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He is…

The philosopher of present who thinks about future

A tireless traveler travels to reveal the secrets of the nature

His hands…His hands…His hands…His hands…His hands…

Reaches to hug beyond the horizon

Tries to reach even the other side of the endless sky

His looks…His looks…His looks…His looks…His looks…

Penetrate through the deep oceans

And breaks through the invisible nucleus of an atom

His foot…His foot…His foot…His foot…His foot…

Thought to spread over nautical miles just within a short period

It shrinks to a nanometer and travels as fast as light

His heart…His heart…His heart…His heart…His heart…

While vibrates rhythmically on violin strings one side

The other side explores the wonders of virus

Leading to discover the biodiversity

His soul…His soul…His soul…His soul…His soul…

Wondering with you and me at the same time

It creates the novelty in relationship

He is an ideal servant of nature since ancient ages

And inspires of all the time

Sacrifice the life for the welfare of the human kind

Through his inventions and discoveries

Enlightens the lives through science

His is nothing but…

The Kepler… The Jenner… The Raman…

The Scientist

INSPIRE AWARDS

Inspire is a National level programme to strengthen the roots of
our traditional and technological development.

The major aims of Innovations in Science Pursuit for Inspired
Research (INSPIRE) programme are...

• Attract intelligent students towards sciences

• Identifying intelligent students and encourage them to study science from early age

• Develop complex human resources to promote scientific, technological development
and research

Inspire is a competitive examination. It is an innovative programme to make younger
generation learn science interestingly. In 11th five year plan nearly Ten Lakhs of students
were selected during 12th five year plan (2012-17) Twenty Lakhs of students will be selected
under this programme.

Two students from each high school (One student from 6 - 8 classes and one from 9 -
10 classes) and one student from each upper primary school are selected for this award.

Each selected student is awarded with Rs. 5000/-. One should utilize 50% of amount
for making project or model remaining for display at district level Inspire programme.
Selected students will be sent to State level as well as National level.

Participate in Inspire programme - Develop our country.
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You may have heard the phrases like

‘what is the matter?' "The Matter was

closed". Have you ever wondered what this

‘matter’ is? Meaning of this term is very

different for scientists that of from a

common man.

We have read about metals, non-

metals; synthetic and natural materials,

acids and bases etc., in previous classes.

These are all examples of ‘matter’.

All the things around us which exist in

a variety of shapes, sizes and texture are

also examples of ‘matter’.

The water we drink is a matter.

Similarly our food, clothes and various

things that we use in our day to day life,

the air we breathe, even our body etc., are

examples of matter.

In a simple way anything in this world

that occupies space and has mass is

considered as matter.

States of matter

In previous classes, you learnt that

water can exist either as a solid (ice), as a

liquid or as a gas (water vapour).

Chapter

 
MATTER AROUND US

We say that solids, liquids and gases are

three different states of matter. Water can

be found in all these states.

 Is there any substance which can be

found in three states like water?

Now let us look carefully at different

objects which we find around us. We can

classify most of them, quite easily into one

of the three states of matter.

For example, you can say that wood and

coal are solids and petrol is a liquid.

Milk also is a liquid like petrol. But the

properties of petrol and milk are quite

different from each other.

 What are the properties that lead us to

consider petrol or milk as liquids?

Let us do some activities to understand

the properties of solids, liquids and gases.

Properties of solids, liquids and

gases

 Do solids have definite shape and fixed

volume?

If we take two solid objects, say a pen

and a book, and put them in different

containers, do you find any change in their
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shape or volume? Imagine dropping a book

on the floor. It does not flow but remains

rigid with a definite shape, distinct

boundaries and a fixed volume. This shows

that solids have a definite shape, a fixed

volume.

Activity-1

Identifying the shape and volume

of liquids

For doing this activity, we need a

measuring jar (cylinder) and containers of

different shapes as shown in figure 1.

Note: It is not compulsory to collect

same containers as shown in figure 1. You

can collect the containers of different

shapes available to you.

You also need some liquids like water

oil and milk.

Take some water in one of the container

using measuring jar. Examine shape of

water in the container. Pour the same water

in another container and have a look at the

shape, again. Repeat the process till you

complete pouring of water in all containers.

 What is the shape of the water in

different containers?

 Is it same in all cases?

 What shape does water take if it spill

on the floor?

Take 50ml of water with the measuring

jar and pour it in glass. Mark the level of

water on the glass and throw it out.

Now measure 50 mL of the milk with

measuring jar and pour it in the same glass.

Mark the level of the milk on it.

 Are the levels of water and milk same?

Remove the milk from the glass. Now

pour oil into the glass up to the level marked

for water.

 Can you guess volume of  oil?

This activity may seem very simple but

we observe two important properties of

liquids from this activity.

One, the shape of the liquid depends

on the shape of the container and second

though liquid takes different shapes

depending on the shape of the container its

volume remains same. Liquids can flow

easily from one container to another.  They

are also called fluids.

 Can you tell, what does a fluid mean?

Look up in a dictionary of science to

get its meaning.

 So liquids have no fixed shape but have

a fixed volume.

Fig -1 Diffrent shapes of liquid of same

volume
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Activity-2

Do the gases have a definite shape

and a fixed volume ?

You know about CNG (Compressed

Natural Gas). Go to a petrol pump and ask

them where they store CNG. Also see

where CNG is stored in a CNG run vehicle.

Lastly see how CNG from the pump is

transferred to vehicles.

 Does CNG has a fixed volume?

 Does CNG has a definite shape?

From the observations in the above

activity and with our daily life experiences,

we can find that CNG and all other gases

neither have a fixed shape nor volume.

Compressibility

Activity-3

Observing the compressibility of

different materials

Take a 100ml syringe.

Draw the piston to suck in air. Place

your finger on the nozzle and press.

Observe depth of piston moved into

syringe. Is it easy or hard to press?

 Do you find any change in volume of

air  in the syringe?

Now fill water in the syringe and do the

press the piston as said above.

 Is it easier to press the syringe with

water or air.

Now take a piece of wood and press it

with your thumb.Fig - 3 CNG gas filling station

Fig - 4 CNG tank at petrol pump

Fig - 2 CNG cylinder in a car

Fig - 5
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 What do  you observe when you press

the wood?

 Is their any change in its volume?

From the above observations, you find

that gases are highly compressible as

compared to liquids and solids.

In our houses  liquefied petroleum gas

(LPG) is used for cooking. Nowadays  CNG

is used in many auotmobiles. In all these

purposes, large volume of gas is

compressed into  cylinders of smaller

volume to make it portable.

Think and discuss

 Let us stretch a rubber band. Is there a

change in its shape?

 Is it solid or liquid? Why?

(What does happen if the stretching is

stopped ? What does happen if the

stretching is too much?)

Take some finely powdered salt (not

crystals) and keep it in two different jars.

 Which shape does the powdered salt

take?

 Can you say salt as a liquid based on

change in its shape?

Justify your observations.

Take a sponge. Observe its shape.

 Can you compress it? Is it a soild? Why?

 Why do'nt you able compress a wooden

block?

Diffusion

Activity-4

Observing the diffusion of gases

Ask your friend to hold an unlit incense

stick and stand in one corner of the room.

Then you go and stand in the other corner.

 Can you smell anything?

Now ask your friend to light the

incense stick.

 Can you smell anything now?

When you light the incense stick, the

scent in the vapour form and smoke mix

with air and move across the room to reach

our nose.

The movement of air, vapours of scent

and smoke is known as diffusion. In this

case, smoke, vapour of scent and air are

highly mobile and are in the form of gases.

If you spray a perfume or deodorant in

one corner of the room, it spreads soon to

all directions.

 Does the smell from  burning incense

stick and deodarant spray reach

someone on the other end at the same

time?

Activity-5

Observing the diffusion of liquids

Take two 250 ml beakers and fill them

with water. Use a dropper and put a drop of

blue or red ink or KMnO
4 
solution slowly

along the sides of first beaker.

Fig - 6 Diffusion of potassium

permanganate in water
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Diffusion of two gases

Aim: To observe the speed of diffusion of

two gasses.

Material required: Glass tube with scale,

Ammonium Solution, Hydrochloric acid,

pieces of cotton and rubber cork.

Note: Teacher should take care of

handling hydrochloric acid and prevent

the children from touching the acid.

Procedure: Take a 1 m long narrow glass

tube.

Take two pieces of cotton wool; soak

one in hydrochloric acid solution and

another in ammonia solution.

Put them separately at the two ends of

the tube. Block the ends of the tube and

observe.

The hydrochloric acid gives off

hydrogen chloride gas and ammonia

solution gives off ammonia gas.

Both gases react together to form a

white substance called ammonium

chloride.

 Observe where the ammonium chloride

is formed in the tube.

Explain.

 How the two gases traveled along the

tube?

 Which gas traveled faster?

Do this

 What do you observe after adding the

ink drop or KMnO
4 
drop?

You can observe that liquids also diffuse

into each other like gases.

 How much time does it take the colour

of ink to spread evenly throughout

water?

 What do you conclude from this

activity?

Activity-6

Observing the diffusion of

particles of solids into liquids

Take a beaker full of water and add a

small potassium permanganate crystal to it

and observe the changes.

Repeat the experiment with a crystal

of copper sulphate.

 Do you observe diffusion?

 Is it faster or slower than that observed

in other two activities?

From activities 4, 5, and 6 it is clear

that solids and liquids diffuse into liquids

and gases diffuse in to gases.

Certain gases from atmosphere

particularly oxygen and carbon dioxide,

diffuse and dissolve in water. and support

the survival of aquatic animals and plants,

Diffusion therefore is a very important

process for living things.

Oxygen diffuses from lungs into blood.

Carbon dioxide diffuses from   blood into

lungs.

Solids, liquids and gases diffuse into

liquids and rate of diffusion of gases is

higher than that of liquids or solids.

Fig - 7

Lab Activity
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So far you have studied some
properties that can be used to distinguish
between solids, liquids and gases. Fill the

table given below based on your knowledge.

Property Solid Liquid Gas

Shape fixed

Volume fixed

Compressibilty

Diffusion

Can matter change its state?

We started our discussion by recalling

that water exists in all the three states.

You must have seen many other

materials that can exist in different states.

For example, coconut oil is usually

liquid. But if it is too cold  it becomes solid.

Camphor is a solid but if we leave it in

the open air for some time it directly

changes to gas.

You may have seen moth (naphthalene)

balls being placed in clothes. The smell

remains even when they disappear. This is

because the solid balls have  changed from

solid state to gaseous state.

Solids, liquids and gases  are states of

matter but you need to think about, why are

the properties of matter different in

different states?

 When does water change into ice and

then into vapour?

 Why do gases diffuse faster than solids

or liquids?

Scientists have tried to explain these

facts by examining the physical nature of

matter.

What is matter made up of ?

All matter is made of very tiny particles.

This looks as simple statement but it is very

difficult to explain and understand about

matter.

For this we need more details about

these particles and their arrangement inside

various forms of matter.

 Activity - 8

 How small are the particles of a

matter?

Take a beaker with water. Mark the level

of water. Add 1 or 2 crystals of potassium

permanganate and dissolve them in water.

 What does happen to the colour of

water?

Now take out approximately 10ml of

this solution and add it to 90ml of clear

water in another beaker.

 What does happen to the colour of

water?

Again take out 10ml of this solution

and add to another 90ml of clear water.

Carryout this process 4, 5 times as shown

in figure 8 and observe changes in colour

of the solution.

Fig - 8
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 Is the water still coloured?

 How is it possible for two small

crystals of potassium permanganate to

colour a large volume of water?

 What do understand from this activity?

Repeat the activity by taking a few

crystals of copper sulphate instead of

potassium permanganate.

Several interesting conclusions can be

drawn from the above activity.

We can conclude that there must be

several tiny particles in just one crystal of

potassium permanganate, which are

uniformly distributed in  water to change

its colour.

Similarly a few crystals of copper

sulphate too has several tiny particles which

are distributed in large quantity of water to

give colour.

So both solid and liquids (including

water) are made up of tiny particles.

 How do the particles of the solid

distribute in the liquid?

Let us find

Activity - 9

There exists space between

particles

 Take a beaker and fill it with some

water and mark the water level.

Add some salt and stir it thoroughly

with a glass rod. Observe if there is any

change in water level. Add some more salt

and stir it again.

Observe the change in level of water.

 Does the level of water change?

 What did happen to the salt?

 Can you see it in the water?

From the activities 8 & 9 we can

conclude that both solid and liquid particles

have some space between them and the

solid particles enter in to the space

between the liquid particles on  dissolving

solid in liquid.

Recall the incense stick activity. Do

you agree that gas is also made up of

particles and they have large  space between

them.

Particles of matter attract each

other

Activity - 10

Observing the force of attraction

between the particles of the

matter

Open a water tap and allow the water to

reach the ground. Now try to break the

stream of  water with your finger.

 Can you break the stream permanently

or momentarily?

 Are you able to break the stream of

water any where from the tap to ground?

Fig - 9
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Fig - 10

 What is the reason behind the stream

of water remaining together?

 Now try to break a piece of iron nail

with your hands.

 Are you able to do it? or Does it rejoin?

 What about a piece of chalk?

From the above observations we can say

that particles of the matter have forces

acting between them that keeps the

particles together.

It is also clear that this force is not

equally strong in all the forms of matter.

How diffusion takes place?

We have already carried out several

activities to explain diffusion of particles

of solids, liquids and gases. Diffusion can

be possible only when the particles of

matter move continuously.

In the incense stick activity, the

particles responsible for scent move and

enter the space between the air particles.

The scent particles quickly spread across

the room.

 Particles of solids, liquids and gases

can diffuse into liquids and gases. Rate of

diffusion of gases is higher than the liquids,

while the rate of diffusion of liquids is

higher than solids. There are two reasons

for higher rate  of diffusion of gases. One

is due to the higher speed of gas particles

and another due to greater space between

them.

Similarly the greater diffusion rate in

liquids compared to solids is because

particles in liquids move freely and have

greater space between them when

compared to particles of solids.

Observe following diagram which

shows the difference in arrangement of

particles in solids, liquids and gases.

In a gas the particles are not as close

together as in a liquid. If a coloured gas is

mixed with a colourless gas, the colour

spreads evenly in it. This happens faster in

gas than in a liquid, because of large gaps

between the partcicles of gas make and

fewer particles obstruct in the way of

spreading.

You can see the diffusion of bromine

when it diffuses through air. Bromine is a

brownish coloured gas. Hence its diffusion

in colourless air can be seen clearly. If we

alow Bromine to diffuse in vaccume, it

diffuses  faster into vaccume, because there

are no particles to obstruct in its way.

Now you understand about matter and

states of matter, you also understand that

matter is made up of particles. You also

understand that it is the characteristics of

the particles that  decides the properties

of matter and states of matter.  You may be

curious to know:
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Do you know?

 What chages do occur inside the matter

during a change of state?

 How does this change of state take

place?

 What does  happen to the particles of

matter during a change of state?

Let’s try to understand the factors

effecting the change of state.

Effect of temperature

Do you guess  what happen if  water is

heated during the diffusion of liquids as in

activity 5. You can try it yourself. You find

that diffusion becomes faster.

 How does this experience help you to

discuss about the effect of temperature

on change of  states in matter?

Let us find,

Activity-11

Effect of temperature on change

of state

Take about 100g of ice in a beaker.

Keep the bulb of a laboratory thermometer

in contact with the ice. Set up the beaker as

shown in the figure 11.

Note the temperature. Heat the beaker

slowly. Record the change in temperature

after every 30 seconds.

Fig - 11

Let the ice melt completely.

Now place a glass rod in beaker and

continue heating till water starts boiling.

After sometime all the water will be

vaporized.

! Does the temperature change

continuously?

 Does the temperature remain  constant

for a while at any time during the period

of heating?

 At what temperature does this happen?

 Did you notice the changes in

temperature, at various stages like just

start melting, during melting and at

completion of melting?

Strange behaviour of water

A liquid usually expands when it is

heated but water behaves differently.

Between 0oC to 4 oC, its volume shrinks.

Same amount of water in solid ice

occupies more volume than liquid water.

Thus density of ice is less than the

density of same amount of water. Hence

ice floats on water rather than sinking.

This is very important for survival of

marine life which lives in ponds in the

colder areas. In extremely cold weather

the water at the top become colder and

colder, until it freezes. While the ice

floats on the top, the animals Continue

to live in the water below, which does not

freeze and remains at 40C. The ice on the

top of the pond insulates  water below it

and it stops the water from losing the heat

to air.

The melting point of ice is 0OCelcius.
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Do you know?

1 kg of a solid, completely into liquid at

atmospheric pressure at its melting point.

 What does happen if the heating of

water continued?

On supplying heat energy to water

particles they start moving faster. At a

certain temperature, the particles have

enough energy to become free from the

forces of attraction among the particles and

the liquid starts changing into gas. The

temperature at which a liquid starts boiling

at the atmospheric pressure is known as its

boiling point. Boiling point of water is

100OC.

Particles in water vapour at 100OC  have

more energy than the particles in  liquid

water at the same temperature. This is

because particles in water vapour have

absorbed additional energy in the form of

latent heat of vaporization.

So we can infer that one state of matter

can be changed into another state by

obsorbing or radiating heat energy.

Now, we have learnt that substances

around us change state from solid to liquid

and from liquid to gas on supply of heat.

But there are some substances that

change directly from solid state to gaseous

state and vice versa without passing through

the liquid state. We have read about

sublimation which is one such change.

We can use another unit called Kelvin

to measure temperature. The melting

point of ice is 0OCelcius. 00C i.e. 273K.

and Boiling point of water is 1000C (or)

273+100=373K

The temperature of the mixture of solid

ice and liquid water does not change for

sometime when it reaches melting point.

The temperature starts changing only when

ice completely melts.

On heating the water in the beaker,  the

particles gain energy. Due to additional heat

energy, the particles move more freely by

overcoming the force of attraction between

the particles.

At a certain  temperature the solid

melts and changes into liquid. The

temperature at which a solid melts to

become a liquid is called ‘melting point’.

The process of changing liquid to solid is

known as ‘fusion’.

The melting point of a substance

depends on the strength of the force of

attraction among the particles.

The higher the force of attraction

among the particles the higher will be the

melting point.

In above activity, the heat energy

absorbed by ice without showing any rise

in temperature is used up in changing the

state by overcoming the forces of attraction

among the particles.

Particles in liquid water at 00C have

more energy as compared to particles in

ice at the same temperature. Because the

particles in water absorb  heat energy during

the process of coversion from ice to liquid

water.

The amount of heat energy that is

required to overcome the force of

attraction among the particles is given by

the latent heat of the substance.

Latent heat of fusion is defined as the

amount of heat energy required to change
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You have exerienced drying of wet

clothes in air. In this process water directly

changes into vapour form  without reaching

its boiling point.

 Can you give few more examples for

this type of change?

 What could be the reasons for this type

of changes in states?

The particles of matter irrespective  of

the state at the given temperatures possess

different energies.

For example, in liquids the particles at

the surface posses higher energy than

particles in the bulk of water. The particles

on the surface are able to break away from

the force of attraction of other particles

and change into vapour state.

This phenomena of change of a liquid

into vapours at any temperature below its

boiling point is called evaporation.

Activity-12

Effect of surface area, Humidity

and wind speed on evaporation

Take 5ml of water in a test tube and in a

china dish separately and keep them under

the fan. Take 5ml of water in another china

dish and keep it in the cupboard.

Record room temperatures and time

taken for evaporation of water in all three

cases. If possible, repeat the activity on a

rainy day and record your observations.

 In which case evoparation is fast?

 What do you infer about the effect of

surface area and wind speed on

evaporation?

Effects of change of pressure

We already know that various kinds of

states are due to the differences in the

distances between the constituent particles.

 What will happen when we apply

pressure and compress a gas enclosed

in a cylinder?

 Will the particles come closer?

 Do you think that increasing or

decreasing the pressure can change the

state of matter?

"" Can we liquify gases by applying

pressure or reducing temperature?

Recall that solid carbon dioxide (from

the chapter "Combustion, fuel and flame"

of last year) is stored under high pressures.

Solid carbon dioxide converts directly

in to gaseous state when the  pressure  is

decreased to 1 atmosphere. Due to this

reason solid carbon dioxide is also known

as dry ice.

Thus we can say that pressure and

temperature determine the state of a

substance - whether it will be solid, liquid

or gas.

Let us use our understanding of particle

nature of matter to explain some day to day

observations.

Evaporation

 Do we always need to supply heat or

change the pressure for changing the

state of matter?

 Can the change of state from liquid to

vapour take place without the liquid

reaching its boiling point?
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Think and discuss

Experience with evaporation

 Why do you feel cooler after sweating?

When you get sweat,  on working or

physical excercise the sweat evaporates

from surface of your body by absorbing the

heat from your body. The particles of liquid

absorb energy required for evaporation

from your body and escape to the

surroundings. This make you to feel cool.

 Can you give some more examples

from daily life where we can feel the

effect of evaporation?

 Why do we store water in matkas

(earthern pots)?

Discuss these topics with your friends.

 Why do we wear cotton clothes in

summer?

 Why do we see water droplets on outer

surface of a glass containing ice - cold

water?

 Why do pigs toil in the mud in hot days?

You must have noticed that the rate of

evaporation in china dish is faster.

Since evaporation is a surface

phenomena, during evoparation process the

particles escape from the surface of liquid.

The increase in the surface area provides

more scope for particles to escape from

the surface. Hence,  increases the rate of

evaporation.

Humidity is another factor that effects

evaporation. The amount of water present

in air is called humidity.

The air around us cannot hold more than

a definite amount of water vapour at a given

temperature.

If the amount of water vapour is high in

air the rate of evaporation will decrease.

So clothes dry slowly during rainy season

but fast on a sunny and windy day.

Because of increase in wind speed,

water vapour particles move away with the

wind, decreasing the amount of water

vapour in the surroundings.

Key words

Matter,  states of matter,  solid,  liquid,  gas,  particles,  diffusion,   forces of

attraction,  evaporation,  compressed natural gas, melting point,   fusion,   boiling

point,   sublimation,   evaporation,   latent heat of fusion.

What we have learnt

 Matter is made up of particles

 The particles of matter are very small-they are small beyond our imagination

 Particles of matter have space between them
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Improve your learning

 Particles of matter move continuously in liquids and gases.

 Matter exists in three states i.e., solid, liquid and gas

 The force of attraction between the particles are maximum in solids, intermediate in

liquids and minimum in gases.

 The particles are arranged orderly in the case of solids while  particles move randomly.

in gasses.

 Diffusion is possible only when particles of matter move continously.

 Rate of diffusion of gases is higher than that of liquids (or) solids.

 The states of matter are not permanent. The state of matter can be changed by changing

temperature or pressure.

 Evoparation is a surface phenomenon because particles from the surface gain enough

energy to overcome the forces of attraction present in the liquid and change into the

vapour state.

 Boiling is a bulk phenomenon because particles of the entire liquid change into vapour

state.

 Changes in temperature, surface area and wind speed effect rates of evaporation.

 Humidity is the amount of water vapour present in air.

1. Describe an activity which provides the evidence for (A,S
1
)

a) the motion of particles

b) attraction between particles

c) inter-particle space

2. Name the characteristics of matter that are demonstrated by diffusion.(A,S
1
)

3. "When sugar is dissolved in water there is no increase in volume". Is it true or false?

Comment on the statement keeping in mind the amount of sugar, amount of water

etc.(A,S
1
)

4. Is there any change in mass when a substance changes its state? Explain with

example.(A,S
1
)

5. Do all substances change from solid to liquid and liquid to gas on heating? Explain.(A,S
1
)

6. Define the following terms: (A,S
1
)

a) melting point b) boiling point c) evaporation

7. Correct the following statements. (A,S
1
)

a) Water boils at 100oC under atmospheric pressure.
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b) a liquid evaporates above its boiling point

c) solids have the largest inter-particle space.

d) gases have the strongest inter-particle forces.

8. Why do we prefer to sip hot tea with a saucer rather than a cup?(A,S
1
)

9. When water solidifies to ice then heat is (A,S
1
)

a) Liberated

b) Absorbed

c) No change

d) Depending on the condition of heat absorbed or liberated.

10. Convert the following temperatures to the Celsius scale.(A,S
1
)

(a) 283k (b) 570k

11. Convert the following temperatures to the Kelvin scale.(A,S
1
)

(a) 270c (b) 3670c

12. How can we smell perfume sitting several metres away from the source?(A,S
2
)

13. Steam produces more severe burns than boiling water. Think why?(A,S
2
)

14. Fill in the blanks.(A,S
1
)

a) Temperature does not change while a solid substance is ……......................  or a liquid

substance is…….

b) A vapour on cooling changes into …..............….and on further cooling changes

into…....................................................

c) Matter changes from one state to another either raising the …..........................…….

or lowering the…...............................………

d) A change in which a solid on heating directly changes into vapour state is called

……................….

e) The inter particle spaces are....................…..in gaseous and….....................…..in solids.

15. Match the following.(A,S
1
)

a) conversion of liquid into gas ( ) (i)   gas

b) Non- compressible ( ) (ii)  solid

c) maximum expansion ( ) (iii) particle

d)   constituents of matter ( ) (iv) evaporation

16. How do you appreciate sweating mechanism of human body to control the temperature

of the body?(A,S
6
)

17. Make a model to explain the structure of particles in solids, liquids and gases.(A,S
5
)
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We are familiar with the idea

of motion. We see several examples of

motion around us like motion of people,

vehicles, trains, aeroplanes, birds, rain

drops, objects thrown into air, etc. We

know that it is due to the motion of the

earth that the phenomena like sunrise,

sunset, changes in the seasons etc  occur.

 If earth is in motion why don’t we

directly perceive the motion of the

earth?

 Are the walls of your class room at

rest or in motion? Why?

 Have you ever experienced that the

train in which you sit appears to move

when it is at rest? Why?

 To give answers to these questions we

need to understand the terms ‘relative’ and

'motion'.

Great progress in understanding

motion occurred when Galileo under took

his study about rolling balls on inclined

planes. To understand motion, we need to

understand the meaning of the word

'relative', which plays an important role in

explaining various ways of motion.

What is relative ?

We use many statements in our daily

life to express our views. The meaning of a

statement depends on the relation between

the words used in it.

Does every statement have a meaning?

 Evidently the answer is ‘no’.  Even if

you choose perfectly sensible words and

put them together according to all the rules

of grammar, you may still get complete

non- sense.  For instance the statement

“This water is triangular “can hardly be

given any meaning.

A statement has a meaning only when

there is a relation between words.

Similarly there may exist other

situations in our daily life where we use

statements having meaning depending upon

the situation. Let us observe the following

example.

Right and Left

As shown in the figure 1, two persons

say A and B are moving opposite   to each

other on a road.

Chapter

 
A  C  E  O  F  D  B

MOTION
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Fig-1

Examine the meaning of the following

sentence.

Question: On which side of the road is

the house? Is it on the right side or on the

left side to the road?

There are two answers for the above

question. For person A, the house is on the

right and for the person B, the house is on

the left. Thus the position of the house is

relative to the observer i.e., clearly when

speaking of left and right by a person, he

has to assume a direction based on which

he can decide the left and right sides of

himself.

Is day or night just now ?

The answer depends on where the

question is being asked.  When it is daytime

in Hyderabad, it is night in New- York.  The

simple fact is that day and night are relative

notions and our question cannot be

answered without indicating the point on

the globe where the question is being asked.

Up and down

Can the  orientations like up and down

be the same for all persons at all places?

Observe the following figure 2.

For the person standing at A on the

globe, his position appears up and the

orientation of person standing at B appears

down but for the person standing at B it

appears exactly opposite. Similarly for the

persons standing at the points C and D the

directions of up and down are not same.

They change with the point of observation

on the globe.

  Why do we observe these changes?

Fig-2

We know that earth is a sphere, the

upward  direction of the vertical position

on its surface decisively depends up on the

place on the earth’s surface, where the

vertical is drawn.

Hence the notions “up and down” have

no meaning unless the point on the Earth’s

surface, to which they refer, is defined.

Discuss the meaning of the terms

“longer and shorter” with few examples.

 Are these terms relative or not?

Motion is relative

Like the terms right and left, up and

down, larger and shorter etc., ‘motion’ is

also relative to the observer. Let us examine

this.

AB

A

B

D
C
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      To understand the idea of motion, let us take the following hypothetical activity.

Observe the figure 3 and follow the conversation between Srinu and Somesh who stand

beside a road as shown in the figure3.

Srinu : What is the state of

motion of the tree?

Somesh : It is at rest.

Srinu : What is the state of

motion of the car?

Somesh : It is moving due east.

Srinu : What is the state of

motion of the driver and

the passenger in the car?

Somesh : They are also moving like

the car.

Srinu : How do you decide that

the car, the passenger and

the driver are moving?

Somesh      : With respect to us, the

position of the car,the

passenger and the   driver

are changing with time.

So, they are in motion.

Fig-4: Passenger’s  point of view

West

Passenger

Driver

Fig-3: Somesh’s point of view

Somesh

Srinu

East
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Now follow the conversation of the

driver and the passenger in moving car.

Driver : What is the state of

motion of the tree?

Passenger : It is moving due west

Driver : What is the state of

motions of both the

persons beside the road?

Passenger : They are also moving due

west.

Driver : What is my state of

motion?

Passenger : You are at rest.

Driver : What is the state of

motion of the car?

 What answers should the passenger give

to the driver? Discuss with your

friends.

From the above discussion, it is clear

that the tree is at rest with respect to

Somesh and it is moving due west with

respect to passenger.

The motion of an object depends on the

observer.  So motion is a combined property

of the observer and the body which is being

observed.

Now we are able to define motion of

an object.

A body is said to be in motion when its

position is changing continuously with time

relative to an observer.

Note: Any object can be taken as a point

of observation.

 !!How do we understand motion?

Distance and displacement

Activity-1

Drawing path and distinguishing
between distance and
displacement

Take a ball and throw it into the air with

some angle to the horizontal. Observe its

path and draw it on  paper.

Figure 5 shows the path taken by the

ball when it was thrown into air. “Distance”

is the length of the path traversed by an

object in a given time interval and

displacement is the shortest distance

covered by the object in a specified

direction.

Fig-5:Distance - displacement

Observe the difference between

distance and displacement from figure 5.

So, Displacement is a vector. To

describe a physical situation, some

quantities are specified with magnitude as

well as direction.  Such a  physical quantity

is called a vector. The physical quantity

which do not require any direction for its

explanation is called scalar.  So distance is

a scalar.

S
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Think and discuss

A vector can be represented as a

directed line segment. It’s length

indicates magnitude and arrow indicates

it’s direction. Point ‘A’ is called tail and

point ‘B’ is called head

In the above example (Fig-5)

ASB shows the actual distance covered

by an object and AB is a displacement

which is a straight line drawn from

initial position to final position of the

motion.

The SI unit of distance or displacement

is metre denoted by ‘m’. Other units like

kilometre, centimtre etc. are also used to

express this quantity.

1 km = 1000 m

1 m =  100 cm

Activity-2

Drawing displacement vectors

A car moves along different paths as

shown in figures 6(a) and 6(b). The points

A and B are the initial and final positions

of the car.

Draw displacement vectors for two

situations.

Fig-6(a)           Fig-6(b)

Generally the distance covered and

displacement are time dependent

quantities.

 What is the displacement of the body

if returns to same point where it is

started?  Give one example in daily

life.

 When do the distance and magnitude

of displacement become equal?

Average speed and average

velocity

A train named Godavari express starts

at 5.00 pm from Visakhapatnam and

reaches Hyderabad at 5.00 am the next day

as shown in figure 7.

Fig-7

Draw displacement vectors from

Visakhapatnam to Vijayawada, Vijayawada

to Hyderabad  and from Visakhapatnam to

Hyderabad.

Let the distance of the entire trip from

Visakhapatnam to Hyderabad be 720 km.

The journey time is 12 h. What is the

distance covered by the train in each hour?

It is equal to 720km/12h = 60km/h

A

B

Visakhapatnam

Vijayawada

Hyderabad



20 Motion

Think and discuss

Can you say that the train has covered

exactly 60 km in each hour?

Obviously the answer is “No”, because

there may be some variations in distance

covered by train for each hour. So we take

average of distances covered by the train

for each hour to decide its average speed.

The distance covered by an object in unit

time is called average speed.

Let the displacement of the trip in

above example be 360 km due North–West.

What is the displacement in each hour?

The displacement per hour

          =  360 km/ 12h north - west

          = 30km / h north - west

The displacement of an object  per unit

time is called average velocity.  Average

Velocity is a vector and is along the

direction of displacement.

The quantities average speed and

average velocity explain the motion of a

body in a given time interval.  They do not

give any information about the motion of

the body at a particular instant of time.

 What is the average speed of the car

if it covers 200 km in 5 h?

 When does the average velocity

become zero?

 A man used his car.  The initial   and

final odometer readings are 4849 and

5549 respectively. The journey time

is 70h.  What his average speed during

the journey?

Speed and velocity

Things in motion often have variations

in their speeds.  For example a car may

travel along a street at 50 km/h get slow

down to 0km/h at red light and then attain a

speed of 30 km/h due to traffic on the road.

 Are you able to find the pead of a car at

a particular instant of time?

You can tell the speed of the car at any

instant by looking at its speedometer. The

speed at any instant is called instantaneous

speed.

Let us suppose that a body is moving

rectilinearly (along a straight line) but with

varying speed.

How can we calculate the instantaneous

speed of the body at a certain point “O” of

its path?

Fig-8

We take a small segment AB on this

path, which contains the point O as shown

figure 8.  We denote this small distance

covered by the body as S
1
, and the small

time interval over which it covers that

distance is taken as t
1
. We obtain the

average speed over this segment by dividing

S
1
 to t

1
. The speed varies continuously and

hence it is different at different points of

segment AB.

Total distance

  Time taken
Average speed  =

Displacement

  Time taken
Average velocity  = A  C  E  O  F  D  B
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Let us now reduce the length of

segment AB. We choose a segment CD

which also includes point O, the ratio S
2
/t

2

gives us average speed for this smaller

segment CD.  If we take a segment EF which

also includes point O and is smaller than

segments AB and CD, the change in speed

over this segment will be still smaller.

Dividing the distance S
3
 by the time interval

t
3
, we again obtain the average speed on this

small part of the path.

If we reduce the time interval gradually

over which the distance travelled by the

body is being considered, then the distance

covered decreases continuously and

ultimately the segment of path having this

point O contracts closer and closer to reach

the reference point O.  Thus average speed

approaches a certain value.  This value is

called the instantaneous speed at point O.

“The instantaneous speed at a given

point is equal to the ratio between

sufficiently small distances over a part of

the path which contains the reference point

and the corresponding small time interval.”

Let us understand this in a graphical

way.

Consider a car moving along a straight

road with varying speed.

A more useful way of describing

motion of any body along a straight line is

distance – vs – time graph.

Along the horizontal axis we plot the

time elapsed in seconds, and along the

vertical axis the distance covered in metres.

A general case of motion with varying

speed is shown in figure 9.

Fig-9:Distance vs time graph

 What is the speed of the car at the

instant of time ‘ t
3
’ for given motion?

   We know how to find average speed

during the time interval from t
1
 to t

2
, which

includes the instant t
3
 is

Then we calculate average speed  for a

very short time interval  encompassing the

time at an instant t
3
– which is so short

interval, that value of  average speed would

not change materially if it was made even

shorter.The instantaneous speed is

represented by the slope of the curve at a

given instant of time.  We can find slope of

the curve at any point on it by drawing a

tangent to the curve at that point. The slope

of the curve gives speed of the car at that

instant.  If the slope is large, speed is high

and if the slope is small, speed is low.

Speed gives the idea of how fast the

body moves. In general, bodies move in a

particular direction at an instant of interest

and this direction may not be constant

throughout the journey.  So we need to

define another quantity called “Velocity”.

time

D
is

ta
n
ce

t
1

t
3 t

2

s
2

s
1

s
3

S
2
–S

1

 t
2
–t

1

Average speed  =
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 In what direction does it move?

Try to release the object at different

points on the circle and observe the

direction of motion of object after it has

been released from the string.

You will notice that the object moves

on a straight-line along the tangent to the

circle at the point where you released it.

The direction of velocity is tangent to the

path at a point of interest.

The SI unit of velocity is metre/sec.

In our daily life we must have observed

many motions where, in some cases the

velocity of object which is in motion is

constant but in other cases it continuously

changes.

 Which  motion is called uniform? Why?

Let us find out.

Uniform motion

Activity-4

Understanding uniform motion

Consider a cyclist moving on a straight

road. The distance covered by him with

respect to time is given in the following

table. Draw distance vs time graph for the

given values in the table1.

Table -1

Time    Distance

(t in seconds) (s in metres)

0 0

1 4

2 8

3 12

4 16

-- --

Velocity is the  speed of an  object in a

specified direction.

Fig-10

Velocity gives the idea of how fast the

body moves in specified direction. Velocity

is a vector.  It can be represented by a

directed line segment. Its length indicates

speed and arrow gives the direction of

motion.

If a body moves in a curved path, the

tangent drawn at a point on the curve gives

direction of velocity at that instant.

Observe that following diagram and try to

draw tangents to the curve at different

points. Does the direction of velocity of

body remain constant or not?

