was invented more than
250 years ago. This is based on the principle of the
reflection of light by mirrors. Sir
David Brewster refined it in 1816
to help carpet makers invent new designs. Magicians
also use the property of reflection of light by mirrors to
weave their magic.

How to make a kaleidoscope
To make a kaleidoscope, you require three equal strips of mirrors, thin
cardboard, cellotape, broken pieces of coloured glass or coloured bangles,
tracing paper and a cylindrical tube.
Tape the three strips of mirrors with their shiny
surfaces facing inside. Make a cylindrical tube
with the thin cardboard so that the taped mirrors
fit into it. Cover both ends with tracing paper. At one of the ends, place
pieces of broken bangle pieces or glass pieces over the tracing paper and
fix another piece of tracing paper to hold the bangle pieces (or glass pieces)
in place. Put this into a cylindrical tube and fix it in place. You can paste
coloured paper over the cylindrical tube to make your kaleidoscope more
attractive. Your kaleidoscope is ready. Hold it to light and slowly rotate
the tube and enjoy the magical patterns that emerge.

Reflection through spherical mirrors
Which is the real you?
Take a plain mirror and a big shiny metal spoon.
Look at yourself in the plain mirror. Your double
will look back at you.
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Now, look at yourself in the inner surface of the spoon. How do
you look in the spoon? You look different. Your face appears
larger.

Upside down you - smaller you?
Now, move the spoon away from you. What do you notice?
Your face is upside down. Next, you look at
yourself in the outer or the bulging surface of
the spoon. What do you notice? Your face looks
much smaller. Why are your images in the inner
surface and the bulging surface of the spoon funny?

Your image in a spoon
A spoon has two types of surfaces. The inside or the front of the spoon
bulges or caves inwards and the outside or the back of the spoon bulges
outwards. The inside of the spoon, therefore, behaves like a concave mirror
and outside of the spoon behaves like a convex mirror.
When you hold the inside of the spoon close to you, you look
bigger (magnified) and upside down (inverted). When you
move the spoon away from you, the image changes.
Depending on the distance of the spoon from you, your image
is sometimes upside down (inverted) and bigger (magnified),
sometimes upside down (inverted) but of the same size and sometimes
inverted and smaller (diminished). When you look at yourself in the outside
surface of the spoon, your image remains the same – erect and smaller.

Shape of the mirror and the shape of your image
If we think of the metal spoon as a mirror, the inside of
the spoon is hollowed away from
you. This is like a concave mirror.
The outside of the spoon is bulging
towards you. This is like a convex
mirror. The hollow inside and the bulging outside of
the spoon are like spherical mirrors. Concave and convex mirrors are really
parts or segments of a hollow sphere.
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Uses of spherical mirrors in daily life
A concave spherical mirror forms magnified, erect images. It is therefore
used in beauty parlours, as shaving mirrors, by dentists and physicians to
concentrate light and in automobile head lights.

A convex mirror gives a wide angle of vision but the image is reduced in
size. Therefore, it is used in shops to keep an eye on the
customers and as a rear view mirror in automobiles to get
a view of the traffic at the
back.

6.5 Refraction of light

Oasis

Fish in a pond

Sunset

Reflection
in a mirror

There are differences in the way light rays come back to us in
these. Let us find out how.
Hold a mirror in front of you. You see your face reflected in the mirror. Here,
light rays are travelling through only air. Now, let us see
what happens when the light rays travel through air and then
through water by doing a simple task. Put a coin in a glass
beaker. Move back until the coin is no
longer visible. Pour water into the beaker
until the coin is well under water. Now you
can see the coin.
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Magic of the raised coin
Why do you see the coin when water is poured
into the beaker? Light rays from the coin first
travel through water. When they reach the
surface, they travel through the air. This causes
the light rays to bend as light rays travel at
different speeds through water and air.

Why do light rays bend?
Light does not always travel at the same speed. Its speed while
travelling through vacuum is 300,000 km/s (its speed while
travelling through air is slightly less) and
while travelling through water it is
225,000 km/s. This difference in the speed of light
while travelling from one medium to another causes
the light rays to bend. This bending is called refraction of light.

Light is always in a hurry
Light rays do not always travel at the same speed.
Sometimes they travel fast or slow depending upon
the medium through which they pass.
However, light rays always select the
shortest path or the path that takes the
shortest time to travel. Think of yourself
as a ray of light and you are running from a shallow pond to
land. Which path will you take?

Light rays bend to save time
The velocity of light in air is 300,000 km/s, in water it is 225,000 km/s and in
glass it is 180,000 km/s. When a ray of light travels from one point to another,
it looks for the path that takes the shortest time. When a ray of light reaches
the boundary of a denser medium (like a glass slab) it wants to reach the
other side of the glass slab in the same time as it would take if there was no
glass slab in its path. Glass being a denser medium slows down the speed of
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the light ray and as a result, increases the time required to emerge on the
other side of the slab. Once inside the glass slab, the clever light ray bends
enough to shorten the path and emerges out of the glass as if it was passing
only through air! In other words refraction of light occurs.
Refraction of light occurs because the velocity light is different in different
media.

What is refractive index?
The refracted ray bends to a fixed extent in a particular medium. We can find
out the value (of the bending) by dividing the velocity of light in air by its
velocity in that medium. This value is called the refractive index of the
medium. It is expressed as,
velocity of light in air
velocity of light in the medium
For example, the refractive index of glass is,
velocity of light in air
velocity of light in glass

=

300,000 km/s
= 1.66
180,000 km/s

Refractive index of water = 300,000 km/s / 225,000 km/s = 1.33
Greater the refractive index, greater is the bending.

Effects of refraction
We see the effects of refraction around us everyday.
Refraction makes the floor of the swimming pool to
be higher than it actually is, the stars twinkle and see
the sun at sunrise earlier than it actually is above the horizon.

Refraction and the colours of white light
The light that we see is made up of seven different colours
– violet, indigo, blue, green, yellow, orange and red
(vibgyor). Ordinarily, we do not see these colours
individually. Even through a plain glass, the colours cannot
be seen separately. Now, look through a prism. You will
notice several beautiful colours.
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What does a prism do to light?
The seven colours of the light (white) ray travel approximately at the same
speed in air. In other materials, such as glass, they travel at different speeds.
When sunlight or white light passes through a prism, the prism splits the
sunlight or white light into seven colours. As the
light passes through the prism, bending or refraction
takes place. But all the colors do not bend to the
same extent. Red bends the least and violet bends
the most. Different coloured rays come out of the
prism along their own paths. Thus, white light
emerges from the prism as seven different colours.
This splitting of sunlight (or white light) is called the dispersion of light.
Air does not have the property of splitting sunlight into its seven colours.
That is why sunlight is not coloured. A prism disperses light rays because of
its shape.

Sunlight and two prisms
What happens to a ray of sunlight when it passes first through a prism and
then through a inverted prism? When a ray of sunlight passes through the
first prism, it undergoes refraction and emerges from the prism, on slightly
different paths with red ray at the top and violet ray at the bottom. (Can
you give the reason for this?)
When these seven different coloured rays pass through the inverted prism,
each coloured ray bends back by same amount as the first bending. As a
result the seven coloured rays now emerge as white light again.

Dispersion of light and the rainbow
How does a rainbow occur? The rainbow is a wonderful example
of dispersion of light. After a rain shower, there are droplets of
water in the air. When sunlight passes through
the water droplets, it is split
into seven colours. The water
droplets act as small prisms.
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The rainbow is one of the most beautiful natural phenomena. It appears in
the sky when rain and sunshine occur simultaneously. Conditions for the
formation of a rainbow in the sky are:
the sun and the rain must be opposite to each other,
the sun must be low in the sky and
the observer must have his back to the sun.

6.6 Light and lenses
What is a lens? A lens is
generally made of a
transparent material like
glass or plastic and has at
least one surface with a concave or a convex
shape. Unlike in a mirror, the light rays pass convex lens concave lens
through a lens.

What happens to light rays when they pass through a lens?
Light rays pass from air through the lens (made of either
glass or plastic). As a result, the light rays are refracted; in
other words, a lens refracts light rays. Lenses are
important components of microscopes, telescopes,
cameras and most importantly, eyes of all animals
including ourselves.

microscope

telescope

camera

eyes of all animals

Types of lenses
If a lens has two convex surfaces, it is called a biconvex lens. If a lens has
one convex surface and one plane surface, it is called a plano-convex lens.
If a lens has one convex and one concave lens, it is called a concavo-convex
lens.
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Plano-convex
lens

Biconvex lens
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Concavo-convex
lens

A convex lens is a converging lens and a concave lens is a diverging lens.
The distance of the principal focus from the optical centre of the lens is
called the focal length of the lens. It is denoted as f
Optical centre

Principal focus

Principal focus

Principal axis

Optical centre

Principal axis

Focal
length

Focal
length

How to start a fire with a lens?
Hold a convex lens in the sunlight (outdoors). Place
a matchstick or a thin dry paper on the ground
approximately at the focal length of the lens. After
sometime, the matchstick or paper catches fire. There
is no magic involved here. The parallel rays of
sunlight converge at the focus of the lens. This
produces enough heat to light the matchstick or
paper.
Why should the matchstick or paper be placed at the focal length of the
lens? Why should we use only a convex lens?
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7.0 Sound
We see many things around us. We also
hear different sounds. We
hear birds chirping, people
talking, vehicles moving
and dogs barking. We also hear the sound
of rain, leaves moving in the breeze and
musical notes from various instruments like the
sitar, tabla, shehnai, flute etc. How are these sounds
produced? Why are they different?

7.1 How is sound produced?
Let us find the answer to this by doing a few simple tasks.
Stretch a rubber band between your
fingers. Pluck one of the sides. The
rubber band moves up and down and
produces a sound. You can feel a
movement. This movement is called
a vibration. Vibrations produce sound.

How do vibrations move?
A vibration is a repeated to and fro motion. It is an oscillatory
motion. It can be an up and down motion or a side to side
motion.

How do vibrations produce sound?
Vibrations are essential for sound to be
produced. When we hit a spoon on a metal
plate, vibrations are produced. These
vibrations make the molecules in the air
around us move backwards and forwards
(vibrate from side to side) with the same number of oscillations.
The sound is carried forward. Soon all the nearby molecules in the air begin
to vibrate. The vibrating sound reaches our ears and we hear the sound.
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What is the frequency of a vibrating body?
A vibrating body makes a number of oscillations. The number of vibrations
or oscillations made by a vibrating body in a second is called the frequency.
The unit of frequency is hertz (Hz). One Hz = f/t; where f is the number
of oscillations made by the vibrating body and t is the time taken (in
seconds).

The sounds we can hear
We cannot hear all sounds. When the number of vibrations per
second is less than 20 or if the frequency is less than 20 Hz, we do
not hear the sound. Sound below 20 Hz is called infrasonic.
The human ear can hear sounds upto
20,000 Hz. Frequency between 20 Hz and
20,000 Hz is the audible frequency range.

Ultrasonic sound
Sound beyond 20,000 Hz is called ultrasonic sound. Some of the animals
that can hear ultrasonic sound are:

Dogs

Monkeys

Leopards

Bats produce sound frequencies above 70,000 Hz.

Uses of ultrasonic sound
Ultrasonic frequencies are used:
in medical diagnosis.
to preserve milk.
to detect cracks in metal castings.
to weld metals.
to clean machinery.

Bats

Deer
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to help seeds germinate quickly.
to find the depth of oceans.
to detect submarine movements.

What would it be like if we could hear all the frequencies?
If we heard very low frequencies, we would be hearing even the noises
produced by our muscles, internal organs and body movements. If we
heard all the high frequency sounds, it would have been
a very noisy world. In fact, these various sounds would
make it difficult for us to hear one another. Did you
know that children upto one year can hear sounds of
even 35,000 Hz?

7.2 Amplitude of vibration and loudness of sound
When you hit the bell hard, the amplitude
of vibrations is large. A loud sound is
produced. Put your hand on the bell and
again hit the bell. Here, the
amplitude
amplitude of vibration is
reduced and less sound is produced.
Loudness of sound depends upon the amplitude
of vibration; it is directly proportional to the
amplitude of vibration.

Why don’t we hear someone walking on a carpet?
When we walk, our feet produce vibrations in the floor. Greater the
amplitude, the louder the sound. But when we walk on a carpet, the carpet
reduces the amplitude of vibration. As the carpet reduces the amplitude
of vibration of the floor, the sound of our steps is muffled or reduced.
Therefore, we do not hear someone walking on a carpet.
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Characteristics of sound
Loudness, pitch and quality are the three
characteristics of sound. The loudness of sound
is determined by the amplitude of vibration. The
pitch is determined by the frequency of
vibration. The pitch can be high or low.
The quality of sound depends upon the vibrating body.

The pitch of a sound
The pitch depends upon the frequency, the length of the vibrating portion
(shorter the length, higher is the pitch), the length of vibrating air column
(shorter the vibrating air column, higher is the pitch) and the thickness of
the vibrating string (thinner the vibrating string, higher is the pitch).

How is the loudness of sound measured?
The loudness of sound is measured in decibels (db). Decibel levels of a
few sounds are given below.
Whisper - 2 db
Loud music - 70 db
Motorcycle - 90 db
Lorry - 100 db
Jet aircraft - 110 db
What is the decibel level of silence?