Activity-3

Observing the direction of

motion of a body

Carefully whirl a small object on the

end of the string in the horizontal plane.

Release the object while it is whirling on

the string.

Fig-11:Direction of velocity at a

point of path

1234567890123456789012345678901212
1234567890123456789012345678901212
1234567890123456789012345678901212

v
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Think and discuss

 What is the shape of the graph?

You will get a graph which resembles

the graph shown in fig-12.

Fig-12

The straight line graph shows that the

cyclist covers equal distances in equal

intervals of time. From the graph you can

understand that the instantaneous speed is

equal to average speed. If the direction of

motion of the cyclist is assumed as

constant then we conclude that velocity is

constant.

The motion of the body is said to be

in uniform when its velocity is constant.

 Very often you must have seen traffic

police stopping motorists and

scooter drivers who drive fast and

fine them. Does fine for speeding

depend on average speed or

instantaneous speed? Explain.

 One airplane travels due north at 300

km/h and another airplane travels due

south at 300 km/h   Are their speeds

the same?  Are their velocities the

same? Explain.

 The speedometer of the car indicates

a constant reading. Is the car in

uniform motion? Explain.

Example-1

A man standing under a street lamp of

height ‘H’ above the ground starts running

with a constant speed ‘v’ in a constant

direction. The light from the lamp falling

on the man form a shadow of him.  Find the

velocity with which the edge of the shadow

of the man’s head moves over the ground if

his height is “h”.

Solution

Here we need to compare the motions

of the man and the edge of the shadow of

the man’s head.  To solve this problem, a

common starting point is necessary.  Let

this point be ‘O’ which is taken exactly

under the lamp as shown in the fig-13.

Let ‘s’ and ‘S’ be the distances covered

in a time interval  ‘t’ from the point ‘O’ by

the man and the edge of the shadow of the

man’s head respectively.

Fig-13

As shown in figure 13 we get two

similar triangles namely  ABD and   ACO

From these two similar triangles

   But we know,

s

t

S

s

h

H-h

O

A

D B

C

 S

 H
 =

    s

 H – h

s    vt=

 OC

 AO
 =

   DB

AD
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We know that  S/t is the speed of the

shadow of the man’s head,

           Then,

Non uniform motion

In our daily life in many situations

when a body is in motion, its velocity

changes with time. Let us observe the

following example.

Consider a cyclist moving on a straight

road. The distance covered by him with

respect to time is given in the following

table. Draw distance vs time graph for the

given values in the table2.

Table-2

        Time         Distance

(t in seconds)     (s in metres)

0 0

1 1

2 4

3 9

4 16

-- --

 What is the shape of the graph?

 Is it a straight line or not? Why?

Activity-5

Observing the motion of a ball

on a inclined plane

Fig-14:Ball moving down

the inclined plane

Set up an inclined plane as shown in

figure 14.  Take a ball and release it from

the top of the inclined plane.  The positions

of the ball at various times are shown in

figure14.

 What is the path of the ball on the

inclined plane?

 How does the velocity of the ball

change?

On close observation we find that when

the ball moves down on the inclined plane

its speed increases gradually. And the

direction of motion remains constant on

inclined plane.

Set up an inclined plane as shown in

figure 15.  Take a ball and push it with a

speed from the bottom of the inclined plane

so that it moves up.

t=0 t=1s
t=2s

t=3s

t=3s t=2s
t=1s

t=0s

 S

 H
 =

    vt

 H – h

  Hv

 H–h
V =

Fig-15:Ball moving up

the inclined plane
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Think and discuss

 What is the path of the ball?

 What happens to its speed?

In above two situations of activity-5,

we observe that the speed changes but the

direction of motion remains constant.

Activity-6

Observing uniform circular

motion

Whirl a stone which is tied to the end

of the string continuously. Draw its path of

motion and velocity vectors at different

positions as shown in the figure 16.

Assume that the speed of the stone is

constant.

 What is the path of the stone?

It is clear that the path is a circle and

the direction of velocity changes at every

instant of time but the speed is constant.

Hence in this activity we observe that

though speed remains constant, its velocity

changes.

 Can you give few example for motion

of an object where its speed remains

constant but velocity changes?

Activity-7

Observing the motion of an

object thrown into air

Throw a stone into the air by making

some angle with the horizontal.  Observe

the path taken by it.  Draw a diagram to

show its path and velocity vectors.

 Is the speed of the stone uniform?

Why?

 Is the direction of motion constant?

How?

In the above activity you might have

noticed that the speed and direction of

motion both change continuously.

 Can you give some more examples

where speed and direction

simultaneously change?

From the above three activities you can

conclude that the change in velocity takes

place in three ways.

1. Speed changes with direction remaining

constant.

2. Direction of motion changes with

speed remaining constant.

3. Both direction and speed change

simultaneously.

Motion of an object is said to be non-

uniform when its velocity is changing.

 An ant is moving on the surface of a

ball.  Does it’s velocity change or not?

Explain.

 Give an example of motion where

there is a change only in speed but no

change in direction of motion.

v

v

v

v

v

v

v

v

Fig-16
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Acceleration

We can change the velocity of an object

by changing its speed or its direction of

motion or both. In either case the body is

said to be accelerated. Acceleration gives

an idea how quickly velocity of a body is

changing.

 What is acceleration? How can we

know that a body is in acceleration?

We experience acceleration many

times in our day to day activities. For

example, if we are travelling in a bus or a

car, when the driver presses the accelerator,

the passengers sitting in the bus experience

acceleration. Our bodies press against the

seats due to the acceleration.

Suppose we are driving a car. Let us

steadily increase the velocity from

30 km/h to 35 km/h in 1sec and then

35km/h to 40km/h in the next second and

so on.

In the above case the velocity of car is

incresing  5 km/hr per second.

This type of rate of change of velocity

of an object is called acceleration.

Acceleration is uniform when in equal

intervals of time, equal changes of velocity

occur.

Uniform acceleration is the ratio of

change in velocity to time taken.

The term acceleration not only applies

to increasing velocity but also to

decreasing velocity. For example when we

apply brakes to a car in motion, its velocity

decreases continuously. We call this as

deceleration. We can observe the

deceleration of a stone thrown up vertically

into air and similarly we can experience

deceleration when a train comes to rest.

Let us suppose that we are moving in a

curved path in a bus. We experience

acceleration that pushes us towards the

outer part of the curve.

Observe the following fig-17. The

motion of an object in a curved path at

different instants is shown as a motion

diagram.  The length of the vector at a

particular point corresponds to the

magnitude of velocity (speed) at that point

and arrow indicates direction of motion at

every instant.

 At which point is the speed maximum?

 Does the object in motion possess

acceleration or not?

We distinguish speed and velocity for

this reason and define  “acceleration” as the

rate at which velocity changes, there by

encompassing changes both in speed and

direction.

Acceleration is also a vector and is

directed along the direction of change in

velocity.

The SI unit of acceleration is m/s2

A

B
C

Fig-17: Motion diagram
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Think and discuss

 What is the acceleration of the race car

that moves at constant velocity of 300

km/h ?

 Which has the greater acceleration, an

airplane, that goes from 1000 km/h to

1005 km/h in 10s or a skateboard that

goes from zero to 5km/h in 1 second?

 What is the deceleration of a vehicle

moving in a straight line that changes

its velocity from 100 km/h to a dead

stop in 10s?

 Correct your friend who says “The

acceleration gives the idea of how fast

the position changes.”

Equations of uniform

accelerated motion

Consider the motion of object along

straight line with constant acceleration.

Then,

Let u be the velocity at the time t = 0

and v be the velocity at the time t and let s

be the displacement covered by the body

during time “ t” shown in figure 18.

From the definition of uniform

acceleration,

Acceleration,

Since the acceleration of the body is

constant.

But we know

From here onwards we are

manipulating the equations (1) and (2).

Put                     in equation (2), we have

      ut + ½ a t2      s .................  (3)

From equation ,  we get

Substitute the value of  t in equation

(2) , we have
u

s

v
at 't'at  t= 0s

v – u

   t
a =

Change in velocity

       Time taken
Acceleration =

 v

 t
constant!a !

Fig-18

v – uat !

v    .................  (1)u+at !

v + u

   2
Average velocity =

Displacement

  Time taken
Average velocity  =

v + u

   2
=

s

t
.................  (2)

v u+at!

u + at + u
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The equations of motion are,

NOTE:

1. If the speed of an object increases, the

direction of velocity and acceleration

are one and the same.

2. If the speed of the object decreases, the

direction of velocity and acceleration

are in opposite directions. In such a

case, at a certain instant speed becomes

zero.

3. If there exists an acceleration of  a body

at a point where its speed becomes zero

for an instant; then the body 'returns' in

the direction of acceleration and moves

continuously. (like in the case of stone

thrown vertically up into air.)

NOTE:Care must be taken to

remember the following points while we

are using equations of motion.

 Choose origin on a straight line. The

quantities directed due right are taken

as positive and due left are taken as

negative.

 Expressing the displacement with

proper sign, is important. Displacement

is positive while measured along the

positive direction and is negative while

measured along negative direction.

Aim

 To find the acceleration and velocity of

an object moving on an inclined track.

 To draw the graph between distance and

time.

Materials required

Glass marbles, identical books, digital

clock, long plastic tubes and steel plate.

Procedure

Take a long plastic tube of length nearly

200cm and cut it in half along the length of

the tube. Use these tube parts as tracks.

Mark the readings in cm along the track.

Place the one end of the tube on the book

or books and the other end on the floor.

Keep a steel plate on the floor at the

bottom of the track. Consider the reading

at the bottom of the track as zero.

Take a marble having enough size to

travel in the track freely. Now release

marble freely from a certain distance say

40cm. Start the digital clock when the

– O +

Lab Activity

v – u

   a
s

v + u

   2
=(

(

(

(

v2 – u2     2as.................  (4)=

v u+at!
s     ut + ½ a t2!

v2 – u2     2as=

Fig-19

Fig-20

Books

Track

Steel plate
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marble is released. It moves down on the

track and strikes the steel plate. Stop the

digital clock when sound is produced.

Repeat the same experiment for the same

distance 2 to 3 times and note the values

of times in the below table-3.

Table-3

Repeat the same experiment for various

distances as said above.

Find average time and 2S/t2 for every

trail. Will it be constant and equal to

acceleration? Why?

Draw distance vs time (S-t) graph for

above values in the table.

Do the same experiment for various

slopes of the track and find accelerations

in each case.

 Is there any relation between the slope

and acceleration?

 What do you notice from the distance

time graphs for various slopes?

Do the same experiment with a small

iron block. Find acceleration and draw the

S-t graph.

Give your explanation for various

accelerations related to slopes.

      The values found in this experiment

are approximate one.

Example 2

At a distance L= 400m away from the

signal light,brakes are applied to a

locomotive moving  at a velocity u = 54

km/h.Determine the position of the

locomotive relative to the signal light after

1 min of the application of the brakes if its

acceleration a = - 0.3 m/s2

Solution

Since the locomotive moves with a

constant deceleration after the application

of brakes, it will come to rest in “t” sec .

We know ,

Here u = 54 km/h = 54 x 5/18 =15 m/s

v = 0 for given situation and given

a = -0.3 m/s2

From v = u+at we get  t =

We get,

During which it will cover a distance

                    = 375 m

Thus in 1 min after the application of

brakes  the locomotive will be at a distance

l = L – s = 400 – 375 = 25 m from the

signal light.

Example 3

What is the speed of the body moving

with uniform accelerated motion at

midpoint of two points on the straight line,

where the speeds are u and v respectively?

Solution

Let “a” be the constant acceleration.

And s be the distance between the two

points,

From equation of motion

v2 – u2   =  2as.................  (1)

Distance,

S (cm)

Time

t (s)
Average

time

t

2S/t2

t
1

t
2

t
3

v u+at!

–15

–0.3
=t = 50s

 –u2

2a
s =

v – u

a
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Let v
0
 be the speed of the body at

midpoint ‘M’ of the given points.

Applying the same equation used above,

we get

From (1),

After some algebra we get,

Example 4

A car travels from rest with a constant

acceleration “a” for “t” seconds.  What is

the average speed of the car for its journey

if the car moves along a straight road?

Solution

The car starts from rest, so u = 0

The distance covered in time t

Example 5

A particle moving with constant

acceleration of 2m/s2 due west has an initial

velocity of 9 m/s due east.  Find the distance

covered in the fifth second of its motion.

Solution

Initial velocity u = +9 m/s

Acceleration  a = -2 m/s2

In this problem, acceleration’s

direction is opposite to the velocity’s

direction.

Let “ t” be the time taken by the particle

to, reach a point where it  makes a turn along

the straight line.

We have,

We get, t = 4.5s

Now let us find the distance covered in

1/2 second i.e. from 4.5 to 5 second

Let u = 0 at t = 4.5 sec.

Then distance covered  in 1/2s.

   = 1/4m

Total distance covered in fifth second

of its motion is given by

   S
0
 = 2s = 2 ( ¼ ) = ½ m.

s

u=9m/s

t=5s t=4.5s

t=4.5s

a=2m/s2

rest

s

u M
v

0

v

v
0
2 – u2     2as/2=

Fig-21
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Key words

      Relative,   distance,  displacement,  average speed,  average velocity,

instantaneous speed (speed), velocity, acceleration, rectilinear motion

 Motion is relative.  Motion of an object depends on the observer.

 Distance is the path length traversed and displacement is the shortest distance in a

specified direction.

 Average speed is distance covered per unit time and average velocity is displacement in

a specified direction per unit time.

 Speed at an instant is instantaneous speed which gives the idea of how fast the position

of the body changes.

 Velocity is speed in specified direction.

 The motion is uniform when the velocity is constant.

 A body has acceleration when the velocity of the body changes.

 Acceleration is the rate of change of velocity.

 The motion is said to be uniform accelerated motion if acceleration is constant.

 The equations of uniform acclerated motion are given by

1. As shown in figure23, a point traverses the curved path.  Draw the displacement vector

from given points A to B (AS
5
)

What we have learnt

Improve your learning

v u+at!
s     ut + ½ a t2!

v2 – u2     2as=

B

A

Fig-23
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2. “She moves at a constant speed in a constant direction.” . Rephrase the  same sentence

in fewer words using concepts related to motion.(AS
1
)

3.   What is the average speed of  a Cheetah that sprints 100m in  4sec. ?  What if it sprints

50m in 2sec? (25 m/s)(AS
1
, AS

7
)

4.   Correct your friend who says,  “ The car rounded the curve       at a constant velocity of

70 km/h”.(AS
1
)

5. Suppose that the three ball’s shown in figure start simultaneously from the tops of the

hills.  Which one reaches the bottom first ?  Explain. See figure 24.(AS
2 
,AS

1
)

6. Distance vs time graphs showing motion of two cars A and B are given.  Which car

moves fast ? See figure 25.(AS
1
)

7. Draw the distance vs time graph when the speed of a body increases uniformly.(AS
5
)

8.   Draw the distance – time   graph when its speed decreases uniformly.(AS
5
)

9. A car travels at a velocity of 80 km/h during the first half of its running time and at 40

km/h during the other half.  Find the average speed of the car. (60 km/h) (AS
1
 , AS

7
)

10. A car covers half the distance at a speed of 50 km/h and the other half at 40km/h.Find

the average speed of the car. (44.44 km/h) (AS
1
 , AS

7
)

11. Derive the equation for uniform accelerated motion for the displacement covered in

its nth second of its motion. (S
n
 = u + a (n - ½ )) (AS

1
)

12. A particle covers 10m in first 5s and 10m in next 3s.  Assuming constant acceleration.

Find initial speed, acceleration and distance covered in next 2s.  (AS
1
 , AS

7
)

(7/6 m/s, 1/3 m /s2, 8.33m)

13. A car starts from rest and travels with uniform acceleration “#$#” for some time and

then with uniform retardation “ %#” and comes to rest.  The time of motion is “ t” . Find

the maximum velocity  attained by it. ( $#% t / ($#+%)) (AS
1
 , AS

7
)

14.  A man is 48m behind a bus which is at rest. The bus starts accelerating at the rate of 1

m/s2, at the same time the man starts running with uniform velocity of 10 m/s.  What is

the minimum time in which the man catches the bus? (8s) (AS
1
 , AS

7
)

S
A

B

t

Fig-24 Fig-25
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15. A body leaving a certain point “ O” moves with an a constant acceleration.  At the end of

the 5 th second its velocity is 1.5 m/s.  At the end of the sixth second the body stops and

then begins to move backwards.  Find the distance traversed by the body before it stops.

Determine the velocity with which the body returns to point “ O “ ? (27m, -9 m/s)(AS
1
)

16. Distinguish between speed and velocity. (AS
1
)

17. What do you mean by constant acceleration?(AS
1
)

18. When the velocity is constant, can the average velocity over any time interval differ

from instantaneous velocity at any instant? If so, give an example; if not explain why.

(AS
2
 , AS

1
)

19. Can the direction of velocity of an object reverse when it’s acceleration is constant? If

so give an example; if not, explain why.(AS
2
 , AS

1
)

20. A point mass starts moving in a straight line with constant acceleration “a”. At a time t

after the beginning of motion, the acceleration changes sign, without change in

magnitude. Determine the time t
0
 from the beginning of the motion in which the point

mass returns to the initial position. ((2 + "2) t) (AS
1
)

21. Consider a train which can accelerate with an acceleration of 20cm/s2 and slow down

with deceleration of 100cm/s2.Find the minimum time for the train to travel between

the stations 2.7 km apart. (180 s) (AS
1
)

22. You may have heard the story of the race between the rabbit and tortoise. They started

from same point simultaneously with constant speeds. During the journey, rabbit took

rest somewhere along the way for a while. But the tortoise moved steadily with lesser

speed and reached the finishing point before rabbit. Rabbit awoke and ran, but rabbit

realized that the tortoise had won the race. Draw distance vs time graph for this story.

(AS
5
)

23. A train of length 50m is moving with a constant speed of 10m/s. Calculate the time

taken by the train to cross an electric pole and a bridge of length 250 m. (5s , 30s) (AS
1
)

24. Two trains, each having a speed of 30km/h, are headed at each other on the same track.

A bird flies off one train to another with a constant speed of 60km/h when they are

60km apart till before they crash. Find the distance covered by the bird and how many

trips the bird can make from one train to other before they crash?  (60km infinity,)

(AS
1
)
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We observe the changes in motion of

many objects around us. We discussed the

concepts of velocity and acceleration in the

chapter ‘Motion’.

Philosophers of the ancient world

were very much interested in the study of

motion. One question agitating their mind

was, what is the natural state of an object

if it is left to itself? Our commonsense tells

that every moving object on earth if it is

left free for some time gradually comes

to rest by itself. What happens if you stop

peddling your bicycle?  It slows down

gradually and stops finally.

We wonder to know that Aristotle, the

great philosopher of that time also

concluded  that the natural state of an

earthly object is to be at rest. He thought

that the object at rest requires no

explanation as any moving body naturally

comes to rest.

Galileo Galilee gave birth to modern

science by stating that an object in motion

will remain in same motion as long as no

external force is applied on it.

Galileo came up with two ingeneous

thought experiments. He did his

experiments on inclined planes with

smooth surfaces and observed that the

smoother the surface, the farther the ball

travelled. He extended this argument and

concluded that if the surface was perfectly

smooth, the ball will travel indefinitely,

until encountered by another object. (In real

world such a surface of course does not

exist).

1 (a)        1 (b)     1 (c)

Fig-1 (a) downward motion  (b) upward
motion  (c) motion on a plane surface

As shown in figure 1 (a) he observed

that when a marble rolls down a slope, it

picks up speed due to the force of gravity

of the earth.

 In figure 1 (b) when the object rolls up

an inclined plane, its speed decreases. Now

let us assume that a marble is moving on a

level surface as shown in  figure 1(c) it has

no reason to speed up or slow down. So it

will continue to move with constant

velocity.

Chapter

 LAWS OF MOTION
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By this experiment, Galileo came to a

conclusion which was in contrast to

Aristotle’s belief that the natural state of

an object is ‘rest’.

Fig-2 (a) (b) motion along inclined planes
with different slopes. (c) Motion from

inclined surface to plane surface

Galileo observed that, as shown in

figugre 2 (a), the marble released from its

initial height rolled down due to the force

of gravity and then moves up the slope until

it reached its initial height. Then he reduced

the angle of the upward slope and did the

same experiment as in figure 2 (b). The

marble rolled up the same height, but it had

to go farther in this instance. That means

the distance travelled by it is greater. He

made his observation by further reduction

in the angle of the upward slope, he got the

same results.  To reach the same height the

ball had to go farther each time.

Then a question arose in his mind,  “how

far must it have to move to reach the same

height if it has no slope to go up”? Since it

has no slope to go up as shown in figure

2(c), obviously it should keep on moving

forever along the level surface at constant

velocity. He concluded that the natural

state of a moving object, if it is free of

external influences, is uniform motion .

What do you think of these experiments?

Is any external force required to stop a

moving object? From this experiment we

can say that an object will remain in

uniform motion unless a net force acts on

it.

Galileo imagined a world where there

is no friction.  But as we learnt in class VIII

this is not possible in reality because

friction which affects the motion of the

object plays an important role in our life.

For example if there were no friction we

could not be able to walk on ground, we

would not be able to stop a fast moving car

etc. It is very difficult to perform many

physical activities without friction.  Built

upon ideas primarily developed by Aristotle

and Galileo, Sir Isaac Newton proposed his

three fundamental laws which explain the

connection between force and a change in

motion. These three laws are popularly

called as Newton's laws of motion.

First law of motion

The first law of motion can be stated

as follows: "Every object will remain at rest

or in a state of uniform motion unless

compelled to change its state by the action

of a net force".

"Newton’s first law explains what

happens to an object when no net force acts

on it."

It either remains at rest or moves in a

straight line with constant speed (that is

uniform motion). Let’s discuss.

2 (a)

2 (b)

2 (c)
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Pen Cap

Paper

hoop

Bottle

 

 

 

Do you know?

Activity-1

Observing the motion of a pen

cap kept on thick paper ring.

Make a circular strip from a thick paper.

Balance the hoop on the center of the mouth

of the bottle. Now balance a pen cap on the

paper hoop aligning it on the center of the

bottle’s mouth as shown in figure 3. Pull

the paper hoop with your finger as fast as

you can.

! What do you observe?
Fig-3 Fast pulling of paper hoop kept on a bottle

! What happens to the pen cap?

Galileo Galilei was born on 15 February

1564 in Pisa, Italy. Galileo has been called

the “father of modern science”.

In 1589, in his series of essays, he

presented his theories about falling objects

using an inclined plane to slow down the rate

of descent.

Galileo was also a remarkable craftsman.

He developed a series of telescopes whose

optical performance was much better than

that of other telescopes available during

those days.

Around 1640, he designed the first

pendulum clock.  In his book ‘Starry

Messenger’ on his astronomical discoveries, Galileo claimed to have seen mountains

on the moon, the Milky Way made up of tiny stars, and four small bodies orbiting

Jupiter. In his books ‘Discourse on Floating Bodies’ and ‘Letters on the Sunspots’,

he disclosed his observations of sunspots.

Using his own telescopes and through his observations on Saturn and Venus,

Galileo argued that all the planets must orbit the Sun and not  the  earth,  contrary  to

what  was believed at that time.
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accelerated suddenly and moved forward,

But the body of person tends to remain in

the same state because of inertia which

resulted in backward motion

In the second case when you are

travelling in a bus your body is also

travelling with the velocity equal to that of

the bus. If the bus  stops suddenly your body

tends to continue in the same state of

motion due to inertia. Newton’s First Law

of motion is also known as law of inertia.

With our day to day experiences, we

all know  that we must exert some force on

an object to keep it moving. As far as the

object is concerned the force applied by

us is just one of the several forces acting

on it. The other forces might be friction,

air resistance or gravity. Thus it is clear that

it is the net force which determines the

change in motion of an object.

Let us consider  a football placed at rest

on the ground. The law of inertia tells us

that the football will remain in the same

state unless something moves it.

If you kick the ball, it will fly in the

direction you kicked, with certain speed,

until a force slows it down or stops it. If

the ball went high, the force of gravity slows

it down. If the ball rolls on the ground the

force of friction make the ball slow down

and stop.

If the net force acting on an object is

zero, the object which is at rest remains at

rest or if the object is already moving with

a certain velocity it continues to move with

the same velocity. Thus we can represent

the first law of motion as:

If  F
net

 = 0 then the velocity an object is

either zero or constant.

Activity-2

Observing the motion of the

coins hit by a striker

Fig-4 Hitting the stock of coins
with a striker

Make a stack of carom coins on the

carom board.Give a sharp hit at the bottom

of the stack with striker. You can find that

the bottom coin will be removed from the

stack, and the others in the stack will slide

down as shown in figure 4.

! What are your observations from the

above activities?

! Why does the pen cap fall inside the

bottle?

! Why does the stack of carom coins

fall down vertically?

To understand this, we have to discuss

some more examples which we face in our

daily life.

 When the bus which is at rest begins

to move suddenly, the person standing in

the bus falls backward. Similarly when you

are travelling in bus, the sudden stop of the

bus makes you fall forward. Why does it

happen so? These changes can be described

only with the word: Inertia.

 In simple language we can say that

inertia means not accepting the change.

Things tend to keep doing what they are

already doing. In the first case the bus
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Thus when the net force acting on a

body is zero, we say that the body is in

equilibrium.

Inertia and mass

We have learnt that inertia is the

property of an object that resists changes

in its state of motion. All objects have this

tendency.

! Do all the bodies have the same inertia?

! What factor can decide the inertia of a

body?

Which is easy for you, to push a bicycle

or a car? You can observe that it is difficult

to push the car. We say car has greater

inertia than the bicycle. Why does the car

possess more inertia than a bicycle?

Inertia is a property of matter that

resists changes in its state of motion or

rest. It depends on the mass of the object.

The car has more inertia than a bicycle

because of its mass.

Mass of an object is considered as the

measure of inertia.  We know that SI unit

of mass is ‘kg’.

Activity-3

Pushing two wooden boxes with

same force

Take two rectangular wooden blocks

with different masses and place them on a

straight line drawn on a floor as shown in

fig-5. Give the same push at the same time

to both the blocks with the help of a

wooden scale.

! What do you find?

! Which one goes farther? Why?

! Which block accelerates more?

Fig-5 pushing wooden boxes
with same force

Through your observations you can tell

that the greater the mass of an object, the

more it resists changes in its state of

motion.

From the above examples we can

conclude that some objects have more

inertia than others. Mass is a property of

an object that specifies how much inertia

the object has.

Think and discuss

 ! You may have seen the trick where a

tablecloth is jerked from a table,

leaving the dishes that were on the

cloth nearly in their original

positions.

""""" What do you need to perform this

successfully? ,

""""" Which cloth should we use? Is it

cloth made of thick cotton or thin

silk?

""""" Should the dishes possess large

mass or small mass?

""""" Is it better to pull the cloth with a

large force or pull it with a gentle

and steady force?

! What is the velocity of a small object

that has separated from a rocket

moving in free space with velocity

10km/s?
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Example 1

A body of mass ‘m’ is kept on the

horizontal floor and it is pushed in the

horizontal direction with a force of 10N

continuously, so that it moves steadily.

a) Draw FBD(a diagram showing all the

forces acting on the body at a point of

time)

b) What is the value of friction?

Solution

Fig-6 Free body diagram

Given that the body is moving steadily,

Hence the net force on the body is zero

both in horizontal and vertical directions.

Forces acting on it along horizontal

direction are force of friction (f), force of

push (F)

We know that F
net,x

 = 0

                     F+ (-f) = 0

                              F = f

Hence the value of  force of friction is

10N.

Second law of motion

Newton’s second law explains us what

happens to an object when non-zero net

force acts on it.

Place a ball on the veranda and push it

gently. Then the ball accelerates from rest.

Thus, we can say that force is an action

which produces acceleration.

A non zero net force acting on a body

disturbs the state of equilibrium.

Now we are going to discuss how the

acceleration of an object depends on the

force applied on it and how we measure a

force.

Linear momentum

Let us recall our observations form our

everyday life. If a badminton ball and a

cricket ball hit you with same speed, which

one hurts you more?  A small bullet fired

from gun damages the wall only due to its

high speed. We all know that a heavy truck

damages more than a bicycle if both hit a

wall. These can be explained by a concept

called momentum which is usually denoted

by the symbol ‘p’.

From the above examples we can say

that the momentum depends on two factors:

one is mass of an object and the other is its

velocity. Newton used the word “mass in

motion” to represent the meaning of

momentum. The momentum (p) of a body

is simply defined as the product of its mass

(m) and its velocity (v) : i.e.

Momentum = (mass) x (velocity)

                   p = mv

It can be stated as mass in motion. As

all objects have mass, if an object is in

motion, then it acquires momentum.

Momentum is a vector because velocity

is a vector. Hence, the direction of

momentum is in the direction of velocity.

The SI unit of momentum is kg – m/s

or N-s
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F

F

F F

Activity-4

Larger the net force greater the

acceleration

Gently push a block of ice on a smooth

surface and observe how the object speeds

up, in other words how it accelerates. Now

increase the net force and observe change

in its speed.

• Is the acceleration increased?

Fig-7 Different forces applied on same
object

Activity-5

Larger the mass smaller the

acceleration

Apply a force on an ice block. It

undergoes some acceleration.

Now take a block of ice with greater

mass, but apply almost the same force on

the ice block which has greater mass and

observe the acceleration.

Fig-8 Same forces applied on abjects of
different masses

In both the cases the object accelerates,

but we can observe in the second case, it

will not speed up as quickly as before.

From the above examples what have  you

noticed? Larger the net force greater the

acceleration if the mass of the body is

constant and also larger the mass lesser the

acceleration if a constant net force is

applied.

According to Newton’s ‘Principia’:

Second law states that the rate of change

of momentum of an object is proportional

to the net force applied on the object in

the direction of net force.

Thus net force F
net 
 ! change in

momentum / time

F
net

 !! 
"p

!!!!!!!!!!!!"t

"p is the change in momentum of a

particle or a system of particles brought

by the net force in a time interval of "t.

When a symbol of proportionality is

removed, a constant is inserted in the

equation.

F
net

 #
 
k
!!"p

!!!!!!!!"t

The SI  units of momentum and time

are ‘kg- m/s’ and‘s’ respectively. The unit

of force is so chosen that the value of

constant ‘k’ becomes 1. So that,

F
net

 #
!!"p

!!!!!"t

We know p=mv

so that,

"p !!# "mv

If the mass of the body is constant

during its motion then,

"p = m"v
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Now we have,

F
net 

=
 
m

  "v

    !!!!!"t

We know that  "v/"t = a, is called

uniform acceleration.

Then F
net

  = ma

The above formula says that the net

force produces acceleration in a body in

the direction of force.

SI units of force are kg.m/s2. This unit

has been named as Newton (N) and

1N=1kg.m/s2.

Note:

"""""  F
net

= "p/"t is a universal formula that

can be applied for any system where as

F
net

= ma   can be applied only for

constant mass.

""""" To solve problems by using Newton’s

second law, the weight of the body is

taken as ‘mg’ vertically down. (You learn

more about this in the chapter

‘Gravitation’)

Think and discuss

#!#Observe the following diagram.

Fig- 9

What is the upper limit of weight that

a strong man of mass 80kg can lift as

shown in figure?

! What is the momentum of ceiling fan

when it is rotating?

! Is it possible to move in a curved path

in the absence of a net force?

! Prove that the tension throughout the

string is uniform when the mass of

string is considered to be zero.Example 2

A mat of mass 1kg and length 1m is placed on the floor. One end of the mat is pulled

with a constant speed of 1m/s towards the other end till the other end comes to motion(till

the mat is reversed). How much force is required to do this?

Solution

Fig-10

As shown in figure, a mat is being

pulled with a constant speed of v = 1m/s,

so that the mass of the part of the mat is

continuously increasing. Hence here the

mass is a variable.

The time required for bringing the

entire mat in motion is given by

"t =
 distance covered by the end

speed

= 2/1 =2s
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(Distance covered by the

end=1m+1m=2m)

From Newton’s second law of motion,

F
net  

= 
 "p   

=
  "(mv)

      "t !!!!!!!!!!"t

Here v is constant, so we get

F
net 

 =  v
"m

"t

Where, "m is the change of mass in "t

time.

The change of mass in 2s is equal to

entire mass of mat.

F
net 

= 
(1m/s) x (1kg)

2

=
1  

   N
2

In the horizontal direction only one

force is acting. Hence the required force

is 1/2 N

Example 3

Atwood machine

Fig-11

Atwood machine consists of two loads

of masses m
1
 and m

2
 attached to the ends

of a limp of inextensible string as shown

in the figure 11. The string runs over a

pulley. Find the acceleration of each load

and tension in the string (m
1
>m

2
)

Solution

From figure 12 we know that tension

of string always tries to pull the bodies up.

Fig-12

From the FBD of the mass m
1
, there

exist two forces on the load of mass m
1
,

one is tension of the string acting in upward

direction and weight of the load (m
1
g)

acting in downward direction.

The net force on m
1
  F

net
 = m

1
a

$$$$$  m
1
g – T = m

1
a     ------------ (1)

Thus the net force (F
net

) acting on mass

m
1
 produces an acceleration ‘a’ in it.

When m
1
 moves down, m

2
 moves up.

So the magnitudes of acceleration are

same.

Fig-13
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the first one which is equal in magnitude

but opposite in direction.

   The two opposing forces are known

as action and reaction pair.

   Newton’s third law explains what

happens when one object exerts a force on

another object.

   If you are walking on the ground, at

each step, you know that your feet exert

some force on the ground. Are you thinking

that the ground also exerts some force in

the opposite direction on you?

Is it not surprising to hear that when

you push a wall then the wall pushes you

back!

Fig-15 Action and reaction forces

If two objects interact, the force F
AB

exerted by the object ‘A’ on the object ‘B’

is equal in magnitude and opposite in

direction to the force F
BA

 exerted by object

‘B’ on the object ‘A’.

                       F
AB

 = -F
BA

The negative sign indicates that the

reaction force is acting in a direction

opposite  to that of action force. This states

that no single isolated force exists.

Newton’s first and second laws of

motion apply to a single body, where as

Newton’s third law of motion applies to an

From the FBD of mass m
2

F
net

 = T- m
2
g = m

2
a     ------------ (2)

Solving (1) and (2) equations, we get

a =
   (m

1
-m

2
)g

   (m
1
+m

2
)

             and

T =
   2 m

1
m

2
g

  (m
1
+m

2
)

 Third law of motion

Activity- 6

Pulling two spring balances

Let’s take two spring balances of equal

calibrations. Connect the two spring

balances as shown in figure 14. Pull the

spring balances in opposite directions as

shown in figure 14.

Fig-14 Forces applied in opposite
direction.

! What do you notice from the

readings in the spring balances?

! Are the readings of two spring

balances the same?

! Are we able to make the spring

balances to show different readings

by pulling them simultaneously in

opposite directions? Why?

 According to third law of motion, when

an object exerts a force on the other object,

the second object also exerts a force on
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interaction between the two bodies. Note

that two forces in Newton’s third law never

act on the same body.

The action-reaction pair in Newton’s

third law always represents forces acting

on two different bodies simultaneously.

Let us consider the following

examples.

When birds fly, they push the air

downwards with their wings, and the air

pushes back the bird in opposite upward

direction. Thus the force applied by the

wings of bird on air and an opposite force

applied by the air on wings are equal in

magnitude and opposite in direction.

When a fish swims in water, the fish

pushes  the water back and the water pushes

the fish with equal force but in opposite

direction. The force applied by the water

makes the fish to move forward.

 A rocket accelerates by expelling gas

at high velocity. The reaction force of the

gas on the rocket accelerates the rocket in

a direction opposite to  the expelled  gases.

It is shown in figure-16

Fig-16  Motion of rocket

! Does the rocket exert a force on the

gas expelled from it?

Activity-7

Balloon rocket

Inflate a balloon and press its neck with

fingers to prevent air escaping from it.

Pass a thread through a straw and tape

the balloon on the straw as shown in

the figure 17.

Hold one end of the thread and ask your

friend to hold the other end of the

thread.

Now remove your fingers from the

balloon’s neck so as to release the air

from the balloon.

! What happens now ?

! How would you explain this situation

with Newton’s third law of motion?

Fig-17 Balloon rocket

Inflate a balloon and tie its neck. The

air within the balloon exerts force on the

walls of the balloon equally in all the

directions as shown in figure.18

Fig-18 The forces on the inside wall of a
balloon



Andhra Pradesh Government Free Distribution 45

When you release the neck of the

balloon to allow  air to escape from the

balloon, what happens? When the air

escapes there will be no force acting on

the wall at the neck. But still there is a force

exerted by air inside balloon which is acting

in a direction opposite  to the neck. Hence

the balloon accelerates in that direction, on

which direction the net force is acting.

Aim: To show the action and reaction

forces acting on two different objects.

Material required: Test tube, cork cap,

Bunsen burner and laboratory stand.

Procedure

""""" Take a test tube of good quality glass

and put small amount of water in it.

Place a cork cap at its mouth to close

it.

""""" Now suspend the test tube horizontally

with the help of two strings as shown

in the figure 19.

""""" Heat the test tube with a Bunsen burner

until water vaporize and cork cap blows

out.