Sound needs a medium to travel
We hear sound when air molecules are around. Hit a metal rod
with a stick. Put your ear to the rod. You can feel the vibrations.
Fill a plastic bag with water. Hold the bag to
your ear and gently scratch the bag on the
opposite side. You can hear the scratching sound.
What can you conclude? Sound needs a medium
to travel. It can travel through solids, liquids and gases.

Speed of sound
The speed of sound is not the same in solids, liquids and gases. The speed of
sound in some media are as follows:
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Speed in sea water = 1500 m/s,
Speed in glass = 5000 to 6000 m/s,

Speed in fresh water = 1440 m/s,
Speed in steel = 5000 m/s,

Speed in brick = 3542 m/s,

Speed in air = 330 m/s.

Compare these with the speed of light in similar media.

Music of the whales and the dolphins
Do you know that whales and dolphins actually sing to each other when
they are under water? The frequencies of the music of whales and dolphins
is within the audible frequency range of human beings.
Therefore, if we are lucky enough to be in the right
place at the right time, we can hear their music.
How do whales hear each other even when they are
several kilometres apart?
Sound waves travel much faster in sea water than in air. This rapid
propagation of sound is very important to all marine animals. Whales also
use this speed to communicate with one another under water even when
they are far apart. The loudness of sound is not muffled or decreased even
over long distances under water. Therefore, whales swimming in the
Atlantic ocean can communicate with whales swimming in the Pacific ocean.

What is Mach?
Speed of sound in air is 330 m/s. When an aeroplane flies faster than the
speed of sound in air (330 m/s), it breaks the sound barrier. The aircraft
squashes the air column in front of it. We hear a sound like a clap of thunder.
The unit of supersonic sound is Mach. It is named after Ernst Mach, a
physicist.

7.3 Reverberation of sound or the echo
The direction of the sound waves changes under certain
conditions. When a sound is produced in a large room,
some of the sound waves spread in all the directions.
Some of them reach our ears, while some strike the
walls. Some of the waves striking the walls are reflected,
and then reach our ears.
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Why can we not hear echoes in a small room?
In a small room, the original sound and the reflected
sound overlap. The human ear can hear the original
sound and the reflected sound separately only if there is
an interval of 1/15th of a second.
What is the distance travelled by sound (in air) in 1/15th
of a second?
The distance travelled = speed of sound in air x time
= 330 m/s x 1/15 s = 22 m.
The original sound has to travel 11 m and come back 11 m. Therefore, we
can hear an echo only if the distance is 11 m or more.

Why do ceilings and walls of a good
cinema hall not reflect sounds?
All materials do not reflect sound equally. Plywood sheets and metal sheets
are good conductors of sound. Porous materials such as cork, thermocole
and cloth are bad conductors of sound. In fact, they absorb sound. The
walls and ceilings of cinema halls are covered with these materials. The
audience, therefore, hears only the original sound.

Bats - Nature’s amazing navigators
How do bats (which are blind) navigate? Bats use the
echo of their high frequency squeaks from the
obstacles in their path to navigate. They emit short
high frequency sound waves. These sound waves
bounce off obstacles or flying insects and produce echoes of their squeaks.
The bats hear the echo and avoid the obstacle or locate the position of the
insects. As the bats approach the victim, they emit more frequent squeaks
which help it to locate its victim with greater accuracy.
Bats can produce frequencies of about 70,000 Hz. Without any knowledge
of physics or mathematics, they estimate the presence of the reflecting
obstacles!
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What is the difference between music and noise?
Musical sounds are produced by regular
vibrations. Noise is the annoying sound
produced by irregular vibrations. In music,
there is a scale of eight related notes. These
eight notes together are called
octave. The sounds produced by
these notes are different as their
frequencies are different.

Sound and light
We have learnt something about sound and light. Have you found some things
common between them?
Waves – Are they both waves?
Reflection – Do they both reflect?
Speed – Are their speeds the same
in all media? Which is faster?
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8.0 Electricity
Electricity - the mysterious energy
Do you know that there was
electricity even when there was no
life on earth? More than 4,000
million years ago, powerful
lightnings lit up the dark skies.
Lightning is the most dramatic
example of electricity.

8.1 What is electricity?
The Greeks were perhaps the earliest to conduct simple experiments to
understand this mysterious force. Thales conducted a few simple experiments.
He discovered that if a piece of amber was
rubbed with a piece of wool or fur and
brought close to a feather, the feather clung
to the amber. The Greeks called this force
elecktron or amber. The word electricity
comes from this term.

Electricity in and around us
Electricity has been an essential part of our planet.
Lightning results from the electric charges in the clouds.
Observations of the phenomenon of lightning helped
scientists to understand the mysteries of the electric
charge.

Electricity in the animal world
Many aquatic animals have muscles which produce
electric impulses. The electric ray (fish) has muscle
blocks on either side of its head. These ‘live
batteries’ release an electric shock to stun or kill a
victim.
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A shark has nearly 1000 electricity sensitive pits under its
skin, around its head. The pits pick up electric impulses
released from the muscles of fish. The
shark uses its electrical navigation aids
to hunt in darkness.

Electrical impulses in human beings
Electrical impulses constitute the signals sent
by the nerves to the brain. Eyes receive light
rays and turn them into electrical signals.
These signals reach the brain through the
optical nerves. It is the same with the sound we hear. The human
heart is kept beating regularly by electrical signals that spread
through the heart muscles. In fact, our awareness of the
surroundings and our ability to think, respond and move around
all depend upon electric impulses.

8.2 Nature of electricity
To understand the nature of electricity, we must first understand the nature of
atoms. Let us recall that
all objects are made up of atoms.
an atom has a nucleus (with protons and neutrons) with a positive
electrical charge (protons have a positive charge).
electrons surround the nucleus.
electrons have a negative charge.
Normally, the negative and positive charges balance and an
atom is electrically neutral. When this balance is not there,
positive or negative charges are produced.

Are there different types of electricity?
Electricity is of two kinds: Electricity that moves
or electric current and electricity that does not
move or static electricity.
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How is static electricity generated?
Static electricity is generated when one object is rubbed against
another. This creates friction. Friction is the
force that opposes the motion of one object
across another.
When two different objects are rubbed
against each other, the balance between positive and negative
charges gets disturbed.

Friction or rubbing does not create an electric charge
Friction or rubbing merely removes or separates the charge
already present in the material. For example, when a glass
rod is rubbed with a silk cloth, the glass rod gets positively
charged. Clue: When two bodies are rubbed against
each other, both of them get charged, but the charges
are opposite.

Can the amount of static charge be increased?
The charge produced depends upon the amount of friction.
Even in the 18th century, machines had been made to create
charges. Electrostatic generators were developed.
Van de Graff generator

Why do some objects attract each other
while some others repel each other?
Take a plastic scale and rub it with a piece of woollen
cloth. Take another plastic scale and rub
this with another piece of woollen
cloth. Hold the two pieces of woollen
cloth loosely and bring them close to each other.
The two woollen pieces repel each other.
This is because both the pieces of woollen cloth
have got the same type of charge. We can,
therefore, conclude that like charges repel.
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Do all charged objects repel each other?
Now, bring one plastic scale near the piece of woollen
cloth. What do you notice? The plastic
scale and the piece of woollen cloth
are attracted to each other. This is because the plastic scale
and the piece of woollen cloth have opposite charges.
We , therefore, conclude that opposite charges attract each other. The charge
created on a material depends on the material against which it has been rubbed.

Metallic door knob and the mild shock during winter
Let us find out why this happens mostly in winter. There is
always moisture (water vapour) in the air. When there is
more water vapour in the air, the static electric charges leak into the atmosphere
(as water vapour is a conductor of electricity). The content of
moisture is small during winter.
So the air is dry and the electric charges cannot leak
into the atmosphere. The charges, therefore, build on
objects such as metallic knobs. Human beings are good conductors of
electricity. Therefore, the electric charges pass through us when we
touch the door knob.

Can electric charge be stored?
Before 1600, there was no easy or convenient way of storing
electric charge. In 1746, scientists in the Netherlands developed
a simple device to store electric charge. It consisted of a glass
jar. The outside of the jar was coated with metal. The jar had a
tightly fitting lid through which a long metal chain passed.
The charges produced, collected in the jar as they could not
leak away. This was called the Leyden jar, after the place where it was
developed. Leyden jar was a forerunner of the modern day capacitor.

Detecting the presence of electric charges
The presence of electric charges can be detected by an electroscope. An
electroscope has a metal rod. There is a thin folded metal strip (leaf). This
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can be of copper, brass or gold. There is a cup at
Metal cup
the top of the rod. The bottom part of the rod is
enclosed in a glass jar or box.
Metal rod
Electroscope: To make a electroscope, take a wide
Copper / gold
mouthed glass bottle with a tight fitting cork. Hang
folded leaf
a thin strip of aluminium foil at one end of the
copper wire as shown. Close the bottle with the Electroscope
cork and pour some molten wax around the rim to prevent leakage of charges.
Attach a disc-shaped metal foil at the top.

How does an electroscope detect the presence of charges?
Touch the cup at the top of the metal rod with a glass rod or
an ebonite rod. The leaf inside the glass jar remains closed.
Now rub the ebonite rod
with a woollen cloth or fur.
Touch the cup with the
ebonite rod again. Now the leaf opens out
(or diverges). Next, rub the glass rod with a
silk cloth. Again touch the cup. The leaf
opens out again. What can you conclude?

Charging the electroscope by conduction
At first, the ebonite rod and the glass rod had no charge on
them. When they were rubbed, they acquired charge and the
charge passed from the rod, through the metal cup and the
metal rod, to the leaf. Since the charges were the same, the
leaf opened out or repelled. This kind of flowing charges is
called charging by conduction.

Putting electric charges to work
The property of static electricity to repel like
charges and attract unlike charges has been made
use of in many ways. A few examples are: Dry
writing (Xerox) or photocopying, air filter or the
Spray painting
dust eater and spray painting.

Air filter
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Xerox or Dry writing
Xeroxing or xeroxography means dry writing from the Greek words Xeros
meaning dry and graphos meaning writing. The xerox copier is based on
the principle of the attraction of unlike charges.
It has a special selenium coated metal plate mounted on a rotating drum.
The metal plate has a pattern of positive charges. This represents the areas
to be copied.This attracts the negatively charged toner - particles of fine
black powder. The toner pattern (representing the matter on the page being
xeroxed) is transferred to a blank sheet fed into the machine and heat
sealed in place. The xeroxed page comes out of the machine.

8.3 Electricity in the sky
Lightning is an awe-inspiring display of electricity in nature. Lightning
inspired scientists to seek answers to the nature of electricity, its origin and
how it works. The electrical energy of lightning can set trees on flame, destroy
buildings and kill human beings and animals.

What is lightning?
Lightning is caused by the discharge of electrical charges
in the rainbearing clouds. The electrical charges in the
raincloud get separated into positive charges and negative
charges. When the separated charges build up, there is
enough energy for sparks to travel from the lower layers
of the cloud to the ground. The electrical energy in the
clouds is transformed to heat energy, light energy and the sound energy of
thunder. Scientists believe that the energy from lightning was responsible
for triggering the chemical reaction in the inorganic molecules. These
reactions ultimately evolved into the abundance of life forms on earth.

Early efforts to understand the nature of electricity
Benjamin Franklin (1706-1790) was the first to prove that
lightning is actually electricity in the atmosphere. How did
Franklin prove this? He tied a metal key to a kite thread and
flew the kite into low lying rain clouds. When lightning struck,
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the key became hot and electrically charged. The sparks from
the lightning flowed through the kite string.
Based on this “experimental evidence”, he proposed that
electric charge could jump from one object to another,
producing a spark in the process. Franklin also suggested
that lightning conductors could save buildings when
lightning strikes.

Lightning conductor
A lightning bolt is an enormous spark of electric charge jumping from a
thunder cloud to the ground. If lightning hits anything, the object is burnt.
Tall buildings, tall trees are most likely to be hit by lightning. Tall buildings,
therefore, have a long pointed (usually) copper rod fixed on the highest
point of the roof. This pointed rod is called the lightning conductor.
A thick wire running from this rod all along the building is buried in the
ground at the base of the building. When lightning strikes, the high charge
on the lowest layer of the clouds is attracted to the lightning conductor.
The lightning conductor conducts the charge through the copper wire to
the ground leaving the building unharmed.

Unhappy consequence of the lightning experiment
Franklin’s kite experiment was copied by many other scientists investigating
electricity. While Franklin was distinctly lucky not to be harmed in any way,
George Richmann of Russia was not so lucky. In St. Petersburg, Russia,
Richmann held a wire tipped pole high up during a thunderstorm. When
lightning struck the rod, the enormous charge passed through him and he
was killed.

Do not stand under a tree during a thunderstorm
There is electric charge in the atmosphere and the surface of the earth.
The earth’s surface normally has negative charge. During a thunderstorm,
a separation of positive and negative charges takes place in the rain clouds.
The upper part of the cloud gets positively charged. When the difference
of charges between the top layer and bottom layer of the rain cloud is
large, the charges jump from one cloud to another cloud.
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If the clouds are low clouds, the negative charges rush downwards to the
earth as lightning discharge. When they strike a tree, wet wood being a
good conductor (of electricity) the lightning can strike a person standing
under the tree. The lightning discharge can either severely harm or even
kill the person.

8.4 What then, is electric current?
Electric current is charge in motion. What does this mean?
In certain substances (especially in
metals), some of the electrons are able to
move easily. Since electrons carry a
charge, the flow of electrons represents a
flow of electric current. Electrical current is the rate at
which charge flows along a conductor.

Unit of current
The charge carried by an electron is measured in coulombs. The charge on
an electron is 1.6 x 10-19C, where C is the symbol of coulomb.
Electric current is, therefore, measured as the rate at which charge flows
in an electrical circuit. The current in a circuit is
Current (I) = Charge (Q) / time (t)
i.e. I = Q/t
The unit of current is an ampere (A).
The current flowing through a circuit is one ampere when a charge of one
coulomb flows across a point in one second.

Electrical circuit
The symbols used in a circuit diagram are;
+ _

Battery

( ) Key or switch
Bulb
A Ammeter
How is the electric current flowing here?
Electric charge flows from the positive terminal of the cell through the
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conducting wire to the negative terminal of the cell. This path is called an
electrical circuit. An electrical circuit is the path of flow of electricity
from one terminal of a cell (or a source) to the other.

Connecting cells
Cells can be connected in two ways:
_
The positive terminal of one cell is connected to
+
the negative terminal of another cell as shown in
Series connection
figure. A number of cells can
be connected in this manner. This type of connection is
called the series connection. The positive terminal of
+ _
one cell is connected to the positive terminal of another
cell and the negative terminal of the first cell is connected
_
to the negative terminal of the other cell as shown in
+
Parallel connection figure. This connection is called the parallel connection.

Potential difference
Electric current between two points flows only if there is a potential difference
between them. The potential difference between two points in a circuit
(or the terminals of a cell) is given by the volt. It is represented by V.
What is a volt? The potential difference between two points in a circuit is
one volt when one joule of work is done on passing one coulomb of charge
between the two points. The potential difference can be measured using a
voltmeter.

Necessary condition for the flow of current
Water always flows from a higher level (greater potential
energy) to a lower level (lower potential energy). Water
flows only if there is difference in potential energy (only
if there is a gradient or slope).
cell
In a cell, the flow of charge is from a point with a
key
higher potential energy (positive terminal of a cell)
to a point with lower potential energy (negative
terminal of a cell). Similarly, electricity flows from
bulb
its positive terminal to its negative terminal.
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Voltages of some familiar sources of electricity
Torch battery

From 1.5 V to 3 V

Car battery

12 V

Home supply

200 V to 220 V

Underground train

600 V

Power station

25,000 V

Lightning

~100 million volts

8.5 Conductors and insulators
Materials either allow electricity to flow freely through them or hold the
charges on their surface. Those materials that allow electricity to flow freely,
are conductors. Conductors do not store charge. Metals are
conductors. Porcelain is an insulator. Insulators
hold electric charges on their surfaces.
Consequently, insulators do not allow
electricity to flow through them.
Conducting materials are used when we want electricity to flow and
insulators are used to stop the flow.

What happens inside a conductor?
We know that metals are good conductors. A good
conductor has some free electrons. The free electrons
move within the conductor at random. The electrons
do not “flow” in one direction. However, if there is a
difference in voltage between the two ends of a
conductor, the negative electrons are attracted to the
positive end of the conductor and the current flows.
This flow of electrons in the conductor produces current.

Some common conductors and insulators
Conductors: Silver, copper, aluminium, tungsten, calcium, nickel, iron,
chromium and graphite (carbon)
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Insulators: Paraffin, sulfur, mica, glass, rubber, wood, marble, ivory, slate.
Paper is an insulator.

Why is wood not an all-weather insulator?
Normally, wood is a good insulator. However,
when wood is exposed to rain, dew or other
forms of moisture, it can absorb moisture.
Moisture or water can conduct electricity.
Therefore, wood with moisture in it becomes a conductor.
Insulators in high voltage power lines are made
of ceramic or other non-porous materials.
Ceramic insulators are moisture proof and
Ceramic
weather proof.

insulator

Conductors and circuits
Battery or cells do not produce electric current on their own.
Electrons can flow only if they have a place to go to. In
other words, electric charges/current can flow only when
there is a path of conducting material. The destination of
electrons is from one terminal of the source to the other terminal.
Electric current can flow only when the two terminals are connected by a
conductor. The path along which electric current flows is called a circuit.

What makes the electric current flow in a circuit?
Let us find the answer to this by setting up three different circuits.
copper wire

copper
wire
bulb

cell
Fig. 1

bulb

bulb
cell
Fig. 2

cell
rubber band

Fig. 3

For electric current to flow in a circuit,
The path or the circuit must connect the two terminals of the cell.
There must be no break in the circuit.
The entire circuit must be of a conducting material.
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There must not be an insulator in the circuit.
All these conditions are met only in Figure 1. Why does the electric current
not flow in figures 2 & 3?

Resisting the flow of electric charges
Towards the end of the 19th century, scientists knew that there were no perfect
electrical conductors. Georg ohm of Germany (1789 - 1854) showed that
even the best conductor puts up some resistance to the flow of electricity. A
long wire offers more resistance than a short wire of the
same substance. Thin wires offer more
resistance than thick wires. As the
resistance increases, a larger potential
difference is required to push the current through the conductor.
Ohm showed the relationship between the flow of current, the
resistance and the potential difference and stated this as a law.

Ohm’s law
Georg Ohm conducted a number of experiments and based on the results of
his experiment he established the relationship between resistance, potential
difference and current. Ohm stated (in 1826) that the current flowing through
certain conductors is proportional to the potential difference (voltage) across
it, provided there is no change in temperature. This is written as
I (current) = V (voltage) / R (resistance) i.e., I = V/R
This is known as Ohm’s law and it is the basis on which electrical circuit
design is done.

Symbols
Internationally accepted symbols are used to represent information on circuits.
A = ampere
J = joule
a.c = alternating current
p.d. = potential difference
C = coulomb
V = volt
d.c. = direct current
W = watt
e.m.f = electromotive force
F = Farad ( unit of capacitance)
Ω = ohm
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These symbols are used as an international visual language by electrical
engineers, circuit designers and teachers.

8.6 Sources of stored electricity from chemicals
Voltaic cell: The first device developed to produce electricity
continuously. It was developed by Volta in 1796.
Daniell cell: Developed by Daniell in 1836. This cell
gives steady current for longer periods.
Dry cell: Developed by Leclanche in 1860’s. It is
a portable electricity maker.
Secondary cell: Developed by Plante in
1859. This is one of the earliest rechargeable
cells.

Solar cell - future source of captive electricity?
A solar cell is the most remarkable source of
electric current. It converts light energy from
the sun to electrical energy. It is made of two
thin silicon wafers. The two wafers are
connected by a conducting wire. When
sunlight falls on the silicon wafers, electric current flows
through the wire. As it converts sunlight into electricity, it is
called a photovoltaic cell.

Sun and electricity
With the demand for “power” increasing globally we have to look at the sun
as the saviour of the “power” driven world. Power can be generated by using
energy from the sun in two ways.
From the heat of the sun’s rays by using mirrors
to track the sun. The mirrors reflect and focus
the sun’s rays to boil water and drive the
turbines.
From sunlight and not sun’s heat (by photovoltaic effect).
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A solar photovoltaic cell can produce a small amount of
electrical energy. However, a large
number of cells connected to form a solar
panel produces enough electricity to
supply a spacecraft. Photovoltaic
generation of electricity is specially useful in remote villages.

How do solar cells produce electricity?
Solar cells or photovoltaic cells produce electricity from sunlight. Some
materials have the property of converting the sunlight that falls on them
to electricity. A solar cell or photovoltaic cell consists of a thin layer or
wafer of silicon with some arsenic atoms embedded on it. This wafer is
coated with a fine layer of silicon and boron.
Two such wafers are connected by a wire. When sunlight falls on this,
electric current begins to flow in the connecting wire. Here, sunlight
produces an electric potential between the two layers resulting in the flow
of electricity without any need for an electric source.

8.7 Direct current

current

When a battery is connected to a circuit, there is current
flow. The current flow is from one terminal to the other
through the conductor and the flow is (I)
only in one direction. This is compared
DC
to the flow of water in a pipe. Water also
flows only in one direction. Direct current is the steady
time (t)
flow of electric current in the same direction.

Manipulating electricity - Alternating current
Armature
Magnet
Slip ring
Bulb
Wire
Brush

In alternating current, the current flows in one
direction and then in the reverse direction,
alternately. Alternating current is produced by a
special type of generator called the alternator.
It has an armature with two slip rings. A carbon
brush presses on each of them. As the armature
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(I)
current

rotates, the current flows
one way for one half of
the turn of the armature.
The current flows in the
opposite direction as the
armature completes the other half-turn.
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AC
time (t)

Measuring electricity
Check the various bulbs (and other electrical appliances) in your
house. Bulbs may be of the same size. Some are marked 100 watts or
100 W while some others may be marked 60 watts or 60 W. A 100
watt bulb gives off more light than a 60 W bulb. What is a watt?
Power is the rate at which energy is transferred from one point to another.
The unit used to measure power is called a watt (W).
Power(W) = volt (V) x ampere (I)
Kilowatt hour (kWh) is the unit of electrical energy. 1 kWh is the energy
used when an electrical appliance of 1000 W operates for one hour. Household
electrical appliances are marked in terms of this unit.

Electrical energy
Flowing charges or electricity has the ability to do work or has energy. This
form of energy is called electrical energy. Electrical energy can be easily
transformed to the following forms of energy.

Light energy

Kinetic energy

Heat energy

Magnetic energy

It is because of this easy transformation that electrical energy has become the
driving force of the modern world.

The healing touch of electricity
Medical sciences have many uses for electricity to diagnose, treat and cure
illnesses. Electrical pulses are used to treat rheumatism, migraine-headache,
joint pains as well as in serious mental disorders. Some of the medical tools
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used are electrocardiograph, electroencephelograph, CT scanners,
pacemakers, laser tools and scalpels

Electroencephelogram

CT scanner

Scalpels

Pacemaker

Laser tools

The electrocardiograph
Human life depends upon electricity. Tiny “ripples” of electric current
pass from the various organs in the human body to the skin through the
tissues. These ripples can be detected by metal sensors and show up as
waves with different peaks. This was used by Willem
Einthoven (1860 - 1927) to develop an
electrocardiograph in 1900 to monitor the behaviour
Electrocardiograph
of the heart.
About every second, tiny electrical signals spread through the heart muscle
entering and coordinating a heart beat. These signals send echoes through
body tissue to the skin. Electrocardiograph can record the electrical
impulses of the rhythm of the heartbeats as wavy lines called the
electrocardiogram. Electrocardiograph has saved millions of people by
giving a early warning about the state of the heart.

Pacemaker
The heart’s beating rate is controlled by its own pacemaker
- a patch of tissue in the upper right hand wall of the heart.
This pacemaker keeps the heart beating rhythmically.
Sometimes this natural pacemaker becomes faulty and the
electrical conducting tissue that carries electrical impulses
fail. The heart’s rhythm is upset. An artificial pacemaker is put under the
skin or is implanted and is connected to the heart by a long wire.

Electricity can kill
Strong electrical impulses can cause harm or even kill humans and animals
because they are good conductors of electrical impulses. Strong electrical
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impulses can cause a tingling sensation (as
we feel when we touch an electrical appliance
with wet hands), sharp pain (as we feel when
we touch “live” wire), muscle spasms or
burns or even death. Accidental electrocution (death caused
by electricity) can happen at factories, homes or on the streets.

Hazards of electrical shock
Electrical shock is caused by a strong current flowing through our body.
The damage caused to the human body by an electrical shock depends on
the magnitude of current and for how long the current flows through our
body. The effect of an electrical shock can vary from a
tingling sensation to loss of limbs and to even death.
Sometimes when a person accidentally touches a high
tension wire, he/she may lose control over his/her muscle
and may not be able to even release the wire. When an
electric current passes through the heart, the heart muscles lose the rhythm
of contraction. Human body, generally a good conductor of electricity,
becomes an even better conductor when wet.

Night into day at the flick of a switch
Can you imagine that electric light was first used around 1880s? In
1882 Thomas Edison made around 100,000 light bulbs in his factories.
He built electronic meters and devised a switch.

Electric light and Thomas Edison (1847 - 1931)
Thomas Edison is one of the greatest inventors of the
19th century. He had limited schooling. He began his
career as a telegrapher on North American rail roads. He
invented many devices and appliances which people
would find useful. He improved the method of sending Thomas Edison
stock and share prices telephonically between offices in New York. Edison
contributed to the large scale distribution of electricity to factories, offices
and homes. He manufactured light bulbs and all the other components
needed to make it easy for people to use electric lighting at home.
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What hath God wrought!
Communicating with dots and dashes.
Telegraphy or writing at a distance
marked the beginning of communicating
with electricity.
Samuel Morse is regarded as the father
of the telegraph. He used the code of
dots and dashes to represent alphabets
and codes. The first telegraph line was
between Baltimore and Washington in
USA - a distance of 60 km. On 24th May
1844, the first message sent by Morse
was, “What hath God wrought”.