Fig-19

Observe the movement of test tube

when cork cap blows out.Compare the

directions of movement of test tube as well

as cork cap. Observe the difference in the

velocity of cork cap and that of recoiling

test tube.

! What do you infer from above

experiment?

Think and discuss

#! The force exerted by the earth on the

ball is 8N. What is the force on the

earth by the ball?

#! A block is placed on the horizontal

surface. There are two forces acting

on the block. One, the downward pull

of gravity and other a normal force

acting on it. Are these forces equal and

opposite? Do they form action –

reaction pair? Discuss with your

friends.

#! Why is it difficult for a fire fighter to

hold a hose that ejects large amount

of water at high speed?

Conservation of momentum and

impulse

Let two objects with masses m
1
 and m

2

travel with different velocities u
1
 and u

2

respectively in the same direction along a

straight line. As the velocities are different

they collide with each other and the

collision lasts for time ‘t’, which is very

small. During the collision the first marble

exerts a force on the second marble F
21

 and

the second marble exerts a force on the

first marble F
12

. Let v
1
 and v

2
 be the

velocities of the marbles respectively after

collision.

Lab Activity

Test tube

Water

String

cork cap
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m
1
u

1
+m

2
u

2
 is the total momentum of

the two marbles before collision and

m
1
v

1
+m

2
v

2
 is the total momentum of the

two marbles after collision.

From the above equation we observe

that the total momentum is unchanged

before and after collisions. We can say that

the momentum is conserved. Law of

conservation of momentum states in the

absence of a net external force on the

system, the momentum of the system

remains unchanged.

A system is said to be isolated when

net external force acting on it is zero.

It will be surprising if anybody says

that the fall doesn’t hurt, but the sudden stop

at the end that hurts you. Is it true?

! Why does a pole vault jumper land on

thick mats of foam?

! Is it safe to jump on sand rather than a

cement floor? Why?

A softer and more cushioned landing

surface provides a greater stopping distance

because of the longer time taken to stop.

That’s why the fielder pulls back his hands

while catching a fast moving cricket ball.

In this situation, the fielder is trying to

increase the time to decrease its velocity.

Thus, the rate of change of momentum

will be less so that the force of impact of

the ball on hands will be reduced.

As we expressed the second law as

             
 F

net

  
=

"p

"t

 It is important to minimize F
net 

, you

have to maximize the stopping time.

      We get F
net

 "t =  "p

Fig-20 Conservation of  momentum

      What are the momenta of the marbles

before and after collision?  Let’s know

from the table.

     Marble 1   Marble 2

Momentum m
1
u

1
m

2
u

2

before collision

Momentum m
1
v

1
m

2
v

2

after collision

Change in m
1
v

1
-m

1
u

1
m

2
v

2
-m

2
u

2

momentum,"p

Rate of change  (m
1
v

1
-m

1
u

1
) (m

2
v

2
-m

2
u

2
)

in momentum         t t

!!!!!!!"p

!!!!!!!"t

According to Newton’s third law of

motion, the force exerted by first marble

on the second is equal to the force exerted

by the second marble on the first one.

Hence      F
12 

= -F
21

Hence we get,

%"p)
1
   

= -
 ("p)

2

!!!!t        !!!t

   m
1
v

1
-m

1
u

1
 
  =

 - (m
2
v

2
-m

2
u

2
)

          t            t

After solving this, we get

m
1
u

1
+m

2
u

2
 = m

1
v

1
+m

2
v

2
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"p = F
net

  """""t
Even if the "p is the same in both cases,

the magnitude of the net force (F
net

) acting

on the egg determines whether the egg will

break or not.

Why does a fielder catch a fast moving

cricket ball by pulling back his arms while

catching it? If he doesn’t pull his hands back

what would happen? The ball definitely

hurts him. When he pulls back his hands he

experiences a smaller force for a longer

time. The ball stops only when your hands

stop. This shows the change in the

momentum not only depends on the

magnitude of the force but also on the time

during which force is exerted on that

object.

Think and discuss

#! A meteorite burns in the atmosphere

before it reaches the earth’s surface.

What happens to its momentum?

#! As you throw a heavy ball upward, is

there any change in the normal force

on your feet?

#! When a coconut falls from a tree and

strikes the ground without bouncing.

What happens to its momentum?

#! Air bags are used in the cars for safety.

Why?

Example 5

A cannon of mass m
1
 = 12000 kg

located on a smooth horizontal platform

fires a shell of mass m
2
 = 300 kg in

horizontal direction with a velocity v
2
 =

400m/s. Find the velocity of the cannon

after it is shot.

From the above equation we know that

the product of net force and interaction time

is called impulse of net force. Impulse is

equivalent to the change in momentum that

an object experiences during an interaction.

Forces exerted over a limited time are

called impulsive forces. Often the

magnitude of an impulsive force is so large

that its effect is appreciable, even though

its duration is short. Let us observe

following activity.

Activity-8

Dropping eggs

Take two eggs and drop them from  a

certain height such that one egg falls on a

concrete floor and another egg falls on a

cushioned pillow.

! What changes do you notice in both

eggs after they are dropped? Why?

Fig-21 (a) fall of an egg on a concrete floor
(b) fall of an egg on a cushioned pillow.

When we drop the egg on the concrete

floor, it will break, because a large force

acts on the egg for the short interval of

time.

"p = F
net

 "t

When we drop the egg on a cushioned

pillow it doesn’t break because a smaller

force acts on the egg for longer time.
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Solution

Since the pressure of the powder gases

in the bore of the cannon is an internal force

so, the net external force acting on cannon

during the firing is zero.

Let v
1
 be the velocity of the cannon after

shot. The initial momentum of system is

zero.

The final momentum of the system

= m
1
v

1
+m

2
v

2

From the conservation of linear

momentum, We get,

m
1
v

1
+m

2
v

2
 = 0

m
1
v

1
 = - m

2
v

2

v
1
 = - m

2
v

2
 /m

1

Substituting the given values in the

above equation, we get

v
1

= -
 (300kg) x (400m/s)

12000kg

= -10 m/s.

Thus the velocity of cannon is 10m/s

after the shot.

Here ‘-’ sign indicates that the canon

moves in a direction opposite to the motion

of the bullet.

Key words

What we have learnt

Laws of motion, Inertia, Mass, Linear Momentum Conservation of momentum,

Impulse, Impulsive force

! First Law of Motion: A body continues its state of rest or of uniform motion unless a

net force acts on it.

! The natural tendency of objects to resist a change in their state of rest or of uniform

motion is called inertia.

! The mass of an object is a measure of inertia. SI unit of mass is Kilogram (kg).

! Second Law of Motion: The rate of change of momentum of a body is directly

proportional to the net force acting on it and it takes place in the direction of net force.

! Linear momentum of a body is the product of its mass and velocity. p = mv

! One ‘Newton’ is the force which when acting on a body of mass 1 kg, produces an

acceleration of 1 m/s2

1 newton (N) = 1kg x 1 ms-2

! Third Law of Motion: If one object exerts a force on the other object, the second object

exerts a force on the first one with equal magnitude but in opposite direction.

! In an isolated system, that means where there is no net force, the total momentum is

conserved.
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1) Explain the reasons for the following. (AS
1
)

a) When a carpet is beaten with a stick, dust comes out of it.

b) Luggage kept on the roof of a bus is tied with a rope.

c) A pace bowler in cricket runs in from a long distance before he bowls.

2) Two objects have masses 8 kg and 25 kg. Which one has more inertia? Why?(AS
1
)

3) Keep a small rectangular shaped piece of paper on the edge of a table and place an

old five rupee coin on its surface vertically as shown in the figure below. Now give

a quick push to the paper with your finger. How do you explain inertia with this

experiment? (AS
3
)

4) If a car is traveling westwards with a constant speed of 20 m/s, what is the resultant

force acting on it?  (Ans:Zero)(AS
1 
,AS

7
)

5) What is the momentum of a 6.0 kg bowling ball with a velocity of 2.2 m/s?

(Ans: 13.2 kg m/s2)(AS
1
)

6) Two people push a car for 3 s with a combined net force of 200 N. (AS
1
)

(a) Calculate the impulse provided to the car.

(b) If the car has a mass of 1200 kg, what will be its change in velocity?

(Ans: (a) 600 N.s      (b) 0.5 m/s)

7) What force is required to produce an acceleration of 3 m/s2 in an object of mass 0.7 kg?

(Ans: 2.1 N)(AS
1
)

8) A force acts for 0.2 sec on an object having mass 1.4 kg initially at rest. The force stops

to act but the object moves through 4m in the next 2 sec. Find the magnitude of the

force?  ( Ans: 14 N )(AS
1
)

Improve your learning
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9) An object of mass 5 kg is moving with a velocity of 10 ms-1. A force is applied so that in

20 s, it attains a velocity of 25 ms-1. What is the force applied on the object?

 ( Ans: 5 N )(AS
1
)

10) Find the acceleration of body of mass 2kg from the figures

shown.

(Ans: 5m/s2, 2m/s2)(AS
1
)

11) Take some identical marbles. Make a path or a track keeping

your notebooks on either side so as to make a path in which marbles can move. Now

use one marble to hit the other marbles. Take two, three marbles and make them to hit

the other marbles. What can you explain from your observations? (AS
5
)

12) A man of mass 30 kg uses a rope to climb which bears only 450 N. What is the maximum

acceleration with which he can climb safely? ( Ans: 15 m/s2 )    (AS
1
 ,AS

7
)

13) An vehicle has a mass of 1500 kg. What must be the force between the vehicle and the

road if the vehicle is to be stopped with a negative acceleration of 1.7 ms-2?  ( Ans:

2550 N in a direction opposite to that of the vehicle) (AS
1
 ,AS

7
)

14) If a fly collides with the windshield of a fast-moving bus, (AS
1
 ,AS

2
)

(a) Is the impact force experienced,  same for the fly and the bus? Why?

(b) Is the same acceleration experienced by the fly and the bus? Why?

15) A truck is moving under a hopper with a constant speed of 20m/s. Sand falls on the

truck at a rate 20 kg/s. What is the force acting on the truck due to falling of sand?

(Ans: 400N opposite to the motion) (AS
1
 ,AS

7
)

16) Two rubber bands stretched to the standard length cause an object to accelerate at

2 m/s2. Suppose another object with twice the mass is pulled by four rubber bands

stretched to the standard length. What is the acceleration of the second object?  (Ans:

2 m/s2) (AS
1
)

17) Illustrate an example of each of the three laws of motion.(AS
1
)

18) Two ice skaters initially at rest, push of each other. If one skater whose mass is 60 kg

has a velocity of 2 m/s. What is the velocity of other skater whose mass is 40 kg?

(Ans: 30 m/s in opposite direction) (AS
1
 ,AS

7
)

19) A passenger in moving train tosses a coin which falls behind him. It means that the

motion of the train is  (AS
7
)

a) Accelerated b) Uniform

c) Retarded d)       circular motion
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20) A horse continues to apply a force in order to move a cart with a constant speed.

Explain. (AS
1
)

21) A force of 5N produces an acceleration of 8 ms-2 on a mass m
1
 and an acceleration

of 24 ms–2 on a mass m
2
. What acceleration would the same force provide if both the

masses are tied together?  (AS
1
) (Ans: 6 m/s2)

22)  A hammer of mass 400 g, moving at 30 m s-1, strikes a nail. The nail stops the hammer

in a very short time of 0.01 s. What is the force of the nail on the hammer? (AS
1
)

(Ans: 1200 N)

23) System is shown in figure. (AS
1
)

Find the acceleration of the blocks and tension in the

string. Take g=10m/s2. (Ans: 5m/s2, 15N)

24) Three identical blocks, each of mass 10kg, are pulled

as shown on the horizontal frictionless surface. If the

tension (F) in the rope is 30N. What is the acceleration of each block? And what are

the tensions in the other ropes? (Neglect the masses of the ropes) (AS
1
)

(Ans: a = 1m/s2 , T
1
 =10N, T

2
 = 20N

25) A ball of mass ’m’ moves perpendicularly to a wall with a speed v, strikes it and rebounds

with the same speed in the opposite direction. What is the direction and magnitude of

the average force acting on the ball due to the wall? (AS
7
)

(Ans: 2mv/t away from the wall.)

26) Divya observed a horse pulling a cart. She thought that cart also pulls the horse with

same force in opposite direction. As per third law of motion the cart should not move

forward. But her observation of moving cart raised some questions in her mind. Can

you guess what questions are raised in her mind? (AS
2
)

27) How do you appreciate Galileo’s thought of “any moving body continues in the state

only until some external force acts on it” which is a contradiction to the Aristatile’s

belief of “any moving body naturally comes to rest”.(AS
6
)

T
1

T
2
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As per the principle of churning,  the

lighter components stay at the top when  a

mixture of  liquids are spun rapidly.

Commercially for separating the cream

from milk, a  machine called centrifuge is

used. It follows the same principle.

Centrifugation is also used in a diagnostic

laboratory, to test blood and urine samples.

The sample is taken in a test tube and the

test tube is placed in a centrifugation

machine. The heavier particles settle to the

bottom and the lighter particles stay at the

top of the test tube.

Think and discuss

How does a washing machine squeezes

out water from wet clothes?

What is a mixture?

Many things that we call pure are

actually mixtures of different substances.

Juice is mixture of water, sugar and fruit

pulp. Even water contains some salts and

minerals. All the matter around us can be

classified into two groups – pure

substances and mixtures.

When a scientist says that something

is pure, he means that the substance is

Chapter

 
IS MATTER PURE?

You might have gone to the market

many times with your parents to purchase

rice, salt, milk, ghee and other provisions.

You must have tried to ensure that you got

the purest possible milk and pure ghee etc.

In our day to day language, ‘pure’ means

something with no adulteration. But in

chemistry pure means  something different.

Let us find out what is pure in

chemistry?

Activity-1

Is full cream pure?

Take some milk in a vessel. Spin it

with a milk churner for some time. See

figure 1

Fig-1 Churning of milk

After some time, you observe

separation of a paste like solid out of the

milk. This paste like solid called cream

contains more than one component in it. It

is therefore a mixture.  We have already

studied about mixtures in previous classes,

let us learn  more about them.
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homogeneous i.e.,the composition doesn’t

change, no matter which part of the

substance you take  for examination.

For example, whichever part of a pure

gold biscuit is taken as a sample, the

composition is found to be same

throughout. (See figure.2)

Fig-2 Pure gold biscuit

But, mixtures are not always

homogeneous. The composition in some

mixtures change, depending on the part you

have taken as a sample.

Fig-3 Mixture

A mixture is generally made of two or

more components that are not chemically

combined. The substances in a mixture

retain their own properties, and they can

be physically separated.

 What would you notice from the figure 4?

Fig-4 (a) Pure substance   4(b) Mixture

Types of mixtures
You have learnt what a mixture is. Do

you know the types of mixtures? What are

they? Let’s find out.

Mixtures can be in solid, in liquid or in

gaseous states or the combination of these

three states.

Activity-2

Finding out homogeneous and
heterogeneous mixtures

Take two test tubes. Fill one test tube

with water and other with kerosene. Now

add one tea spoon of salt in both the test

tubes and stir them.

What do you notice ?

In the first test tube you can observe

that the salt dissolves completely. Such

types of mixtures are called homogeneous

mixtures. In other test tube salt is not

dissolved. What do you conclude from

this? Think!

In a homogeneous mixture the

components mixture are uniformly

distributed throughout it. The components

of a homogeneous mixture are too

intimately combined that  it will be  difficult

to distinguish them from one another by

visual observation. For example air is a

homogeneous mixture of many gases.

We all prepare a drink ‘lemonade’  and

enjoy its taste. It is a mixture of water,

sugar, lemon juice and salt. Is it

homogeneous or not? If you  taste a

spoonful of lemonade, it tastes the same

throughout. The particles of sugar lemon

juice and salt are evenly distributed in this

solution and we cannot see the components

separately. We call such mixtures as

homogeneous mixtures.
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• Can you give few more examples  of this

kind?

You have observed in the above activity

that the salt added to kerosene does not

dissolve in it. It is a heterogeneous

mixture.  A heterogeneous mixture is a

mixture made up of different substances,

or the same substance in different states

which are not uniformly distributed in it.

For example the mixtures “oil and

water’’, “naphthalene and water’’ are

heterogeneous mixtures.

Thus we can conclude that mixtures are

of two types homogeneous and

heterogeneous. Do you know that these can

again be classified into different kinds? Let

us find out.

Solutions

All of us enjoy drinking soda water and

lemonade. We know that they are

examples of  homogeneous mixtures. The

homogeneous mixture of two or more

substances from which we can not seperate

its components by the process of

filteration is called a solution. Solutions

can be in the form of solids, liquids, or

gases. A solution has two components, a

solvent and a solute.The component of the

solution that dissolve the other component

in it (usually the component present in

larger quantity) is called solvent. The

component of solution that is dissolved in

the  solvent (usually the component present

in lesser quantity) is called  solute.

A  solution of sugar is  prepared by

dissolving the sugar in water.  In this

solution sugar (solid) is the solute and

water (liquid) is the solvent. In the solution

of iodine in alcohol (tincture of iodine)

iodine (solid) is the solute and alcohol

(liquid) is the solvent. All the aerated drinks

are liquid solutions containing carbon

dioxide (gas) as solute and water as solvent.

Can you give some more examples for

solutions and tell what the solute and

solvent present in those solutions?

Think and discuss

 •“All the solutions are mixtures, but not

all mixtures are solutions”. Discuss

about the validity of  the statement and

give reasons to support your argument.

 •Usually we think of a solution as a

liquid that contains either a solid, liquid

or a gas dissolved in it. But, we can have

solid solutions. Can you give some

examples?

Properties of a solution

In a solution the particles are  so small

in size that we cannot see them with our

naked eyes. They do not scatter a beam of

light passing through the solution and hence

the path of light is not visible in a solution.

• Can you prove this with an expariment?

• If the solution is diluted, can the path of

light be visible?

One more interesting property of

solution is that, the solute particles do not

settle down when left undisturbed.  Can you

give a reason? If the solute particles are

settling down in a solution can we call it as

a homogeneous mixture?

• What would happen if you add a little

more solute to a solvent?

• How do you determine the percentage

of the solute  present in a solution?
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Concentration of a solution

Can we dissolve as much solute as we

want in a given solution? How can you

deside how much solute is allowed to

dissolve in a solvent.

The amount of solute present in a

saturated solution at a certain temperature

is called its solubility at that temperature.

For example, take one gram of sugar

and add 50ml of water to it.  Also take 30gm

of sugar and add the same amount of water

to it in another beaker. Which of the

solutions can be called as dilute and which

one as concentrated?

Activity-3

Preparation of saturated and

unsaturated solutions

Take 50 ml of water in an empty cup.

Add one spoon of sugar to the water in the

cup and stir it till it get dissolved. Keep on

adding sugar to the cup and stir till no more

sugar can be dissolved in it. How many

spoons of sugar is added ?

Fig.5 Adding Sugar to water

When no more solute can be dissolved

in the solution at a certain temperature, it

is said to be a saturated solution. A

saturated solution cannot hold any more

solute at a certain temperature.  If the

amount of solute present in a solution is

less than the saturation level, it is called an

unsaturated solution.

Can you tell what saturation level is?

Now take the solution prepared by you

into a beaker and heat it slowly. (do not

boil) Add some more sugar to this solution.

You notice that the solution allows to

dissolve more sugar in it easily when it is

heated.

Fig.6 Adding more sugar to water

Find out whether this is true for the salt

solution also?

Activity-4

Factors affecting the rate of

dissolving

Take three glass beakers and fill each

of them with 100 ml of water. Add two

spoons of salt to each beaker. Place the

first beaker undisturbed, stir the solution

in the second beaker and warm the third

beaker.

What will you observe from the above

three activities? Which method allows the

solute to dissolve in the solvent easily? If

you increase the temperature of the third

beaker, what will happen? Repeat the

activity by using salt crystals instead of salt

powder. What change can you observe?
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Mass of solute

Mass of solution

Mass of solute

Volume of solution

Solution

Mass of solute (salt) = 50g

Mass of solvent (water) = 200g

Mass of solution = Mass of solute +

Mass of solvent

     = 50g + 200g = 250g

Mass percentage of a solution  =

Suspensions and Colloidal

Solutions

Activity-5

Finding of heterogeneous

mixtures- suspensions and

colloids

Take some chalk powder in a test tube.

Take a few drops of milk in another test

tube. Add water to these samples and stir

with a glass rod. Observe whether the

particles in the mixtures are visible. Can

you call these mixtures as solutions?  (Hint:

Are your samples heterogeneous or

homogeneous?)

Now do the following steps and write

your observations in the table 1.

• Direct a beam of light from a torch or a

laser beam on the test tubes. Is the path

of the light beam visible in the liquid?

•  Leave the mixture undisturbed for some

time. What changes do you observe?

Does the solute settle down after some

time?

Mass of solute

Mass of solution
X 100

50

250
=            X 100 = 20%

What are the factors that affect the

solubility of a solute?

From this activity we can conclude that

the temperature of the water, size of the

salt particles, and stiring  of the solutions

are some of the factors that affect the rate

of solubility of solute in a solvent.

You know that solubility is the

measurement of amount of solute that

dissolves in a solvent. If the amount of

solute present is little, the solution is said

to be dilute,  and if the amount of solute

present is more, the solution is said to be

concentrated.

The concentration of a solution can be

defined as the  amount (mass) of solute

present in a given amount (mass) of

solution or the amount (mass) of solute

dissolved in a given  volume of the solution.

There are many ways of expressing

the concentration of a solution, but here

we learn only about two of those.

(i) Mass by mass percentage of a

solution =      X 100

(ii) Mass by volume percentage of a

solution =       X 100

Example

A solution contains 50g of common salt

in 200g of water. Calculate the

concentration in terms of mass by mass

percentage of the solution?
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Mixture

• Filter the mixtures. Did you find any

residue on the filter papers?

Record your observations in the table-1

Table-1

Is the path Residue is
of the light Did solute seen on the

 beam settle down?filter paper

visible? (Yes/No)

Chalk mixture

Milk mixture

We find that the particles of chalk don’t

dissolve but remained suspended

throughout the volume of the water. So the

mixture we got is a heterogeneous mixture

because the solute particles didn’t dissolve

and the particles are visible to naked eye.

Such heterogeneous mixtures are called

suspensions. Suspensions are the

heterogeneous mixtures of a solid and a

liquid, in which the solids do not dissolve,

like mixtures of soil and water.

Let us consider the mixtures of  oil in

water and kerosene in water. These are

special kinds of suspensions, called

emulstions. These mixtures consist of two

liquids that do not mix and the settle into

layers when they left undisturbed.

Give some more examples of

emulations which you see in your daily life.

Think and discuss

Have you ever observed carefully the

syrup that you take for cough? Why do

you shake them before consuming?

• It is a suspension (or) emulstion?

In activity-5, particles of milk in the

second test tube are uniformly spread

throughout the mixture. Due to smaller size

of  milk particles it appears to be

homogeneous but it is a heterogeneous

mixture. These particles easily scatter a

beam of visible light. Such mixtures are

called a colloids or colloidal solutions.

These mixtures  possess the characteristics

in between a solution and a suspension.

They are also called as colloidal

dispersions. Colloidal dispersions may

appear homogeneous but are actually

heterogeneous.

A large number of substances such as

milk, butter, cheese, creams, gels, boot

polish, and clouds in the sky etc. are some

more examples of colloids.

Colloidal solutions are

heterogeneous in nature and always consist

of at least two phases; the disperse phase

and the dispersion medium. Disperse

phase is the substance that present in small

proportion and consists of particles of

colloidal size (1 to 100mm). Dispersion

medium is the medium in which the

colloidal particles are dispersed. These two

phases can be in the form of solid, liquid

or a gas. Thus, different types of colloidal

solutions are possible depending upon the

physical state of the two phases.

Here are some common examples of

colloids from our daily life. (See table 2)

Don’t try to memorize this table-2, it has

given only for your information.
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We studied that the particles in a col-

loidal solution can easily scatter a beam of

visible light. This scattering of a beam of

light is called the Tyndall effect named

after the scientist who discovered it. You

may observe this effect in your day-today

life when a fine beam of light enters a room

through a small hole or slit. You can try to

see Tyndall effect at your home.

Select a room where the sunlight falls

directly through a window. Close the

windows in such a way that a slit is left open

between the windows. (Don’t close

completely).  What do you see?

You can also observe this

phenomenon while walking on a road

having a lot of trees on both sides. When

the sunlight passes through branches and

leaves you see the path of dust particles.

Try to observe the Tyndall effect in

the kitchen, the smoke from the stove is

exposed to sun light.

• Did you ever observe this phenomenon

in the cinema halls?

• Have you ever get an opportunity of

going through deep forests? If you go

through deep forest you can

experience this effect.

Fig.7 Tyndall effect in the forest

When sunlight passes through the

canopy of a dense forest; mist contains tiny

droplets of water, which act as particles of

colloid dispersed in air.

Table-2: Examples of dispersing medium and disersed phase

Dispersing Medium Dispersed Phase Colloid type Examples

Gas Liquid aerosol Fog, clouds, mist

Gas solid Aerosol Smoke, automobile exhaust

Liquid Gas Foam Shaving cream

Liquid Liquid Emulsion Milk, face cream

Liquid solid Sol Mud, milk of magnesia

Solid Gas Foam Foam, rubber,

sponge, pumice stone

Solid liquid Gel Jelly, cheese, butter

Solid solid Solid sol Coloured gem stone,

milky glass
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Fig. 8

Is ice-cream a colloid ?

Ice cream is made by churning a mixture

of milk, sugar and flavours. This mixture is

slowly chilled to form ice cream. The

churning process disperses air bubbles into

the mixture by foaming and breakup  the

large ice crystals in to tiny particles. The

result is a complex substance which

Table 3 Properties of suspension and colloids

Suspensions Colloids

Suspensions are heterogeneous mixtures. Colloid is a heterogeneous mixture.

The particles of suspensions can be seen with The size of particles of a colloid is too small to be

naked eyes. individually seen by naked eyes..

The particles of a suspension scatter a beam of Colloids are big enough to scatter a beam of

 light passing through it and make its path visible of light passing through it which makes its path

visible.

The solute particles settle down when a They don’t settle down when the suspension is

kept undisturbed. When the particles left undisturbed. i.e., colloid is quite stable.

settle down the suspension breaks

and it does not scatter light any more.

Suspension is unstable. The components can be The components cannot be separated from the

separated from the mixture by the process mixture  by process of filtration.

of the filtration or decantation. Centrifugation technique is used in separation.

contains solids (milk fats and milk

proteins), liquids (water) and gases (air

bubbles). Now can you guess whether ice

cream a colloid or not?

Think and discuss

 Is there any difference between a true

solution and colloidal solution? If you

find the differences, what are those

differences?

Can you explain now in a comparative

way about suspensions and colloids? Let

us see.

Separating the components of a
mixture

Till now we have discussed the types

of mixtures. Do you know techniques to

separate these mixtures in to their

respective constituents?

Usually heterogeneous mixtures can be

separated into their respective constituents

by simple physical methods like

handpicking, sieving, filtration etc., as we

use in our day to day life.

Sometimes special techniques have to

be used for the separation of the

components of mixture. We have learnt in

class VI how to separate mixtures in various

ways like, flotation, filtration,

crystallization, chromatography etc. Let us

see more.
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Why do we use different separation

techniques for mixtures like grain and husk

as well as ammonium chloride and salt

though both of them are heterogeneous

mixtures?

 What is the basis for choosing a

separation technique to seperate

mixtures?

Evaporation

Activity-7

Process of evaporation of water

Fig-10  Evaporation of water

Take a beaker and fill it to half its

volume with water. Keep a watch glass on

the mouth of the beaker as shown in figure-

10. Put few drops of ink on the watch glass.

Heat the beaker and observe the watch

glass. Continue heating till you do not

observe any further change on the watch

glass.

What is evaporated from the watch

glass? Is there any residue on the watch

glass?

We know that ink is a mixture of a

dye in water. We can separate the

components in the ink using evaporation.

Vapours

Ink

Watch Glass

Beaker

Water

Inverted funnel

Solidified ammonium

chloride

China dish

Mixture of

ammonium chloride

and salt

Vapours of

ammonium

chloride

Cotton Plug

Sublimation

Activity-6

Separation of mixtures by

sublimation

Fig- 9 Separating ammonium chloride and salt

Take one tablespoon of common salt one

tablespoon of ammonium chloride and mix

them.

 Is the mixture heterogeneous? Give

reasons.

 How do we separate the salt and

ammonium chloride?

Take the mixture in a china dish. Take a

glass funnel which is big enough to cover the

dish. Plug the mouth of the funnel with cotton

and invert it over the dish as shown in figure

9. Keep the dish on the stand of stove and

heat for some time and observe the walls of

the funnel. Initially you find vapours of

ammonium chloride and then solidified

ammonium chloride on the walls of the

funnel.

Try it for mixtures that have camphor

or naphthalene.

Think and discuss
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Procedure : Draw a thick line  just above

the bottom of the filter paper using the

marker. Pour a small amount of water in

the beaker and hang the paper strip with help

of a pencil and tape in such a way that it

should  just  touch the surface of water as

shown in figure 11.

Make sure that the ink line or mark

does not touch the water.

Allow the water to move up the paper

for 5 minutes and then remove the strip

from water. Let it dry.

What colours did you observe in the

black ink sample?

Take two more paper strips and

markers as samples and do the experiment.

Do the colours occur in the same order and

in the same location on all the samples?

Instead of non permanent marker use

a permanent marker. What will you

observe?

Now touch the marker line to water.

What will you notice?

Instead of thick line, draw a thin line

on the paper strip with non- permanent

marker? Do your results change in each

case?

 Is chromatography used only to

seperate components of coloured

liquids?

Separation of immiscible and

miscible liquids
A liquid is said to be miscible if it

dissolve completely in another liquid. For

example alcohol is miscible in water. Can

you give some more examples for miscible

liquids.

An immiscible liquid is one which

doesn’t dissolve but forms a layer over

another liquid and can be separated easily

like oil is immiscible in water. Can you

name any such liquids from your daily

observation?

Pencil

Cello tape

Strip of

Beaker

Marker

Lab Activity

Fig.11 Separating the components of ink

Think and discuss

Is it possible to find out

adulteration of Kerosene in petrol with

this technique?

In activity-7 we saw that ink is a

mixture of solute and solvent. Is the dye in

ink a single colour?  How many solutes are

there in ink?  How can we find out those?

Is there any technique to separate the

different components of dye in the ink?

That is where chromatography would help?

Chromatography is a laboratory

technique for the separation of mixtures

into its individual components. We can use

chromatography to separate components

of dyes in ink. The process can also be used

to separate the coloured pigments in plants

and flowers or used to determine the

chemical composition of many substances.

Paper Chromatography

Aim: Separating the components of ink

using paper chromatography.

Material required: Beaker, rectangular

shaped filter papers, black marker (non-

permanent), water, pencil and cello tape.
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Separating

funnel

Kerosene Oil

Stop Cock

Water

Do you know how to separate

immiscible liquids?

Activity-8

Separation of immiscible liquids

Fig.12 Separating funnel

You must have seen a mixture of oil

and water. How many layers can be

observed? How can you separate the two

components?

Take a separating funnel and pour the

mixture of kerosene oil / caster oil and

water in it. Let it stand undisturbed for

some time. So that separate layers of oil

and water are formed. Open the stopcock

of the separating funnel and pour out the

lower layer of water carefully. Close the

stopcock of the separating funnel as the oil

reaches the stop-cock.

The underlying principle is that the

immiscible liquids separate out in to layers

depending on their densities. Did you

observe in your village how caster oil is

prepare by boiling castor seeds? If not ask

your parents and teachers.

Diesel is   immiscible in water. The

bright rainbow patterns seen often during

rainy season when the diesel drops falls on

the road, are the result of thin film of diesel

on water.

Fig.13 Drops of diesel on wet road

Separation of a mixture of two
miscible liquids

Sometimes a homogeneous solution

is formed by the mixing of liquids. Some

liquids have the property of mixing in all

proportions, forming a homogeneous

solution. This is known as miscibility.

Water and ethanol, for example, are

miscible because they mix in all

proportions. How can we separate such

mixtures?

Distillation

Activity-9

Separation of two miscible liquids
by distilation

Thermometer

Water Outlet

Clamp

Water
condenser

Cold water in

Acetone

Mixture of

Acetone
andWater

Distillation

Flask

Clamp

Fig-14 Separating the mixture of

Acetone and water by distillation
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Acetone and water are also miscible.

Take a mixture of acetone and water in a

distillation flask. Fit it with a thermometer

and arrange to stand. Attach the condenser

of the flask on one side and other side keep

a beaker to collect. Heat the mixture slowly

keeping a close watch on the thermometer.

The acetone vaporizes and condenses in the

condenser. Acetone can be collected from

the condenser outlet. Water remains in the

distillation flask.

The separation technique used above

is called distillation. Distillation is used

in the separation of components of a

mixture containing two miscible liquids.

But there should be a large difference in

the boiling points of the two liquids.

What if the boiling points of the
two liquids are close to each
other?

To separate two or more miscible

liquids when the difference in their boiling

points is less than 25oC, fractional

distillation process is used. If the

difference in boiling points is greater than

250C, a simple distillation is used.

Do you know what process of

fractional distillation is?

The apparatus is similar to that for

simple distillation except that a

fractionating column is fitted in between

the distillation flask and the condenser. A

simple fractionation column is a tube

packed with glass beads. The beads provide

maximum possible surface area for the

vapours to cool and condense repeatedly

as shown in Fig.15

Fig-15 Fractional distillation

 Can you give any examples where we use

this technique?

 How can we obtain different gases from

air ?

We have learnt that air is a homogeneous

mixture. Can it be separated into its

components?

Let’s see the flow chart which gives the

steps of the process.

Air

Compress and cool by increasing pres-

sure and decreasing temperature

Liquid air

Allow to warm up slowly in fractional

distillation column

Gases get separated at different heights

Points Oxygen Argon Nitrogen

Boiling points (0C) -183 -186 -196

% air by volume 20.9 0.9 78.1

Fig. 16 Flow diagram shows the process

of obtaining gases from air

Thermometer

Water Outlet

Water
condenser

Cold
water in

Pure liquid

component

Mixture

Distillation

Flask

Clamp

Cork

Fractionating

column

Cork
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If we want oxygen gas from air

(figure-17), we have to separate out all the other

gases present in the air. The air is compressed

by increasing the pressure and is then cooled by

decreasing the temperature to get liquid air. This

liquid air is allowed to warm up slowly in a

fractional distillation column where gases

separated at different temperatures depending

upon their boiling points.

Think and discuss

 Arrange the gases present in air in

increasing order of their boilling

points. What do you observe?

 Which gas forms the liquid first as the

air is cooled?

Types of pure substances

So far we have studied about mixtures

viz – substances whose components can be

separated by physical methods. What about

substances that cannot be separated further

by any of the methods of separation? We

call these as pure substances. Let us explore

further about them.

Activity-10

Can we separate mixture of
Copper sulphate and Aluminum

Take a concentrated solution of

copper sulphate in to beaker and drop a

piece of aluminum foil in it. After some

time you will observe a layer of copper

deposited on the aluminum foil. The

solution becomes colorless. Why did this

happen? (recall activities of the chapter

on Metals and Non-metals)

We know that a chemical reaction

takes place among the copper ions present

in the solution with aluminum and copper

metal is separated. Does it mean that

copper sulphate is a mixture? No it is not.

Here copper cannot be separated

from sulpher and oxygen by any physical

process. It can be separated only by a

chemical reaction. Substances such as

copper sulphate are called compounds.

Table-4 : Mixtures and compounds

Mixtures                 Compounds

1. Elements or compounds just mix together to 1. Elements react to form new compounds.

form a mixture and no new compound is formed.

2. A mixture has a variable composition. 2. The composition of each new substance is
always fixed.

3. A mixture shows the properties of the 3. The new substance has totally different
constituent substances. properties.

4. The constituents can be separated fairly easily by 4. The constituents can be separated only by

physical methods. chemical or electrochemical reactions.

Air in

Filter
Freezing

cold water in

Carbon dioxide

out as dry ice
Expansion

jet

Liquid

Air

Fractional

distillation

column

Nitrogen
out

Argon
out

Liquid
oxygen

Separator

Cold
Compressed

air

Water out

Hot Air

Air
under

pressure

Fig.17 Separation of componants of air
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We can define compounds as pure

substances that can be separated into two

or more components only by means of a

chemical reaction.

We now have two types of pure

substances - compounds and elements.

Elements can be divided into metals,

non-metals and metalloids. We have already

studied properties of metals and non-

metals. Write down the names of some

elements that you know.

Elements have been used since the

early days of civilisation viz – metals such

as iron, lead, copper, helped in the

development of civilizations. For thousands

of years, alchemists – up to and including

Isaac Newton – attempted to unearth new

elements, and study their properties.

Hennig Brand, a German alchemist, boiled

down urine to discover phosphorus in 1669.

But it was not until the late 1700s that our

knowledge of the elements really took off,

as chemists developed new ways to purify

and isolate elements.

Sir Humphry Davy, was extremely

successful in discovering many elements -

sodium, magnesium, boron, chlorine and

many  more. Robert Boyle used the term

element and Lavoisier was the first to

establish a useful definition of element. He

defined an element as a basic form of

matter that cannot be broken down in to

simpler substances by chemical reactions.