Samuel Morse

Modern Morse code

8.8 Early discoveries using electricity
William Nicholson and Anthony Carlisle discovered that
when electricity was passed through two metal contacts
dipped in water, bubbles of gas appeared around the two
metal contacts. The electric current had split water into
hydrogen and oxygen by a chemical reaction. This was
electrolysis of water. Now electrolysis is used for
electroplating, refining metals (copper),
extracting metals from their
ores (aluminium) and for
making new substances.

Electrolysis of water
William Nicholson (1753 - 1815) and Anthony Carlisle (1768 - 1840) were
conducting experiments similar to Volta’s electricity-making pile. They
noticed bubbles appearing in a drop of water on top of the pile. They passed
electricity through a bowl of water. Bubbles of gas appeared around the metal
contacts. The bubbles at one metal contact were of hydrogen and at the other
contact were of oxygen. The electric current had produced a chemical reaction
splitting water into oxygen and hydrogen. This was electrolysis of water.
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Humphry Davy (1778 - 1829)
Humphry Davy made pure potassium by electrolysis. He made pure sodium
by passing a bigger electric current. He used a roomful (around 2000
batteries) of cells to generate enough electricity to produce potassium and
sodium by electrolysis. Potassium and sodium do not occur on their own
in nature as they combine readily with other substances to form compounds.
When a large electric current was passed through molten potash (potassium
carbonate) in a metal pot, pure potassium collected around the negative
contact. He isolated sodium by passing a bigger current through soda
(sodium carbonate). Humphry Davy was a professor at the Royal
Institution, London. He helped to popularize science by giving science
lectures and demonstrating eye catching experiments.

Turning a nickel spoon into a silver spoon
A solid silver spoon is
Battery
expensive. Therefore, a spoon
is first made of a cheaper metal Silver nitrate solution
(electrolyte)
like nickel. A silver sheet
(silver anode) and the nickel
spoon (nickel cathode) are
Silver sheet
placed in an electroplating tank Nickel spoon
(cathode)
(anode)
containing silver nitrate
solution. An electric current is
passed through the circuit. Slowly, the nickel spoon is transformed into a
silver spoon by electrolysis. This process is called electroplating. It is
extensively used today.

8.9 Producing electricity or power generation
The demand for electricity towards the end of the 19th
century resulted in the building of power stations to
generate electricity. How is electricity or
power generated in power stations?
Most power stations use turbines (spinning
wheels) to turn the generators.
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Future sources of power generation
Upto now, power generation has depended mostly on fossil fuels. But coal,
oil and gas reserves are depleting very rapidly. We have to look for
inexhaustible sources as alternatives.

Wind

Tides

Hot springs

Waves

From the power station to homes and factories
Typically, the generator in a power station produces an alternating current at
25,000 volts.
1. A step-up transformer steps up the
voltage to reduce power loss during
transmission.
2. This high voltage power is
1
2
transmitted through overhead power lines.

4

3

3. A main substation reduces the voltage using a step-down transformer.
4. This voltage is still too high for domestic use. Therefore, smaller substations
reduce it further for use at homes and offices.

Transformer
A transformer is a device that can alter the voltage of an electricity supply
by having different numbers of turns in the primary and secondary winding.
High voltages are more efficient for transmission (or sending) of electricity
over long distances through power cables. Transformers boost or enhance
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voltage for transmission and reduce it at the end that supplies electricity
to homes, offices etc. A transformer works by electromagnetic induction.
It requires an alternating current to operate.

Flow path of electricity at home
The electric cables from a street pole are connected to
the main switchboard. The cable has the live wire,
the neutral wire and the earth wire.
A meter (to record the amount of
electricity used), a main switch and a
main fuse are fixed to the switchboard.
From the main switchboard, wiring is
done to the different parts of the house.
The earth terminal in a plug point is connected to a
thick wire. This wire is buried in the ground. Earthing
protects us from electric shocks.

Importance of earthing
Any electrical appliance usually has a wire which connects the frame of
the appliance to the ground. This wire is called the ground wire or earth
wire. This wire leads any current that may leak through the frame into the
ground. This saves the user from electrical shock.

The importance of a fuse
The fuse wire is made of an alloy of lead and tin. This wire melts at a relatively
low temperature. The wire is mounted in a porcelain holder and is placed in
a the path of the main electric cable and in each sub-unit of the house.
Whenever the voltage increases beyond
Fuse wire
a limit, the fuse wire gets hot and melts.
This breaks the circuit. As a result,
Electric wire
electricity can no longer flow through the
wires and the electric supply is cut off. A Porcelain
fuse must always be placed in the live holder
wire.
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Precautions to be taken while using electricity
We are so accustomed to pressing a switch to use electrical appliances that
we forget that electricity can be dangerous. We must take some basic
precautions to protect ourselves.

Electricity is precious - Do not waste it!
Electricity shortage is a major problem that we are facing today. We can
contribute to minimizing the wastage in our homes. When not needed switch
off the lights and fans, the electric heater, the television and the geyser. Do
not open the refrigerator door too often. Use the ironer sparingly.
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9.0 Magnetism
What is magnetism?
The answer to this question is in the pictures given below.
Magnetism is the property of
some materials to attract
objects made of iron, steel,
nickel and cobalt.
Materials having this property
are called magnets.

9.1 Magnetite, magnetism and magnets
To understand magnetism, we must first understand the properties of magnets.
We all know that magnets attract iron objects - be it a pin or
a nail. You may be surprised to know that this
was known to the Greeks in 800 BC. They
mined the mineral, magnetite, that attracted iron
objects in the province of Magnesia.

Discovery of the magic mineral magnetite
Do you want to know how this magic mineral was discovered accidentally?
Like all fairy tales, it begins long ago. In 800 BC, a shepherd was tending to
his sheep in a village in Greece. One day, when he went over a particular
rock, the nails in his boots and the iron tip of his staff got stuck to the rock.
He reported the matter to the village elders and soon this rock was mined for
its magical properties.

Naming of the magic rock
The Greeks called this rock, a magnet. Some believe that this mineral was
called magnet to honour the place where it was first discovered and mined
(Magnesia). But Pliny believes that it was named magnet after its discoverer
Magnes, the shepherd. Either way, the name magnet has a Greek origin.
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Lodestone or the leading stone
In England, the magnet (magnetite) was known as lodestone
or leading stone. It was called lodestone or leading stone as it
was used to guide mariners. Both the names, magnet and
lodestone, refer to the two important properties of a magnet.
Can you name them?

The earliest use of a magnet
Perhaps the first application of a magnet was in the mariner’s
compass. Some believe that the Chinese were using the
mariner’s compass in the 6th century BC. Some credit its
invention to the Arabs and the Italians.
According to them, the mariner’s compass was introduced
into China only in the 13th century AD. Use of magnets
in the mariner’s compass revolutionised sea voyage and
resulted in the discovery of new lands.

First observations of magnetism of the earth
William Gilbert of England was the official physician of Queen Elizabeth I
of England. He was interested in the behaviour of magnets.
He conducted many experiments and discovered that when
lodestone was heated to very high temperatures, it lost its
magnetic properties but regained the magnetic properties
when it was cooled down. He was the first to recognise that
the spherical earth itself behaved like a magnet.

9.2 Properties of a magnet
Even upto the early 17th century, lodestone was the only natural magnet known.
Scientists soon discovered that a bar of iron could be
magnetized by stroking it in the
same direction, and this piece of
iron acquired the properties of a
magnet.
The stage was set for a systematic study of the properties of a magnet.
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How can you make a needle attract pins?
Bring a needle close to some pins. Observe what happens? The needle
does not attract the pins. Now touch the head of the needle with the north
pole or the south pole of a bar magnet. Keep the needle in that position for
a minute. Now bring the head of the needle to the pins. The needle picks
up the pins. Bring the needle to the pins after some time. What do you
notice? Keeping the needle head in contact with the bar magnet will have
turned the needle into a magnet temporarily and it loses its magnetic
property after sometime.

Magnets: From the magic rock to electromagnets
It has been a long journey from the magnet that atttracted the Greek shepherd’s
staff to the huge electromagnets and superconducting magnets of today. The
journey has taken over 2500 years, from ~800 BC when it was accidentally
discovered to well into the 20th century. Many scientists of many countries
have contributed to the understanding of this amazing force.

What happens to a freely suspended magnet?
Let us find out by doing a simple experiment. Suspend
a thin bar magnet horizontally so that it can rotate
freely. Wait till the magnet
comes to rest and then give it
a gentle push. The bar magnet
comes to rest in a north-south
direction. Now move the
string to a new position to
change the direction of the suspended magnet. Release
the string and observe how the magnet comes to rest.
Design of the mariner’s compass is based on this
property.

North-South orientation of a freely suspended bar magnet
Have you wondered why a freely suspended bar magnet always rests in a
North-South direction? The earth itself behaves like a freely suspended bar
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magnet. When a bar magnet is suspended freely, it is influenced
by the earth’s magnetic field and it seeks the poles of the earth’s
magnet.

Poles of a magnet
Poles of a magnet are similar to the poles of the lodestone Peregrius had
observed in 1239. Let us conduct a simple task to find out how the poles of a
magnet behave.Take two bar magnets. Identify their
north poles and mark them on the magnets. Suspend
one magnet so that it can move freely. Bring the north pole
of the second magnet close to the north pole of the
suspended magnet. Observe what happens. Now bring the
south pole of the second magnet to the
north pole of the suspended magnet.
Observe what happens now.
Repeat the same task by bringing the south pole of the
second magnet to the south pole of the suspended magnet.
What can you conclude? Like poles of magnets repel
each other. Unlike poles attract each other.

Force of attraction or repulsion of a magnet
Force of attraction or repulsion between two magnets
is not the same throughout the magnet.
is strongest at the poles.
depends on the distance between them.
The force of attraction is greater if the magnets are close to each other, and
smaller if they are far from each other.

How can you pick out the permanent magnet from two identical
iron bars?
You need a magnet. Bring the magnet to each of the identical iron bars. In the
case of one of the iron bar, both the tips are attracted by the magnet. Now
bring the magnet to each of the tips of the other iron bar. Here, one of the tips
is attracted while the other tip is repelled. This is the permanent magnet.
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Reason? The ordinary iron bar has no magnetic poles. Therefore, both tips
are attracted to the magnet.
The iron bar which is a permanent magnet has north and south poles. The
north pole of this magnet (iron bar) is attracted to the south pole of the other
magnet but is repelled by the north pole of the magnet. So, it is the repulsion
and not attraction that helps us to identify the magnet.

9.3 Magnetic field of a magnet
Magnetic field is the magnetising force of a magnet.
This force “surrounds” a magnet. It
is strongest near the poles of a
magnet. If a magnetic material (e.g iron filings) is placed
in a magnetic field of a magnet, it is influenced by the
force of the magnetic field.
We can trace the lines of force of the
magnetic field by using a small compass needle and a bar magnet.

What are the magnetic lines of force?
We will try to answer this question by carrying out a simple
activity. Sprinkle iron filings evenly in a thin layer on a sheet
of white paper. Place a magnet under the
paper. Tap the paper gently. Observe
what happens.The iron filings arrange
themselves in definite curved lines. The curved lines
are the magnetic lines of force. The magnetic lines
of force do not intersect each other.

The inseparable pair - the poles of a magnet
The behaviour of the force between the poles of two magnets is similar to the
behaviour of the force between electric charges. But there is one important
difference. Positive and negative electric charges can exist independently.
Magnetic poles of a magnet always exist in pairs. We cannot separate the
two poles of a bar magnet even when we
S
N
N
S cut the bar magnet into a number of pieces.
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Each piece of a bar magnet will have its own north pole and south pole.
Instead of one big bar magnet, we will have many small magnets!

Shape of a magnet
A bar magnet can be rectangular or
circular. It may be shaped like a square
or like a horse shoe. Irrespective of the
shape, each one of them will possess the properties
of a magnet.

Properties of magnets - Summing up
Magnets do not attract all substances.
Like poles of magnets repel each other.
Unlike poles of magnets attract each other.
Magnets can have different shapes.
Magnetic poles are always found in pairs.
A freely suspended magnet always comes to rest
in a north-south position.

N

S

9.4 Magnets and materials
Magnets do not attract all substances to the same extent.
Some substances are attracted strongly by magnets. They are called
ferromagnetic materials. These materials can be magnetic even in the
absence of another magnet.
Some materials are weakly attracted by magnets. They are called
paramagnetic materials. Example: Blood, iron salts. These materials are
not magnets by themselves.
Some materials are repelled by magnets. They are called diamagnetic
substances. Example: Water, paraffin wax, sugar.

What are magnets made of?
Magnetite, the magnetic mineral is an oxide of iron. Magnets may also be
made of pure iron (called soft iron), steel, or an alloy of Al, Co, Ni, Fe,
(ALNICO). ALNICO produces strong magnets. Small magnets made of this
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alloy can lift heavy weights. Permanent magnets cannot be made up of pure
iron. Soft iron can be magnetised easily but it does not retain magnetism for
long.

The inside of a permanent magnet
A permanent bar magnet is made up of a number of small
regions or “domains”. Each
domain acts like a small magnet
Domain and contains atoms with their electrons acting
as little magnets. All the little magnets in a
domain point in the same direction. All the
domains contribute to the strength of the magnet.

Inside of a piece of iron
A piece of iron or any magnetic material also has
domains. In a piece of iron, the domains are
arranged at random. The domains do not point in
the same direction. As a result, the magnetic
properties of the domains cancel out.

Making a magnet of an iron nail
Normally, the domains or the small magnets in the iron
nail point in different directions. However, when a
permanent magnet is brought near the nail, the small
magnets or the domains slowly turn
towards the nearest pole of the permanent
magnet. They arrange themselves in the
same direction and the small magnets now
reinforce each other. The iron nail
behaves like another magnet. The nail
loses its magnetic property once the permanent magnet is
no longer near it.
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From an ordinary iron piece to a permanent magnet
An ordinary piece of iron can be made into a
permanent magnet if the permanent magnet used
is strong enough and by stroking it repeatedly in the same
direction with the permanent magnet. What happens to the
domains in the iron piece now?

Can a permanent magnet lose its magnetic properties?
Even a permanent magnet loses its magnetism if it is hammered or heated to
relatively high temperatures. Can you think of the reason for this?
The magnetic properties of even a permanent magnet is
destroyed if we strike violently with a
hammer, or if it is heated or dropped from
a height repeatedly. Hammering and dropping it from a
height repeatedly destroys the alignment of the domains
or small magnets inside and the magnet gets demagnetised. Similarly, heat
affects the domains inside and they get disoriented in a random fashion and
the permanent magnet is demagnetised.

How to store a permanent magnet?
N

S

S

N

Permanent bar magnets are stored between soft
iron pieces called keepers. They are stored in
pairs and kept in opposite positions. A horse
shoe magnet is kept on a keeper.

The south pole of the earth’s magnet near the geographic north pole?
Magnetic
south pole

Geographic
south pole

Geographic
north pole

“The whole earth is a magnet” - William
Gilbert

The earth behaves like a huge but weak
magnet. It has a magnetic south pole and a
magnetic north pole. However, they do not
coincide with the geographic north and
Magnetic
south poles. In fact, the earth’s magnetic
north pole
south pole is actually near the earth’s
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geographic north pole and its magnetic north pole is near the geographic
south pole. The earth’s geographic north pole is called the True North.
The earth’s magnetic field does not affect our daily life
much. But migrating birds and
some animals use the earth’s
magnetic field to migrate over
long distances.

Earth as a magnet
Sir William Gilbert of England was the first to discover the earth’s
magnetism. He demonstrated that a freely suspended magnet always points
in the north-south direction because of the earth’s magnetism. Later Ampere
proved that the earth’s magnetic field is very weak. The position of the
magnetic poles are not fixed. They can move from their position upto 15
km. The poles reverse their positions approximately every 100,000 years.

9.5 Magnetism from electricity: An accidental discovery
The relationship between magnetism and electricity was
discovered accidentally by Oersted in 1820. Oersted observed
that the needle of a compass moved away
from its N-S (north-south) direction
when it was brought near a currentWire
carrying circuit. Oersted demonstrated that an electric
current produces magnetism. Oersted’s discovery
paved the way for building electric motors and making
electromagnets.

Ampere’s contribution
Ampere (1775 - 1836) conducted further experiments to study
the relationship between magnetism and electricity. He observed
that the deflection of the compass needle
increased with increasing
current and decreased as the
distance from the current
carrying wire increased.
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9.6 Electromagnet - the magic magnet
An electromagnet differs from a permanent magnet. The magnetism of an
electromagnet can be turned on and off. An electromagnet
consists of a piece of iron, called the
core and an insulated metal wire
(usually copper wire) wound around the core.
When the electric current is switched on, the core
acquires the properties of a magnet. When the current is
switched off, it becomes an ordinary piece of iron.

What are electromagnets?
A electromagnet is made by passing electricity through a specially insulated
wire wound around a soft iron core. When an electric current is passed
through the wire, the soft iron core becomes magnetized. It loses its
magnetic property as soon as the flow of current is switched off. The
strength of an electromagnet depends upon the number of coils wound
around the soft iron core, the strength of the current passing through the
coil and the nature of the core material.
The soft iron core makes a stronger electromagnet as it can be magnetized
easily. The polarity of an electromagnet depends upon the direction of the
flow of current. A magnetic compass is used to determine the strength and
polarity of an electromagnet.

Electricity and magnetism
Michael Faraday was the first to generate electricity
by induction. He discovered that when a magnet was
moved in or out of a coil of wire, electricity was
generated. Electromagnetic induction was later used to
generate electricity on a large scale.

Generation of electricity using magnets
A generator consists of a core, conducting wire wound round
the core. This rotates between the poles of a strong magnet. In
large generators, the coil is connected to a turbine, the turbine
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is rotated by falling water or steam. In large power stations, the coils are
huge and heavy. The coils are, therefore, kept stationary and the magnet is
rotated.

The versatile electromagnet
Electromagnets are used
to move heavy iron objects.
to sort metals at scrap yards and recycling plants.
in starters in automobiles.
in telegraphic machines.
in telephones.
in doorbells.
Electromagnets are also used to study sub-atomic particles.

Michael Faraday (1791 - 1867)
Michael Faraday, the son of a blacksmith, was
gifted with extraordinary imagination and
experimental creativity. After merely learning
elementary reading, writing and arithmetic, he
left school and worked as a newspaper boy before
going on to become one of the greatest
experimental scientists of all time. He has left an
indelible mark of achievement in pure and
applied sciences. His contributions to science
span a variety of fields, including chemistry, physics, materials science
and engineering. Faraday’s contributions to science can be broadly
classified under the headings of physics and chemistry. The range and the
number of major breakthroughs accomplished by Faraday are stupendous.
If ever there were Nobel Prizes during Faraday’s time, he could have got
at least five (for electromagnetic induction, laws of electrolysis, magnetism
and Faraday effect, discovery of benzene and the notion of a field).
It was Faraday who coined the words diamagnetism and paramagnetism.
The idea of a field was first conceived of by Michael Faraday. When
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Faraday discovered the dynamo effect, he was asked by the Chancellor of
the Exchequer, “What is the use of this discovery?” Faraday replied, “Sir,
one day you will tax it”.
Faraday was a great builder of instruments and a daring experimentalist.
He demonstrated static electricity by locking himself in a “Faraday cage”,
burnt diamond to show that it was nothing but carbon. Faraday believed
that experiment provided the only way you understand nature.
His last major papers in physics were in 1862 on the influence of a magnetic
field on the spectral lines of sodium, and on the lines of force, and the
concept of a field. Faraday remained a dedicated scientist throughout his
life. He refused important positions since they would get in the way of his
research.
Some of the major contributions of Michael Faraday to physics are:
Electromagnetic rotation
Electromagnetic induction, Acoustic vibrations
Identity of electricity from various sources
Discharge of electricity through evacuated gases (plasma physics)
Electrostatics
Relationship between light, electricity and magnetism; diamagnetism
and paramagnetism, magneto-optics
Gravity and electricity
Time and magnetism,
Influence of a magnetic field on the spectrum of sodium
Lines of force and the notion of a field.
There is no better way of paying tribute to Michael Faraday than by
recounting the words of Rutherford: “The more we study the work of
Faraday with the perspective of time, the more we are impressed by his
unrivalled genius as an experimental and natural philosopher. When we
consider the magnitude and the extent of his discoveries and their influence
on the progress of science and of industry, there is no honour too great to
pay to the memory of Michael Faraday - one of the greatest scientific
discoverers of all time”.
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10.0 The world of energy
Mother’s Love also requires energy!
- Peter Raven
All living beings on earth require different forms of
energy for their birth, growth and to perform various
activities. Without knowing, each and every moment,
we use various forms of energy.

What is energy?
Energy is essential to do any kind of work. Only energy has the capacity
to do work.
Without energy:
You cannot play.
Birds cannot fly.
You cannot ride a bicycle.

A car cannot move.
A dog cannot run.
A rocket cannot lift off.
Energy is required “to do things”.
Energy is the ability to make things happen.
It is the ability to do work.

Flight of a bird and energy
A bird needs energy to fly. This energy comes from the food the bird eats.
The bird uses its muscle energy to flap its wings.
When the bird lands on a treetop or any other place, it will lose its energy
of movement. But the energy is now stored as potential energy and heat
energy in its body. (Some heat is also radiated to the surrounding air).

106

Learning Science

Thomas Young - First to use the term energy?
Thomas Young of England is credited with using the term ‘energy’. Even
Newton did not mention energy when he formulated his laws of motion.
Young stated that a moving object has energy because it can be used to do
work.

Where do we find energy?
Energy is everywhere. It
is inside the earth, in the
violent volcanoes, in the
lightning in the sky, in
the wind, in the sound of
the waves, in the food we
eat. Above all energy is in the sun.

Energy from inside the earth
The energy of hot springs does not come from the
sun. It comes from the heat energy of molten rocks
inside the earth. This heat energy is the result of the
friction of the rocks deep inside the earth rubbing
against each other and the pressure of overlying layers
of rocks.
The inside of the earth is also heated by some
radioactive substances in some of the rocks. This heat
energy is enough to heat homes and to generate
electricity.

Energy of volcanoes
Volcanic activity is due to the intense heat and
pressure inside the earth. The intense heat is due
to the friction caused by movements of the crusts,
rocks rubbing against each other and radioactive
elements present inside the earth. This heat melts
the rocks. The rock melt or magma comes out on
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the surface whenever there is volcanic eruption. The rock melt flowing
above the earth’s surface is called lava. The temperature of the lava can
be between 7000C and 12000C. The main form of energy of the volcanoes
is heat energy. This is accompanied by light energy, sound energy and
steam energy.

Energy from the sun
The faithful sun supplies nearly all of
the natural energy on the earth. The
energy from the sun travels through
approximately 150 million km through
space to the earth as electromagnetic
waves. This form of energy includes
light energy, energy of X-rays, gamma
rays and radio waves. X-rays and gamma rays are harmful to life on earth.
These are prevented by the outer layers of our atmosphere from reaching
the earth.
Heat energy is also radiated from the sun and this energy is responsible
for wind energy and the energy of running water.

Energy from the wind
Trees bend due to the energy of the wind
blowing from the opposite direction. Where
does the wind get its energy from? The sun
heats the earth. Some parts of the earth heat
up more quickly than other parts.
This uneven heating of the earth’s surface
results in differences in air pressure.
Air from high pressure areas move into low pressure areas to equalize the
air pressure. This creates winds. (Wind is the horizontal movement of
air). So, the energy from the wind is indirectly the energy from the sun.
Wind has kinetic energy.
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10.1 Harnessing natural energy
Man has used energy in a variety of ways from ancient times. However, the
industrial revolution changed our energy requirements.

This resulted in our harnessing natural energy to produce other forms of energy.

Energy used in ancient times
Right in the beginning, human beings mostly used their own muscle energy.
Later they learnt to harness animal energy for doing the same tasks. For
example, as far back as 4000 BC, people used their own muscle energy to
plough the fields. But by 2000 BC, ploughs were drawn by horses i.e.
they harnessed the muscle energy of animals. Later they harnessed the
energy from water (~ 600 BC) and wind (~ 3500 BC).

Use of muscle energy in daily life
Grinding grain was one of the major activities of people of the early times.
The earliest method of grinding grain involved placing the grain on a
flatstone called the saddle stone and crushing the grain with another
smaller stone called the rubber. This method is used even today in some
parts of the world to grind spices and small quantities of grain. Mortar
and pestle and the grinding stones are other devices used to grind grain
even today. These also use muscle energy of the human being. In some of
the least developed countries, energy of human beings still push the plough
while ploughing the fields.
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Animal energy and simple machines
Gradually, as their tasks
became more demanding, they
invented simple machines.
These machines made muscle
energy more efficient. A combination
of animal power and simple
machines was used to plough fields,
and to draw water. In many parts of
the world, this form of energy is still
commonly used.

Energy from fire
Discovery of fire was the turning point in man’s
development. Fire was used
to heat the caves by people of
the Stone Age.
for cooking food.
for baking clay objects.
for smelting ores.
for preserving food.

Modern world and the forms of energy
In the modern world, many forms of energy are used to do complex tasks.
Some of them are:

Electrical energy

Energy from coal, petrol and diesel

Steam energy
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10.2 Potential and kinetic energy
Energy of a stationary object

All these have the ability to make things happen. That is, they have energy.
This energy has the potential to do work. In other
words, the objects possess potential energy either
because of their height (or position) or configuration
(stretched/compressed).

How does an object get potential energy?
Let us see how a ball at a height has potential energy.
You are working against gravity using your muscle
energy.
This muscle energy is derived from the energy in
the food you have eaten.

All this energy is stored as potential energy in the ball. A body stores potential
energy whenever it moves in a direction opposite to that of the force acting
upon it. Do you know why a stretched rubber band possesses potential energy?
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Potential energy in a stretched rubber band
When an elastic band is stretched, force
is acting upon it in the direction in which
it is being stretched. The molecules
present in the rubber band are pushed away from each other. This works
against the forces of attraction among the molecules present in the rubber
band. It results in the stretched rubber band storing potential energy.

Nature of potential energy
The true nature of potential energy was understood only in the 19th century.
Scientists conducted simple experiments to understand the nature of potential
energy even in the 17th century.
Willem Gravesande’s experiment
Willem Gravesande (1688-1742) dropped balls of
different masses on soft clay from the same height.
Next, he dropped them from different heights.
Can you predict his findings?
Gravesande found that
the impact made on the
soft clay by the balls
depended on the weight
of the balls and the
height from which the
balls fell. Greater the
weight, bigger is the
impact. Greater the
height, greater is the
impact.
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Storing potential energy
Potential energy can be stored as
muscle energy,
mechanical energy,
or chemical energy.