If any substance can be separated into

two or more constituent parts by a chemical

reaction, that substance is definitely a

compound.

What do we get when two or more

elements are combined?  We can

understand through an activity.

Activity-11

Understanding the nature of
elements, compounds and
mixtures

Divide the class into two groups.

Give 5g of iron fillings and 3g of sulphur

powder in a china dish to both the groups.

Activity for group-1:

Mix and crush iron fillings and

sulphur powder. Check for magnetism in

the material obtained. Bring a magnet near

the material and check if the material is

attracted towards the magnet.

Activity for group-2:

Mix and crush iron fillings and

sulphur powder. Heat this mixture strongly

till it becomes red hot. Remove it from

flame and let the mixture cool. Check for

magnetism in the material obtained.

Compare the texture and colour of the

material obtained by the two groups.

The next part can be done if you have

a lab set up in the school.

Each group should divide the

material obtained into two parts. Add

carbon disulphide to one part. Stir well and

filter.
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Add dilute sulphuric acid or dilute

hydrochloric acid to the other part.

Do the same reactions separately

with sulphur and iron. Observe the changes.

Now answer the following

 Did the material obtained by the two

groups look the same?

 Which group has obtained a material

with magnetic property?

 Can we separate the components of the

material obtained?

 On adding dilute sulphuric acid or dilute

hydrochloric acid did both the groups

obtain a gas?

 Did the gas in both the cases smell the

same or different?

The gas obtained by group 1 due to

reaction of material with dilute HCl (or)

H
2
SO

4
 solution is hydrogen. It is

colourless, odorless and combustible.

The gas obtained by group 2  due to

reaction of material with dilute HCl (or)

H
2
SO

4
 solution is hydrogen sulphide. It is

a colourless gas with the smell of rotten

eggs. You must have observed that the

product of the both groups shows different

properties though the starting material was

same.

Group 1 has carried out the activity

involving a physical change. Where as

group examined a chemical change. The

material obtained by group 1 is a mixture

of two substances. i.e. iron and sulphur,

which are elements.

The properties of mixture are the

same as that of its constituents’. The

material obtained by the group 2 is a

compound. On heating the two elements

strongly we get compound, which has

totally different properties, compared to

the properties of the combining elements.

The composition of a compound is the

same throughout. We can also observe that

the texture and colour of the compound are

the same throughout its volume.

The chemical and Physical nature of

the matter is better understood by the

following flow chart.

Matter (Solid,
liquid or gas)

Pure substance
Mixtures

(No fixed composition)

Compounds
...........................................

Have fixed composition canbe broken
down into elements by chemical or

electrochemical reactions
...............................................

for example, water, methane, sugar,
salt, etc

Heterogeneous

.............................

Non uniform composition

.............................

for example, sand and salt, sugar

and salt, water in oil etc

Homogeneous

.................................
Uniform composition

.....................................

for example, sugar in water,
salt inwater, sulphur in carbon

disulphide,water in alcohol etc

Elements

...........................................

cannot be broken down to simpler

substances

...............................................

for example, copper, oxygen, iron,

hydrogen, mercury, etc
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What we have learnt

Key words

Pure substances, Mixture,  Heterogeneous mixture, Homogeneous mixture,

Solution, Suspension, emulsions, colloidal dispersions, solvent, solute, concentration

of solution, Tyndall effect, Evaporation, Centrifuge, Immiscible liquids, Miscible

liquids, Cromatography, distillation, Fractional distillation,  Elements Compounds.

 A mixture contains more than one substance (element and/or compound) mixed in

any proportion.

 Mixtures can be separated into pure substances using appropriate separation

techniques.

 A solution is a homogeneous mixture of two or more substances. The major

component of a solution is called the solvent, and the minor, the solute.

 The concentration of a solution is the amount of solute present per unit volume or

per unit mass of the solution.

 Materials that are insoluble in a solvent and have particles that are visible to naked

eyes, form a suspension. A suspension is a heterogeneous mixture.

 Colloids are heterogeneous mixtures in which the particle size is too small to be

seen with the naked eye, but is big enough to scatter light. Colloids are useful in

industry and daily life. The colloid has the dispersed phase and the medium in which

they are distributed is called the dispersion medium.

 Pure substances can be elements or compounds. An element is a form of matter that

cannot be broken down by chemical reactions into simpler substances. A compound

is a substance composed of two or more different types of elements, chemically

combined in a fixed proportion.

 Properties of a compound are different from its constituent elements, whereas a

mixture shows the properties of its constituting elements or compounds.
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1. Which separation techniques will you apply for the separation of the following?

(AS
1
)

(a) Sodium chloride from its solution in water.

(b) Ammonium chloride from a mixture containing sodium chloride and ammonium

     chloride.

(c) Small pieces of metal in the engine oil of a car.

(d) Different pigments from an extract of flower petals.

(e) Butter from curd.

(f) Oil from water.

(g) Tea leaves from tea.

(h) Iron pins from sand.

(i) Wheat grains from husk.

(j) Fine mud particles suspended in water.

2. Write the steps you would use for making tea. Use the words given below and write

the steps for making tea? (AS
7
)

Solution, solvent, solute, dissolve, soluble, insoluble, filtrate and residue.

3. Explain the following giving examples.(AS
1
)

(a) Saturated solution     (b)Pure substance     (c) colloid (d) Suspension

4. Classify each of the following as a homogeneous or heterogeneous mixture. Give

reasons.(AS
1
)

Soda water, wood, air, soil, vinegar, filtered tea.

5. How would you confirm that a colourless liquid given to you is pure water? (AS
1
)

6. Which of the following materials fall in the category of a “pure substance”? Give

reasons (AS
1
)

(a) Ice          (b) Milk   (c) Iron    (d) Hydrochloric acid (e) Calcium oxide

(f) Mercury (g) Brick   (h) Wood  (i) Air.

Improve your learning
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7. Identify the solutions among the following mixtures. (AS
1
)

(a) Soil         (b) Sea water (c) Air (d) Coal (e) Soda water.

8. Which of the following will show “Tyndall effect”? How can you demonstrate Tyndall

effect in them? (AS
1
 AS

3
)

(a) Salt solution    (b) Milk    (c) Copper sulphate solution    (d) Starch solution.

9. Classify the following into elements, compounds and mixtures. (AS
1
)

(a) Sodium    (b) Soil (c) Sugar solution     (d) Silver

(e) Calcium carbonate    (f) Tin (g) Silicon (h) Coal

(i) Air    (j) Soap (k) Methane  (l) Carbon dioxide

(m) Blood

10. Classify the following substances in the below given table. (AS
1
)

Ink, soda water, brass, fog, blood, aerosol sprays, fruit salad, black coffee, oil and

water, boot polish, air, nail polish,  starch solution, milk.

       Solution     Suspension        Emulsion    Colloidal dispersion

11. Take a solution, a suspension, a colloidal dispersion in different beakers. Test whether

each of these mixtures shows the Tyndall effect by focusing a light at the side of the

container.(AS
3
)

12. Draw the figures of arrangement of apparatus for distillation and fractional distillation.

What do you find the major difference in these apparatus? (AS
5
)

13. Determine the mass  by mass percentage concentration of a 100g salt solution which

contains 20g salt? (AS
1
)

Ans: (20% )

14. Calculate the concentration interms of mass by volume percentage of the solution

containing.  2.5g potassium chloride in 50ml of potassium chloride (KCl)solution?

 (AS
1
)                                                                                                                Ans: (5%)



70 Atoms and Molecules

In the chapter "Is matter around us pure?"

we  used the terms elements and

compounds. You learnt about the role of

separation techniques in identifying

elements. The pure   components obtained

after separation (or purification) are either

elements or compounds.

In this chapter, we can use this

knowledge to explain some of observations

made in previous classes like the

observation of rusting of iron rod kept

outside, etc.

• Does the weight of iron rod increase

or decrease, on rusting?

We notice that on burning charcoal, it

leaves ash at the end ?

• Where does the matter charcoal go?

• Wet clothes dry after some time -

where does the water go?

These and other similar questions had

also fascinated scientists for many years;

in particular, burning or combustion

reactions.

Recall the chapter "Metals and non-

metals."

• What does happen to Magnesium on

burning it in air ?

• What does happen  to Sulphur on

burning it in air?

Think about the weight of the reactants

and products.

ATOMS AND MOLECULES
Chapter

 

Do you know?

Antoine Lavoisier

(1743-1794) was a

French nobleman. He

made many important

contributions to

chemistry and some

call him the Father of Modern

Chemistry.

Lavoisier studied combustion reactions

in detail. For example, during

combustion reactions, he not only

carefully weighed the solid reactants,

but also took into account the gases

involved. He perfected chemical

apparatus which ensured that gases did

not escape during the reactions. This led

to the law of conservation of mass.
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In this chapter, we use the following

terms frequently - elements, compounds,

reactants and products. Discuss with your

friends about meaning of these terms.

Think of different examples for each term.

Let us start our investigations by doing

a lab activity to see what will happen to

weight of reactants and products during a

reaction.

Aim: To understand change in mass

before and after a chemical reaction.

Material required: Lead nitrate,

potassium iodide, distilled water, conical

flask, spring balance, test tube, stand,

rubber cork, thread etc.

Procedure

1. Prepare a solution by dissolving

approximately 2 grams of  lead

nitrate in 100 ml of distilled water.

2. Prepare another solution by

dissolving approximately 2 gm of

Potassium iodide in 100 ml water.

3. Take 100ml solution of lead nitrate

in 250ml conical flask.

4. Also take 4ml solution of potassium

iodide in test tube.

5. Hang the test tube in the flask

carefully, without mixing the

solutions.  Put a cork on the

flask.(see figure 1)

6. Weigh the flask with its contents

carefully by spring balance.

7. Now tilt and swirl the flask, so that

the two solutions  mix.

       (see figure 2).

8. Weigh the flask again by the same

spring balance as shown in figure 3.

9. Record your observations:

Weight of flask and contents before

mixing =

Weight of flask and contents after

mixing =

Now, try to answer these questions:

• What happens in the reaction flask?

• Do you think that a chemical

reaction has taken place? Give

reason.

Lab Activity

Fig - 1

Fig - 2

Fig - 3
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Do you know?

Think and discuss

Think and discuss

Though the law of conservation of

mass was proposed by Lavoisier, It was

experimentally verfied by Landolt. The

experiment carried out by us is a

modified form of the experiment done

by Landolt.

Law of constant proportions

From the experiments on law of

conservation of mass, we saw that mass

does not change during a chemical reaction.

Now let us look at the results of some

experiments carried out by the Joseph L.

Proust between 1798 and 1808.

Proust took two samples of copper

carbonate - a compound of copper, carbon

and oxygen. He took a sample from nature

and another sample prepared in the lab and

decomposed it chemically to find

percentage of copper, carbon and oxygen

in the two samples.

The results obtained are given in

table- 1

Table-1

• What do you observe from the table?

• Does the weight of the flask and its

contents change?

• What is your conclusion?

Result:

• A chemical reaction took place and

the mass remained same before and

after chemical reaction. Therefore,

mass was neither created nor

destroyed in the chemical reaction.

• Do you get the same result  if  the

conical flask is not closed?

Law of conservation of mass

Antoine Lavoisier carried out much

experimentation and  he established the

important law of conservation of mass. It

states, "Matter is neither created nor

destroyed during a chemical reaction.

More simply, the mass of reactants is

equal to the mass of the products of

chemical reaction. Earlier, it was thought

that mass is lost during burning of charcoal.

But when Lavoisier, carried out the burning

in a closed set up, he found no change in

weight.

 • Recall the burning of the Magnesium

ribbon in air. Do you think mass is

conserved during this reaction?

Natural

sample

Synthetic

sample

Weight

percentage of

 Copper 51.35 51.35

 Carbon 38.91 38.91

 Oxygen 9.74 9.74
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Think and discuss

• What difference do you observe in

percentage of copper, carbon and

oxygen in two samples?

Similarly, Proust took water from

different sources, and  found that the

percentage of oxygen and hydrogen was the

same in all samples. There was no relation

between the place from where the sample

came and its composition.

Based on his experiments, Proust put

forwared the law of constant (or definite)

proportions. It states that, "a given

chemical substance always contains the

same elements combined in a fixed

proportions by weight." This means that

the relative proportion of elements in a

compound is independent of the source or

method of preparation.

• 100 g of mercuric oxide decompose

to give 92.6 g of mercury and 7.4 g of

oxygen. Let us assume that 10 g of

oxygen reacts completely with 125 g

of mercury to give mercuric oxide.  Do

these values agree with the law of

constant proportions?

• Discuss with your friends if the carbon

dioxide that you breathe out and the

carbon dioxide they breathe out are

identical. Is the composition of the

carbon dioxide of different sources

same?

Why are the laws valid?

By early 19th century, the scientists

knew some laws governing chemical

reactions. Why are these laws valid? Why

couldn't the elements combine in any

proportion ?

Many scientists tried to give appropriate

explanations. The English school teacher

John Dalton proposed the basic theory

about the nature of matter. Dalton reasoned

his proposals as mentioned below.

1. If mass was to be conserved, then all

elements must be made up of

extremely small particles, called

atoms.

2. If law of constant proportion is to

be followed, the particles of  same

substance couldn't be dissimilar.

Based on the above laws, Dalton

proposed A new system of Chemical

Philosophy of atomic theory.

Dalton's atomic theory

The following are the main postulates

of the theory:

1. Matter consists of indivisible

particles called atoms.

2. Atoms are neither created nor

destroyed in a chemical reaction.

Fig - 4

John Dalton
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Think and discuss

Atoms and molecules

Very often you may have heard that atoms

are the building blocks of all matter. But

what does it mean? It means that matter is

composed of tiny particles known as atoms.

These atoms are so small that we cannot

see them even with a high-powered

microscope. The number of atoms present

even in a small amount of matter is very

large.

The aluminium  foil  that we use to

pack food  might  seem thin to you. But

it has atoms in thousands.

•   Are elements also made of atoms?

We know that substances are made up

of - atoms or molecules. Atoms are the

most fundamental of all particles that can

have an independent existence. Sometimes

two or more atoms combine to form a big

particle. When atoms combine, they form

molecules. When the particles of a

substance contain only one type of atoms,

that substance is called an element. In

elements the smallest particle that exist

may be atoms or molecules.

There are many elements whose smallest

particle is an atom. Iron, copper, zinc,

aluminium, silver, gold etc are examples of

substances in which the smallest particle

is an atom.

Do you know?

Chemical reactions involve

reorganization of atoms.

3. All the atoms of a given element

have identical mass and chemical

properties. Atoms of different

elements have different masses and

chemical properties.

4. Compounds are formed when atoms

of different elements combine in

simple whole number ratios. That is,

chemical change is the union or

separation of atoms as a whole.

• Which postulate of Dalton's theory

is the result of the law of

conservation of mass?

• Which postulate of Dalton's theory

can explain the law of constant

proportions?

About 2600 years ago, an Indian sage

(Rishi) called Kanada also postulated

atoms in his VAISHESIKA SUTRA.  The

actual name of Kanada was Kasyapa -

he was renamed after his KANA

SIDHANTHA. He proposed that all

forms of matter are composed of very

small particles known as anu and each

anu may be made up of still smaller

particles called parmanu.

 The word 'atom' is derived from a

Greek word 'a-tomio' (means -

indivisible)

Do you know?
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Oxygen and nitrogen are examples of

substances in which the particles are a

combination of two identical atoms.

Atoms of same elements or of different

elements can join together to form

molecules. If atoms of different elements

join together they form a new substance

known as compound.

So we can have molecules of elements

and molecules of compounds. A molecule

can be defined as the smallest particle of

matter that is capable of an independent

existence and retained all the properties of

that substance.

Why do we name elements?

Do you know what gold is called in your

language? But in other languages it would

have a different name. There are so many

languages in the world so it is not possible

to know the different names of each

element in different languages. To help

scientists communicate without confusion,

we must have one name for each element

that is accepted by everyone.

Do you know?

How elements like hydrogen and

oxygen got their names?

Sometimes elements are named based

on their property. For example, the Latin

word for water is 'hydro'. So the element

that combined with oxygen to give water

was named hydrogen.

At one time people believed that any

substance that contained oxygen would

be acidic in nature.  The Latin word for

acid is 'oxy'. Hence the gas was called

oxygen , meaning 'gas that forms acid'. It

was later discovered that the acidic

property was not related to oxygen.

However, by then the name had come into

common use so it was not changed.

Place of discovery of element can also

play a role in its naming. For example,

the gas which was first discovered in the

sun (Greek name for Sun is 'helios'), was

named helium.

Can you guess the orgin of names of

polonium and californium?

Sometimes elements were named to

honour the scientists. For example:

Einsteinium, Fermium, Rutherfordium

and Mendelevium.

Symbols of elements

You must have realized that chemistry

involves a lot of reactions. It will be a waste

of time to write the full name of the

elements and compounds every time to

describe a reaction. To avoid this we use

Do you know?

John Berzelius

suggested that

initial letter of an

element written in

capitals should
represent that particular element, such

as 'O' for oxygen, 'H' for Hydrogen and

so on.



76 Atoms and Molecules

some shortcuts.  Using short forms or

symbols for naming the elements is one

solution.

Over a 100 elements have been

discovered so far. How do we decide their

symbols?

Table-2: Symbols for some elements

Element Name Symbol

Hydrogen H

Oxygen O

Nitrogen N

Sulphur S

Carbon C

Calcium Ca

Chlorine Cl

Chromium Cr

Boron B

Barium Ba

Bromine Br

Beryllium Be

Aluminium Al

Iron Fe

Gold Au

Sodium Na

Potassium K

Do you see any problem with this

method? We have 26 alphabets in English

but there are over 100 known elements.

How do we write the symbols for calcium,

Chlorine, Chromium?

We have already used the letter 'C' for

Carbon. Look at the elements after Carbon

and before Aluminium in the table.

Discuss with your teacher and friends

how the symbols have been decided for

these elements. Notice the following:

• A symbol can have either one or two

letters of English.

• The first letter of the symbol is

always upper case and the second

letter is always lower case.

Activity-1

Some elements and their possible

symbols are given  in  table-3.  Correct

them and give reasons for your corrections.

Table-3

   Element Possible symbol

Aluminium al

Carbon c

Chromium Chr

Chlorine CL

Beryllium Be

Usually, the first letter of the name of

the element in English became the symbol

of that element and is always written as a

capital letter (upper case).
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Some unusual symbols

This is not the end of the problem. We observe that symbols for some elements come

from their names but some don't. If you are told that certain elements have symbols based

on their Latin names (or older names in other languages).

• Would you be able to guess  the elements of  the table-2, have symbols of this

category?

Activity-2

Write the symbols for given elements

Look up a periodic table and try to find the symbols for the given elements in table 4 and

write them against their names.

Elements with more than one

atom

Several elements have more than one

atom in their smallest constituent particle.

Each particle in these elements contains

two atoms combined together to form a

molecule. Oxygen, hydrogen and nitrogen

are examples of such elements.

For example, a molecule of oxygen has

two atoms. We need a formula to represent

such a molecule in a simple way. The

formula for oxygen molecule is O
2
.

Why did not we write it as 2 O ? Writing

a formula in this way indicates two separate

atoms of oxygen. Hence first write the

symbol for oxygen. and then write 2 as a

subscript after the letter O.

Subscript number indicates number of

atoms of Oxygen combined to form its

molecule.

You may have heard about Ozone gas.

This gas is found in large quantities in the

upper layers of the earth's atmosphere. It

protects us by shielding the earth from

some harmful rays of the sun. Every

molecule of ozone has three atoms of

oxygen. Can you write the formula of

ozone?

Atomicity

Molecules of many elements, such as

Argon (Ar), Helium(He) etc are made up

of only one atom of that element. But this

is not the case with the most of non metals.

In non metals the molecules contain more

than two atoms of different elements.

Element Sodium Silver Tungsten Potassium Copper Gold Iron Lead

Other name Natrium Argentum Wolfram Kalium Cuprum Aurum Ferrum Plumbum

Symbol

Table-4
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The number of atoms constituting a

molecule is known as its atomicity.

For example, a molecule of hydrogen

consists of two atoms of hydrogen. Here

the atomicity is two; hence it is known as

diatomic molecule. Helium (He),  Argon

Valency

There are over 100 elements known now.

These elements react with each other to

form compounds. Every element has a

definite combining capacity, that

determines the atomicity of its molecules.

Every element reacts with other element

according to its combining capacity, which

we call as its valency.

(Ar) exist  as  single atom. Hence they are

known as monoatomic.

Observe the following table to know

atomicity of  molecules of few elements

and try to write the symbol of molecule

based on its atomicity.

• Why do some elements monatomic?

• Why do some elements form

diatomic or triatomic molecules?

• Why do elements have different

atomicities

To understand the atomicity of

molecules of elements and  compounds we

need to understand the concept of valency.

• What is valency?

Name of the element Formula Atomicity

Argon Ar Monoatomic

Helium Monoatomic

Sodium Na Monoatomic

Iron Monoatomic

Aluminum Monoatomic

Copper Monoatomic

Hydrogen H
2

Diatomic

Oxygen Diatomic

Nitrogen Diatomic

Chlorine Diatomic

Ozone O
3

Triatomic

Phosphorus Tetratomic

Sulphur S
8

Octatomic

Table-5
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What is an ion?

Compounds formed by metals and non

metals contain charged species. The

charged species are known as ions.  A

negatively charged ion is called anion and

the positive charge ion is cation.

For example sodium chloride do not

contain discrete molecules as their

constituent units. Its constituent particles

are positively charged sodium ions (Na+)

and negatively charged chloride ions (Cl–).

Ions may be a single charged atoms or a

group of atoms (polyatomic) that have a net

charge on them.
So atoms of the elements have power to

combine with atoms of  other elements.

This is known as its valency.

Element Valency

Hydrogen 1

Carbon 4

Oxygen 2

Chlorine 1

Helium 0

Argon 0

Fluorine 1

Table-6

Table-7: Some common, simple and polyatomic ions

Net Charge Cation Symbol Anion Symbol

Sodium Na+ Hydride H 
-

Potassium K+ Chloride Cl 
-

Silver Ag + Bromide Br 
-

Copper* Cu+ Iodide I 
-

Ammonium NH
4

+ Hydroxide OH 
-

Nitrate NO
3

-

Magnesium Mg+2 Oxide O 2
-

Calacium Ca+2 Sulphide S 2
-

Zinc Zn+2 Sulphate SO
4

2-

Copper* Cu+2 Carbonate CO
3

2-

Iron* Fe+2

Aluminium Al+3 Nitride N 3
-

Iron* Fe+3 Phosphate PO
4

3-

1 unit

2 units

3 units

* elements which show variable valency.
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Valency of an ion is equal to the

magnitude of its charge. For Example

valency of chloride ion (Cl–) is 1. Valency

of sulphate ion (SO
4

–2) is 2.

Now refer the table-7 and try to write

the valencies of some other ions.

Atomic mass

The most remarkable concept that

Dalton's atomic theory proposed was that

of atomic mass. According to him each

element had a characteristic atomic mass.

Since, atoms are extremely light and

small, scientists find it difficult to measure

their individual masses.  Hence, the mass

of the atom is compared with a standard

atomic mass of other element. In 1961, it

was universally accepted that to choose the

atomic mass of carbon-12  as a standard

reference for measuring atomic masses of

other elements.

Observe the following diagram (fig-5).

Let us assume the circle in the diagram

represents atomic mass of  carbon-12.  It

is divided into 12 equal parts as shown in

the figure, and each part represents 1/12

of atomic mass of  carbon-12.

One atomic mass unit is defined a mass

exactly one twelfth the atomic mass of

Carbon-12 isotope.

The number of times one atom of given

element is heavier than 1/12th part of

atomic mass of carbon-12 is called its

atomic mass.

The relative atomic mass of the atom of

an element is defined as the average mass

of the  atom, as compared to 1/12th of the

mass of one carbon -12 atom.

Atomic mass of an element is a ratio and

has no units but expressed in amu according

to latest IUPAC recommendations the amu

has been replaced by 'u', which is known as

unified mass.

1

2
345

6

7

8 9 10 11
12

Fig - 5

Element Atomic Mass (in u) Element Atomic Mass (in u)

Hydrogen 1 Aluminium 27

Carbon 12 Phosphorus 31

Nitrogen 14 Sulphur 32

Oxygen 16 Chlorine 35.5

Sodium 23 Potassium 39

Magnesium 24 Calcium 40

Table-8: Atomic masses of a few elements
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Do you know?
.

1. Atomic weights of elements were

determined in the beginning with

reference to hydrogen by John

Dalton.

While searching various atomic mass

units scientists initially took 1/16th

of the mass of an atom of naturally

occurring oxygen as a unit. This was

considered relevant due to two

reasons.

• Oxygen reacted with a large

number of elements and formed

compounds.

• This atomic mass unit gave masses

of most of the elements as whole

numbers.

2. During nineteenth century there were

no facilities to determine the mass

of an atom.  Hence, chemists

determined the mass of one atom

relative to another by experiments.

Today, atomic mass of an atom can

be determined very accurately with

the help of an instrument called mass

spectrometer.

Molecules of compounds

A molecule is formed by the

combination  of different kinds of atoms

that are chemicelly bonded together by

attractive forces. For example, a molecule

of water is formed by the combination of

atoms of hydrogen and oxygen. All the

molecules of water are identical.

Is it possible for any number of atoms

of hydrogen to combine with any number

of atoms of oxygen to form a molecule of

water?

For all the molecules of water to be

identical, it is essential that the atoms of

hydrogen and oxygen that are present in the

molecule must be in fixed numbers.  If this

number is not fixed, how could all the

particles of water be identical?

Each molecule of water contains 2

atoms of hydrogen and 1 atom of oxygen.

Chemical formulae of compounds

While writing the formula of a

compound we must keep two things in

mind.  First, we must see the elements

present in a molecule of the compound.

Second, we must see the number of atoms

of each element present in that molecule.

2 atoms of hydrogen and one atom of

oxygen are present in a molecule of water,

its formula is H
2
O.

Another rule is that if the molecule of a

substance contains only one atom subscript

need not be written in the formula.

Now look at another example, a

molecule of carbon dioxide contains one

atom of carbon and two atoms of oxygen.

carbon and oxygen also react to form

another compound called carbon

monoxide. A molecule of carbon monoxide

contains one atom of carbon and one atom

of oxygen.
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• Can you write the formula of carbon

dioxide and carbon monoxide? Try

to write formula for them as we have

done in case of water molecule.

Let us try to write chemical formulae

by using valency of elements in criss -

cross method.

The following steps should be taken

while attempting to write a chemical

formula. Take sodium carbonate as an

example.

1. Write the symbols of atoms or

group of atoms side by side, usually

the cation first -Na    CO
3

2. Write the valency of each atom or

group of atoms on the top of its

symbol

Na1     (CO
3
)2

3. Divide the valency numbers by their

highest common factor if any to get

the simple ratio. Na1     (CO
3
)2

4. Inter change the valency and write

the numbers to the lower right of the

constituents as subscript'. Na
2

(CO
3
)

1

5. If any constituent receives the

number 1, ignore it while writing the

formula. Na
2
CO

3

6. If a group of atoms receives the

number more than 1 encloses it with

in brackets

Hence the formula for the sodium

carbonate is Na
2
CO

3
.

Examples

Formula of hydrogen chloride

H1 Cl1 formula: HCl

Formula of magnesium  chloride

Mg2 Cl1 formula: MgCl
2

Formula of calcium oxide

Ca2 O2

Ca1 O1 formula: CaO

Formula of aluminium sulphate

Al3 (SO
4
)2 formula: Al

2
 (SO

4
) 3

Table-9: Formulae of some compounds

Compound Formula

Sodium Carbonate Na
2
CO

3

Sodium bicarbonate NaHCO
3

Sodium hydroxide NaOH

Copper Sulphate CuSO
4

Silver Nitrate AgNO
3

Hydrochloric Acid HCl

Sulphuric Acid H
2
SO

4

Nitric Acid HNO
3

Ammonium Chloride NH
4
Cl

Molecular mass

We have already discussed the concepts

of atomic mass. This concept can be

extended to calculate molecular masses.

The molecular mass of substances is the

sum of the atomic masses of all the atoms

in a molecule of a substance. It is therefore

the relative mass of a molecule expressed

in unified mass units.(u)
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Do you know?

For Example: calculate the molecular

mass of H
2
SO

4

Solution

2 (atomic mass of hydrogen) + (atomic

mass of sulphur) + (4 X atomic mass of

oxygen) = (2X1)+32+(4X16)=98 u

Formula unit mass

A formula unit, as the name implies ,is

one unit of atom, ion or molecule

corresponding to a given formula. One

formula unit of Nacl, means one Na+ iron

and one Cl- iron, similarly one formula unit

of MgBr
2
 means one Mg2+ ion and two Br-

ions, and one formula unit of H
2
o means

one H
2
O molecule. The formula unit mass

of a substance is a sum of the atomic

masses of all atoms in a formula unit of a

compound. Fermula unit  mass is calculated

in the same manner as the molecular mass.

The only difference is that formula unit  is

used for the substances whose constituents

particles are irons. SodiumChloride has a

formula unit Nacl. The formula unit mass

can be calculated. as -

1 x 23 + 1 x 35.5 = 58.5(u)

Mole concept

We have learnt that atoms and molecules

are extremely small in size and their

number is really very large. Even in small

amount of any substance we find very large

number of atoms or molecules.

How many molecules are there in 18

grams of water?

How many atoms there  are in 12 grams

of carbon?

You will be surprised to know that the

number of particles in 18 grams of water

and 12 grams of carbon is same. This

number is very large. To handle such large

numbers, a unit called mole is defined. This

is a number quantity.

One mole of any species (atoms,

molecules, ions or particles) are the

quantity which is expressed in a number

having a mass equal to its atomic or

molecular mass in grams.

The number of particles present in one

mole of any substance has a  fixed value of

6.022X1023. This is experimently obtained

value. This is called Avogadro constant (N
A
)

named in honour of  the Italian scientist,

Amedeo Avogadro.

The word "mole" was introduced by

Wilhelm Ostwald, who derived the term

from the latin word "moles" meaning a

'heap' or 'pile'. A mole substance may

be considered as a heap of atoms or

molecules. The unit mole was accepted

in 1967 to provide a simple way of

reporting a large number-the massive

heap of  atoms and molecules in a

sample.
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Molar mass

Having defined mole, it is easier to know

the mass of 1 mole of substance. The mass

of 1 mole of a substance which is expressed

in grams is called its molar mass.

The molar mass is numerically equal to

atomic/molecular /formula mass in unified

mass (u) expressed in grams.

For example molecular mass of water

(H
2
O) =18u.

Molar mass of water= 18 g

18 u water has only one molecule of

water. But 18 g water has one mole

molecules of water that is 6.022X1023

molecules.

Key words

Law of conservation of mass, Law of constant proportion. Atom, Symbol, Atomic

mass, Atomic mass unit (amu), Unified mass (u), Molecule, Molecules of elements,

Molecules of compounds, Formula, Ion (cation, anion), Valency, Molecular mass,

Formula unit mass, Mole, Avogadro constant, Molar mass.

Fig-6: Diagram on concept of mole

MOLE

1gm of hydrogen

atoms

6.022 x 1023

atoms of hydrogen

16gm of oxygen

atoms
32gm of oxygen

molecules

6.022 x 1023

atoms of oxygen
6.022 x 1023

molecules of oxygen

2gm of hydrogen

molecules

6.022 x 1023

molecules of hydrogen
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What we have learnt

• The total mass of the products formed in a chemical reaction is exactly equal to the

mass of the reactants. This is known as the law of conservation of mass.

• In a chemical substance the elements are always present in fixed proportions by

mass. This is known as the law of constant proportion.

• An atom is the smallest particle of an element that can participate in chemical reaction

and retain all its properties.

• A molecule is the smallest particle of an element or a compound that is capable of

independent existence and retain all the properties of that substance.

• Symbols represents  atoms and formula represents molecules and compounds.

• Scientists use the relative atomic mass scale to compare the masses of different

atoms of elements.

• The number of times one atom of a given element is heavier than 1/12th part of mass

of carbon -12 atom is called its atomic mass.

• By using criss - crosss method we can write the chemical formula of a compound.

• The number of particles present in one mole of any substance is called Avogadro

constant (N
A
). It is a fixed a value of 6.022 X 1023.

• Mass of one mole of a substance is called its molar mass.

1. Draw the digarm to show the experimental setup for the law of conservation of

mass. (AS
5
)

2. Explain the process and precautions in verifying law of conservation of mass. (AS
1
)

3. 15.9g. of copper sulphate and 10.6g of sodium carbonate react together to give

14.2g of sodium sulphate and 12.3g of copper carbonate. Which law of chemical

combination is obeyed? How? (AS
1
 , AS

2
)

4. Carbon dioxide is added to 112g of calcium oxide. The product formed is 200g of

calcium carbonate.  Calculate the mass carbon dioxide used. Which law of chemical

combination will govern your answer.(AS
1
 , AS

2
)

Improve your learning
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5. 0.24g sample of compound of oxygen and boron was found by analysis to contain

0.144g of oxygen and 0.096g of boron. Calculate the percentage composition of

the compound by weight. (AS
1
)

6. In a class, a teacher asked to write the molecular formula of oxygen  Shamita wrote

the formula as O
2
 and Priyanka as O. which one is correct? State the reason.(AS

1
,AS

2
)

7. Imagine what would happen if we do not have standard symbols for elements?(AS
2
)

8. Mohith said "H
2
 differs from 2H". Justify. (AS

1
)

9. Lakshmi gives a statement "CO and Co both represents element". Is it correct? State

reason.(AS
1
,AS

2
)

10. The formula of water molecule is H
2
O. What information you  get from this

formula.(AS
1
)

11. How would you write 2 molecules of oxygen and 5 molecules of Nitrogen.(AS
1
)

12. The formula of a metal oxide is MO. Then write the formula of its chloride.(AS
1
)

13. Formula of calcium hydroxide is Ca (OH)
2
 and zinc phosphate is Zn

3
(PO

4
)

2
. Then

write the formula to calcium phosphate.(AS
1
)

14. Find out the chemical names and formulae for the following common household

substances. (AS
1
)

a) common salt        b) baking soda        c) washing soda        d) vinegar

15. Calculate the mass of the following (AS
1
)

a) 0.5 mole of N
2
 gas. b) 0.5 mole of N atoms.

c) 3.011 X 1023 number of N atoms. d) 6.022 X 1023 number of N
2
 molecules.

16. Calculate the number of particles in each of the following (AS
1
)

a) 46g of Na               b) 8g of O
2

c) 0.1 mole of hydrogen

17. Convert into mole (AS
1
)

a) 12g of O
2
 gas. b) 20g of water.      c) 22g of carbon dioxide.

18. Write the valencies of Fe in FeCl
2
 and FeCl

3
(AS

1
)

19. Calculate the molar mass of Sulphuric acid (H
2
SO

4
) and glucose (C

6
H

12
O

6
)(AS

1
)

20. Which has more number of atoms - 100g of sodium or 100g of iron? Justify your

answer. (atomic mass of sodium = 23u, atomic mass of iron = 56u) (AS
1
)
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21. Complete the following table.(AS
1
)

22. Fill the following table(AS
1
)

Sl.No. Name Symbol/formula Molar mass Number of particles

present in molar mass.

1 Atomic oxygen 16g 6.022 X 1023 atoms of

oxygen

2 Molecular oxygen

3 Sodium

4 Sodium ion 23g

5 Sodium chloride 6.022 X 1023 units of

sodium chloride

6 water

Anions Chloride Hydroxide Nitrate Sulphate Carbonate Phosphate

Cations

Sodium NaCl

Magnisium MgSO
4

Calcium

Aluminum

Ammonium (NH
4
)

3
PO

4

Group activity  (AS
4
)

1. Make placards with symbols and valencies of the atoms of the elements separately.

Each student should hold two placards, one with the symbol in the right hand and the

other with the valency in the left hand. Keeping the symbols in place, students should

criss-cross their valencies to form the formula of a compound.



88 Atoms and Molecules

2. Take empty blister packs of medicines. Cut them into pieces having (AS
4
)

single hallow strip

double hallow  strip

triple hallow strip

Divide them into groups according to the valancies. Assume that the number of

hallow rounds of strips represents valency of an ion.

For example strip represents single valency ions like Na+, Cl-, H+ etc.,

Simlarly the remaining strips                           and                                      represents

double and triple valency ions. (see table 7)  Now you can make the formulae by

fixing one type of strip into other.

For example two sodium ion strips (Single hallow strips) can be fixed in one carbonate

ion strip (double hallow strip) like

hence the formula of  sodium carbonate  will be Na
2
 CO

3
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In previous chapters we have learnt  that

all matter is made of atoms. The first

modern atomic theory was proposed by

John Dalton. According to Dalton, atoms

were indivisible. That means that they could

not be divided into further smaller parts.

Atoms of an element are all identical to

each other and different from the atoms of

other elements. This naturally led scientists

to ask the following questions :

• Why are the atoms of different

elements different?

• Is there anything inside atoms that

make them to be same or different?

• Are atoms indivisible?

Atoms are too small to be seen with

naked eye. Scientists relied on indirect

evidence to prove the existence of atoms.