Release of potential energy or transformation of potential energy
An archer is storing his or her muscle
energy in the pulled bowstring. When
the arrow is released, the arrow moves
forward using the potential energy.
Potential energy is transformed to
kinetic energy, some sound energy
and heat energy.
Potential energy changes to
other forms of energy
The total amount of energy always
remains the same.

What is kinetic energy? Early ideas
Aristotle (384-322 BC) dominated the Greek ideas of matter.
He believed that things moved because of their nature.
Aristotle believed that a bird flew
because its nature was to fly. A stone
fell down because it was heavy.
Aristotle’s ideas of why things moved
survived for nearly 2000 years!
However, Galileo proved Aristotle wrong.

How did Galileo prove Aristotle wrong?
Galileo was the first person to challenge Aristotle’s views. Although Galileo
had not understood completely the idea of potential energy, he conducted a
number of experiments and proved Aristotle wrong. He showed that objects
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fell not because “it was their nature to do so”, but because they were given
energy (potential energy) perhaps by someone lifting them to a height from
which they fell. Galileo’s contribution helped Newton to discover the idea of
gravitational attraction.

Vis viva - the living force or the kinetic energy
By the late 17th century, it was known that all moving
objects had energy of movement. In 1686, Leibniz
(1646-1716), a German mathematician, introduced the
idea of vis viva or the living force. According to
Leibniz, vis viva of an object depended
upon its mass and its speed. The idea of
vis viva was not accepted by many
scientists at that time. But, it paved the
way for understanding the nature of kinetic energy.

Factors influencing kinetic energy
Leibniz correctly identified the two factors that determine the kinetic energy
of an object. Kinetic energy of a body depends upon
the mass of the body,
i.e. kinetic energy α mass of the body
and
the speed at which the body is moving,
i.e. kinetic energy α to the speed.
Which has greater kinetic energy - a cricket
ball or a plastic ball of the same size?

How is kinetic energy transformed?
Let us see what happens
when a ball hits a
stationary rubber ball and
a stationary plasticine ball.
The moving ball makes
the rubber ball roll and
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when it hits the plasticine ball, it comes to rest without moving the plasticine
ball. What happens to the kinetic energy of the ball here?

Energy change
In each of these cases, there
is a change in the form of
energy. When a hammer hits
a nail, the hammer head has
kinetic energy as it hits the nail’s head.
Once the hammer comes to a stop, it does not have any
kinetic energy. Its energy is transferred to the atoms and
molecules of the nail and wood.

10.3 Forms of energy
Energy has many forms. Some of the different forms of energy are:
Muscle energy

Energy from fire
Heat energy
Electrical energy

Can you think of other forms of natural
energy?
Understanding the true nature of
energy and the different forms of Chemical energy
Nuclear energy
energy took many centuries.
Even in the 18th century, scientists thought of heat, light, electricity and
magnetism as “effects”. They had observed that these “effects” could move
from place to place and the particles of these “effects” flowed like a liquid.
The imponderable fluids: Scientists argued that to flow like a liquid, the
particles had to be weightless and possess the ability to penetrate objects.
They also believed that each “effect” had a characteristic fluid. Therefore,
these effects - heat, electricity and magnetism were called the imponderable
fluids.
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Heat energy
Heat from fire is perhaps the oldest form of energy
used by man. But the nature of heat energy was
understood only recently.
Concept of heat energy during the 17th and the 18th centuries
During this period, some
scientists believed that heat was
a fluid and it flowed from hot
bodies to cold bodies. It was
called Caloric. Some others
believed that heat was the
motion of particles present in
the body. James Joule of England conducted a series of experiments to study
the nature of heat. He finally established that heat was a form of energy.

James Prescott Joule (1818 - 1889)
Joule was the son of a brewer. He was greatly interested in conducting
experiments to study heat. He converted a room in his father’s house into
a laboratory. When he was barely 20 years old, he began conducting
experiments to measure the amount of heat given out by various processes.
By studying a waterfall, he even tried to show that heat was produced as
water splashed into the pool below the waterfall. The unit of energy, joules,
was named after him.

Joule’s experiment
Joule conducted experiments to show that electrical energy generated by
mechanical energy in a dynamo also produced heat energy. Joule placed a
box in the middle of a big electromagnet. He fixed a revolving magnet
which turned with great speed inside the box. A glass tube filled with
water enclosed the revolving magnet. He measured the temperature before
and after the experiment. The electromagnet generated an electric current
as it rotated. At the end of the experiment, the temperature of water was
higher.
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Modern concept of heat energy
According to modern concept, heat energy is actually
the kinetic energy of atoms and molecules of matter
moving continuously. The hotter the object, faster is
the motion of the atoms and molecules in the object.

Sources of heat energy
Some of the ways by which heat energy is produced are:

Friction
Chemical reaction

Combustion

What are the other sources of heat energy?

Mechanical action

Energy from steam
Steam energy is a very important source of energy in the industrial world.
Steam energy is essential
for the manufacture of steel.
for oil refining.
for production of chemicals.
to drive turbines.
to convert nuclear energy into mechanical energy.
However, the use of steam energy had humble beginnings.

The story of steam energy
Harnessing the energy of steam to turn the wheels of machines during the
Industrial Revolution marks the turning point in our march towards the
modern world. The efforts to harness steam energy started in the 1st century
AD itself.
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Chronology of development of steam energy:
Hero of Alexandria (100 AD) was perhaps the first to demonstrate the
power of steam
Gravesande built a small model to show that steam could turn wheels.
James Watt designed a steam engine to produce circular motion.
Thomas Newcomen built an engine in 1712 to pump water from mines.
Richard Trevithick invented the high pressure steam engine. He built the
first locomotive in 1804.

Hero of Alexandria (100 AD)
Hero was a Greek engineer from Alexandria. He built a machine to
demonstrate the power of steam. His device consisted of a boiler, a ball
with holes in its two “arms”. The ball was mounted above the boiler on
the arms of a hollow tube. The boiler was heated from below. As water
boiled, the steam was forced out through the hollow tube. As the pressure
built in the ball, the steam escaped from the holes in the arms of the ball.
And the ball turned. The machine, however, was not powerful enough to
do any work. Hero’s machine was a forerunner to steam turbines.

Thomas Newcomen (1663 - 1729)
Thomas Newcomen built the first practical steam engine in 1712. His
steam engine was an “atmospheric” steam engine. An atmospheric steam
engine creates a near vacuum beneath a piston so that the air pressure on
the other side pushes the piston. This is similar to the working of a drinking
straw.
The difference between the two is that in a drinking straw vacuum is created
by sucking the air out, while in an atmospheric steam engine, vacuum is
created by the steam condensed in a cylinder. The air above the piston
pushes with a force equal to the atmospheric pressure. The energy is
transferred to the piston from the millions of air molecules that hit the
piston. Thomas Newcomen’s steam engines pumped water from the bottom
of a coal mine at the rate of 2,000 litres (440 gal) per minute.
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James Watt (1736 - 1819)
James Watt’s steam engine was a boon to the manufacturing industries of
his time. He improved Thomas Newcomen’s steam engine. Newcomen’s
engine wasted heat energy as the cylinder cooled. James Watt improved
the design by making steam to condense away from the cylinder so that
heat of the cylinder was not wasted.
His machine could produce circular motion. This helped the industries to
switch to steam power from water power. The factories no longer needed
to be built by a river and could operate more powerful machines. Watt’s
steam engines were most useful to the textile industry.

Richard Trevithick (1771 - 1837)
Richard Trevithick built the first steam locomotive. Until 1800, all steam
engines were “atmosphere engines”. The boilers used at that time could
not withstand steam at pressures very much higher than the atmospheric
pressure. Trevithick was the first to use high pressure steam. He fabricated
a type of boiler that could withstand high pressure. He built the first steam
locomotive in 1804. Steam was generated by burning a lot of coal.

The versatile steam engines
When we say steam engine, we normally think of
a steam powered railway engine. But steam engine
actually is just a machine that is powered by steam.
The earliest steam engine was used to pump out
water from flooded coal mines. Later, steam
engines replaced water wheels. Factories could then operate bigger machines.
Steam powered coaches were used in London transport.

How does steam energy work?
When steam condenses, it occupies less space than before as steam (a gas)
occupies all available space. The air column above the condensing steam
pushes down to occupy the now empty space. If a piston or a turbine is fixed
between the condensing steam and air column above it, the piston or the
turbine moves. Steam energy was used in a variety of ways in the 18th century.
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Nuclear energy - energy from the atomic nucleus
The tremendous energy of an atom is stored in its nucleus. This energy can
be released in two ways:
By nuclear fusion.
+
By nuclear fission.
proton
neutron
In both the cases, chain reactions set
in. Nuclear chain reactions take place
in the stars as long as their supply of hydrogen lasts.

Nuclear energy and electricity
Electricity can be generated from nuclear energy by the fission reaction. A
nuclear power station has the following parts:

A reactor core

Heat exchanger

Turbines

Electricity from nuclear energy
Electricity is generated by using the energy from the nuclear fission
reaction. All nuclear power stations have a nuclear reactor core, a heat
exchanger and turbines. Nuclear reactions take place in the core.
Nuclear reactions are carefully controlled and “moderators” (materials
which can absorb free neutrons) are inserted into the core to control the
rate of the chain reaction. The heat exchanger takes the heat from the core
to a supply of water. The water is turned into high pressure steam.
Electricity is produced by steam turbines.
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10.4 Stored Energy
Most forms of energy can be stored using the right type of storage device or
machine. Different types of devices/machines store different forms of energy.
Some of the energy storing devices are:

counterweights springs
capacitors
water tanks
batteries
Can you identify the type of energy stored in each of these devices?
Fuels store chemical energy.
Chemical energy can be “ stored”.
Simple electrochemical devices convert the stored
chemical energy to electrical energy.
They may consist of primary cells (non-rechargeable
cells) or secondary cells (rechargeable cells).

Dry cell
This is a primary cell and is non-rechargeable. This is a portable source of
electrical energy and has many applications.
(+)
Metal cap
cathode
Electrolyte:
(a graphite rod)
(Paste of NH4Cl, ZnCl2,
MnO2 and water)
MnO2 + C

Anode:
(-)

(Zinc container)

Such a storage cell can
generate a maximum of 9V.
It is used in many of these devices.
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Lead-acid battery (secondary cell)
In this, a number of cells are connected in series.
(-)
(+)

Cathode:

Anode:
lead rods
Electrolyte: Sulfuric acid

A plate of lead
coated with
lead oxide.

This storage battery can be recharged.
The car battery is a lead-acid battery having six storage cells in series.
e-

e+

Car battery

Hydrogen-oxygen fuel cell
This is a primary cell where the reactants (hydrogen and oxygen) are
continuously replaced as they combine to form water. Power is produced by
the electrochemical conversion of hydrogen and oxygen.
Water
Anode (-) (+) Cathode
Aqueous
electrolyte
H2

O2
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Stored Solar energy
We experience the heat energy and the light energy from the sun everyday.
The sun does not provide energy only for the present. In fact, the sun’s energy
is being stored even today for use millions of years from now!
The sun is responsible for the various forms of stored energy, such as:

Wood energy

Food energy

Biomass energy
(methane gas)

Fuel energy

Food as stored solar energy
Let us see how solar energy is stored as food energy.

Plants capture the light energy from the sun and store it as chemical potential
energy in them. Human beings and animals cannot capture
and convert sun’s light energy directly.
They have to make use of the stored
energy in the plants. Apart from plants,
some organisms such as phytoplankton
also make their own food energy.
Can you name a few plants that are
not autotrophic (do not make their
own food)?
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Plants that do not produce food for themselves
Most plants are autotrophs or self feeding. They make their own food.
However, there are some special plants that obtain energy by eating other
living things. They are called carnivorous plants. They have adaptations
that are used to lure and trap insects. The enzymes produced from various
glands help digest the insects.
Venus flytrap, pitcher plant and sundews, are examples of carnivorous
plants. Bladderworts are also carnivorous plants. The Venus flytrap has
three sensitive hairs on either side of each leaf which snap shut when an
insect visits the leaf. The pitcher plant attracts insects by bright colours
within their pitcher shaped leaves.

Energy from food

All living things move, grow and perform many other activities. Therefore,
all living things require energy. This energy is obtained from the food they
consume.

Energy flow in a food chain
Let us trace the energy in food to its source - the sun.
The storage of food energy begins when some of the
sun’s light energy is captured by autotrophic
organisms. This captured energy is stored in
them as fats, proteins and carbohydrates. Some
of this energy of the herbivorous animals is
passed on to the meat eating
animals. This stored energy is
passed on to humans and animals
that eat the autotrophic plants
and other organisms.
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At each stage, some energy is transformed to heat energy produced by the
living beings.

How do we get energy from food?
The food we eat is burned in our bodies during digestion.
During this process, the chemical energy stored in the food is
released.

carbohydrate
protein
+ energy
fat
Different types of food store and release different amounts of energy. The
amount of energy in food is measured in kilocalories (kcal) or joules.
1000 calories = 1 kcal = 4200 J
Human beings eat and drink energy for a major part of their lives!
What happens to the energy we consume?
Energy is required
for the metabolic changes
that take place in our bodies.
for sending messages to
muscles.
for muscles to work.

for physical activities.
for keeping our bodies warm.
However, our bodies do not use all the energy.
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Different energy requirements
Amount of energy required depends upon the following factors:

Age

Sex

Height and weight

Life style

At what rate do we burn energy?
This depends upon what we are doing.

1.5 kcal/min

2.5 kcal/min

3.8 kcal/min

9.6 kcal/min

Unused energy is stored as fat. Therefore either
control your eating or exercise to burn the excess
energy from the food you consume. A
balanced diet is important to avoid
malnutrition and to provide the energy
required for various activities.

Stored heat energy from the sun

Sun’s heat energy is stored in wood, in coal, in petroleum and in natural gas.
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Coal, petroleum and natural gas are called fossil fuels. Energy from the
sun is stored as potential chemical energy in them.

Fossil fuels
Fossil fuels include coal, petroleum, natural gas, oil shales, asphalt and
tar sands. These materials are of biological origin and occur in the earth’s
crust. They all contain carbon. They were formed from the remains of
organic matter (both of plant and animal remains). Photosynthesis was a
major reason for the formation of the fuels. All fossil fuels can be burned
in air. As a result of this combustion, these fuels produce either heat directly
or can be used to generate electricity.
Today coal, petroleum and natural gas supply more than 90% of all the
energy needs of industrialized nations.

Today’s fuels are of ancient origin
Coal or black gold (buried sunshine), petroleum or rock oil (liquid gold) and
natural gas were all formed millions of years ago. There were two major coal
formation periods in the earth’s history:
The Carboniferous period and the Gondwana period.
Coal seams of India are of the Gondwana period.

Buried Sunshine or coal
The heat energy of coal is actually stored solar energy
from plants. The formation of coal takes millions of
years. The coal we use today was formed 300 million
years ago. During this period much of earth’s surface
was covered with swamps and giant ferns and other
types of plants.
These plants stored solar energy from photosynthesis.
When these plants died, they were buried in layers. Over these layers,
sand and other material were deposited. This process was repeated over
and over again. Under the right conditions of heat and pressure, they turned
into coal.
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Formation of petroleum
The petroleum we use today was formed
millions of years ago when the sun’s energy
was stored in marine organisms like algae and
plankton. When they died, they were buried in
layers of sediment containing sand and salt.
Under right conditions of heat and pressure,
marine bacteria converted the chemicals contained in these organisms into
petroleum and natural gas. The pressure of rock movement inside the earth
caused these rock layers to be folded. The oil and natural gas collected in
the resulting shape.

Natural gas – the cleanest fuel
Natural gas is a mixture of methane and ethane. It is usually found with
petroleum deposits. It accounts for nearly 20% of the energy from fuels
used throughout the world. Also, it is a very important raw material in the
manufacture of many chemical products.

Gondwana period
Gondwana land, according to geologists, was a supercontinent in the
southern hemisphere consisting of South America, Africa, Peninsular India,
Australia and Antarctica. The supercontinent was named Gondwana land
by Edward Suess, an Austrian geologist, after the Gondwana region of
India. This central region of India consisting of Andhra Pradesh, Madhya
Pradesh and Maharashtra was a forested area and was inhabited by tribals.
The coal seams of India were formed during the Gondwana period
approximately 280 million years ago.

Earliest use of fossil fuels
When we think of coal, petroleum or natural gas, we think of coal mines, oil
wells or gas wells. But, the earliest use of these fuels was from collecting
what was available on the surface.
Asphalt, peat and coal from surface deposits.
Oil from surface seepage.
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Oil

Charcoal

Natural gas
Natural gas coming from surface vents.
Asphalt was used as fuel as far back as 6000 BC in the Middle East. Natural
gas was used before 1000 BC.

Peat: the first stage in the formation of coal
Peat is an organic fuel found in temperate regions with high humidity. It is
formed by the partial decomposition of vegetable remains in wet
conditions. Vast peat beds are found in Europe, North America and northern
Asia. Peat is used as a fuel source only where coal is not easily available.
Peat formation and deposition is the first step in the formation of coal.
During the carboniferous period (~300 million years ago), humid conditions,
giant tropical ferns and trees created large swamps. As the plants died and
fell into the swamps, they decomposed only partially as oxygen supply
was less and bacteria were killed. This vegetation changed to peat.

Today’s coal from ancient forests
The story of coal formation: About 300 million years ago,
the earth was covered with giant ferns and swamps. These ferns
and plants stored energy from the sun. When the plants died,
they were buried in layers.
Over these layers mud and
Earth’s surface
Solar energy stored in dead plants clay were also deposited.
Due to heat and pressure,
Clay
the buried layers of dead
Sand
Peat (first stage of coal) obtained plants slowly turned into
from compressed dead plants
layers of coal. This
Clay
process took millions of
Sand
years!
Coal
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Gifts of marine algae and plankton - petroleum and natural gas
The story of the formation of petroleum and natural gas is very
similar to the story of coal formation. But the story begins in
the seas. Millions of years ago marine algae and plankton stored
the sun’s energy in them.
When they died, instead of decaying they were
buried in layers of salt, mud and sand. When the
conditions were right (under pressure and heat)
the marine bacteria converted these into petroleum
and natural gas. Petroleum and gas deposits are
found only in sedimentary rocks. Why?

Fossil fuels as energy sources in the modern world
Coal, oil and natural gas are the energy sources driving
the modern world.
We forget that
fossil fuels take
billions of years to form. Once burnt, they
cannot be used again. The gases released
when fossil fuels are burnt, pollute the atmosphere.

The unequal distribution of energy consumption
USA uses about 1/3 of the total
energy available globally. But
the population of USA is only
1/10 of the world population. In
most developed countries, fossil fuels are the energy sources.

Energy divide in the developing countries
In the developing countries, there is a big divide between the urban and the
rural areas in the amount of energy consumed. Even today, mostly wood
energy is used in our villages. Only some villages enjoy the benefits of
electrical energy.
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Unchecked burning of fossil fuels – at what cost?
The earth was like a large container with a
tap receiving the sun’s stored energy (coal,
petroleum and natural gas). There was very
little outflow till the late 19th century as
the tap was not fully opened. But since the
1950’s, the tap is almost fully open but the
inflow is not even a trickle.

How long will the fossil fuels last?

coal

The earth’s stored energy is mostly fossil fuels.
Even as more reserves of these fuels are being
natural gas
discovered, the consumption of these fuels is
petroleum
increasing alarmingly. If we continue to use these
fuels as we do now, this is what is in store for us. 240 years 50 years 40 years

What are we doing to Gaia?
James Lovelock, a British scientist compared the earth and all life on the
earth to a giant organism. He named this giant organism Gaia, after the
Greek goddess of earth. According to Lovelock, Gaia has been maintaining
ideal conditions on earth for milions of years for life to flourish. But now
our indiscriminate use of energy is affecting the delicate balance between
land, sea and air. This is throwing Gaia or the earth off balance.

10.5 Transformation and conservation of energy
The conservation of natural forces
Hermann von Helmholtz (1821 – 1894) was the
first scientist to explain the
conservation of energy. He stated
that all natural forces were either
living (vis viva) or tensional and
that they could be converted from
Tensional
one to the other.

Living
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The conservation of energy
By the 1840’s, scientists accepted that “forces of nature” (as energy was
known at that time) could change from one form to another. Oersted and
Faraday had demonstrated this by their experiments on electricity and
magnetism.
James Prescott Joule conducted a number of experiments and proved that
energy could not be created or destroyed. It could only change form. This
is known as the conservation of energy.

Energy conversion - how does it take place?
Energy conversion cannot take place without a device
to convert one form of energy to another. Some
examples of the devices are:
Water wheel - kinetic energy of falling
water to mechanical energy.
Gas turbine: steam energy to mechanical
energy.
Machine: mechanical energy to electrical
energy.
Windmill: wind energy to
mechanical energy.
Internal combustion engine: heat
energy to electrical energy.
Bulb: electrical energy to light energy and heat energy.
Solar panel: light energy to electrical energy.
Other examples of energy change

Kinetic energy
of falling water

Electrical energy

Light energy
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Perpetual motion machine
If energy can neither be created nor destroyed, and can only be transformed
from one form to another, can we build a perpetual machine?
It is not possible for any machine to work forever because some of the energy
is always lost as heat energy during the energy change. Many people tried to
build perpetual motion machines in the 19th century and failed.

Ice cubes in hot coffee
We all know that when ice cubes are placed in hot coffee or
tea, the ice cubes melt and the coffee or tea becomes cold.
Why does coffee or tea not become ice at the same time?
Ice cubes melt because some of the heat energy in the coffee
or the tea passes on to them. Heat energy always passes from a hotter body to
a colder body. Not enough heat is taken away from hot tea or coffee for it to
change to a solid.
If heat energy always passes from a hot object to a cold object, why does
water become ice in a refrigerator?
A refrigerator changes hot objects to cold objects. It is an example of heat
energy passing from a cold object to a hot object. It is possible to do this by
supplying a large amount of energy. This is supplied by the energy used in
running the refrigeration process.

Why do ice cubes melt in hot tea or coffee?
Let us understand this in terms of kinetic energy. The water
molecules that make up an ice cube have less kinetic energy
than the molecules of hot water (or coffee). Molecules of hot
water move around randomly because of their greater kinetic
energy. Sometimes they bump into the molecules at the edge of ice cubes and
transfer some of their kinetic energy to them. This transfer of kinetic energy
continues until the energy is shared between all the molecules.
The molecules of ice get enough kinetic energy to break free of each other
and they become liquid molecules. In the meantime, the molecules of hot
water slow down as they lose some energy. As a result, they will become
cooler. Finally, the whole mixture will have the same temperature.
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Examples of conversion of heat energy to other forms of energy
Heat energy can be transformed to

Light energy

Mechanical energy Sound and Electrical energy Wind energy
light energy

The reverse change is also possible.
Examples of energy conversion to heat energy

Electrical energy
to heat energy

Chemical energy
to heat energy

Mechanical energy
to heat energy

10.6 Measuring energy
Energy is measured by the work done resulting in
motion, in change in position, or in
change of configuration.

Different ways of measuring energy
Energy can be measured in different units. For example,
Heat energy is measured in calories.
Food energy is measured in kilocalories.
Power is measured in watts.
Engine power is measured in horse power. Power is the
rate at which the energy is changed.

Horse Power
The horse has been the source of energy for transportation through the
centuries. Horse drawn chariots were used for hunting and racing. Groups of
horses were used to pull stage coaches.
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Stage coach was a means of transportation across the United States of America
during the 18th century. It was James Watt who used the power of one
horse as the unit for measuring the power of a machine.

Joule, Calorie, watt and kilocalorie - What do they mean?
The international unit of energy is joule (J). One kilojoule (kJ) is one thousand
joules. The amount of heat required to raise the temperature of 1 gram of
water by 10C is called calorie. A Calorie (or kilocalorie) is the amount of
heat required to raise the temperature of 1 kg of water by 10C.
1 watt (W) is 1 J of energy transferred per second. You use a 1 kW iron for
an hour to iron your clothes. How much electrical energy is used?

Example of energy change
The mango on the tree has 1 J
potential energy. Its weight is
100 g. As it falls down, 1 J of
potential energy changes to
kinetic energy. When the
mango hits the ground, 1 J of potential energy is changed to
1 J of heat energy and sound energy.

Common examples of energy change
Energy change takes place around us all the time. A 100 W electric
bulb changes 100 J of electrical energy into heat and light every second.
If one litre of petrol is burnt completely, it
releases 40 million J of heat energy. A fuel efficient
car uses ~ 6 litres to cover 100 kms. But it uses only
1/3 of the energy of petrol to turn the wheels.

Tracing the energy transformation in the head of a matchstick
A matchstick head stores energy of various chemicals (or
chemical energy). When the match head is
struck against a rough surface (using the
muscle energy of the person), the molecules
of the chemicals in the match head are rearranged.
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The molecules ignite (catch fire) due to the
match head striking against the rough surface.
Heat energy and light energy are released
accompanied by sound energy.
How is energy transformed in a mechanical clock?

Mechanical clock - an example of energy transformation
When a mechanical clock is wound, it stores the muscle energy of the person
winding it as potential energy. The potential energy is released as the spring
unwinds slowly. The potential energy is transformed to kinetic energy (the
movements of the hands of the clock). A small amount of the potential energy
is also transformed to sound energy (ticking sound) and heat energy.

Energy and work
Energy is the ability to do work. We use energy to do work but the type of
work done differs. In the following three examples work is being done.

Mechanical work
What type of work?
Physical work
Now do you understand why you feel hungry when you study?

How do we know how much work is done?
1m
20 kg

1m
20 kg

30 kg

30 kg

Here, the force required to push the 30 kg box to a distance of 1 metre is more.
The force required to push the
20 kg box to a distance of 2 metres
2m
is greater.
20 kg
20 kg
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Therefore, the mechanical work done depends upon the magnitude of the
force applied and the distance the object moves.

Work done by a rolling cylinder or mechanical work done by
kinetic energy
Make a ramp with a thick book. Place a match
box at the bottom of the ramp. Take an empty
tin and roll it
down from the
middle of the ramp. Note the distance the
match box moves. Next roll the tin from the
top of the ramp.
Again note the distance the
match box moves.
Fill the tin with sand. Repeat
the experiment. What can you
conclude?