Since they could not see the atoms, they

could find its properties on the basis of

experiments. Very soon they realized that

atoms could gain or lose charges. During

electrolysis experiments, Michael Faraday

Chapter

 
WHAT IS INSIDE

THE ATOM?

discovered that atoms were accquiring

negative charge during process of

electrolysis.

Michael Faraday's discovery raised

few questions about the indivisibility of

atoms.

How could a neutral atom become

electrically charged? It is a contradiction

to Dalton's theory that the atom was

indivisible. This led to an idea that there

must exist some tiny particles in atom which

are responsible for atom to behave

sometimes as a charged particle. As atom

is considered as electrically neutral, it

probably had some positive constituents

and equal number of negative constituents

to maintain its electrical neutrality. This

gave scope to think about sub-atomic

particles.

Sub-atomic Particles

In science, theories change when

scientists discover new facts or clues.

Sometimes, an idea or model must be
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changed as new information is gathered.

Dalton proposed that atoms could not be

divided. Experimental evidence began to

show that atoms were divisible and are

made up of small particle(s). Since these

particles are smaller than the atom and are

present inside an atom, they are called

sub - atomic particles.

Since atoms are neutral they should

have at least two types of sub-atomic

particles, one is positively charged and

another is  negatively charged. In fact, three

different subatomic particles have been

discovered, the third one is a praticle with

out any charge. Let us see how  ideas about

atoms have changed over the time with the

discovery of sub-atomic particles.

Electrons, Protons and Neutrons

You read about Faraday's electrolysis

experiments earlier. Other experiments on

gases were carried out in the latter part of

19th century. Scientists studied the effects

of applying electric current to gases at low

pressure by using  discharge tubes. Other

scientists did similar experiments in

vacuum tubes. In 1897, a British physicist

Joseph John Thomson demonstrated on the

basis of these experiments that negatively

charged particles are present in the atoms.

Intially, Thomson thought that the

negative particles would be different for

each element. But after carrying out

experiments with many different materials,

he found that the negatively charged

particles from all the materials were

always indentical. He concluded that same

type of negatively charged particles are

present in the atoms of all the elements.

These particles had a very small mass and

are now called electrons.

Electrons were the first sub-atomic

particles discovered and studied. An

electron is represented as 'e-'. The mass of

an electron is considered to be negligible

and its charge is considered as to be one

unit negative.

Think and Discuss

An atom is electrically neutral. But the

electrons present in it are negatively

charged particles. If only negative

charges were present, the atom would not

be neutral.

Then, why do we find atoms as neutral?

The atom must also contain some

positively charged particles so that the

overall charge on it becomes neutral. This

sub-atomic particle would have a charge

that balances the charge of the electrons.

This sub-atomic particle was named as

proton in 1920. Its mass was approximately

2000 times to that of the electron. It is

represented as 'p+' and its charge is taken

as one unit positive.

In 1932, James Chadwick discovered

yet another sub-atomic particle it had no

charge and had a mass nearly equal to that

of a proton. It was eventually named as

neutron. In general, a neutron is

represented as 'n'.
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From the above discussion we can

conclude that atoms are made of small

particles called protons, neutrons, and

electrons. Each of these particles is

described in terms of measurable

properties, like mass and charge. The

proton and electron have equal, but

opposite, electrical charges. A neutron does

not have an electrical charge. The mass of

the electron is about 2000 times less than

that of a proton or neutron

Fig-1 neutron proton,  and electron

• If an atom consist of sub-atomic

particles like protons, neutrons and

electrons, how are they arranged in

the atom?

Let us find,

The Structure of an Atom

Activity-1

Sketch the structure of atom as

you imagine.

You learnt about electron, proton and

neutron. Suppose you had to arrange them

in an atom, how do you do it?

Many arrangements are possible. Think

that atom looks like a room. You can

arrange the particles in alternating rows.

Can you draw and show how it will look?

Imagine and draw another arrangement

of subatomic particles inside a spherical

shape keeping in view the nature of

subatomic particles.

• In how many ways can you arrange

these subatomic particles in a

spherical shape?

Discuss with your friends and try to

prepare a model to show various ways of

arranging the subatomic particles in the

atom.

To understand the structure of an atom,

scientist developed different atomic

models.

Thomson's Model of the Atom

This atomic model was proposed by J.J.

Thomson in 1898. This model was

commonly called the plum pudding

model, referring to the way the fruit pieces

are distributed throughout a plum pudding.

According to this model:

• An atom is considered to be a

sphere of uniform positive charge

and electrons are embedded into it,

as shown in figure 2(a).

Fig-2(a)           Fig-2(b)
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protons and two neutrons bound together.

Since they do not have any electrons, they

are positively charged with two units of

charge. Let us see the experimental set up

and understand Rutherford's experiment.

Fig-3

There is a source of the fast moving

alpha particles which have a considerable

amount of energy. The stream of alpha

particles is directed towards a very thin

gold foil.

The alpha particle emitter or source and

the gold foil which was placed inside a

detector are arranged in such a  way that

the dector would show a flash of light when

an alpha particle struck it. (see fig-3) The

entire arrangement was kept in a vaccume

chamber.

 Think of Thomson's model of the atom.

When the alpha particle hit the foil,

Rutherford expected that they all would be

deflected only a little bit by the positive

charge spread evenly throughout the gold

atoms. He did not expect to see large

deflections.

• The total mass of the atom is

considered to be uniformly

distributed through out the atom.

• The negative and the positive

charges are supposed to balance out

and the atom as a whole is

electrically neutral.

A more familiar example that

represents Thomson's atomic model is

watermelon (figure-2(b)). The positive

charge is spread throughout the atom like

the red part of watermelon. The black seeds

distributed through out the red part

represents electrons. Thomson's model

was  modified by one of his students. What

is the reason for its  modification? The

reason was  that some of the experiments

carried out by Rutherford, a student of

Thomson, gave  results. Which were not

infavour of  Thomson's model.

Besides winning the Nobel Prize in

Physics himself, seven of Thomson's

research students and even his own son,

George,  won Nobel Prizes in Physics.

One of Thomson's students was Ernest

Rutherford.

Rutherford's alpha particles

scattering experiment

Ernest Rutherford was a scientist born

in New Zealand. In 1909, he did some

experiments using gold foil and alpha

particles. Alpha particles consist of two

Do You Know?

stream of alpha particles

alpha particle

source

gold foil

detector
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Thomson's model was assumed that the

positive charge was uniformly distributed

throughout the atom and it was expected

that all the alpha particles would be

deflected. Since the alpha particles are very

big, the deflection was expected through

small angles. But the Rutherford found that

most of the particles passed through the

gold foil like stones thrown to a fence of

big gaps  as mentioned in the above

example. This led Rutherford to  think about

new atomic model.

Rutherford concluded from the alpha

particles scattering experiment that :

(i) Most of the space inside the atom

is empty because most of the alpha

particles passed through the gold foil

were deflected to a large extent as

shown in figure 4.

(ii) A very small fraction of alpha-

particles that were deflected right

back indicated that they had met a

very large positive charge and mass

which repelled the charge on the

alpha particle. So, all the positive

charge must be concentrated in a

very small space within the atom.

On the basis of his experiment,

Rutherford put forward the nuclear model

of an atom, which had the following

features:

i) All the positively charged material

in an atom formed a small dense

centre, called the nucleus of the

atom. The electrons were not a part

of nucleus.

Do You Know?

Rutherford's Observations

Fig-4

Scattering of alpha particles

But it was found that most of the alpha

particles passed straight through the atoms

without any deflection Only very few

praticles were deflected through large

angles and  a very, very small number of

praticals were reflected right back as shown

in figure 4.

On average, for every 12000 alpha

particles that were fired at the gold foil

during Rutherford's famous experiment,

only one was reflected backward.

Let us try to understand the results of

Rutherford's experments.

Suppose you throw a small stone at a

solid wall in a horizontal direction. It will

not go through. But if you throw stones

through a fence of considerably big gaps,

lots of them would pass through the gaps.
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ii) He also proposed that the negatively

charged electrons revolve around

the nucleus in well-defined orbits.

Rutherford's model is sometimes

referred to as the planetary model

because the motion of the electrons

around the nucleus resembles the

motion of the planets around the

Sun.

iii) The size of the nucleus is very small

as compared to the size of the atom.

Try to sketch Rutherford's model of the

atom.

Think and discuss

Compare Rutherford and Thomson's

models of the atom on the following

basis:

• Where the positive charge is

placed?

• How the electrons are placed?

• Are they stable inside the atom? Or

moving?

Limitations of Rutherford's

atomic model

• Do you see any problems with

Rutherford's model of the atom?

Fig-5

Think of an atom like hydrogen with one

electron and one proton. The electron is

attracted by the proton in the nucleus. Even

in circular motion around the nucleus, the

electron constantly should lose energy,

because any particle in circular motion

acquires acceleration.

An accelerated charged particle

moving in a circular path would always

radiate energy continuously. Thus the

revolving electron would lose energy

continuously and directed towards the

positively charged nucleus as shown in fig-

5 and eventually crash into the nucleus.

If this is true, the atoms should be

highly unstable and the matter would not

exist in the form that we see it now. But we

know that atoms are stable.

So we need to ask: Why is atom stable?

• Can you suggest any other

arrangement of subatomic particiles

in the atom which prevents the

revolving electron to fall into the

nucleus?

In 1913, a Danish scientist  Neils Bohr

gave a model to explain structure of atom

that overcome Rutherford's limitations.

Bohr's Model of the Atom

In order to overcome the limitations

of Rutherford model, in 1913, Niels Bohr

put forward a thought that electrons can be

found only in certain energy levels, or

regions, around the nucleus. Electrons must

gain energy to move to a higher energy level
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or they must lose energy to move to a

lower level.

Fig-6 Energy levels of an atom.

Think of books arranged in a bookshelf.

They can be placed on a higher shelf or

lower shelf but never between shelves.

Restricting the path of electron inside

the atom Neils Bohr made the following

postulates about the model of an atom:

1. Only certain special, discrete orbits

of electrons are allowed inside the

atom. These orbits or shells are

called energy levels.

2. While revolving in these discrete

orbits the electrons do not radiate

energy and this helps that the

electrons do not crash into the

nucleus.

3. These orbits or shells are

represented by the letters  K, L, M,

N… or the numbers, n=1, 2, 3, …..

as shown in the figure 6.

• Do you think that Bohr's model is

the final model of the atom?

Niels Bohr could succefully explain

the properties of a hydrogen atom like the

atomic spectra emitted by hydrogen atom

employing this model but this model could

not predict the spectra of  heavier atoms.

You must have noticed that none of the

atomic models that we have studied so far,

have mentioned about neutrons. This is

because neutrons were discovered much

later in  1932. Until Rutherford's time the

neutron had not been discovered. Neutrons

were discovered nearly two decades later.

Except hydrogen atom, the atoms of all

other elements contain neutrons in their

nuclei.

The model of the atom, as we know it

today, is the combined result of the work

of many scientists. Let us observe below.

We studied that the mass of neutrons

and protons is almost equal and 2000 times

heavier than the mass of the electron. So

the mass of the entire atom is practically

due to protons and neutrons alone. Later it

was discovered that most of the mass was

concentrated inside the nucleus and

therefore the neutrons are also present

inside the nucleus.

Distribution of electrons in

different orbits (Shells)

According to atomic models, electrons

move around the nucleus of atom in

electron shells. Electrons in different

shells have different energies. Each shell

is represented by a number, 'n', which is

known as a shell number or energy level

index.

1806

First Atomic model

John Dolton

1886
Proton Discovery

E. Goldstien

1911

Nuclius

18501800 1900 1950

Electron Discovery

J.J. Thomson (1897-1904)

1932
Discovery
of Nutron

1913

Bohr's

Model
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Rule 2:  Each energy level or electron shell

is further divided into sub shells. The

maximum number of electrons that can be

accommodated in each sub shell is 8.

Rule 3: Electrons cannot be filled in a

given shell unless the inner shells are

completely filled i.e., shells are filled in

stepwise manner.

Let us take the example of oxygen where

Z=8. Since number of electrons is equal

to number of protons, it has eight electrons.

Step1. The K shell can accomdates

maximum 2 electrons so the first 2

electrons fill the shell of n = 1.

Step 2. The other 6 electrons will fill the

higher shell n = 2 or the L shell.

Step 3. Then, the electronic structure for

oxygen atom is 2, 6.

The shell closest to the nucleus (and

has the lowest energy) is called the K-

shell (n = 1), the shell farther away (and

has higher energy than K-shell) is called

the L-shell (n = 2), etc.

• How many electrons can be

accommodated in each shell of an

atom?

• Can a particular shell has just one

electron?

• What is the criteria to decide

number of electrons in a shell?

After explaining the structure of atom

with different atomic models scientists

started describing the distribution of

electron in different energy levels or shells

of an atom. Bohr and Bury proposed the

following rules for electron distribution.

Rule 1: The maximum number of electrons

present in a shell is given by the formula

2n2, where 'n' is the shell number or energy

level index,  which takes values 1, 2, 3….

The maximum number of electrons that can

be accommodated in each shell is shown

in the table 1.

Shell number (n) The maximum number

of electrons  in a shell

      1  K-shell          2 (1)2 = 2

      2  L-shell          2 (2)2 = 8

      3  M-shell          2 (3)2  =18

      4  N-shell          2 (4)2  =32

Table - 1

Fig-7  Arrangement of electrons for the  first eighteen elements
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Arrangement of electrons for the

firsteighteen elements is shown

schematically in figure 7.

Valency

We have learnt arrangement of the

electrons in an atom in different shells/

orbits.

Fig-8

Let us consider a Carbon atom. The

atomic number of Carbon atom is 6. Hence

it possesses 6 electrons, which surround

its nucleus, as shown in the figure 8.

According to Bohr -Bury rule, there

should be two electrons in the innermost

shell (n=1). Out of 6 electrons of carbon

two electrons occupy first shell (n=1). The

remaining four electrons occupy the outer

most shell n=2. The electrons present in

the outermost shell of an atom are known

as the valence electrons. Therefore, the

number of electrons present in outermost

orbit of an atom is called its valency.

Valency of an atom explains the combining

capacity of the element with other element.

In above example the valency of carbon

atom is 4.

Let us consider some more examples,

if you consider the atoms like hydrogen/

lithium/sodium, they contain one electron

in each of their outermost shell, therefore

valency of  hydrogen, lithium and sodium

is one.Can you tell, what is the valency of

magnesium and aluminium? It is two and

three, respectively, because magnesium has

two electrons in its outermost shell and

aluminium has three electrons in its

outermost shell.

If the number of electrons in the outer

shell of an atom is close to its full capacity,

then valency is determined in a different

way. For example,  the fluorine atom

contains 7 electrons in the outermost shell,

and its valency could be 7. But it is easier

for fluorine to gain one electron than to

loose seven electrons for obtaining 8

electrons in its outer most shell. Hence,

its valency is determined by subtracting

seven electrons from eight and which gives

you a valency of '1', for fluorine. In a similar

manner we can calculate the valency of

oxygen.

• What is the valency of oxygen that

you can calculate by the method

discussed above?

Think and discuss

• Phosphourus and sulphur show

multiple valency. See table 2 Why

some elements show multiple

Valency? Discuss with your friends

and Teachers.
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K L M N

He 2

Ne 2 8

Ar 2 8 8

Observe the following Table . Valency of the first eighteen elements is given in the last

column of  Table 2.

What is the importance of

valency?

See electron distribution in helium in

figure 7 and table '2'. You will notice that

the shell of helium has two electrons in

outer most shell and the shell is filled to

its full capacity. Neon and Argon have 8

electrons in their outer most shells. All

three gases are very stable and have low

reactivity. Scientists, studying the

distribution of electrons in different shells

concluded that  the special arrangements

of electrons in He, Ne and Ar makes them

stable or unwilling to mix with other

elements. They do not react with other

elements to form compounds. In other

words we can say that these gases are

chemically inactive and also known as inert

or noble gases.

Atoms of all the noble gasses except

those of helium have 8 electrons' in their

outer most shell. Thus an atom with eight

electrons or an octet in their outer most

shell, is chemically stable, or does not

combine with other atoms. An atom with

two electrons  in its outer most shell, also

is more stable when there is only one shell

present in it.

An outermost-shell which has eight

electrons is said to possess an octet. Atoms

of an element thus react with other atoms,

so as to achieve an octet in their outermost

Name of element Symbol Atomic Number of Number of Number of Distribution of electrons Valency

number  Protons Neutrons Electrons K L M N

Hydrogen H 1 1 - 1 1 - - - 1

Helium He 2 2 2 2 2 - - - 0

Lithium Li 3 3 4 3 2 1 - - 1

Berilium Be 4 4 5 4 2 2 - - 2

Boran B 5 5 6 5 2 3 - - 3

Carbon C 6 6 6 6 2 4 - - 4

Nitrogen N 7 7 7 7 2 5 - - 3

Oxygen O 8 8 8 8 2 6 - - 2

Fluorine F 9 9 10 9 2 7 - - 1

Neon Ne 10 10 10 10 2 8 - - 0

Sodium Na 11 11 12 11 2 8 1 - 1

Magnesium Mg 12 12 12 12 2 8 2 - 2

Aluminium Al 13 13 14 13 2 8 3 - 3

Silicon Si 14 14 14 14 2 8 4 - 4

Phosphorus P 15 15 16 15 2 8 5 - 5,3

Sulphur S 16 16 16 16 2 8 6 - 2,6

Chlorine Cl 17 17 18 17 2 8 7 - 1

Argon Ar 18 18 22 18 2 8 8 - 0

 Table 2.
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nucleus  is denoted as Z (atomic number)

and number of neutrons of a nucleus  is

denoted by N.

The number of nucleons, i.e. the total

number of protons and  neutrons, is called

the atomic mass number and is denoted by

the letter A.

Atomic mass number = atomic number +

neutron number

A = Z + N

• Mass number is a nearest

numerical to the mass of an

individual atom.

• Mass number is the number of

protons plus the number of

neutrons.

Writing  symbols of atoms

In standard notation to represent an

atom, the atomic number, mass number and

symbol of the element are written as:

shell. From the above discussion, we can

conclude that when an element reacts to

form compounds their atoms must be

combing in such way that they can attain

the stable electron distribution of noble

gases or inert gases.

An atom can achieve an octet by two

ways,  one by transfer of electrons and

other by sharing of electrons. Both the

processes result in the formation of bonds

between atoms.

Let us go back to the question of  why

do atoms of different elements are

different. How can you distinguish between

the atoms of one element from  the atoms

of other element? An element can be

recognised by certain characteristics of its

atoms.

Atomic number

We know that, the nucleus is at the

centre of the atom and contains the protons

and neutrons. Elements differ from one

another according to the number of protons

in their atoms 'nuclei'. This value is called

the element's atomic number and is denoted

by the letter Z.

Atomic number is the number of

protons in the nucleus of an atom

Atomic mass number

• Should we consider the number of

neutrons a characteristic of an atom?

The mass of an atom which is a

characteristic of an atom depends on the

number of neutrons and protons that  it's

nucleus contains. Number of protons in a

 F is the symbol of the element

fluorine, its atomic number is written at

bottom left. It tells us that this atom has 9

protons. The mass number is written at top

left. It tells us that this fluorine has 19

nucleons (protons + neutrons).

Therefore the number of neutrons

present in fluorine is equal to  19 - 9 = 10

neutrons. (N = A - Z).

atomic mass number

atomic number

number of nucieons

number of nucieons

19

9 F
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Isotopes

It must be clear to you that every

element has a unique atomic number, or

number of protons.

What about mass number? Does every

element has a unique mass number, which

is different from the mass number of other

elements?

No,  the mass number of an element is

not unique because  there are more than one

type of atoms of the same element present

in nature in certain cases. Observe the

following figure of different Hydrogen

atoms? What do you understand?

 Fig-9

An atom of hydrogen has one neucleon

in its nucleus, an atom of deuterium has two

neucleons in its nucleus, and tritium has

three. Since atoms of hydrogen, deuterium

and tritium have only one proton in their

nuclei, they only have one electron. But

number of  neutrons present in hydrogen

atom is not same in all cases.

The atoms of the same element which

have the same number of protons but have

different number of neutrons are called

isotopes. Deuterium and tritium are

isotopes of hydrogen. The chemical

properties of isotopes are similar. But their

physical properties are different.

For Example: Carbon has three stable

isotopes. Isotopes can also be represented

by their element name followed by the

mass number. See following  notations.

Carbon-12, carbon-13, & carbon-14

How do we determine the atomic mass of

an element with isotopes?

In nature, most elements occur as a

mixture of two or more isotopes, each

isotope has a certain percentage of  natural

occurrence.

For example, consider the isotopes of

Chlorine. It occurs in nature in two

isotopic forms, with masses 35 units and

37 units. The isotope with mass 35 is

present in 75% and isotope with mass 37

is present in 25% in nature

The atomic mass of an element is taken

as an average mass of all the naturally

occurring atoms of the sample element.

The average atomic mass of chlorine

atom, on the basis of above data, will be

12

6
C

13

6
C

14

6
C

Did You Know?

Two elements share the record for

the highest number of known isotopes.

Both xenon and cesium have 36

isotopes.

 (35 x            + 37   x            )75
100

55
100

= (      +     ) =       = 35.5u
105
4

37
4

142
4
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Applications of isotopes

Some isotopes are used for solving

chemical and medical mysteries. Isotopes

are also commonly used in the laboratory

to investigate the steps of a chemical

reaction.

i) The  isotope of uranium is used as a

fuel in nuclear reactors.

ii) The isotope of iodine is used in the

treatment of goitre.

iii) The is otope of cobalt is used in the

treatment of cancer.

Key words

Atom, sub atomic particle, electron, proton, neutron, nucleus, atomic mass,

molecular mass, formula unit mass, atomic number (Z), mass number (A)

valency, isotopes

• An atom is the smallest particle of an element that retains the identity of the

element.

• John Dalton's atomic theory described elements in terms of atoms, which he

believed to be small, indivisible particles that make up all matter. He stated that

all the atoms of the same element are identical in mass and size, but atoms of

different elements are different.

• The three sub-atomic particles of an atom are: (i) electrons, (ii) protons and

(iii) neutrons.

• Electron is a negatively charged particle of the atom

• Proton a positively charged particle that is part of  atomic nucleus

• Neutron is an uncharged particle that is part of  atomic nucleus

• Credit for the discovery of electron and neutron goes to J.J. Thomson and J.

Chadwick respectively.

• Thomson determined that atoms contain negatively charged particles, which

are now called electrons. He developed a model of the atom that shows electrons

embedded throughout the mass of positively charged material.

• Rutherford's alpha-particle scattering experiment led to the discovery of the

atomic nucleus.

• Ernest Rutherford's model of the atom has large empty space, with a small,

dense, positively charged nucleus in the centre.

What we have learnt



102 What is inside the atom?

• Neils Bohr modified Rutherford's model of the atom by stating that electrons move

in specific energy levels around the nucleus.

• The atomic number of an element is the same as the number of protons in the nucleus

of its atom.

• The mass number of an atom is equal to the number of nucleons in its nucleus.

• Valency is the combining capacity of an atom.

• An atom with eight electrons or an octet in their outer most shell is chemically

stable, or does not combine with other atoms.

• Isotopes are atoms which have the same number of protons, but a different number

of neutrons

1. What are the three subatomic particles? (AS
1
)

2. Compare the characteristics of electrons, protons and neutrons.(AS
1
)

3. What are the limitations of J.J. Thomson's model of the atom?(AS
1
)

4. What were the three major observations Rutherford made in the gold foil

experiment?(AS
1
)

5. Sketch Rutherford's atomic model. Why Rutherford's model of the atom is called

the planetary model?(AS
5
)

6. Put tick (!) against correct choice and cross (×) against wrong choice: (AS
1
)

i) In Rutherford's gold foil experiment,  majority of alpha particles passed directly

through the gold foil. This observation leads to which conclusion?

a) The positive region of the atom is very small.

b) The majority of the atom must consist of empty space.

c) The alpha particle makes a direct hit on the positive region.

d) The positive region of the atom is very dense.

ii) In Rutherford's gold foil experiment, occasionally the alpha particle veered from

a straight-line path. This observation leads to which conclusion?

a) The positive region of the atom is very small.

b) The majority of the atom must consist of empty space.

c) The alpha particle makes a direct hit on the positive region.

d) The positive region of the atom is very dense.

Improve your learning
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7. Which one of the following is a correct electronic configuration of sodium?(AS
1
)

(a) 2,8 (b) 8,2,1 (c) 2,1,8 (d) 2,8,1.

8. Give the main postulates of Bohr's model of an atom. (AS
1
)

9. Compare all the proposed models of an atom given in this chapter.(AS
1
)

10. Define valency by taking examples of nitrogen and boron.(AS
1
)

11. State the valencies of the following elements : Magnesium and Sodium  (AS
1
)

12. If Z = 5, what would be the valency of the element? (AS
2
)

13. Write the atomic number and the symbol of an element which has mass number 32

and the number of neutrons 16 in the nucleus.(AS
1
)

14. Cl- has completely filled K&L shells. Explain. (AS
1
)

15. What is the main difference between isotopes of the same element?(AS
1
)

16.  For the following statements, write T for True and F for False.(AS
1
)

a. J.J. Thomson proposed that the nucleus of an atom contains only nucleons.

b. A neutron is formed by an electron and a proton combining together. Therefore,

it is neutral.

c. The mass of an electron is 1/2000 times that of proton.

17. Fill in the missing information in the following table.(AS
4
)

18. How do you appreciate the efforts made by scientists to explain the structure of

atom by developing various atomic models?(AS
6
)

19. Geeta got a doubt, "Why atomic nucleus contains proton and neutrons inside it?

Why can't electrons and neutrons?" Can you help to clarify her doubt? Explain.(AS
1
)

20. Collect information about various experiments conducted and theories proposed by

scientists starting from John Dalton to Niels Bohr and prepare a story with a title

"History of atom".(AS
4
)

Name Symbol Atomic Mass Number of Number of

Number Z Number A Neutrons  Electrons

Oxygen 16O
8

8 16 8 8

7 7
34S

Beryllium 9

12 24

12 25
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We have learnt about uniform

accelerated motion in the chapter 'motion'.

In this chapter let us study about uniform

circular motion which is an example of non-

unifom accelerated motion.

We always observe that an object

dropped from certain height falls towards

the earth. We know that all planets move

around the sun. We also know that the moon

moves around the earth. In all these cases

there must be some force acting on these

objects to make them move around another

object,  instead of moving in a straight line.

• What is that force?

• Is the motion of the earth around the

sun uniform motion?

• Is the motion of the moon around

the earth uniform motion?

Newton explained the motion of moon

by using the concept of uniform circular

motion and then he developed the idea of

gravitation between any two masses.

In this chapter you will learn about

gravitation and centre of gravity.

Uniform circular motion

Activity-1

Observing the motion of an

object moving in a circular path

Take an electric motor and fix a disc to

the shaft of the electric motor. Place a

small wooden block on the disc at the edge

as shown in figure 1 (a). Switch on the

motor. Find the time required to complete

ten revolutions by the block and repeat the

same two to three times. Begin counting

of revolutions after few seconds of start

of motor.

• Is the time of revolution constant?

• Is the speed of the block constant?

Chapter

 
GRAVITATION

Circular

Plate

Wooden

Block

Electric Motor

Battery (a)                 (b)

Fig-1 (a) motion of wooden block on a

circular plate (b) top view of wooden block
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• What is the shape of path?

The wooden block moves in a circular

path with a constant speed. So this motion

of wooden block is called uniform circular

motion.

"Uniform circular motion is a motion

of the body with a constant speed in

circular path"

• Does the velocity of the body

change in uniform circular motion?

Why?

• Does the body in uniform circular

motion have an acceleration? What

is the direction of acceleration?

Activity-2

Drawing velocity vectors for a

body in uniform circular motion

Recall the motion and path taken by the

wooden block in the above activity.  Draw

the path of the wooden block and draw

velocity vectors at successive time

intervals as shown in the figure 2.

Use figure 2 and transfer tails of each

velocity vector to coincide at a single point

as shown in figure 3(a) without changing

their directions. Figure 3(a) represents the

velocity vectors of figure 2 and the directed

line joining two vectors represents change

in velocity ( V).

Let a body move with a constant speed v

in a circular path of radius 'R'. The velocity

vector changes direction and appears to

rotate. If a velocity vector is rotated

through a small angle, the change in

velocity ( V)  will be represented by the

base of the isosceles triangle as shown in

figure 3(a).

 Let us consider the change in velocity

during the course of a complete revolution

of a body; the sum of the magnitudes of

the changes in velocity during a complete

revolution will be equal to the sum of the

sides of the depicted polygon. But the

direction of velocity is changing

continuously.

It is perfectly clear that the smaller we

take vertex angles of the small triangles,

the less will be our error. The smaller the

sides of our polygon , the closer they cling

to the circle of radius v as shown in figure

3(b) Consequently, the exact value of the

V

V

V

V
V

V

V

V

R

Fig-2: Velocity vectors at

different points

Fig-3(a) & (b): Transformed velocity vectors

3(a)
V

 V

V

V
VV

V

V
V  V

 V

 V V

 V

 V

 V

3(b)
V

V
 V
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Think and discuss

sum of the magnitudes of the changes in

velocity of the body during the course of

revolution, will be  equal to  the

circumference "2!v" of the circle.

 We know that the magnitude of the

acceleration is equal to  the ratio of

magnitude of change in velocity  for one

revolution and time period.

Let a
C
 be magnitude of acceleration of

the body in uniform circular motion.

That is,   a
C
=2!v/T

Where 'T' is time required to complete

revolution.

We knew that  T= 2! R/v

Substituting this expression in

preceding formula, we get,

       a
C
 =v2/R

As the vertex angle of isosceles

triangles decreases, the angle between the

change in velocity and velocity vector

approaches  900.

Therefore, the acceleration of a body in

uniform circular motion is directed

perpendicular to its velocity. But how are

the velocity and acceleration directed

relative to the path? Since the velocity is

tangent to the path; the acceleration of the

body is directed along the radius towards

the centre of the circle.

The acceleration which can change only

the direction of velocity of a body is called

"centripetal acceleration".

Newton's second law says that net force

on a moving body produces an acceleration

in it which is directed along the net force.

So in uniform circular motion, a net

force acts towards the centre. This net force

is called "Centripetal force".

The net force which can change only the

direction of the velocity of a body is called

"centripetal force".

Let us find the value of centripetal force.

According  to the Newton's second law

of motion,

F
net

 = (mass) (acceleration)

F
C
 = ma

C

F
C
 = mv2/R  (Since a

C
 = v2/R)

Where R is the radius of circle.

In uniform circular motion, 'F
C
' always

directs towards the centre.

Note: Centripetal force is a net force

directed towards the centre of the

circle.

• Can an object move along a curved

path if no force acts on it?

• As a car speeds up when rounding

a curve, does its centripetal

acceleration increase? Use an

equation to defend your answer.

• Calculate the tension in a string that

whirls a 2 kg - toy in a horizontal

circle of radius 2.5 m when it

moves at 3m/s.

V
V

V

a
C

a
C

a
C

Fig-4
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Universal law of gravitation

Once while Isaac Newton was sitting

under a tree, an apple fell to the ground.

• Do you know what questions arose

in his mind from this observation?

• Why did the apple fall to the ground?

• Why does the moon not fall to the

ground?

• What makes the moon to move in a

circular orbit around the earth?

Newton knew that the motion of moon

around the earth is approximately uniform

circular motion. So certain net force, which

we call centripetal force, is required to

maintain the uniform circular motion.

So he introduced the idea of force of

attraction between the moon and earth.   He

proposed that earth attracts moon and

termed it as gravitational force. This

gravitational force acts as a centripetal

force and makes the moon to revolve

around the earth in uniform circular

motion. Newton knew the following data.

The distance of the moon from center of

the earth is  384 400 km = 3.844x1010 cm.

The moon takes 27.3 days or 2.35x106 s

for a complete revolution around the earth.

• What is the speed of the moon?

You can calculate the speed of the moon

using the equation,

v =  2! R/T

Thus the acceleration of the moon

towards the centre of the earth

         a
m 

= v2/R=4!2R/T2

Substituting the values of R and T in

above equation we can get

a
m 

= 0.27 cm/s2.

Galileo found that the acceleration of

bodies acquired near the surface of earth

is equal to 981cm/s2. Thus acceleration of

apple approximately is equal to 981cm/s2.

He compared the both the acceleration

of apple, a
e
 to the acceleration of the moon,

a
m
. We get, a

e
 / a

m
=981/0.27    "   3640.

Newton knew that the radius of Earth,

R
e
 and the distance of the moon from the

centre of the Earth, R
m
 are 6371 km and

3,84,400 km respectively. We get

R
m/ R

e
 =384400/6371   "  60.3

(R
m/ R

e
 )2 =(60.3)2  #"# 3640

From above discussion it is clear that

a
e/ a

m
  = (R

m  / R
e
 )2

So we get, Acceleration $1/  (Distance)2

a $ 1/R2 ----- (1)

Force of attraction $1/(Distance)2

F $ 1/R2 ----- (2)

V

Apple

a
m 

= g

a
C 

= a
m

Moon

R
m

R
e

Fig-5: Comparing the motions of the

moon and apple
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Thus it became clear that the force of

gravity decreases with increase in distance

of the object from the center of the earth.

According to the Newton's third law

force on the apple by the earth is equal to

force on the earth by the apple. We get the

force on the object by the earth by using

second law of motion and equation-1.

From Newton's second law of motion

F = ma, and from equation-1,  a $ 1/R2

% a = k/R2 (where k is proportionality

constant)

Thus we get, F = km/R2

Therefore the force on the apple by the

earth = Km/R2 ---- (3)

Where 'm' is the mass of apple and 'R' is

the radius of the earth.

Force on the earth by the apple = K'M/R2

         ---- (4)

Where M is the mass of the earth.

The above forces are equal in magnitude

only when the following condition is

satisfied.

K=GM and K' = Gm ---- (5)

From equations (3) & (5) we have force

on apple by the earth, F  = GMm/R2

We conclude that gravitational force

between the masses is directly proportional

to product of their masses.

Force of attraction ##$   (mass)
1  

(mass)
2

Newton generalized the force of

gravitation and said it  acts on all bodies in

the universe. The universal law of

gravitation states that every body in the

universe attracts other body with a force

which is directly proportional to the

product of their masses and inversely

proportional to the square of the distance

between them. The direction of the force

of attraction is along the line joining the

centers of the two bodies.

Let two bodies of masses M
1
 and M

2
 be

separated by a distance of  'd'. Then the

force of gravitation between them

F
grav

 $  M
1
 M

2
 /d2

F
grav

 =G M
1
 M

2
 /d2

G is a proportionality constant, called

universal gravitational constant and found

by Henry Cavendish to be

G=6.67x10-11 Nm2Kg-2

The value of G is equal to the magnitude

of force between a pair of 1- kg masses that

are 1 metre apart.

Note: This formula is applicable to

spherical bodies. We use the above formula

for all bodies on the earth though they are

not spherical because, when compared to

the  earth,  any object on earth is very small

and it is assumed as a point object.

M
1

M
2F

grav F
grav

d

Fig-6
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Think and discuss

• In figure 7, we see that the moon

'falls' around earth rather than

straight into it. If the magnitude of

velocity were zero, how would it

move?

Fig-7

• According to the equation for

gravitational force, what happens to

the force between two bodies if the

mass of one of the bodies doubled?

• If there is an attractive force

between all objects, why do we not

feel ourselves gravitating toward

massive buildings in our vicinity?

• Is the force of gravity stronger on a

piece of iron than on a piece of wood

if both have the same mass?

• An apple falls because of the

gravitational attraction of earth.

What is the gravitational attraction

of apple on the earth? Why?

Example 1

What is the time

period of satellite

near the earth surface

neglect height of the

orbit of satellite from

the surface of

ground?

Solution

The force on the satellite due to earth is

given by F =G m M /R2

M-Mass of earth,

m-mass of satellite,

R-radius of earth.

Let v be the speed of the satellite

v=2!R/T % T=2!R/v

Required centripetal force is provided

to satellite by the gravitational force hence

F
C
=m v2/R.

But F
C
=GMm/R2 according to Newton's

law of gravitation.

i.e., GMm/R2 = m(2 !#R)2/T2R

% T2 = 4!2 R3/GM, as mass of the earth

(M) and G are constants the value of T

depends only on the radius of the earth.

% T2 
$#R3

Substituting the values of M, R and G in

above equation we get, T = 84.75 minutes.

Thus the satellite revolving around the

earth in a circular path near to the earth's

surface takes 1Hour and 24.7 minutes

approximately to complete one revolution

around earth.

Free fall

Activity-3

Acceleration is independent of

masses

Place a small paper on a book. Release

the book with the paper from certain height

from the ground.

• What is your observation?  Now

V m

M

Fig-8
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drop the book and paper separately,

what happens?

A body is said to be free fall body when

only one gravitational force acts on that

body.

Fig-9

Let us drop a body of mass m near the

earth's surface.

Let M be the mass of the earth and R be

the radius of the earth.

Now the force of attraction on the mass

is given by,

F = GMm/R2    %   F/m  =  GM/ R2

From Newton's second law, F/m is equal

to acceleration.   Here this acceleration is

denoted by 'g'

Hence, g = GM/ R2

from above equation you can conclude

that 'g' is the independent of the bodies

mass.

If there were no air friction or

resistance, all the bodies fall with same

acceleration. This acceleration, produced

due to gravitational force of the earth near

the surface, is called free- fall acceleration.

Mass of the earth (M) = 6  x  1024 kg

Radius of earth  (R) = 6.4  x  106 km

Putting these values in the above

equation.

We get g = 9.8  m/s2 (approximately)

In general, this value of acceleration due

to gravity changes due to change in

m

g
R

M

distances of objects from the center of the

earth.

Since free - fall acceleration is constant

near the ground, the equations of uniform

accelerated motion can be used for the case

of free-fall body.

v = u + at,

s = ut + ½ at2 ,

v2 - u2 = 2as.

While solving problems related to Free

fall objects we use 'g' instead of 'a' in above

equations.

When we use these equations, you must

follow the sign convention ( It is discussed

in the chapter "motion")

Activity-4

What is the direction of 'g'

Throw a stone vertically up. Measure the

time required for it to come back to earth's

surface with stop clock.

• What happens to speed when it

moves up and down?

• What is the direction of

acceleration?

When a stone moves up, the speed

dereases. When a stone moves down, the

speed increases. So the free-fall

acceleration is vertically downwards. No

matter how you throw objects, the " g " is

directed vertically down as shown in

figure10.
g

surface of the earth

Fig-10
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Think and discuss

+

_

u

h
g

• Give an example for the motion of

an object of zero speed and with

non zero acceleration?

• Two stones are thrown into air with

speeds 20 m/s, 40m/s

respectively? What are

accelerations possessed by the

objects?

Example 2

A body is projected vertically up. What

is the distance covered in its last second

of upward motion? (g = 10 m/s2)

Solution

The distance covered by the object in its

last second of its upward motion is equal

to the distance covered in the first second

of its downward motion.

Hence  s = ½ gt2= ½ x 10  x  1  =  5 m

Example 3

Two bodies fall freely from different

heights and reach the ground

simultaneously.  The time of descent for

the first body is t
1
 = 2s and for the second

t
2
 = 1s.  At what height was the first body

situated when the other began to fall?

( g = 10 m/s2 )

at  t=1s

h
1
=20m

h
2
=5m

Solution

The second body takes 1 second to reach

ground.  So, we need to find the distance

traveled by the first body in its first second

and in two seconds.

The distance covered by first body in 2s,

h
1 
= ½   gt2 = ½ × 10 × 22 = 20m.

The distance covered in 1s, h
2
 = 5 m.

The height of the first body when the

other begin to fall h = 20 - 5 = 15m.

Example 4

A stone is thrown vertically up from the

tower of height 25m with a speed of 20 m/s.

What time does it take to reach the ground?

( g = 10 m/s2 )

Fig-12

Solution

Sign convention must be used to solve

this problem. It is shown in figure.

We consider the upward direction as

positive and downward direction as negative

with respect to a point of reference. In  the

above example the point of projection is

considered as the point of reference.Fig-11
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Then,  u= 20 m/s

a = g = -10 m/s2

s = h = -25 m

From equation of motion   s = ut + ½ at2

- 25 = 20t - ½ x 10 x t2

-25 = 20t - 5 t2

-5 = 4t - t2

% t2 - 4t - 5 = 0

Solving this equation,

We get, ( t - 5 ) ( t + 1 ) = 0

t= 5 or -1

t = 5s

Example 5

Find the time taken, by the body

projected vertically up with a speed of u,

to return back to the ground.

Solution

Let us take the equation S = ut + ½ a t2

For entire motion S = 0

Fig-13

a = - g

u = u

O = ut - ½gt2

½gt2 = ut

t = 2u/g

g

u

up down

maximum

height point

Weight

Weight of a body is the force of

attraction on the body due to earth.

So, from Newton's second law of

motion.

F
net 

= ma

We get,

W = mg

It is measured in newtons

1 kg body weighs 9.8 N

2 kg body weighs 19.6 N

10kg body weighs 98 N

Activity-5

Can we measure the weight of

free-fall body

Let us find,

Fig-14 (a) Fig-14 (b)

Take a spring balance and suspend it to

the ceiling and put some weight to it. Note

the reading of the spring balance.  Now drop

the spring balance with load from certain

height to fall freely. Carefully observe the

change in the position of indicator on the

spring balance scale while it is in free-fall.

g
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Think and discuss

• What changes do you notice in the

readings of spring balance in above

two instances?

• Are they same? If not why?

Some of you might have the experience

of diving into a swimming pool from

certain height.

• How do you feel during the free-fall

of your body from the height?

Activity-6

Observing the changes during

the free-fall of a body

Take a transparent tray and make holes

on opposite sides. Take two or three rubber

bands and tie them tightly, close to each

other between the holes. Now place a stone

on the bands as shown in the figures 15(a)

and 15(b).

• Do the bands bend?  Now drop the

tray with stone. Now what happens?

We get the following results in free fall.

In spring - mass activity. The reading

becomes zero. In jumping, the man feels

weightlessness.  In the activity-6, the bands

are straight.  No stretch occurs in the rubber

bands.

We treated the weight of an object as

the force due to gravity upon it. When in

equilibrium on a firm surface, weight is

g

evidenced by a support force or when in

suspension, by a supporting tension.  In

either case with no acceleration, weight

equals mg. A support force can occur

without regard to gravity.  So broader

definition of the weight of something is the

force it exerts against a supporting floor.

When the body falls freely then it

experiences weightlessness.  Even in this

weightless condition, there is still a

gravitational force acting on the body,

causing downward acceleration.  But

gravity now is not felt as weight because

there is no support force.

• When is your weight equal to mg?

• Give example of when your weight

is zero?

Centre of gravity

Activity-7

Balancing of spoon and fork

Fig-16

Fig-15 (a)                  Fig-15 (b)
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Fasten a fork, spoon, and wooden match

stick together as shown.  The combination

will balance nicely - on the edge of the

glass. Why?

Acivity-8

Can you get up without bending

Sit in a chair comfortably as shown in

fig-17. Try to get up from the chair without

bending your body or legs.

• Are we able to do so? If not why?

Activity-9

Balancing a ladder

Try to balance ladder on your shoulder?

When does it happen?

We need to introduce the idea of

"Centre of gravity" to understand the above

activities.

The center of gravity is simply the

average position of weight distribution.

The point where total weight appears to act

is called centre of gravity.

Activity-10

 Locating centre of gravity

Take a meter scale.  Suspend it from

various points. What do you notice?

Suspend it from its mid point. What

happens?

The center of gravity of a uniform object,

such as meter stick, is at its midpoint.  The

stick behaves as if its entire weight was

concentrated at that point. The support

given to that single point gives support to

the entire stick. Balancing an object

provides a simple method of locating its

centre of gravity.  The many small arrows

represent the pull of gravity all along the

meter stick. All of these can be combined

into resultant force acting through the

centre of gravity.

The entire weight of the stick may be

thought of as acting at this single point.

Hence we can balance the stick by applying

a single upward force in a direction that

passes through this point.

Banalced Upward

force due to finger

Weight

Fig-17

Fig-18
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• How to find the center of gravity of

an object?

The center of gravity of any freely

suspended object lies directly beneath the

point of suspension.

If a vertical line is drawn through the

point of suspension, the center of gravity

lies somewhere along that line.  To

determine exactly where it lies along the

line, we have only to suspend the object

from the some other point and draw a

second vertical line through that point of

suspension.  The center of gravity lies

where the two lines intersect.

Activity-11

Identifying the center of gravity

of a ring

Find the centre of gravity of ring using

the method explained in the above example.

• Where does the center of gravity of

a ring lie?

• Does the center of gravity of a body

exist outside the body?

• Does center of gravity of an object

exist at a point where there is no

mass of the object?

Stability

The location of the centre of gravity is

important for stability.  If we draw a line

straight down from the centre of gravity of

an object of any shape and it falls inside

the base of the object, then the object will

stable.

If the line through the center of gravity

falls outside the base then the object will

be unstable.

Activity-12

Shift of the center of gravity and

its effects

When you stand erect, where is your

centre of gravity?

Try to touch your toes as shown in figure

20 (a).  Try this gain when standing against

a wall as shown in figure 20 (b).

• Are you able to touch your toes in

second case as shown in fig-20(b)?

If not why?

• What difference do you notice in the

center of gravity of your body in the

above two positions?

Fig-19

        Fig-20 (a)       Fig-20 (b)
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Think and discuss

Key words

• Where does the center gravity of a sphere and triangular lamina lie?

• Can an object have more than one centre of gravity?

• Why doesn't the leaning tower of Pisa topple over?

• Why must you bend forward when carrying a heavy load on your back?

Uniform circular motion, centripetal acceleration centripetal force, centre of

gravity, law of gravitation, weight, weightlessness, stability, free fall.

• Motion of body with constant speed in a circular path is called uniform circular

motion .

• The acceleration which causes changes only in direction of the velocity of a body  is

called centripetal acceleration and it is always  directed towards the center of the

circle.

• The net force required to keep a body in uniform circular motion is called "Centripetal

force". F
C
 = Mv2 / R.

• Every object in the universe attracts other bodies.  The force of attraction between

the bodies is directly proportional to the product of masses and inversely proportional

to the square of the distance between them.

• All the bodies have the same acceleration (9.8m/s2) near the surface of the earth.

But this acceleration slightly decreases as we move away from the surface of the

earth.

• A body is said to be in free fall when only gravity acts on it. (its acceleration  is 'g')

• Weight of an object is the force of gravity acting on it.

W = mg

During free fall condition, the body is in state of 'weightlessness'.

• The center of gravity is the point where total weight of the body acts.

• The body is in equilibrium when the weight vector goes through the base of the body.

What we have learnt
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1. What path will the moon take when the gravitational interaction between the moon

and earth disappears? (AS
2
)

2. A car moves with constant speed of 10 m/s in a circular path of radius 10m.  The

mass of the car is 1000 kg. Who or what  is providing the required centripetal force

for the car?  How much is it? (Ans:104N) (AS
1
)

3. A small metal washer is placed on the top of a hemisphere of radius R.  What

minimum horizontal velocity should be imparted to the washer to detach it from the

hemisphere at the initial point of motion? (See figure)  (AS
1
 , AS

7
)

(Ans: v =#          )

4. Explain why a long pole is more beneficial to the tight rope walker if the pole has

slight bending.  (AS
1
 , AS

7
)

5. Why is it easier to carry  the same amount of water in two buckets, one in each hand

rather than in a single bucket? (AS
7
)

6. What is the speed of an apple dropped from a tree after 1.5 second?  What distance

will it cover during this time? Take g=10m/s2 (AS
1
) (Ans: 15m/s; 11.25m)

7. A body is projected with a speed of 40 m/s vertically up from the ground.  What is

the maximum height reached by the body?  What is the entire time of motion?  What

is the velocity at 5 seconds after the projection? Take g=10m/s2  (AS
1
)

(Ans: 80m; 8s; 10m/s down)

8. A boy is throwing balls into the air one by one in such a way that when the first  ball

thrown reaches maximum height he starts to throw the second ball.  He repeats  this

activity. To what height do the balls rise if he throws twice in a second?  (AS
1 .

AS
7
)

(Ans: 1/4m)

9. A man is standing against a wall such that his right shoulder and right leg are in

contact with the surface of the wall along his height. Can he raise his left leg at this

position without moving his body away from the wall? Why? Explain.(AS
7
)

v

R

Improve your learning
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10. A ball is dropped from a height.  If it takes 0.2s to cross the last 6m before hitting

the ground, find the height from which it is dropped. Take g = 10m/ s2  (AS
1
)

(Ans: 54.45m)

11. A ball is dropped from a balloon going up at a speed of 5 m/s.  If the balloon was at

a height 60 m. at the time of dropping the ball, how long will the ball take to reach

the ground?   (AS
1
, AS

7
) (Ans: 4s)

12. A ball is projected vertically up with a speed of 50 m/s. Find  the maximum height ,

the time to reach the maximum height, and the speed at the maximum height

(g=10 m/ s2 )   (AS
1
)  (Ans: 125m; 5s; zero)

13. Two cars having masses m
1
 and m

2
 move in circles of radii r

1
 and r

2
 respectively.  If

they complete the circle in equal time.  What is the ratio of their speeds and

centripetal accelerations? (AS
1
)  (Ans: r

1
/r

2
, r

1
/r

2
)

14. Two spherical balls of mass 10 kg each are placed with their centers 10 cm apart.

Find the gravitational force of attraction between them.  (AS
1
)  (Ans: 104G)

15. Find the free-fall acceleration of an object on the surface of the moon, if the radius

of the moon and its mass are 1740 km and 7.4 x 1022 kg respectively. Compare this

value with free fall acceleration of a body on the surface of the earth.

(AS
1
)     (Ans: approximately 1.63 m/s2)

16. Can you think of two particles which do not exert gravitational force on each other?

(AS
2
)

17. An apple falls from a tree.  An insect in the apple finds that the earth is falling

towards it with an acceleration g.  Who exerts the force needed to accelerate the

earth with this acceleration?  (AS
7
)

18. A scooter weighing 150kg together with its rider moving at 36 km/hr is to take a

turn of radius 30 m. What force on the scooter towards the center is needed to

make the turn possible?  Who  or what provides this? (AS
1
) (Ans: 500N)

19. The bob of a simple pendulum of length 1 m has mass 100g and a speed of 1.4 m/s

at the lowest point in its path.  Find the tension in the string at this moment.

(AS
1
) (Ans: 1.076N)

20. How can you find the centre of gravity of a India map made of  steel? Explain.(AS
3
)

21. Explain some situations where the center of gravity of man lies out side the body.

(AS
1
)

22. Where does the center of gravity of the atmosphere of the earth lie?(AS
2
)

23. Where does the center of gravity lie, when a boy is doing sit-ups? Does weight

vector pass through the base or move away from the base? Explain.(AS
7
)
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You must have noticed that

some things float on water

surface and some things sink in it. Did you

participate in the activity “floating &

sinking” in the lesson on “materials” in

class 6? If so, you  might have wondered as

to why some objects, which you expected

to sink, float on water. Did  you take one

of those objects that floats on water, and

tried to see if it floats on kerosene  or

coconut oil?

Have a little fun

Take a boiling tube and fill about half

of it with water. Add 15 to 20 ml of

kerosene to the water. Drop in, one by one,

plastic buttons, pins, matchsticks, small

pebbles, tiny paper balls, some sand, bits

of wax etc. Close the mouth of the boiling

tube and shake it well. Wait for some time

and observe what happens.

Fig :1

 Did kerosene float above the water or

did water float above the kerosene?

 Which objects float in kerosene?

 Which objects sink in kerosene but float

on water?

 Which objects sink in water?

 Draw a diagram of the tube, showing the

results of your activity.

 Why did different objects behave

differently?

We shall try to find answers to these

questions in this chapter.

You know that, if a glass marble and a

small wooden piece are dropped in water

the glass marble sinks in water but a small

piece of wood floats on it. Do you know

why this happens? We think that a marble

sinks in water because it is heavy while the

piece of wood floats, because it is light.

Now take a wooden block which is

heavier than the marble and put it in water.

What happens?

 Why does the wooden block float on

water even though it is heavier than a

marble?

 What do we mean by ‘heavy’, what do

we mean by ‘light’?

Chapter

 
FLOATING BODIES
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To understand the results of the above

activity you must understand the meaning

of the term heavy. We use this word in our

everyday life in two ways. We say “two

kilograms  of wood is heavier than one

kilogram of iron”. At the same time,  we

also say “iron is heavier than wood”.

Can you explain the difference in

meaning of the word ‘heavier’ in both these

sentences? In science we try to ensure that

each word we use gives the same meaning

for everyone. So let’s see in what way these

two sentences differ.

The first sentence says that, if we keep

two kilograms of wood in one pan of a

balance and one kilogram of iron in the

other, the beam of balance will tilt towards

the pan with wood in it. What is the meaning

of the second sentence?

 In second sentence when we say iron

is heavier than wood, it means if we take a

piece of iron and a piece of wood of the

same size (that is, they have the same

volume) and weigh them, the iron will

weigh more than the wood.

In the language of science, it may be

stated as “the density of iron is more than

that of the wood”. Density is defined as

mass per unit volume.

Density =

Units for density is              or

We therefore say, the denser object is

‘heavy’ and the less dense object is ‘light’.

Comparing density – relative

density

  Activity-1

Take two test-tubes of the same size and

fill one to the brim with water and the other

with oil.

 Which will weigh more?

  Which liquid is denser?

Take two equal sized blocks made of

wood and rubber.

 Which of these two blocks is

heavier?

 Which one is denser?

Think and discuss

Let us suppose  you have two blocks

and you do not know what material they

are made of. The volume of one block is

30 cm3 while the other is 60 cm3. The

second block  is heavier than the first.

Based on this information, can you tell

which of the two blocks is denser?

When the volume of two objects is

unknown, it is difficult to tell which object

is denser solely on the basis of their

weights. One way to compare the density

of objects is to take equal volumes of the

two objects and compare their weights, but

this may not be possible for some solids.

For this we can use a simple method of

comparing the density of each object with

water. In the following activity we shall find

out how many times each solid object is

dense compared to water. This is known as

relative density of that object.

mass

volume

gm

cm3

kg

m3
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Relative density of an object =

To find the relative density of an object,

we must first weigh the object and then

weigh an equal volume of water. The two

weights are then compared.

Let us perform an activity to understand

how this is done. But first, check your

weighing instrument. We shall have  to

weigh objects several times, so your

instrument should function properly.

Aim: Finding the relative density of different objects

Material required: overflow vessel, 50ml measuring cylinder, weighing balance and

weights or spring balance, rubber erasers, wooden blocks, glass slides, iron nails, plastic

cubes, piece of aluminium sheet, glass marbles, stones, cork etc (note: whatever object

you take, ensure that its volume is  more than 20 cc and it should not be hollow). Record

the results of your activity in table 1. (Copy this table in your note book)

Table -1

Weigh the 50ml measuring cylinder and

note its  weight here.Weight = …………….

Procedure:

Weigh the object, record this in column 3

of the Table 1.

We need to find the weight of water

equal to the volume of the object. Pour

water in the overflow vessel until it starts

dripping from its beak. When water stops

dripping from the beak, place the 50ml

measuring cylinder under it. Slip the object

gently into the overflow vessel as shown

in figure 2, ensuring that water does not
Fig-2:

Lab Activity 1

S.No. Name of

object

Weight of

displaced
water

and cylinder

Weight of
water

displaced by
the object

Relative
density

of the
object

Weight of

object

(1) (2) (3) (4) (5) (6)

density of the object

 density of water

splash out. Once the object is in the

overflow vessel, water flows out of the beak

and collects in the 50 ml. cylinder. Wait

till the flow stops. (The object should be

fully immersed in water. If the object is not

fully immersed, push it in to the water with

a pin. see figure 2)

Weigh the

cylinder with the

water  that

overflowed and

record the weight in

column 4.
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 If  we subtract the weight of the

measuring cylinder from this weight, we get

the weight of water (column 5 of the table

1).  This is the weight of water equal to the

volume of the object.

Now we can find the relative density

of the object (column 6) by taking the

weight of the object (column 3) and

dividing it by the weight of an equal volume

of water (column 5).  This tells us how

many times denser the object is, compared

to water.

Relative density of  an object  =

Find the relative densities of all objects

you collected.

Based on the table 1, answer the

following questions.

 What is the relative density of wood?

 What is the relative density of glass?

 Which is denser, rubber or plastic?

 Which is denser, wood or cork?

 Classify the above materials as denser

than stone and less dense than stone.

 Do objects that have a relative density

less than 1 sink in water or float on it?

 Do the objects that sink in water have a

relative density less than1 or more

than1?

What relationship do you find between

the relative density of objects and floating-

sinking of the objects.

One interesting aspect of relative

density is that it has no units. Because

relative density is a ratio of the densities

of a material and water. It is a comparison

of quantities having the same  units, so it

has no units.

Relative density of liquids

We have discussed the relative density

of solid objects. We can also find the

relative density of liquids. For this, we need

to find the weight of a fixed volume of the

liquid and the weight of an equal volume of

water. The formula for finding the relative

density of a liquid is:

Relative density of a liquid =

Aim: To find the relative density of milk,

groundnut oil and kerosene.

Material required: Small bottle of 50 ml.

capacity (the bottle should weigh not less

than 10gm), weighing balance and weights

or spring balance and milk, groundnut oil,

kerosene about 50 ml. each in different

containers.

Procedure: Find the values  given below.

Weight of empty bottle = ……..........……..

Weight of the bottle with 50ml of water

 = ............................

Weight of 50ml of water = …..........………

Weigh the bottle with milk in it. Record

the weight in column 3 of the Table 2.

Lab Activity 2

weight of the object

weight of water equal to the volume of  the object.
weight of the liquid

 weight of the same volume of water
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Repeat this for other liquids and record the

weights in column 3. Calculate the weight

of each liquid by subtracting the weight of

the empty bottle and record it in column 4.

Calculate the relative density of each liquid

by comparing the weight of the liquid with

the weight of same volume of water and

record these values in column 5.

Answer the following questions by

comparing Table 1 and Table 2

 Which liquid will float on top if

groundnut oil is poured over water ?

 If we put a wooden block in kerosene,

will it float or sink? Give reasons for

your answer.

 A piece of wax floats in water but the

same piece sinks in a liquid say liquid

‘X’. Will the relative density of liquid

‘X’ be less than 1 or greater than 1?

Why?

Can we use relative density to find out

whether water has been added to milk?

Let’s try and find out.

 If we mix some water in milk, will the

relative density of the mixture be less

than or more than the relative density

of milk? Refer to Table 2 to find the

answer.

 If we take two bottles of equal volume

and pour pure milk in one and milk

mixed with  water in the other, which

one will be heavier?

We can use a simple instrument to find

this out. It is called lactometer.

Activity-2

Making of lactometer

Take an empty ball pen refill. It should

have a metal point. Take a boiling tube and

fill it with water.

Put the refill in with the metallic point

inside the water as shown in figure 3 (The

refill may not stand vertically in the water

as shown in figure, it may slant and cause

the top of the refill to touch the wall of the

boiling tube. Think what to do to make the

refill to stand as shown in figure 3.)

Table -2

(1) (2) (3) (4) (5)

1 Milk

2 Groundnut oil

3 Kerosene

S.

No.

Name of liquid Weight of the

liquid (gm)

Relative

density of the

liquid

Weight of  the

bottle filled with

liquid (gm)
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Did the refill sink completely or is some part above the water surface?

Use a pen to mark the point on the refill to show the part which is

above the water surface.

Pour out the water from the boiling tube and fill it with milk. Float

the refill in the milk.Did the refill sink up to the same mark as it sank

in water? If not, did it sink more or less in milk than in water? Why did

this happen?

Put a second mark, on the refill, at the point showing the part which

is above the surface of the milk.

Now pour a mixture of milk and water in the boiling tube.

If we put the refill in this mixture, to which point will it sink? Make

a guess.

Test if your guess is correct by actually dipping the refill in the

milk-water mixture.

Now, are you able to test whether water is added to milk or not

by using the above instrument?

We can use a similar instrument, called a hydrometer/densitometer to find out the

density of any liquid.

Example 1

What is the effective density of the mixture of water and milk when

i) they are taken with same masses

ii) they are taken with same volumes

Solution:

Let us say the densities of water and milk are  
1
 and  

2

i) When they are taken with same mass ‘m’ and their volumes are V
1
 and V

2
, the mass

of water m =  
1
V

1
 ; V

1
    =           and the mass of milk    m =  

2
V

2
 ; V

2
 =

Total mass of water and milk is m + m = 2m

Total volume of water and milk is V
1
 + V

2
=             +

= m (         +      )

=

Fig -3: Improvised
lactometer
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      The effective density of the mixture(      
eff

)= Total mass / Total volume

=

=

=

ii) when they are taken with same volume ‘V’ and their masses are m1 and m2

the volume of water V = m
1

 
/
! 

1

That is            m
1
 = V 

1

and the volume of milk V = m
2

 
/
! 

2

That is    m
2
 = V  

2

Total mass of water and milk is m
1
 + m

2
 = V  

1
 + V  

2

        = V ( 
1
 +  

2
)

Total volume of water and milk is      V + V  = 2V

The effective density of the mixture   "!"!"!"!"!     
eff 

) = Total mass / Total volume

 
eff    

= V ( 
1
 +  

2
)

        2V

        =         ( 
1
 +  

2
)

1

#

2 m

m ( 
1
 +  

2
)  /   

1
  

2

2

 ( 
1
 +  

2
)  /   

1
  

2

2    
1
  

2

  
1
 +  

2

When do objects float on water?

Activity-3

Do the objects denser than

water float in it ?

Collect small objects as you did for Lab

Activity 1. Place them one by one in a glass

of water and observe whether they sink or

float in water? Record your observations in

Table 3.

Take the values of relative densities

from table 1.

Table -3

Object               Relative density     Floats / Sinks

Rubber eraser

Rubber ball

Plastic cube

Plastic pen

Iron nail

Geometry box

Glass marble

Wood

Stone
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 What do you observe in the above

activity?

 Why do some objects float in water

though they are denser than water?

 List out the objects that float on water

even though they are made up of

material which is denser than water.

We know that the substances with a

relative density greater than 1 sink in water.

But in activity 3, we observed that

substances with a relative density greater

than 1 sometimes float on water.

So it seems we cannot judge whether a

substance will sink or float only on the basis

of its relative density. There is definitely

some other factor which we need to take

into account.

Let’s investigate that special property,

which a substance that floats has but a

substance that sinks doesn’t have.

In lab activity 1, we had compared the

weight of the substance with the weight of

the water  displaced by it to find its relative

density. In that activity, we immersed the

substance fully in water and collected the

displaced water.

We shall now do the same activity, but

with a slight difference.

The substance will again be put in water.

But this time, if it sinks we’ll let it sink and

if it floats, we’ll let it float. We’ll then

compare the weight of water displaced by

it with the weight of the substance.

Activity-4

Is the weight of an object and

weight of  water displaced by it

equal ?

Take a beaker and weigh it. Note down

its weight in your note book.

Fill water in an overflow jar. Wait until

the water stops dripping from the outlet of

the overflow jar. Then take the beaker from

the weighing balance and place it below the

outlet of the overflow jar. Take a wooden

block, moisten it with water and then drop

it gently into the overflow jar. Don’t

forcefully submerge the wooden block in

the water. Also, ensure that it does not

block the outlet of the overflow jar. Water

will flow out of the overflow jar and collect

in the beaker kept under the outlet of

overflow jar.

Do you think the weight of the water

displaced by the wooden block will be less

than or equal to or more than the weight of

the wooden block? Make a guess. Place the

beaker containing the displaced water on

one pan of the weighing balance. Take the

wooden block, wipe it to clean off water

and place it on the other pan along with the

weights that equal to the weight of empty

beaker as shown in Figure 4.

Fig. 4
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 Do the two pans balance?

 Is the weight of the water displaced by

the wooden block less than, equal to or

more than the weight of the wooden block?

Repeat this experiment with several

other substances that float or sink. Things

Table -4

S. Name of the substance Weight of the substance Weight of displaced water

No.

1 Plastic bowl

2 Ball

3 Steel container

4 A fruit that floats

5 A fruit that sinks

6

7

8

On the basis of the table 4, explain the

relationship between the weight of the

substances that float and the weight of the

water displaced by them.

Can you express this special property

of substances that makes the substance to

float in the form of a principle?

(The special property of floating

substances that you identified in this

activity was first discovered by Archimedes.

You will know about this further in this

chapter.)

Can you think of a way to make iron

float on water? Perhaps, the following

activity will give you some ideas about how

you can make iron float on water.

Activity-5

Making aluminium to float

Take a small sheet of aluminium foil.

Fold it four or five times, pressing the foil

tight after each fold. You already know the

relative density of aluminium from an

earlier Lab activity 1. With this given value

of the relative density of aluminium, can

you guess whether the aluminium foil will

float or sink in water?

Drop the folded aluminium foil in the

water and test whether your guess is correct

or not.

Now unfold the aluminium foil and

make it as a small bowl. Place this bowl in

the water and see whether it floats or sinks.

that float could include a plastic bowl, a ball,

a steel container, fruits etc.

In each case, check whether the weight

of the water displaced is less than, equal to

or more than the weight of the substance.

Note your observations in the table 4.
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 How much water did the bowl of

aluminium foil displace?

 Is the water displaced by folded

aluminium foil and bowl of aluminium

foil the same?

Explain why aluminium bowl floats on

the basis of your theory of floating

substances.

 Can you now explain why large ships

made of iron and steel float on water

while a small block of iron sinks in

water?

 Why does the metal bowl displace

langer amount of water than a metal

piece?

To know this you must understand the

pressure in fluids.

Upward force in liquids

When we put an object on the surface

of water in a container, the force of gravity,

exerted by the Earth, pulls the object

downwards i.e. towards the bottom of the

container. However, for objects that float

on water, there must be an upward force to

balance the force of gravity. This upward

force must come from water. If the

gravitational force on the object is more

than the upward force of water, the object

will sink in water. Let us do a simple activity

to observe this upward force.

Activity-6

Observing the upward force of

liquids

Take an empty plastic bottle. Put the

cap on it tightly. Place the bottle in a bucket

of water. The bottle will float.

Push the bottle into the water by your

hand as shown in figure 5.

Fig. 5

Do you feel an upward force? Try to

push it further down. Do you feel any

increase in the upward thrust? In fact, the

upward force of water keeps on increasing

as you try to push the bottle down. Now,

release the bottle and observe how it

bounces back to the surface of water! So

the upward force of water is a real,

observable force. This force acting on unit

area of the surface of an object (bottle) is

called pressure.

Pressure of Air

Activity -7

Observing air pressure

Take a glass tumbler. Stick some cotton

at the bottom of it. Immerse it inversely in

water up to the bottom of the container as

shown in figure 6.

 Take out  the tumbler from water. Is

the cotton attached to its bottom wet? Why?

Fig. 6
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This is due to the force of air which is applied on water by the air present in the tumbler and

stops water from entering the tumbler. This force on unit area of water is pressure of

air.

Atmospheric pressure

All objects on the surface of the earth are subject to constant atmospheric pressure.

Atmospheric pressure = Force of the atmosphere / surface area of the earth

Atmospheric pressure = Weight of the atmosphere / surface area of the earth

Atmospheric pressure = (Mass of the atmosphere)   g / (surface area of the earth)

Atmospheric pressure =
 (average density of the atmosphere) (Volume of the atmosphere)  g

                                (surface area of the earth )

Thus

Atmospheric pressure = 
!     Surface area of the earth   Height of the atmosphere g

                                     surface area of the earth

Atmospheric pressure     =     (Height of the atmosphere)   g

Atmospheric pressure =   h g

       P
o

    =   h g

Measuring  atmospheric pressure

We cannot experience this

atmospheric pressure, but we can recognize

and measure it  with barometers. The first

barometer is invented by ‘Torricelli’ using

mercury. (See figure 7)

At normal atmospheric pressure the

mercury barometer shows mercury

column with 76 cm height in the glass

tube above the surface of the mercury

in the bowl. This is known as 1

atmospheric pressure.

 Why is the height of mercury column

nearly 76cm in the tube?

What is the state of the mercury

column in the tube? It is at rest, so net force

on it is zero. The weight of the column in

the tube is equal to the force applied on it

by the mercury in the bowl due to

atmospheric pressure. These two must be

equal in magnitude and opposite in

direction.

Fig-7: Barometer
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Do you know?

Weight of the mercury column (W) = mass of mercury (m)   g

                                                            = (Volume) (density) g

= (cross sectional area of the tube) (height of

    the column)   g

 = Ah g

Let ‘P
o
’ be the atmospheric pressure.

Force on the column due to the atmospheric pressure = P
o
 A

then,

A h g = P
o
 A

P
o
 =  gh (of mercury)

 ,g are constants. So the height of the mercury column depends on atmospheric pressure.

we can calculate the value of atmospheric pressure ‘P
o
’, by substituting the values of

height of the mercury column ‘h’ , density of the mercury ‘ ’ and acceleration due to

gravity ‘g’.

Height of the mercury column h = 76cm = 76   10-2 m

Density of the mercury  = 13.6 gr/cc = 13.6 X 103 kg/m3

Acceleration due to gravity      g = 9.8 m/s2

P
o
 = h g

P
o
 = (76   10-2 m)   (13.6   103 kg/m3)   (9.8 m/s2)

P
o
 = 1.01   105 kg.m/m2.s2

1 kg.m/s2  = 1 Newton

hence, P
o
 = 1.01  105 N/m2

This value is called one atmospheric pressure.

1 Atmosphere = 1.01  105 N/m2

(1 N/m2 is called Pascal)

The mass of air that would occupy in a cylindrical tube with cross sectional area of

1cm2 and that extends 30km up to the top of atmosphere is about 1kg. The weight applied

on the surface area of 1cm2 on the earth is nothing but atmospheric pressure.

Atmospheric pressure

P
o
 = mg/A = 1 kg X 10 m/s2 /1 cm2   =10 N/cm2  or  105 N/m2 (105 Pascal)

This value is nearly equal to 1atm.
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Think and discuss

 What would happen if Toricelli experiment had been done on moon?

  A stopper is inserted in the small hole of the glass tube of the mercury barometer

below the top level of the mercury in it. What happens when you pull out the stopper

from the glass tube?

 Why don’t we use water instead of mercury in Toricelli experiment? If we are ready to

do this experiment, what length of tube is needed?

 Find the weight of the atmosphere around the earth (take the radius of earth is 6400km.)

Pressure at a depth “h” in a liquid

 Let us consider a container which contains a liquid in it of density “ ”.

      Consider a cylindrical column of height ‘h’ from the surface of liquid of cross

sectional area  “A”. See the figure 8.

The volume of the liquid column

              V = Ah

               Mass = Volume   density

                     m = Ah  

Weight W = mg = Ah   g

What is the state of the motion of  the liquid column?

You know that from Newton’s law, the net force on it is zero, because it is at rest. What

are the forces acting on that water column?

There are three forces acting, which are,

i) Weight (W), vertically down

ii) Force on top surface due to atmospheric pressure(P
o
 A), acting vertically down

iii) Force on the bottom surface of the column due to static pressure of liquid (PA),

acting vertically up.

From Newton’s law we get

PA = P
o

 A +   W

PA = P
o
 A +   h   g A

Fig. 8
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Where P is the pressure at the depth “ h” from the surface of the liquid and Po is the

atmospheric pressure.

    PA = P
o
 A +   h   g A

P  = P
o
 +   h   g

This means that the pressure inside the liquid at a constant depth is constant.

Pressure difference at different levels of depth in fluids

Let us consider a cylindrical column of liquid of height ‘h’ with cross sectional area

‘A’  and let    be the density of the liquid.  See the figure 9.

What is the pressure P
1
 in the liquid at depth h

1
 ?

From equation (1) we get,

P 
1
 = P

o
 +   h

1
   g

Similarly, pressure P
2
 at depth h

2
 is given by P

2
  = P

o
 +   h

2
   g

From (3)-(2) we get

P
2
  - P

1
 = h

2
   g  - h

1
   g

P
2
  - P

1
=!  g (h

2
 - h

1
)

from the figure h = h
1
 - h

2
 so

we have, P
2
 - P

1
 = h  g

The pressure difference between two levels in that liquid = h   g.

Here density of the liquid ‘  ’ and ‘g’ are constants, so the pressure difference increases

with a increase in depth.

     !What happens if we replace this cylindrical liquid column with another object

which is made up of a material whose density is not equal to the density of liquid?

The pressure difference in the liquid P
2
 - P

1
   =   h   g (values of the liquid)

P
2
- P

1
   =   h × m/V × g

P
2
 - P

1
    =   h × m/Ah × g

P
2
 - P

1
     =   m/A × g

(P
2
 - P

1
)A =   m × g (Weight of the displaced liquid)

        Since F= P×A and   W= mg

we get  F = W (values of the displaced liquid)

Here ‘F’ is the force applied on the object and ‘W’ is the weight of the displaced liquid.

So the force applied on the object by the liquid is equal to the weight of the displaced

liquid.

The force applied on the object in upward direction is called “Buoyancy”. As per the

above equation this buoyant force is equal to the weight of the liquid displaced by the

object.

Fig 9
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Measuring the force of buoyancy

We have seen that when an object is

immersed in water it experiences an

upward force, the force of buoyancy. Can

we measure this upward force? Let's try.

Activity-8

Let us measure the force of

buoyancy

Suspend a stone from a spring balance.

Note the reading of the spring balance. The

reading gives the weight of the stone. Take

a beaker half filled with water. Now

immerse the stone in the water. Note the

reading of the spring balance. The reading

of the spring balance gives the 'weight' of

the immersed stone. Do you notice any

change in the weight of the stone before

and after it gets immersed in water?  You

may notice that the stone, when immersed,

appears to lose some weight.

 Why does the stone lose weight when

it is immersed?

The immersed stone appears to lose

weight because the force of buoyancy,

exerted on the stone by the water, in the

upward direction, serves to reduce the

force of gravity. Thus the apparent loss of

weight must be equal to the force of

buoyancy acting on the immersed stone.

We can measure the force of buoyancy

exerted by a liquid, by measuring the

apparent loss of weight of an object

immersed in that liquid. You will notice that

in every case an immersed object appears

to lose weight.