10.7 The myth and reality of the origin of energy
Universe: the ultimate source of energy
The sun, the source of almost all forms of natural energy,
is part of the universe. How did the ultimate source of
energy begin?
According to a Hindu legend, when
God Vishnu opens His eyes and dreams,
His dream becomes a universe.
According to the well-accepted theory of the origin of the
universe, the universe came out of a single point containing all energy
~15,000 million years ago. It is believed that this single point of energy
exploded with a Big Bang and the universe was created.

Sources of natural energy
All forms of natural energy can be traced to
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nuclear fusion taking place in the core of the sun.
rotation of the earth on its axis.
revolution of the earth around the sun.
revolution of the moon around the
earth.
radioactivity of some elements present in the interior of the earth.
These sources are called the primary sources of energy.

Inexhaustible or recurring sources of energy
Some forms of energy are continuously being transformed from the primary
sources. They are:
solar energy from the nuclear fusion in the sun.
wind energy from solar energy.
energy of running water from solar energy.
energy of the tides from the motions of the
earth and the moon.
geothermal energy from the internal heat of the earth.

Geothermal energy
Geothermal energy flows form the hot interiors of the earth to the surface.
This energy is lost slowly by radiation. It is not yet possible to harness
these energy sites because the earth is a poor thermal conductor.
However, in Italy and Iceland, geothermal energy of hot springs has been
harnessed. In Reykjavik, Iceland, hot water from geothermal wells is used
to heat buildings. The most famous wells of natural steam are in Lardenello,
Italy. Here wells are drilled 610 m to produce superheated steam at great
pressure. The steam generates electricity by driving the turbines. Many
important chemicals are also recovered from the condensed water.

Energy of running water
As the sun warms the water bodies of the earth, some of the water
evaporates or water is converted into water vapour. This water vapour,
being light, rises high into the atmosphere. There it condenses on tiny
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particles of dust and forms clouds. As the water droplets in the clouds
become heavy, they fall down as rain. The rain water gathers into fast
moving streams and rivers. The running water has kinetic energy and
potential energy whenever it falls from a height. Thus the energy of running
water is originally from the sun.
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Energy from food
All the energy for our activities is provided by the food we eat. The
chemical energy stored in food is released by a complicated process of
conversion of food into carbohydrates, proteins and fats in the digestive
system and by cellular respiration.
Once the food is processed in the stomach and intestines, it is absorbed by
the cells. Energy is released by the complicated oxidation reaction in the
cells. Oxygen required for this reaction is supplied by blood.

Energy from waves
Wind energy disturbs the water surface of ocean, seas and large lakes and
causes waves. Some of the kinetic energy of the wind is passed out of the
waves. Stephen Salter, a British engineer, designed “Salter Duck” to use
the kinetic energy of the waves to generate electricity. The beaks of the
Salter Ducks nod up and down as the waves hit them. This motion drives
pumps to push a generator (and produce electricity).
A number of Salter Ducks are attached together and floated in a line so
that their beaks face the incoming waves. Salter Ducks harness one third
of the energy of the waves. But it is not very practical to use them on a
large scale.

How is the sun’s energy reaching the earth distributed?
0.1%

45% is used to heat the earth’s crust and waters of
the oceans.
33%
33% is reflected back to space through dust
21.9%
particles and clouds.
45%
~21.9% is consumed in the evaporation process
of the water cycle.
0.1% drives winds, waves, ocean currents and out of this 0.03% is used for
photosynthesis. This minute amount of energy from the sun is responsible
for life on earth.
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“All flesh is grass” - Prophet Isaiah, 8th century BC
Using light energy from the sun and
chlorophyll or the `green blood’ acting
as the conveyer of light energy, plants
convert the inactive inorganic
compounds, CO2 and H2O into the
organic compound, glucose (C6H12O6),
by the chemical transformation called
photosynthesis.
Photosynthesis is the reverse of
combustion and respiration.
It is expressed as
6CO2 + 6H2O + light energy

Light
energy

O2

CO2

C6H12O6 +

6O2

Unraveling the actual mechanism of this conversion holds the key to
man’s future needs of food and energy.

Is sun the answer to our problems?
Solar energy can be harnessed in a variety of ways. Heat
energy can be produced by using solar panels. Heat energy
can be stored in solar ponds. Electrical energy can be
produced by harnessing solar energy. Did you know that a
printing press was operated by solar energy in 1822?

Solar energy and the printing press
Abel Pifre, a French engineer, invented a solar printing press and
demonstrated its working in Paris in 1882. On that day, his press printed
more than 2000 copies of Soleil - Journal or Sun Journal (a special
publication about his press). Pifre’s solar press had a concave mirror of
3.5 m diameter. This was focussed into a boiler containing water.
The sunlight shining into the concave mirror heated the water in the boiler.
This, in turn produced steam in the boiler. This steam, powered an engine
that provided energy for the printing press.
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Electricity from sunlight - a dream or reality?
It is possible to convert sunlight to electricity by using
special photoelectric cells containing silicon. A
photovoltaic cell produces only a small amount of
electrical energy when sunlight hits the
chemicals in a solar cell. But when a large
number of photoelectric cells are connected to
form a panel, it generates enough electricity to
keep a satellite in orbit.
A panel of photovoltaic cells is used to operate
traffic signals and for lighting purposes in villages.

10.8 Energy in the service of man
We use energy for a variety of purposes in our daily life.

At home For communication For medical diagnosis
and treatment

For transportation

Energy and communication
Energy is required both to create a message and to send it. Communication
can be verbal or non-verbal.
Example of non-verbal communication.
When you wave your hand to your
friend, you are using muscle energy.
Light energy transmits the image of
the wave of your hand to your friend.
Your friend waves back. Light energy
transmits the image of the wave of
your friend’s hand to you.
The sound energy of the greeting is lost in the
noise. Your muscle energy and the sound energy
are from the food energy you consume.
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We have used a variety of energy sources through the centuries to
communicate. Some of the early sources are shown below:

smoke signals fire signals sound signals trained pigeons
(sound of drums)

runners

Can you identify the different types of energy used in each of these?

Electrical energy and communication
Communicating over long distances was not possible with
the available sources of energy for many centuries.
Discoveries that revolutionized communication: The
Telegraph, Telephone, Radio waves, Microwave
communication, Satellite communication.

Electromagnetic wave energy to send signals was first used in 1890.

Communication using radio waves
Hertz discovered electromagnetic waves.
Guglielmo Marconi (1874 - 1937) of Italy
was the first to use radio waves for
communication.
Marconi transmitted a signal from Cornwall
in UK to Newfoundland, a distance of
3,300 km. Morse used a code to transmit
messages. Morse, Marconi and
Marconi
Graham Bell changed the way people communicated.
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Alexander Graham Bell
Alexander Graham Bell (1847 - 1922), worked hard to
build an instrument that would convert the vibrations of
the human voice into electrical signals, send the electrical
signals over long distances and decode at the other end
into voice signals again. He succeeded in his efforts and
patented his invention in 1876.

Bell

Morse code
Samuel Morse developed the telegraph - (telegraphy means
writing at a distance). He devised electromagnetic
transmitters and receivers. He was the first to use the code
of dots and dashes to represent alphabets. Morse’s
permanent telegraph line between Baltimore and Washington
Morse
in USA (a distance of 60 km) opened on 24th May 1844.
The first message sent by Morse was “What hath God wrought!”

Transportation and energy
For centuries, people have moved from place to place using many forms of
energy. The earliest forms of energy used were the following:

muscle energy

animal energy

wind energy

energy of
running water

Even today muscle energy and animal energy are used to transport men and
materials in difficult and inaccessible places in many countries.
From horses and bullocks to steam and gasoline
Discovery of steam energy and the energy from the fossil fuels changed the
transportation scene.
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From the snail to the racing cars
The fancy cars whizzing by had humble
beginnings. The development of the internal
combustion engine ushered in the age of
automobiles.
Siegfried Marcus of Austria built the first car in 1875. It had
a top speed of 6 km per hour! Karl Benz of
Germany made the first modern car in 1896.
Nikolaus Otto of Germany was the first to
sell a four stroke engine.
Otto
Henry Ford of USA was the first to market
cars on a mass scale. The power of an automobile is measured
in horse power.

Energy for the magnificent flying machines

Benz

Ford

Energy is needed for getting into air and staying up there.
At first, some people tried to fly by attaching wings to
themselves. These attempts were bound to fail.
Steam powered engines were also not the answer. The
energy of internal combustion engine was used by
Wright brothers for the first powered flight. Energy
produced by the jet engines lift large airliners off the
ground and keep them in the air.

Wright brothers - inventors and pioneers
Orville Wright and Wilbur Wright, popularly known as Wright brothers,
were the first to achieve powered and controlled airplane flight. The Wright
brothers were gifted with outstanding mechanical skills. They achieved
the final conquest of the air.
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It was after observing how the buzzards (vultures)
controlled their movement in roll and also kept their
balance in air, the Wright brothers realized that in order
to fly successfully, an airplane must be able, like a bird,
to bank to one side or the other, to climb or descend and
to perform them simultaneously if the necessity arose.
Based on these principles, they built their flying machines.
To do this, they had to design and construct efficient propellers and design
and perfect a suitable engine as the automobile engines then available
were too heavy. The first powered, sustained and contracted flight was
achieved in 1903.

Energy for space travel
To lift a space shuttle off the ground and place it in orbit requires
a tremendous amount of energy. The lift off is achieved by the
energy produced by the rocket. The rocket burns large amounts
of fuel to produce the energy required to escape the earth’s
gravity. What are the other forms of energy that accompany
the space shuttle’s lift off?

10.9 Renewable energy sources - Future options
What are our future options?
The possible solutions are: biomass conversion, directly harnessing and
harvesting non-conventional sources of energy.

Bioconversion
C6H12O6
Sugarcane

C2H5OH
Ethanol or ethyl alcohol

Ethanol + Petrol
Gasol (automobile fuel)
Gasol is a environment friendly fuel. Brazil is the leading
producer and user of this alternate automobile fuel.

Brazil
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Other countries engaged in bioconversion are:

USA - Corn

Australia - Cassava

New Zealand - Beet

What are the advantages of bioconversion of sugarcane, maize,
sorghum to gasol?
The advantages of bioconversion are:

Saving of
foreign exchange

Generation of
employment

Support to domestic industry Environment
friendly fuel
and technology

What are the major disadvantages of bioconversion?
The major disadvantages are:
use of food crops for bioconversion.
possible change in land use pattern.
fall in food crop production for consumption as food.
high cost.
not sufficient for large-scale use in cities and industries.

Wealth from waste
Conversion of organic waste to energy or to organic fertilizers is an example
of creating “wealth from waste”. Ethanol production from sugarcane,
cassava, corn or beet uses food crops. Conversion of biowaste, on the other
hand, offers an alternative means for the production of energy. This can be
done by using a simple digester.
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Digester or biogas plant
In a digester or biogas plant,
energy is produced from the
`digestion’ of waste.
Chemical reactions in the
digester produces methane
and nitrogen-rich solid
residue. This solid residue
can be used as a fertilizer.

Organic
waste
Digester

methane
nitrogen-rich
solid residue

Advantages of biomass conversion are:
it needs only simple technology
biogas plant can be set up easily.
raw material required is waste material.

The hydrogen tree
The clue for splitting
Photons
water using photons
to produce hydrogen CO2
as a source of energy.
CO2 + H2O
Many types of
swollen plant tissues
(COH2) + O2
(gall) are formed in
H2O
gall
plants by insects and
bacteria.
(COH2) + H2O
The hydrogen tree
differs from the
water
CO2 + 2H2
natural process in one
significant way.
Central storage tank
Can you identify the difference? In the
hydrogen tree, the liberated hydrogen is piped to a central storage tank!
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Energy scenario of the future
While biomass conversion and harnessing energy directly from
nonconventional sources may solve the energy crisis to some extent, the
depleting supply of hydrocarbons remains a major problem of our times.
Gas hydrates: the future source of hydrocarbons?
It is necessary to identify new sources of hydrocarbons. The most likely source
is the ocean floor. It is now known that millions of tonnes of gas hydrates
are found on the ocean floor (1 km or below). Methane gas under high
pressure occurs as gas hydrates on the
ocean floor. If appropriate technology can
be developed to excavate and exploit these
reserves, hydrocarbon needs may be solved
for centuries to come. It is believed that
there are rich deposits of gas hydrates near
the Indian coast. May be this is a solution
for our future needs.

Conservation of energy - another option?
Energy from renewable energy sources is still not possible on a large scale.
The fossil fuel reserves are also getting exhausted at an alarming rate. The
obvious choice before us, therefore, is to use less energy. By conserving
energy, we can make fossil fuels last longer and give more time for developing
the technology to harness renewable sources of energy. How can we do this?

Your role in the conservation of energy
Use public transport.
Use fluorescent bulbs instead of filament bulbs.
Recycle paper, plastic glass etc. It costs energy
to make things.
Use wood chips and wood shavings instead of logs.
Switch off lights, fans, boilers when not needed.
Make logs out of newspaper and use them.
Above all educate others about the need to conserve energy, for energy
saved is energy produced.