When the object floats on the  surface

of water, it appears as if it lost all its weight,

that is, the spring balance shows zero

reading for floating bodies! For objects that

float on a liquid surface, the force of

buoyancy balances the force of gravity at

the surface of the liquid.

Now let us repeat this activity and

measure the weight of the water displaced

by the immersed stone.

Activity-9

Measuring the weight of the

water displaced by the immersed

stone

Suspend a stone from a spring balance.

(it is better to take the stone more than 300

gm) . Note the reading on the spring balance.

The reading gives the weight of the stone.

Take an overflow vessel with water and

place a graduated beaker below the beak.

(Figure 10).

Now immerse the stone in the water.

Note the reading on the spring balance and

Fig. 10
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Do you know?

measure the volume of water that overflows

into the graduated beaker.

The reading of the spring balance gives

the weight of the immersed stone and the

beaker reading gives the volume of water

displaced by the stone (Figure 11).

 By how much does the weight of the

stone appear to be decreased?

(Apparent loss of weight of the stone)

 What is the weight of the displaced

volume of water?

 Do you observe any connection

between the two?

The apparent loss of weight of the

immersed stone is equal to the weight of

water displaced by the stone i.e., equal to

the force of buoyancy exerted by the

water.

This wonderful observation was made

by Archimedes, an ancient Greek scientist.

 Archimedes' principle

Archimedes' principle states that when

a body is immersed in a fluid it experiences

an upward force of buoyancy equal to the

weight of fluid displaced by the immersed

portion of the body.

Archimedes (287-212 BC)

Fig-11

     Archimedes was a Greek scientist. At that time the

King had a crown made of gold. The King however, suspected

that the crown made was not of pure gold and asked

Archimedes to verify this. Archimedes had to solve the

problem without damaging the crown, so he could not melt

it down into a regularly shaped body in order to calculate  its

density. While taking a bath, he noticed that the level of the

water in the tub rose as he got in, and realized that this  effect

could be used to determine the volume of the crown.  The

submerged crown would displace an amount of water equal

to its own volume. By dividing the mass of the crown by the

volume of water displaced ,the density of the crown could

be obtained. This density would be lower than that of  gold if cheaper and less dense

metals had been added. Archimedes then took to the streets naked, so excited by his

discovery that he had forgotten to dress, crying "Eureka!" (meaning "I have found it!").
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Let's look at the story that is associated

with this observation.

Think and discuss

! Why is it easier for you to float in salt

water than in fresh water?

 Why is there no horizontal buoyant

force on a submerged body?

 Two solid blocks of identical size are

submerged in water. One block is iron

and the other is aluminium. Upon which

is the buoyant force greater?

 A piece of iron is placed on a block of

wood, makes it to float lower in the

water. If the iron piece is suspended

beneath the wood block, would it float

at the same depth? Or lower or higher?

You know that pressure difference at

different levels of height inside the liquid

causes buoyancy.

 Can we increase the pressure inside the

liquid?

It is only possible when the liquid is

enclosed. A scientist named Pascal made a

principle about what happens when a

external pressure is applied to a enclosed

liquid. Let us know about it.

Pascal's principle

Pascal's principle states that external

pressure applied to a enclosed body of fluid

is transmitted equally in all directions

throughout the fluid volume and the walls

of the containing vessel.

Look at Figure 12. Here, we have an

enclosed volume of fluid in a U-shaped

tube. The fluid  is enclosed in the tube by

 THINK! How did Archimedes solve the King's problem? A

simple arrangement could be used to determine whether a golden

crown is less dense than gold. The crown and a bar of gold, of the

same mass as the crown, are suspended from the two arms of a

simple balance as shown in the figure. The balance is lowered into

a vessel of water. If the crown (left) is less dense than the gold bar

(right), it definitely posses a larger volume than that of pure gold

and will displace more water and thus experience a larger upward

buoyant force, causing the balance to tilt towards the gold bar. This would indicate that

the  crown was not of pure gold!

Note: This experiment holds good only when the crown doesn’t have any covered

hollow portion in it. Think why?

F
1

F
2

P
1
  =  F

1
 /  A

1
P

2
  =  F

2
 /  A

2

V

V

Fluid

Fig-12: Application of Pascal's principle

(bramha press)
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Key words

two leak-proof pistons in each arm. The

ratio of cross-section  areas of the right

and left tubes is A
2
 : A

1
 and A

2
 >A

1
.

When a force F
1
 is applied to the left

piston the excess pressure acting on the

fluid volume is F
1
/A

1
.

According to Pascal's principle, this

excess pressure is transmitted equally

throughout the fluid volume. That is, every

unit area of the fluid 'experiences' this

excess pressure of F
1
/A

1
.

The excess pressure in the right-side

tube (of cross section area  A
2
) is also

F
1
/A

1
 and since its area is A

2
, the upward

force acting on the right piston is

F
2
 = A

2
 x F

1 
/ A

1
 ; which is much larger in

magnitude than F
1
.

Thus the application of Pascal's

principle results in a large upward force

(thrust) on the right piston when a small

downward force is applied on the left

piston.

Fig. 13: Hydraulic jack

This principle is used in the design and

working of hydraulic jacks/lifts (Fig-13)

which you can see in automobile

workshops. A small downward force

applied by the hand of  the operator helps

to lift a heavy vehicle with ease!

Density, Relative density, Lactometer, Hydrometer / densitometer, atmospheric

pressure, barometer, buoyancy.

 Objects having a density less than the liquid in which they are immersed, float on

the surface of the liquid.

 All objects experience a force of buoyancy when immersed in a fluid.

 When an object is immersed in a fluid it appears to lose weight (because of

buoyancy).

 The apparent loss of weight of an object, which is immersed in a liquid, is equal to

the weight of liquid displaced by the object. (Archimedes' principle)

What we have learnt

F
1

F
2

Fluid
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 When an object floats on the surface of a liquid, it displaces a weight of liquid

equal to its own weight.

 The pressure exerted by a liquid increases with depth below the surface of liquid.

 External pressure, applied to an enclosed volume of fluid, is transmitted equally in

all directions throughout the fluid volume.(Pascal's principle)

1. A solid sphere has a radius of 2 cm and a mass of 0.05 kg. What is the relative  density

of the sphere? (AS
1
) [Ans: 1.49 ]

2. A small bottle weighs 20 g when empty and 22 g when filled with water. When it is filled

with oil it weighs 21.76 g. What is the density of oil ? (AS
1
) [ Ans: 0.88 g/cm

3
]

3. An ice cube floats on the surface of a glass of water (density of ice =0.9 g/cm
3
).When

the ice melts will the water level in the glass rise?     (AS
1
)

4. The volume of 50g of a substance is 20 cm3. If the density of water is 1g/cm3,will  the

substance sink or float when placed on the surface of water ? What will be the  mass of

water displaced by the substance?  (AS
1
)  [Ans: 20 g]

5. Find the pressure at a depth of 10m in water if the atmospheric pressure is 100kPa.

[1Pa=1N/m2] [100kPa = 105Pa = 105N/m2 = 1  atm.]       (AS
1
)  [Ans: 198 kPa]

6. Why some objects float on the water? And some sink? (AS
1
)

7. Explain density and relative density and write formulae. (AS
1
)

8. What is the value of density of water? (AS
1
)

9. Find the relative density of wood. Explain the process. (AS
3
)

10. Which is denser, water or milk? (AS
2
)

11. What is buoyancy? (AS
1
)

12. Classify the following things into substances having Relative Density> 1 and Relative

Density< 1 Wood, iron, rubber, plastic, glass, stone, cork, air, coal, ice, wax, paper,

milk, kerosene, groundnut oil, soap (AS
1
)

13. How can you appreciate the technology of making ships float, using  the  material which

sink in water ? (AS
6
)

14. Can you make iron to float? How? (AS
3
)

15. How can you find the relative density of a liquid? (AS
3
)

Improve your learning
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16. Find the relative density of different fruits and vegetables and write a list. (AS
3
)

17. Make a lactometer with refill. What you do to make the refill stand vertically straight?

(AS
5
)

18. Draw the diagram of mercury barometer. (AS
5
)

19. How do you appreciate Pascal’s discovery in helping to make hydraulic jacks. (AS
6
)

20. How do you appreciate Archimedes discovery of force of buoyancy. (AS
6
)

21. You found the relative densities of some solids and some liquids by some  activities.

List the solids and liquids in increasing order of relative density.(AS
4
)

22. Iron sinks in water, wood floats in water. If we tied an iron piece to the same volume of

wood piece, and dropped them in water, will it sink or float? Make a guess and find out

whether your guess is correct or wrong with an experiment. Give reasons.(AS
2 
. (AS

3
)

23. Liquid brakes in automobiles follow principle of bramha press (Pascal’s principle).

What about air brakes? Collect the  information about the working process of air

brakes.(AS
4
)

24. Where do you observe Archimedes principle in our daily life? Give two examples.(AS
7
)

25. Where do you observe Pascal’s principle in our daily life? Give few examples.(AS
7
)
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In previous few chapters you have

learnt about various   ways of describing

the motion of objects and causes of motion.

In performing our day - to - day activities

we use various words like work, energy, and

power which are closely related  to each

other and sometimes we use these words

without paying much attention.. In this

chapter you will examine these concepts

more carefully.

People carry out various tasks in daily

life. For example,  lifting of weights,

carrying of weights, sweeping / cleaning of

house, cooking of food, and watering of

plants in the garden etc are some of the day

to day activities.

Similarly you might have also observed

that people employ machines in their

homes to carry out different tasks like

blowing of air by fan, pumping of water by

electric motor, heating of water by electric

heater etc.

Washing machines, vacuum cleaners

are  used for cleaning of clothes, and

cleaning the  house respectively.

 How are these works being done?

 What do you need to do these works?

Both human beings or machines need

energy to do work. Generally this energy

is supplied to human beings through food

they take in and for machines through the

electricity supplied to them.

In all the examples mentioned above,

we notice that a person or a machine doing

work spends some energy to do work. For

example to lift your school bag you spend

some energy. Similarly an electric fan uses

some electric energy for blowing air.

 Where does the energy spent go

ultimately?

 Is there any transfer of energy while

work is being done?

 Can we do any work without transfer

of energy?

Think about various works you

observed and try to indentify the force

employed for doing the work and the object

on which  the work was done. Discuss with

your friends about possibility of energy

transfer during work.

Chapter

 
 WORK AND ENERGY
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Work

In our daily life, we use the term ‘work’

in various situations. The word 'work' takes

on different meanings depending on the

situation. For example  the statements like

‘ I am working in a factory’ ,  ‘The Ramayana

is a great work of Valmiki’   ‘The machine

is in working  condition’ ‘There are large

number of worked out problems in this

book’  ‘ Let us work out a plan for next year’

etc have different meanings. There is a

difference between the way we use the term

‘work’ in our day to day life and the way we

use it  Science.

Let us examine these situations.

i) Priyanka is preparing for examinations.

She spends lot of time in studies. She

reads books, draws diagrams, organizes

her thoughts, collects question papers,

attends special classes, discusses

problems with her friends and performs

experiments etc.

In our common view ‘she is working

hard’ but if we go by scientific

definition of work the above mentioned

activities are not considered as work.

ii) Rangaiah is working hard to push the

huge rock. Let us say the rock does not

move despite all efforts by him. He

gets completely exhausted and tired.

According to our common view he

worked hard but as per science he has

not done any work on the rock.

iii) Let us assume you climb up the

staircase and reach the second floor of

a building. You spend some energy to

do this. In our common understanding

you are not doing any work but as per

science you have done a lot of work to

reach the second floor of the building.

In our daily life we consider any useful

physical or mental labor as ‘work’

For example we consider cooking of

food, washing of clothes, sweeping, doing

home work, reading, writing etc. as works.

But according to scientific definition of

work all of these activities are not

considered as work, only a few of them are

considered as work.

 What is work?

 Why is there difference between

general view of work and scientific

view of work?

 Scientific meaning of the work

To understand the way we view work

and scientific meaning of work let us

observe the following examples.

Example-1

Fig - 1

 A man is lifting  cement bags from the

ground and keeping them one by one in a

lorry.
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Example-2

Fig - 2

A girl is pulling a toy car on the ground

and the trolley moves a distance.

 Example-3

A boy is trying to push a huge rock lying

in a play ground.

 Fig - 3

Example-4

A porter is waiting on the platform of a

railway station with  luggage on his head.

Fig - 4

 Are all the people mentioned in the

above examples doing work?

 How do you define work?

To know the meaning of work

according to science analyse the above

examples as per the table in the following

activity 1.

 Activity-1

Let us understand the meaning of

work as per science

Copy the table given below in your note

book.

Discuss with your friends whether

work is being done in each of the examples

mentioned above. What could be your

reason to say that work has been done?

Write your reasons in the following table.

After careful comparison of all the

above mentioned examples, you can

understand that in each case the person

involved in action/ doing work, spends some

energy to perform the actions mentioned

in the examples. In some cases there is a

change in the position of the object on

which work has been done, For instance in

example -1 the position of the bag is

changed from ground to the height of the

lorry, and similarly the toycar moved

through a distance by changing its position.

  In some other cases though the person

is doing the work and spends energy, there

is no change in the position of the object

on which work has been done. Like in
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1. A force should act on the object.

2. The object must be displaced or

there must be change in the position of the

object.

 Let us define the term ‘work’

 Definition of work in science

Fig - 5

 Let us consider the following

Table - 1

Situation

Whether work

has been

done or not ?

(Yes/No)

Who is doing

the work

(Name the

force)

Object on which

work  has

been done.

Reason to say

that work

has been done

The changes you

notice in objects

on which work

has been done

Example – 1 Yes

Man,

Muscular

force

Cement bag

The person

is lifting the bag

from ground to

lorry using

muscular  force

The cement

bag moved

from the

ground to the

height of the

lorry

Example – 2

Example – 3

Example – 4

example -3, the boy who is trying to push

the huge rock by applying force on it spends

lot of energy though there is no change in

the position of the rock. Similarly in

example - 4  the porter standing on the

railway platform with luggage on his head

spends a lot of energy against the

gravitational force acting on the luggage

though there is no change in the position

of luggage.

In our common perception of work all

the forces acting on bodies applied by

persons mentioned in examples 1 to 4 are

doing work but according to science only

the  forces applied by persons mentioned

in examples 1 and 2 are doing the work.

According to the scientific concept of

the work, two conditions need to be

satisfied in order to say that work has been

done.
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example:

Suppose that a constant force (F) acts

on an object and object is moved through a

distance (s) along the direction of the force

(F) as shown in figure 5

  In science we define work to be equal

to the product of the force (F) and the

distance (s) moved along the direction of

the force.

Work done  =  Force x Displacement.

                W =  F s

      This formula for work is used in

only translatory motion of the object.

Work has only magnitude, no direction.

So work is a scalar.

       We measure force (F) in Newtons

(N) and distance (s) in meters (m). In

equation W=F s, if F=1 and N=1 then the

work done by the force will be ‘1 N-m’.

Hence the unit of work is ‘Newton-meter’

(N-m) or ‘Joule’ (J)

  Thus 1 Joule (J) is the amount of work

done on an object when a force of 1

Newton displaces it by 1m along the line

of action of the force.

Look at the equation W = F s

 What would be the work done when the

force on the object is zero?

 What would be the work done when the

displacement of the object is zero?

 Can you give some examples, where

the displacement of the object is zero?

Think and discuss

 A wooden chair is dragged on the level

floor and brought to the same place. Let

the distance covered be 's' and frictional

force acted on the chair by the floor be

'f' . What is the work done by the

frictional force ?

Example 1

A boy pushes a  book kept  on a table by

applying a force of 4.5 N. Find the work

done by the force if the book is displaced

through 30 cm along the direction of push.

Solution

 Force applied on the book (F) = 4.5 N

Displacement (s)   = 30 cm = (30/100) m

            = 0.3m

  Work done,      W = F s

                    = 4.5 x 0.3

       = 1.35 J

Example 2

Calculate the work done by a student in

lifting a 0.5 kg book from the ground and

keeping it on a shelf of 1.5 m height. (g=9.8

m/s2)

Solution

The mass of the book = 0.5 kg

The force of gravity acting on the book is

equal to ‘mg’

That is  mg = 0.5 x 9.8

                    = 4.9 N

  The student has to apply a force equal

to that of force of gravity acting on the

book in order to lift it.
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Thus force applied by the student on the

book, F = 4.9 N

Displacement in the direction of force,

                        s = 1.5m

Work done, W  = F s

                           = 4.9 x 1.5

               =7.35 J

In the situation mentioned in figure 5

the displacement of the object is in the

direction of the force. But there are certain

cases where the displacement of the object

may be in a direction opposite to the force

acting on it.

 For example if a ball

is thrown up (Fig – 6), the

motion is in upward

direction, where as the

force due to earth’s

gravity is in downward

direction.

 What happens to the

speed of the ball

while it moves up?

 What is the speed at

its maximum height?

Fig - 6 Positions of ball at various

instants while moving up

 What happens to the speed of the ball

during its downward motion?

Similarly the ball moving on plain

ground (Fig-7) will get stopped after some

time due to frictional force acting on it in

opposite direction.

Fig - 7

If the force acting on an object and

displacement are in opposite directions

then the work done by the force is taken as

negative.

    W =  – F s

If work has positive value, the body on

which the work has been done would gain

energy.

 If work has negative value, the body on

which the work has been done loses energy

Think and discuss

   Lift an object up from the ground.

Work done by the force exerted by you

on the object moves it in upward

direction. Thus the force applied is in the

direction of displacement. However

there exists a force of gravitation on the

object at the same time

 Which one of these forces is doing

positive work?

 Which one is doing negative work?

 Give reasons.

Example - 3

  A box is pushed through a distance of 4m

across a floor offering 100N resistance.

How much work is done by the resisting

force?

Solution

  The force of friction acting on the box,

                                                     F = 100N

  The displacement of the box,  s = 4m

The force and displacement are in

Direction of motion
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opposite directions. Hence work done on

the box is negative.

       That is,  W = – F s

              = – 100 x 4

              = – 400 J

Example  4

    A ball of mass 0.5 kg thrown upwards

reaches a maximum height of 5m.

Calculate the work done by the force of

gravity during this vertical displacement

considering the value of   g = 10m/s2.

Solution

   Force of gravity acting on the ball,

                 F = mg = 0.5 x 10 = 5N

Displacement of the ball,   s = 5m

The force and displacement are in

opposite directions. Hence work done by

the force of gravity on the ball is negative.

W = – F s

     = – 5 x 5

     = – 25 J

Idea of Energy

The word Energy is very often used in

our daily in various occasions like  ‘ He is

more energetic’ I am so tired and lost my

energy’, Today I am feeling more energetic

than yester day’ etc.

 What is energy?

 How can we decide that an object

possess energy or not?

Let us consider the following cases

Case -1

A metal ball kept in a ceramic plate is

raised to a certain height from the plate and

allowed to fall on it.

 What will happen to the plate?  Why?

Fig - 8

Case -2

A toy car is placed on floor without

winding the key attached to it and the same

toy car placed on the floor after winding

the key attached to it.

Fig - 9 :  A Toy Car

 What changes do you notice? Why?

     In case -1 you might have noticed

that the metal ball does no work when it

rests on the surface of the plate but is able

to do some work when it is raised to a

height .

Similarly in case -2 you may notice that

the toy is at rest before winding the key

but the same toy gets energy to move when

the key attached to it is wound up.

Children may not be able to lift 25 kg

rice bag but elders can do that.
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Activity-2

Understanding the increase and

decrease in energy of an object

Take a hard spring and keep it on the

table as shown in the figure 10.

Fig - 10

Now compress the spring with your

palm and release it after few seconds.

Observe the changes in its position, state

and size after compressing the spring and

releasing it.  You will notice that when

spring is being compressed there is a

change in its size. When it is released it

gains some energy and may even jump from

the table. The work done by your palm on

the spring increases its energy and makes

it to jump  away from the table.

Thus we can conclude that the object

which does work loses energy and the

object on which work has been done gains

energy. If negative work is done on an

object, its energy decreases.  For example,

when a ball moves on the ground the force

of  friction does  negative work on the ball

(because it acts in a direction opposite to

the motion of the ball). This negative work

done on the ball decreases its kinetic

energy and  makes it comes to rest after

some time.

 What could be the reason?

    You may observe many such

situations where the capacity to do work

changes from person to person.

Similarly the capacity of doing work

by an object on another object depends on

position and state of the object which is

doing work. Thus an object acquires energy

through different means and is able to do

work.

Energy transfer and the work

  We learned in previous paragraphs,

that we need energy to do any  work  and a

person doing work spends some  energy

while doing the work  i.e. the person doing

the work loses some energy.

 Where does this energy go?

 Is there any energy transfer between the

object doing the work and the object

on which work has been done?

 Can any force do work without energy

transfer?

In science, we consider work has been

done only when there is a change in the

position of the object.  The object is able

to change its position due to the energy

transferred to it by the force doing the

work. Thus whenever work is done on an

object its energy either increases or

decreases.

For example if we push a wooden block

which is kept on a table, it starts moving

due to the work done on it and as a result it

gains kinetic energy.
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Forms of energy

Energy can exists in several forms like

mechanical energy, light energy, thermal

energy, sound energy, electrical energy,

magnetic energy etc..

Apart from these, electric batteries,

cooking gas, coal, and petroleum etc. have

chemical energy stored in them. Even

matter itself is a concentrated form of

energy and sometimes can be converted

into other forms like nuclear energy, heat

energy etc.

Energy inside a human body

The human body is a complicated

system in which a variety of energy

exchange takes place. The main source of

energy for human body is food.  Energy is

used up when the muscles are stretched and

heart pumps blood and so on.

Work done by the force inside the body

in performing various activities reduces the

energy of the body. We feel tired in such

situations.

 Do you know why a person gets tired

standing at place for long time?

Though the person standing is not doing

any work externally, a lot of work is being

done inside the body.

The muscles of the body become

stretched when he stands for long time and

heart has to pump more blood to muscles.

This leads to loss of energy inside the body

and hence he gets tired.

Think and discuss

 What would happen if nature does

not allow the transfer of energy?

Disscuss with few examples.

Sources of energy

 Life would be impossible without

energy. We need energy in different forms

like muscular energy, thermal energy, light

energy, electrical energy etc., to do our day

to day activities. The demand for energy is

ever increasing.

 Where do we get energy from?

The Sun is the biggest natural and

primary source of energy for us. Many

other secondary sources are derived from

the Sun. We can also get energy from the

interior of the earth and from tides of the

sea.

 Can you think of other sources of

energy?

Activity-3

List the energy sources

 A few sources of energy are mentioned

above. There are many other sources of

energy.

List them and identify which of them

are   sources of energy due to Sun. Discuss

with your friends how these sources are

considered as sources of energy due to the

Sun.

 Are there sources of energy which are

not dependent on the Sun?
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Consider a metal ball and a hollow

plastic block which are kept on a table side

by side as shown in the figure 11 (a). Now

suppose that the ball is separated from the

block and brought to one end of the table

as shown in the figure 11 (b) and pushed to

roll on the table with speed ‘v’.

 What will happen to block?

 What changes do you notice in the

position and state of the ball and block

when the ball is allowed to roll on the

table?

You may notice that when the ball is

pushed , it starts moving with speed of ‘v’

and hits the plastic block and displaces it

from point A to B as shown in figure 11

(b). Thus a moving ball is more energetic

than the ball at rest because the moving ball

is able to do the work on plastic block to

push it forward, whereas the same ball

cannot do any work when it is at rest. In

other words, a body possess more energy

when it is moving than when it is at rest.

        Fig – 11 (a)                                                   Fig - 11 (b)

Repeat this activity by pushing the metal

ball with more force so as to increase its

speed and observe the change in position

of the plastic block on the table.  You may

notice that the increase in the speed of the

ball increases its capacity of doing work on

the block.

Thus we can conclude that a moving

object can do work. An object moving faster

can do more work than an identical object

moving relatively slow.

The energy possessed by an object due

to its motion is called kinetic energy.

The Kinetic energy of an object

increases with its speed.

We come across many situations in our

daily life where objects with kinetic energy

do work on other objects. For example

when a fast moving cricket ball hits the

wickets, it makes the wickets to tumble but

if the swinging bat in the hands of a batsman

hits the ball it reaches the boundary.

Kinetic energy

Activity-4

Understanding the energy of moving objects
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Similarly a fast moving bullet pieces the

target, blowing wind moves the blades of

the wind mill. Objects like a falling

coconut, a speeding car, a rolling stone, a

flying aircraft, flowing water and running

athlete etc, also possess kinetic energy.

 How can we find out  as to how much

energy is possessed   by a moving body?

Numerical expression for kinetic

energy

We know that the kinetic energy of a

body at rest is zero, but the kinetic energy

of a body moving with certain velocity is

equal to the work done on it to make it

acquire that velocity from rest.

Fig – 12

Let us assume that an object of mass

(m) is at rest on a smooth horizontal plane

as shown in figure 12. Let it be displaced

through a distance  ‘s’  from the point A to

B by a force (F) acting upon it in the

direction of the displacement. In the

horizontal direction the net force F
net 

is

equal to the applied force F.

The work done on the object by the net force

W = F
net

 s = F s  — (1)

Let the work done on the object cause

a change in its velocity from ‘u’ to ‘v’ and

the acceleration produced be ‘a’.

In the chapter motion we studied about

equations of  uniform accelerated motion.

The relation between initial velocity u, final

velocity v, acceleration ‘a’ and displacement

‘s’ is given by

v
 

2_ u2  = 2 a s   or   s = (v
 

2_ u2)  / 2 a  ——(2)

We know by Newton’s second law of

motion

    F
net

= ma   ————— (3)

 From equations (1), (2) and (3)

W = ma x (v
 
2_ u2) / 2a

W = ½ m (v
 
2_ u2)

This is called work - energy theorem.

As we have assumed that object is at

rest, its initial velocity u = o, then

 W = ½ m v2

 Thus the work done on the object is

equal to ½ m v2

We know that kinetic Energy of a body

moving with certain velocity is equal to

work done on the object to acquire  that

velocity from rest.

Thus the kinetic Energy (K.E.)

possessed by an object of mass ‘m’ and

moving with velocity  ‘v’ is equal to ½ m v2

K.E. = ½ m v2

2

m

2

m
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Think and discuss

 Why is it easier to stop a lightly

loaded truck than heavier  one that

has equal speed.

  Does the Kinetic energy of a car

change more when it goes from 10

m/s to 20 m/s  or when it goes from

20 m/s to 30 m/s.?

 A person starts from rest and begins

to run. The runner puts a certain

momentum into himself. What is the

momentum of ground? And the

runner puts a certain amount of

kinetic energy into himself. What is

the kinetic energy of the ground.?

Example 5

Find the kinetic energy of a ball of 250 g

mass, moving at a velocity of 40 cm /s.

Solution

Mass of the ball, m = 250g = 0.25 kg

Speed of the ball, v = 40 cm / s =0.4 m /s

Kinetic Energy,

K.E. = ½ (0.25) x (0.4)2 = 0.02 J

Example  6

The mass of a cyclist together with the

bicycle is 90 kg. Calculate the work done

by cyclist if the speed increases from

6km /h to 12 km / h.

Solution

Mass of cyclist together with bike,

m = 90 kg.

Initial velocity, u = 6km/h = 6x(5/18)

                                            = 5/3 m/s

Final velocity, v = 12 km /h = 12x(5/18)

                                                 = 10/3 m/s

Initial kinetic energy

            K.E
 (i)

 = ½ mu2

                 = ½ (90) (5/3)2

                              = ½ (90) (5/3) (5/3)

                      = 125 J

Final kinetic energy,

                   K.E
 (f)

 = ½ m v2

                 = ½ (90) (10/3) 2

                      = ½ (90) (10/3)(10/3)

                       = 500 J

The work done by the cyclist = Change in

kinetic energy = K.E
 (f)

 - K.E
(i)

                        = 500 J – 125 J = 375 J.

Potential energy

Activity-5

Understanding potential  energy

Take a bamboo stick and make a bow as

shown in the figure 13 (a). Place an arrow

made of a light stick on it with one end

Fig-13a         Fig-13b
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supported by the string of the bow as shown

in figure13 (a) and stretch the string gently

and release the arrow.

 What do you notice?

Now place the arrow on the bow

with one  end supported by the string and

stretch the string applying more force and

release the arrow as shown in figure13 (b)

 What differences do you notice in these

two instances with respect to motion

of arrow?

 Is there any change in the shape of the

bow when  the string is stretched by

applying more force?

You may notice that in the first instance,

figure13(a), when you release the arrow it

gets separated from the bow and falls down

on ground. But in second instance,

figure13(b), you will notice the arrow flies

with great speed into the air.

From this activity we can conclude that

the bow in normal shape is not able to push

the arrow but when we stretch the string, it

acquires energy to throw the arrow into air

with a great speed. The energy acquired by

the bow due to change in its shape is known

as its potential energy.

Where does the bow get this energy

from?

Why is it not able to throw off the arrow

in the first case?

Can we increase the potential energy

of the bow?

 Discuss with friends about changes you

need to make to the bow for increasing its

potential energy .

In the first instance of above activity,

you have gently stretched the string of the

bow. Thus the work done by the force on

the bow is negligible and energy transferred

to the bow due to this work is also

negligible. Hence the bow is not able to

push the arrow.

In the second instance, you have applied

more force on the string to stretch it. Thus

the work done by you on bow changed its

shape and it acquires large amount of

energy. This energy is stored as potential

energy in the bow which is responsible   for

throwing the arrow into air with a great

speed.

In our daily life we come across many

such situations where the work done on an

object is stored as potential energy in it and

used to do various other works.

For example the work done in winding

the key of toy car is stored as potential

energy in it and forces the car to move on

the ground when released.

Do the following activities for the

better understanding of potential energy.

Activity-6

Observing the energy in

stretched rubber band

Take a rubber band hold it at one end

and pull it from the other end and then

release the rubber band at one of the ends.

What happens?
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Potential energy of an object at height

(or) Gravitational potential energy

An object increases its energy when it

is raised through a height. This is because

of the work done on object against gravity

acting on it. The energy of such object is

known as gravitational potential energy.

Fig-14

 The gravitational potential energy of

an object at a point above the ground is

defined as the work done in raising it from

the ground to that point against gravity.

 Consider an object of mass m raised

to height h from the ground.  A force is

required to do this.  The minimum force

required to raise the object is equal to the

weight of the object (mg). The object gains

energy equal to the work done on it. Let

the work done on the object against  gravity

be ‘W’.

That is Work done,

                W  = force x displacement

                              = mg x h

                              = mgh.

Activity-7

Observing the energy in an

object at some height

 Take a heavy ball. Drop it on a thick

bed of wet sand from different heights from

25cm to 1.5 m. Observe the depression

created by the ball on the bed of sand.

Compare depths of these depressions.

 What do you notice?

 Is there any relation to the depth of

depression and the height from which

ball was dropped?

In above activity we can observe that

objects also  acquire energy sometimes due to

change in  position.

Let us consider the following example

We use a hammer to drive nails into a

plank. If a hammer is placed just on the tip

of a nail, it hardly moves into the plank.

But if the hammer is raised to a certain

height and then allowed to fall on the nail,

we observe that the nail is pushed some

distance into the plank.

Thus the energy of hammer is increased

when it is raised to a certain height. This

energy is due to the special position

(height) of the hammer.

 The energy possessed by an object

because of its position or shape is called

its potential energy
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Since the work done on the object is

equal to ‘ mgh’ an energy equal to ‘mgh’

units is gained by the object, This is the

potential energy of the object at a height

‘h’.

 P.E. = mgh.

Think and discuss

 Does the international space station

have gravitational potential energy ?

Example 7

A block of 2 kg is lifted up through 2m

from the ground. Calculate the potential

energy of the block at that point.

[Take g=9.8m/s2]

Solution

Mass of the block, m = 2 kg

Height raised, h = 2 m

Acceleration due to gravity, g = 9.8 m/s2

Potential Energy of the block,

P.E. = m g h

                                 = (2) (9.8) (2)

         = 39.2 J

Example 8

A book of mss 1 kg is raised through a

height ‘h’. If the potential energy increased

by 49 J, find the height raised.

Solution

The increase in potential energy = mgh

That is,           mgh   = 49 J

               (1)(9.8)h   = 49 J

The height raised, h = (49) / (1x 9.8)

                                   = 5m

Mechanical energy

The sum of the kinetic energy and the

potential energy of an object is called its

mechanical energy.

Consider the following example

The kinetic energy of an aeroplane at

rest is zero. Its potential energy when it is

on ground is also considered as zero.  Thus

its mechanical energy is zero while it rests

on the ground.  When the same aeroplane

flies it has kinetic energy as well as

potential energy, the sum these energies

gives the total mechanical energy of the

aeroplane in flight.

Conversion of energy

We find in nature a number of instances

of conversion of energy from one form to

another form. Sun is the big source of

energy in nature. The solar energy from the

Sun is converted into various forms like

light energy, heat energy, wind energy etc.

Apart from this, we observe various

instances of energy conversions in day to

day activities, like conversion of electrical

energy into heat energy by Iron box,

chemical energy into light energy by a torch

etc.

Activity-8

Listing the energy conversions in

nature and in day to day life

Discuss various ways of energy

conversions in nature as well as in our day

to day activities and make a separate list

of situations for natural conversions of

energy and energy conversions in day-to-

day life and write them in table-2, table-3.
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Table -2: Energy conversions taking place in nature

S.No. Situation of energy conversion in Nature

1 Heat energy from the Sun used for preparing food by plants gets

converted into chemical energy.

2

3

4

Table -3 Energy conversions taking place in  day to day activities.

S.No. Situation of energy conversion Gadgets/appliances used for

                     energy conversion

1 Conversion of electrical energy Electric fan

into mechanical energy

2

3

4

Discuss about the following questions

with your friends

 How do green plants produce food?

 How are fuels like coal and petroleum

formed?

 What kind of energy conversions

sustain the water cycle in nature?

We see other energy conversions in

nature, for example snow deposited at

altitudes melts and the water so formed

flows down to seas. In the process, its

potential energy is converted into kinetic

energy. We convert the kinetic energy of

water to electrical energy in hydroelectric

power plants.

Dead plants buried deep below the

earth’s surface for millions of years get

converted to fuels like petroleum and coal,

which have chemical energy stored in them.

The food we eat comes from plant

sources or an animal source which takes

plant parts as their food.

When we eat food, several chemical

processes take place and the chemical

energy stored in food gets converted in to

various forms needed by the body. For

example when we walk, run, exercise etc.,

the energy from food is used for kinetic

energy.
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  Activity - 9

Conservation of mechanical

energy

Take a long thread say 50-60cm long

and attach a small heavy object like a metal

ball at one end, tie other to a nail fixed to

the wall as shown in the figure 15.

Fig-15

Now pull the object or bob of the

pendulum to one side to the position A
1

(Fig-15) and release it.

What do you notice?

You may notice that, the bob swings

towards opposite side and reaches the point

A
2
. It repeats this motion over and over

again.

 The potential energy of the bob is

minimum at A and reaches maximum at

A
1
 because the height of the bob is

maximum at that position.

 When the bob is released from this

point (A
1
), its potential energy

decreases and kinetic energy starts

increasing slowly.

 When the bob reaches the position A

its kinetic energy reaches maximum and

potential energy becomes minimum.

 As the bob proceeds from A to A
1
  its

potential energy increases slowly  and

becomes maximum at A
2

If we neglect small loss of energy due

to air resistance , the sum of potential

energy and  kinetic energy remains constant

at any point on the path of motion during

the oscillation of the pendulum.

Thus the total mechanical energy in the

system of pendulum remains constant. This

is called conservation of mechanical

energy.

Similarly energy can neither  be created

nor destroyed. It can only be changed from

one form to another.

This is called law of conservation of

energy.

When a ball is dropped from a height

its gravitational potential energy decreases,

but as the ball comes into motion, its kinetic

energy increases.  Thus a free-fall body

possesses both potential energy as well as

kinetic energy during its fall to the ground.

  Does the conservation of energy apply

for the system of free-fall body? How?

Let us find

Activity-10

Calculating the total energy of

freefall at different heights

 An object of mass 20 kg is dropped

from a height of 4m. Compute the potential

and kinetic energy in each case given in the

following table and write the values in

respective column of the table. (Take g =

10 ms-2.)

A
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Height at

which object

located

in meters (m)

Velocity of
object at
different

height [in m/s]

Potential energy

E
p
= mgh

[in Joules (J)]

Kinetic

energyE
k
 = mv2 /2

[in Joules (J)]

Total energy

( E
p
+ E

k
)

[in Joules (J)]

Table-4

4.0 0

3.55 3

3.0 !"20

2.35 !"33

0.8 8

 What do you say about total energy of

system of freely falling body?

 Is the mechanical energy conserved in

the system?

Think and discuss

 Someone wanting to sell you a super

ball claims that it will bounce to a

height greater than the height from

which it is dropped. Would you buy

this ball ? If yes explain, if not

explain.

 A ball, intially at the top of the

inclined  hill, is allowed  to roll down.

At the bottom its speed is 4 m/s. Next

the ball is again rolled down the hill,

but this time it does not start from

rest. It has an initial speed of 3 m/s.

How fast is it going when it gets to

the bottom ?

Power

In our day to day life we observe many

situtation where same activity is being

completed in different time intervals. For

example a hefty rickshaw puller is able to

reach the destination in less time when

compared other thinner rickshaw puller.

Sometimes we notice that a grinder in our

home takes more time to grind 1kg of ‘ dal’

when compared to the grinder in

neighbours house.

 Do all of us do the work at the same

rate?

 Is the energy spent by the force doing

work same every time?

 Do the machines consume or transfer

energy at same rate every time while

doing a particular work?

Let us consider the following example.

Raheem wanted to do some repairs in

the first floor of his building. He brought

100 bricks as advised by the mason. A

labourer was asked to shift these bricks

from ground floor to first floor.  The

labourer completed the work of shifting

bricks to first floor in one hour and asked

Rs 150/- for the work.

Next day the mason asked Raheem to

bring 100 bricks more to complete the



Andhra Pradesh Government Free Distribution 157

repair work. Raheem brought another 100

bricks and assigned the work of shifting

bricks to some another labourer. He

completed the work and demanded Rs 300/

- for completing the assigned work.

Raheem said that he paid Rs 150/- to the

labourer yester day. But the labourer argued

that he worked more hours hence he is

eligible for more money.

 Whose argument is correct?

 Is work done in two cases same?

 Why is there a change in rate of doing

work?

In the above example the amount of

work done is same in both cases. But the

time taken to complete the work is

different. This means that rate of doing

work is different.

A stronger person like in the first case

of above mentioned example may do certain

work in relatively less time compared to

other person, similarly a powerful machine

can do a work assigned to it  in relatively

less time when compared with another

machine.

We talk about the power of machines

like motorbikes, motorcar, water pumping

motors etc., the speed at which these

machines do the work is the basis for their

classification. Power is a measure of the

speed of the work done, that is how fast or

how slow work is done.

Power is defined as the rate of doing

work or rate of transfer of energy.

If an agent does a work W in time t,

then power is given by

Power = Work / time

P = W/t

The unit of power is ‘watt’ and denoted

by symbol ‘W’

1 watt   is the power of an agent, which

does work at the rate of 1 joule per second.

We express larger rate of energy

transfer in kilowatts (kW)

   1 kilowatt (kW)     1000 watts (W)

           1kW        1000 J. s-1

Think and discuss

 The work done by a force F
1
 is larger

than the work done by another force

F
2
. Is it neccesary that power

delivered by F
1
 is also larger than that

of F
2
 ? Why ?

Example 9

A person performs 420 J of work in 5

minutes. Calculate the power delivered by

him.

Solution

Work done by the person,W = 420 J

Time taken to complete the work,

       t = 5 min = 5 x 60s = 300s

Power delivered, P = W / t

                                = 420/300 = 1.4 W

Example 10

A woman does 250 J of work in 10

seconds and a boy does 100 J of work in 4

seconds. Who delivers more power?

Solution

Power, P = W / t

Power delivered by woman=250/10=25W

Power delivered by boy = 100/4 = 25W

Both woman and boy deliver same

power. That is, rate of doing the work by

woman and boy are equal.
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What we have learnt

Key words

Work, Energy, Transfer of energy, Sources of energy, Conservation of energy,

Kinetic energy, Potential energy, Mechanical energy, Gravitational potential.

 Two conditions need to be satisfied in order to say that work has taken place. One is, a

force  should act on the object and another is, the object must be displaced or there

must be change  in the position of the object.

 The work done by a force acting on an object is equal to the magnitude of force (F)

multiplied  by the distance moved (s). This formula for work is used in only translatory

motion of the object.

  Work has only magnitude, no direction. So work is a scalar.

 If the force acting on an object and displacement are in opposite directions then the

work done   by the force is taken as negative.

 If work has positive value, the body on which work has been done would gain energy. If

work has negative value, the body on which work has been done loses energy.

 Capability of doing work by an object or energy possessed by an object   depends on

position and state of the object which is doing work.

 Whenever work has been done on an object its energy either increases or decreases.

 Sun is the biggest natural source of energy to us. Many other sources are derived from

it.

 The energy possessed by an object due to its motion is called kinetic energy.

 The energy possessed by an object because of its position or shape is called its potential

energy.

 The sum of the kinetic energy and the potential energy of an object is called its

mechanical energy.

 Energy can neither be created nor destroyed. It can only be changed from one form to

another. This is called law of conservation of energy.

 Power is defined as the rate of doing work or rate of transfer of energy.
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1. Define work and write its units. (AS
1
)

2. Give few examples where displacement of an object is in the direction opposite   to the

force acting on the object. (AS
1
)

3. Identify the wrong statement among the following. Rewrite them by making necessary

corrections. (AS
1
)

a) Work and energy have different units.

b) When an aeroplane takes off, the work done by its weight is positive.

c) The potential energy of spring increases when it is extended and decreases when it is

      compressed.

d) If the work done by external forces on a system is negative then the energy of the

      system decreases.

e) When a body is falling freely from a height, its kinetic energy remains constant.

f) The unit of power is watt.

4 What is mechanical energy? (AS
1
)

5 State the principle of conservation of energy. (AS
1
)

6 When you lift a box from the floor and put it on an almirah the potential energy of  the

box increases but there is no change in its kinetic energy. Is it violation of conservation

of energy? Explain. (AS
7
)

7  One person says that potential energy of a particular book kept in an almrah is 20 J and

other says it is 30J . Is one of them necessarily wrong? Give reasons. (AS
2 
 ,AS

1
)

8 In which of the following cases is the work done positive or zero or negative? (AS
1
)

a) Work done by the porter on a suitcase in lifting it from the platform on to

      his head.

b) Work done by the force of gravity on suitcase as the suitcase falls from porter’s

head.

c) Work done by the  porter standing on platform with suitcase on his head.

d) Work done by force of gravity on a ball thrown up vertically up into the sky.

e) Work done by force applied by hands of a man swimming in a pond.

Improve your learning
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9. What is potential energy? Derive an equation for gravitational potential energy of a

body of mass ‘m’ at a height ‘h’.  (AS
1
)

10. When an apple falls from a tree what happens to its gravitational potential energy just as

it reaches the ground? After it strikes the ground? (AS
7
)

11. Let us assume that you have lifted a suitcase and kept it on a table. On which of the

following   does the work done by you depend or not depend? Why? (AS
2 
 , AS

1
)

a) The path taken by the suitcase. b) The time taken by you in doing so.

c) The weight of the suitcase. d)  Your weight.

12. When you push your bicycle up an incline, the potential energy of the bicycle and yourself

increase. Where does this energy come from? (AS
7
)

13. Why does a person standing for a long time get tired when he does not appear to be

doing any work. (AS
7
)

14. What is kinetic energy? Derive an  equation for the kinetic energy of a body of mass ‘m’

moving at a speed ‘v’. (AS
1
)

15.  A free-fall object eventually stops on reaching the ground. What happens to its kinetic

energy? (AS
1
)

16.  A man carrying a bag of total mass 25kg climbs up to a height of 10m in 50 seconds.

Calculate the power delivered by him on the bag.    (AS
1
)   ( Ans : 49J)

17.  A 10 kg ball is dropped from a height of 10m. Find (a) the initial potential energy of the

ball , (b) the kinetic energy just before it reaches the ground, and (c) the speed just

before it reaches the ground.       (AS
1
)   (Ans: 980J, 980J, 14m/s)

18. Calculate the work done by a person in lifting a load of 20 kg from the ground and

placing it 1m high on a table. (AS
1
)

19. Find the mass of a body which has 5J of kinetic energy while moving at a speed

of 2m/s. (AS
1
)

20.  A cycle together with its rider weighs 100kg. How much work is needed to set it moving

at 3 m/s. (AS
1
)

21. When the speed of a ball is doubled  its kinetic energy  (AS
1
)

(a) Remains same (b) gets doubled

(c) Becomes half            (d) becomes 4 times
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22. Two bodies of unequal masses are dropped from the top of building. Which of the

following is equal for both bodies at any instance?     (AS
1 
,  AS

2
)

(a) Speed (b) force of gravity

(c) potential energy (d) kinetic energy

23.  A man with a box on his head is climbing up a ladder. The work done by the man on the

box is  (AS
1
)

           (a)   Positive (b) Negative

           (c)  Zero (d) Undefined.

24.  A porter with a suitcase on his head is climbing up steps with uniform  speed. The work

done by the “weight of the suitcase” on the suitcase is  (AS
1
)

(a)  Positive (b) Negative

(c)  Zero (d) Undefined

25. How will the increasing energy needs and conservation of energy influence international peace, co-

operation and security? Discuss. (AS
7
)

26. How do you appreciats role of energy conversion occuring naturally in maintaining ecological

balance of nature.  (AS
6
)

27. Collect picturs showing various situation where potential energy possessed by object depends an

its shape and position. Prepare a scrap book. (AS
4
)

28. Draw a digrame to show conservation of mechanical energy in cafe of free falling body. (AS
5
)
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In class 8 we have learnt about sounds

produced by vibrating bodies and also

learnt how sound is transmitted through a

medium and received by our ears. In this

chapter we will study about nature of

sound, its production, propagation and

characteristics.

Every day we hear sounds from various

sources like birds, bells, machines,

vehicles, television and Radio etc. Our ears

help us to hear the sounds produced at a

distance.

 How does sound reach our ears from

the source of its production?

 Does it travel by itself or is there any

force bringing it to our ears?

 What is sound? Is it a force or an

energy?

 Why don’t we hear sounds when our

ears are closed?

Let us find out.

Chapter

 ! SOUND

Activity-1

Sound is a form of energy

Take a tin can and remove both ends to

make a hollow cylinder as shown in

figure 1. Take a balloon and stretch it over

the can. Rap a rubber band around the

balloon. Take a small piece of mirror and

stick it on the balloon. Take a laser light

and let it fall on the mirror. After reflection

the light spot is seen on the wall as shown

in figure. Now shout directly into the open

end of the can and observe the dancing light.

Fig-1 Observing vibrations of light

 Why is the light ray dancing, after sound

is  made in the tin?

 What do you infer from this?

 Can we say that sound is a form of

mechanical energy?

Like the stretched rubber sheet in the

above activity, sound produced at a distance
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To see vibrations, attach a small piece

of steel wire to one of its prongs as shown

in figure 2. While it is vibrating, try to draw

a straight line on a piece of smoked glass

as quick as possible with it. Keep the end

of the wire in such a way that it just touches

the glass. A line is formed in the form of

wave as shown in figure 2. Repeat the

experiment when the fork is not vibrating

and observe the difference in the line

formed.

Fig - 2

 What do you conclude from the above

activity?

 Can you produce sound without

vibration in the body?

In above activity we have produced

vibrations in tuning fork by striking it with

a hammer. We observe that vibrating tuning

fork produces sound. Thus sound is

produced by vibrating bodies.

 Give some examples of vibrating bodies

which produce sound.

 What part of our body vibrates when we

speak?

 Do all vibrating bodies necessarily

produce sound?

travels through air and reaches our ears to

produce a sensation of hearing in our ears.

Do you know?

Glimpses of history of sound

From the very early times the

question “How sound travels through air”,

attracted the attention of philosophers.

Pythagoras (around 570 B.C), a Greek

scholar and traveler, explained that sound

travels in air due to the to and fro

motion of the air particles, which act

upon the ear and produce the sensation

of sound. Galileo (1564-1642) and

Bacon (1561-1625) agreed with the

above theory but it was Newton who first

explained the phenomenon of

propagation of sound through air.

Production of sound

Activity-2

Observing the vibration of tuning

fork

Take a tuning fork and strike one of its

prongs gently with a rubber hammer and

bring it near  your ear.

 Do you hear any sound?

Touch one of the prongs of the tuning

fork with your finger. What do you feel?

Share your feeling with your friends.

 Do you see any vibrations in the tuning

fork?
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Do you know?

A tuning fork is an acoustic resonator; it is a steel

bar, bent into a U- shape (Prongs), with a handle at the

bend. It resonates at a specific constant pitch when set

into vibration by striking it with a rubber hammer. The

pitch of the tuning fork depends on the length of the

prongs. It is mainly used as a standard of pitch to tune

other musical instruments.

Propagation of Sound

We know that sound is produced by

vibrating objects. The matter or the

substance through which sound is

transmitted is called the medium.

 When a source of sound vibrates it

creates a disturbance in the medium near

it. This means that the condition of the

medium near the source becomes different

from its normal condition. The disturbance

could be in the form of compression of the

medium close to the source. This

How does sound travel?

We know that sound is a form of

energy. It travels through the air and reaches

our ears to give the sensation of sound.

If energy transfer takes place during

sound propagation, then in which form, does

it travel in air?

There may be two possible ways by

which transfer of energy from the source

of sound to our ears takes places. One is

that the source of sound produces

disturbances in air and they strike our ears.

The other explanation is that some particles

are shot off from the source of sound  and

they  reach our ears.

If the second explanation is correct,

vibrating body would gradually lose its

weight as particles are continuously shot

off from it, This certainly never happens,

because it would lead to vanishing of the

object. Thus we can conclude that ‘sound

travels through disturbances in the form of

waves’, can be taken as a correct

explanation.

 If sound travels in the form of  a

wave then what is the pattern?

Membrane

Compression pulse

Rarefaction pulse

Fig-3

The device first invented in 1711 by a British musician John Shore.
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disturbance then travels in the medium. Let

us see how it travels.

Consider a vibrating membrane of

musical instrument like a drum or tabla. As

it moves back and forth, it produces a

sound. Figure 3 shows the membrane at

different instants and the condition of the

air near it at those instants.

As the membrane moves forward

(towards the right in Figure), it pushes the

particles of air in the layer in front of it.

So, the particles of air in the layer get

closer to each other. Hence the density of

air increases locally and this layer of air

pushes and compresses the layer next to it,

which then compresses the next layer, and

so on. In this way the disturbance moves

forward. We call this type of disturbance

as compression pulse. The particles of the

medium do not travel with the compression

pulse they only oscillate about a mean

position. It is the disturbance which travels

in the forward direction.

What happens when the membrane

moves back (to the left)? It drags back the

layer of air near it, decreasing the density

of air there. The particles of air in the next

layer on the right move in to fill this less

dense area. As a result, its own density

reduces. In the same way, the density of air

in successive layers on the right decrease

one after the other. We say that a rarefaction

pulse moves to the right.

As the membrane moves back and

forth repeatedly, compression and

rarefaction pulses are produced, one after

R C R C R C R C R C R C R C R C

the other. These two types of pulses travel

one behind the other, carrying the

disturbance with it. This is how sound

travels in air.

Think and Discuss

Do compressions and rarefactions in

sound wave travel in same directions or

in opposite directions ? Explain.

Types of waves

Activity-3

Demonstrating types of wave

propagation

Fig-4 Compressions and rarefactions in a

slinky

1. Take a slinky, it is a spring – shaped toy

which can be extended or compressed

very easily. It is very flexible and can

be put into many shapes easily. You can

send continuous waves on a slinky. Lay

it down on a table or the floor as shown

in the figure 4 and ask a friend to hold

one end. Pull the other end to stretch

the slinky, and then move it to and fro

along its length.

You will see alternate compressions

and rarefactions of the coil. This is

similar to the pattern of varying density

produced in a medium when sound

passes through it.
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Fig-5 Transvers waves in a slinky

2. Hang a slinky from a fixed support.

Hold it gently at the lower end and

quickly move your hand sideways and

back. What do you observe? This will

cause a hump on the slinky near the

lower end.

This hump travels upwards on the slinky

as shown in figure 5. What is travelling

upwards? The part of the slinky that was

at the bottom in the beginning is still at

the bottom. Similarly no other part of

the slinky has moved up. Only the

disturbance has moved up. Hence we

may say that a wave has travelled up

through the slinky.

We have discussed two examples of

wave propagation in a slinky.  In the first

case the vibrations are along the direction

of wave motion and in the second case the

vibrations are perpendicular to the direction

of wave motion.

If the particles of the medium vibrate

along the direction of wave, the wave is

called a longitudinal wave.

If the particles of the medium vibrate

perpendicular to the direction of wave,  then

the wave is called a transverse wave.

Longitudinal wave involves change in

the density of the medium, whereas

transverse wave involves change in the

'shape' of the medium.

 What do you say about sound waves in

air by the above activity?

 Are they longitudinal or transverse?

Sound waves are longitudinal

As we have seen, when a sound wave

passes through air, the layers in the medium

are alternately pushed and pulled.  Thus the

particles of the medium move to and fro

along the direction of propagation.

Therefore sound waves in air are

longitudinal.

Characteristics of the sound

wave

Four quantities play an important role

in describing the nature of a wave. These

quantities are its wave length, amplitude,

frequency and wave speed. They are called

characteristics of the wave.  Let us learn

about these characteristics in the context

of the sound wave.

Let us consider a sound wave produced

by a source such as a tuning fork. Figure 6

shows the variation in the density of air

near the source at a particular time and the

variation in the density of air with distance

is also shown by a graph in Figure 6. Since

the pressure of air is proportional to

density at a given temperature, the plot of
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density verses distance will also have the

same shape.

Fig-6

It can be seen from the graph that in

portions like PQ, the density is more than

the normal density, represents a

compression. In portions like QR, the

density is less than the normal, represents

a rarefaction.

Thus the compressions are the regions

where density as well as pressure is high.

Rarefactions are the regions where the

density as well as pressure is low. In above

density vs. distance graph, the peak of the

graph is called crest and valley of the graph

is called trough.

1. Wave length

At any given instant, the density of air

is different at different places along the

direction in which sound is moving. For a

source like a tuning fork, the distance

between the consecutive position of

maximum density (compressions) (like C

and E in the above figure 6) or minimum

density (rarefactions) like B and E as shown

in figure 6 remain the same. So these values

get repeated after a fixed distance. This

distance is called the wave length of the

wave. It is denoted by the Greek letter

!" (read as ‘lambda’). We can define

wavelength as follows.

The distance between two consecutive

compressions or two consecutive

rarefaction is called the wave length of a

sound wave.

Being a length, wavelength is measured

in meters. SI unit of wave length is meter

(m).

Fig-7

2.  Amplitude

The amplitude of a sound wave in air

can be described in terms of the density of

air or pressure of air or the displacement

of the layers of air. You know that when

sound travels in air, the layers of air move

to and fro, causing compressions and

rarefactions. As a result, the density and

pressure of air at a place varies. Its value

increases from the normal to reach a

maximum and then reduces to a minimum.

The amplitude of density of medium is

the maximum variation in the density when

sound wave passes through it. Similarly we

can define amplitude of pressure and

displacement of the particle of a medium

when sound travels through it.
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“The time taken to complete one

oscillation of the density of the medium is

called the time period of the sound wave”.

It is represented by the symbol (T). Its SI

unit is second (s).

Frequency is a quantity that is closely

related to time period. We can define that

the frequency of  sound wave as follows.

“The number of oscillations of the

density of the medium at a place per unit

time is called the frequency of the sound

wave”.

We usually use the Greek letter # (read

as ‘nu’) to denote frequency.

Relation between frequency and time

period

Let us find the relationship between

frequency and time period.

Let the time taken for # oscillations = 1s

The time taken for one oscillation=(1/#) s

But the time taken for one oscillation

is called the time period (T) and the number

of oscillations per second is called the

frequency (#).

Hence Frequency and time period are

related as T = 1/#   or ""# = 1/T

The SI unit of frequency is hertz (Hz).

It is named after Heinrich Rudolph Hertz.

Distance
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Heinrich Rudolph Hertz was born on 22 February 1857 in

Hamburg, Germany and educated at the University of Berlin.He

was the first to conclusively prove the existence of

electromagnetic waves.   He laid the foundation for future

development of radio, telephone, telegraph and even television.

He also discovered the photoelectric effect which was later

explained by Albert Einstein.  The SI unit of frequency was named

Hertz in his honour.

Fig-8 Ampiltude of a wave

Thus the maximum disturbance of

particles in the medium on either side of

mean position is called amplitude of wave.

It is usually represented by a letter A.  The

units of amplitude depend on which terms

the amplitude is being described. Because

if sound wave is moving through air we

describe amplitude in terms of density and

pressure. If sound wave is moving in solids,

we describe amplitude in terms of

displacement of particles from their mean

positions.

Terms of Units of

describing amplitude

amplitude

Density Kg/m3

Pressure Pascal

Displacement Metre.

3. Time period and frequency

We know that when sound is

propagating through a medium the density

of medium oscillates between a maximum

value and minimum value.
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Larger units of frequency

Kilo Hertz (KHz) 103 Hz

Mega Hertz (MHz) 106 Hz

Giga Hertz ( GHz) 109 Hz

Tera Hertz (THz) 1012Hz

Example-1

Find the time period of the wave whose

frequency is 500Hz?

Solution

 from T = 1/ #    =1/500 s

                      =0.002 s

Think and discuss

• Does the frequency of sound waves

depend on the medium in which it

travels? How?

• The frequency of source of sound is

10Hz. How many times does it

vibrate in one minute?

• Gently strike a hanging bell (temple

bell) and try to listen to the sound

produced by it with a stethoscope

keeping it both at bottom portion and

top portion of the bell.  Is the pitch

and loudness of the sound same at

the two portions ? Why ?

4. Speed of Sound wave

The distance by which a point on the

wave, such as a compressions or

rarefaction, travels in unit time is called

speed of sound wave.

Let the distance travelled by a wave in

T seconds = ! metres

The distance travelled by a wave in

1second = !/T metres

Thus by definition, speed of sound

wave  v = !/T ——————— (1)

We know that frequency "# = 1/T —(2)

   From equation (1) & (2) we get v = # !

Speed of a

sound wave      
= frequency x wave length.

The speed of a sound wave depends on

the properties such as the temperature and

nature of the medium in which it is

travelling. But the speed of sound remains

almost the same for all frequencies in a

given medium under the same physical

conditions.

In  common speech, speed of sound

refers to the speed of sound waves in air.

However speed of sound varies from

substance to substance. Sound travels

faster in liquids and nonporous solids than

it does in air. It travels about 4.3 times

faster in water (1484 m/s) and nearly 15

times as fast in iron (5120 m/s) than in air

at 200 C. In dry air at 200 C the speed of

sound is 343.2 m/s. this is 1236 km/hr or

about 1km in 3s.

Think and discuss

• During a thunderstrom if you note a

3 second delay between the flash of

lightning and sound of thunder. What

is the approximate distance of

thunderstrom from you.

Example-2

1. In a certain gas, a source produces

40.000 compression and 40.000

rarefaction pulses in 1 sec. When the

second compression pulse is produced; the
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sounds and noises. The sounds which

produce pleasing effect on the ear are

called musical sounds while the sounds

which produce unpleasant effect are called

noises.

There are three characteristics by

which we can distinguish a musical note

from other.

They are 1. Pitch 2. Loudness

3. Quality

1.  Pitch

• Sound of mosquito is shrill while sound

of lion is growl.

• Female voice is shriller than male

voice.

From the above examples, what

property of sound differentiates them?

Pitch is the characteristic of sound

which distinguishes between a shrill sound

and a growling sound. Actually pitch of

sound is the sensation conveyed to our

brain by the sound waves falling on our ears

which depends directly on the frequency

of the incident sound waves.  The greater

the frequency of a musical note, higher is

the pitch.

first is 1cm away from the source.

Calculate the wave speed.

Solution

We know frequency is equal to number

of compression or rarefaction pulses

travelled per second, hence frequency

(#) = 40,000 Hz

Wave length (!) = distance between

two consecutive compression or

rarefaction pulses.

 ! = 1cm

From v= # ! = 40.000Hz x 1cm =

40.000cm/s = 400m/s

Sonic boom

When a body moves with a speed

which is greater than the speed of sound

in air, it is said to be travelling at

supersonic speed. Jet fighters, bullets

etc., often travel at supersonic speeds.

When a sound producing source

moves with a speed higher than that of

sound, it produces shock waves in air.

These waves carry a large amount of

energy. They produce a very sharp and

loud sound called the sonic boom.

The sonic boom produced by

supersonic aircraft is accompanied by

waves that have enough energy to shatter

glass and even damage buildings.

Characteristics of a musical

sound

In the previous class we learnt that all

sounds can be roughly classified as musical

Do you know?
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The tuning fork set is prepared based

on the above frequencies.

2.  Loudness

If we strike a school bell lightly, we

hear a soft sound. If we hit the same bell

hard we hear a loud sound. Can you guess

the reasons for this change? The reason for

this change in intensity of sound is due to

the another characteristic of sound called

loudness.

Loudness of sound is defined as the

degree of the sensation produced on the ear.

The loudness or softness of a sound is

determined basically by its amplitude. The

amplitude of the sound wave depends upon

the 'force' with which the objects are made

to vibrate.

Fig-10(a)  Louder sound

 Fig-10(b) Soft Sound

In the above figures 10(a) and 10(b)

the variation of wave disturbance with time

is shown as a graph for two sounds with

different amplitudes.

The amplitude of the sound wave in

figure10(a) is greater than the amplitude

of sound wave in figure10(b).  So the graph

in figure 10(a) represents a louder sound

and the graph in figure 10(b) represents a

soft sound.

The loudness of the sound is measured

in decibels (dB). It signifies the sound

pressure level. Human ears pickup sounds

from 10 dB to 180 dB. The loudness of

sound is considered normal, if it is between

50 dB to 60dB.

A normal human being can tolerate

loudness of 80 dB. The sound above 80 dB

is painful and causes various health

problems. The decibel level of a jet engine

taking off is 120 dB.

Therefore people working near the

airbase need to protect their ears by using

ear plugs. Otherwise it may lead to hearing

loss. Listening to very loud music through

earphones of MP3 player or mobile phones

also leads to hearing loss because loudness

of sound means high energy is delivered to

In musical terms, the pitch of the note determines the position of the note on the musical

scale which is denoted as

Note: C D E F G A B C1

(sa) (re) (ga) (ma) (pa) (dha) (ni) (sa)1

Frequency 256 288 320 341.3 384 426.7 480 512

(Hz)
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Think and discuss

 Two girls are playing on identical

stringed instruments. The strings of the

both instruments are adjusted to give

notes of same pitch. Will the quality of

two notes be same? Justify your answer.

 What change, would you expect in the

characteristic of a musical sound when

we increase its frequency one instance

and amplitude in another instance?

Reflection of sound

Does sound get reflected at the surface

of a solid? Let us find out?

Activity-4

Listening to reflected sound

Take two long, identical tubes and place

them on a table near a wall. Ask your friend

to speak softly into one tube while you use

the other tube to listen. Adjust the tube until

you hear the best sound. You will find that

you hear your friend’s voice best when the

tubes make equal angles with a normal to

the wall as shown in figure 12. Why?

Reflection of sound follows the same

laws as the reflection of light when sound

is reflected. i.e., the directions in which the

sound is incident and reflected make equal

angles with the normal to the reflecting

surface.

 What happens if you lift your tube

slightly above the table?

 Are  able to listen to the sound? If not

why?

our ears. Hence we should be very careful

when listening to music through ear phones.

3. Quality

You might have noticed different

sounds produced by different instruments

such as violin, piano, flute, etc. To

distinguish between two sounds, we need

to learn about the quality of sound.

The quality of sound is the

characteristic which enables us to

distinguish between musical notes emitted

by different musical instruments or voices

even though they have the same pitch and

loudness.  It is because different wave

forms are produced by different musical

instruments.  Hence the quality of a note

depends on its wave form.

Fig-11

figure 11 shows graphical

representation of sound wave produced by

a tuning fork, a violin and a piano playing

the same note (fundamental frequency =

440Hz) with equal loudness.
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You will not be able to hear your friend’s

voice clearly. Think about the planes of the

tube carrying incident sound and reflected

sound. What will happens to these planes

if we lift one of the pipes? If you lift one

of the pipes then the pipe carrying incident

sound, the pipe carrying reflected sound

will not be in the same plane. Hence we

cannot hear a clear sound.

Fig-12

Repeat the experiment by placing flat

objects of different materials (steel and

plastic trays, a card board, a tray draped with

cloth, etc) against the wall and observe

changes in sounds.

 Do hard surfaces reflect sound better

than soft ones?

As you have seen in the second part of

the activity, the reflection of sound is

dependent on the reflecting surface.

Generally, hard surfaces reflect sound

better than soft surfaces. But unlike light,

which is reflected well only from highly

polished surfaces, sound reflects quite well

from rough surfaces as well. For example,

an un-plastered brick wall will reflect

sound quite well.

Think and discuss

 What could be the reason for better

reflection of sound by rough surfaces

than polished surfaces?

Echo

If we shout or clap standing at a suitable

distance from a reflecting object such as a

tall building or a mountain, we will hear the

same sound again a little later. This sound

which we hear is called an echo. The

sensation of sound persists in our brain for

about 0.1s. This is called persistence of

sound. To hear a distinct echo, the time

interval between the original sound and the

reflected sound must be at least 0.1s. This

means that if a sound produced by a source

is reflected in less than 0.1 sec., the echo

would not be heard. For sound to reflect

after 0.1 sec., what should be the minimum

distance between the source and the

obstacle?

Let us now derive a formula for finding

out speed of sound if we hear an echo.

Fig-13

   Let the distance travelled by sound

from source to obstacle  = d

Then distance travelled by sound from

obstacle to source  = d
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Do you know?

In an auditorium or big hall excessive

reverberation is highly undesirable. To

reduce reverberation, the roof and walls of

the auditorium are generally covered with

sound – absorbent materials like

compressed fiber board, rough plaster or

draperies. The seat materials are also

selected on the basis of their sound

absorbing properties.

Think and discuss

 In a closed box if you say hello, the

sound heard will be Hellooooo…..

What does it mean?

Relation between Echo and

Reverberation

Reverberation is quite different from

an echo. A reflected sound, arriving at the

position of listener more than 0.1s after

the direct sound is called an echo.  A

reflection of sound, arriving at the listener

in less than 0.1s after the direct sound is

called reverberation.

Uses of multiple reflection of

sound

1.  A megaphone and a horn

Megaphones, horns, musical

instruments such as trumpets, shehanai and

loud speakers are all designed to send sound

in a particular direction without spreading

it in all directions, as shown in fig 14.

In these instruments, a tube followed

by a conical opening reflects sound

successively to guide most of the sound

Thus, total distance travelled by sound

wave     = 2d

Let echo time be ‘t’ Sec

Speed = total distance travelled/echo time

           = 2d/t

The roaring of thunder is due to the

successive reflections of the sound from

a number of reflection surfaces, such as

the clouds and the land.

Think and discuss

 Why is an echo weaker than the

original sound ?

Example-3

An echo is heard after 0.8s, when a boy

fires a cracker, 132m away from a tall

building. Calculate the speed of sound?

Solution

 Echo time (t) = 0.8s

Total distance travelled by sound wave

                         2d = 2x132 m = 264m

From, speed of sound V =2d/t

                    V = 264m/0.8s = 330 m/s

Reverberation

A reverberation is perceived when the

reflected sound wave reaches your ear in

less than 0.1s after the original sound wave.

Since the original sound and reflected sound

waves tend to combine, we get to hear one,

prolonged sound wave.
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3. Designing of concert halls and

cinema halls

Generally the ceilings of concert halls,

conference halls and cinema halls are

designed such that sound after reflection

reaches all corners of the hall, as shown in

figure 16. In some halls a curved sealing is

arranged in such a way that the sound after

reflecting from the ceiling spreads evenly

across the hall.

Fig-16

Think and discuss

 Why do we put cushions on the chairs,

carpet on the floor, straw materials on

the walls in cinema halls?

Range of hearing

The human ears are able to hear sound

in a frequency range of about 20 Hz to

20,000 Hz. The above range of frequencies

is thus written as 20 Hz- 20 KHz. We cannot

hear sounds of frequencies less than 20 Hz

or more than 20 KHz. These limits vary

from person to person and with age.

Children can hear sounds of somewhat

higher frequencies, say up to 30 KHz. With

age, our ability to hear high-frequency

sound diminishes. For the elders, the upper

limit often falls to 10-12 KHz. However,

waves from the source in the forward

direction towards the audience

Fig-14

Think and discuss

 What is the advantage of having

conical openings in Horns,

megaphones etc ?

2. Stethoscope

Stethoscope is a medical instrument

used for listening to sounds produced

within the body, chiefly in the heart or

lungs. In stethoscopes the sound of the

patient’s heartbeat reaches the doctor’s

ears by multiple reflection and amplifying

the sound as shown in figure 15.

Fig-15
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Ultra sounds are used extensively in

industries and for medical purposes.

Industrial applications of

ultrasonic waves

 1. Drilling holes or making cuts    of

      desired shape

Holes can also be drilled using

ultrasonic vibrations produced in a metallic

rod, called a horn, This acts like a hammer,

hammering the plate about a hundred

thousand times per second.

 The shape of the hole is the same as

that of the tip of the horn.  . Ultrasonic

cutting and drilling are very effective for

fragile materials like glass, for which

ordinary methods might not succeed.

 2. Ultrasonic cleaning

We normally clean dirty clothes, plates

or other large objects by dipping them in a

detergent solution and then rubbing and

washing.  Parts located in hard-to-reach

places, cannot be easily cleaned by this

method.

Ultrasonics help in cleaning such

objects which are placed in a cleaning

solution and ultrasonic waves are sent into

the solution.  This causes high-frequency

vibrations in the solution. These vibrations

knocks off all dirt and grease particles from

the objects, which are then removed using

ordinary water.

3. Ultrasonic detection of defects in

    metals

Metallic components are used in

buildings, bridges, machines, scientific

equipment, and so on.

Do you know?

we take 20-20,000 Hz as the audible range

for an average person.

Even in the audible range, the human

ear is not equally sensitive to all

frequencies,. It is the most sensitive to

frequencies around 2,000-3,000 Hz, where

it can hear even a very low-intensity sound.

Sound of frequency less than 20 Hz is

known as infrasonic sound or infrasound.

Sound of frequency greater than 20 KHz is

known as ultrasonic sound or ultrasound.

Different animals have different

ranges of audible frequencies.  A dog can

hear sounds of frequencies up to about

50 KHz and a bat, up to about 100 KHz.

Dolphins can hear sounds of even higher

frequencies.  These animals can also

produce ultrasonic waves and

communicate using them. Bats use

ultrasonic waves to navigate, as we shall

see a little later.  Animals such as

elephants and whales produce sounds of

frequencies less than 20 KHz . Scientists

have found that elephants grieve over

their dead by producing infrasonic

sounds. Some fishes can hear sounds, of

frequencies as low as 1-25 Hz.

Rhinoceroses communicate using

infrasonic sounds of frequency around

5 Hz.

Applications of ultrasound

Ultra sounds are high frequency sound

waves. They are able to travel along a well

defined path in gaseous and liquid media.
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If there are cracks or holes inside the

metal used, the strength of the structure or

component is reduced and it can fail.  Such

defects are not visible from the outside.

Ultrasonic waves can be used to detect such

defects.

Medical applications of

ultrasound

 1. Imaging of organs

Ultrasonic waves have given doctors

powerful and safe tools for imaging human

organs. Echocardiography is a technique in

which ultrasonic waves, reflected from

various parts of the heart, form an image

of the heart.

Ultrasonography is routinely used to

show doctors, the images of a patient’s

organs such as the liver, gall bladder, uterus,

etc. It helps doctors to detect abnormalities

such as stones in the gall bladder, tumors,

etc.

 It is also used to monitor the growth

of a foetus inside the mother’s womb.

Ultrasonography is safer than older X-

ray imaging technique. Repeated X-rays can

harm tissues, especially those of a foetus.

Fig-17 Image of Ultrasound scanning

2. Surgical use of ultrasound

The ability of ultrasonic waves to cause

molecules of materials to vibrate

vigorously and thus cause certain materials

to break into tiny pieces (emulsify) is

employed in ultrasound surgery.  Cataract

removal is a very common example.

Ultrasound is also employed to break

small stones that form in the kidneys into

fine grains.  These grains get flushed out

with urine. This method has eliminated the

need to perform surgery.

Think and discuss

 What is the benefit of using ultrasound

over light waves in the above

applications?

SONAR

Do you know how we can measure the

depth of the sea? Let us find out.

SONAR stands for Sonographic

Navigation And Ranging. This is a method

for detecting and finding the distance of

objects under water by means of reflected

ultrasonic waves. The device used in this

method is also called SONAR.

 How does a SONAR system work?

SONAR system consists of a

transmitter and a detector which are

installed in the “Observation Centre” on

board of  a ship.  From the observation

centre on board a ship, ultrasonic waves of

high frequencies, say 1,000 KHz, are sent

in all directions under the water through
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transmitter.  These waves

travel in straight lines till

they hit an object such as a

submarine, a sunken ship,

a school of fish, etc. The

waves are then reflected,

and are received back by

the receiver at the

observation centre. The

direction from which a

reflected wave comes to

the observation centre

tells the direction in which

the object is located.  From

the time between sending

the ultrasonic wave and

receiving its echo, and the

Fig-18

speed of sound in sea water, the distance

of the object from the observation centre

is calculated. Reflections from various

angles can be utilized to determine the

shape and size of the object.

Let d be the distance between the sonar

and an underwater object, t be time between

sending an ultrasonic wave and receiving its

echo from the object and u is the speed of

sound in water.

The total distance covered by the wave

from the sonar to the object and back is 2d.

Using s = ut,

                Or 2d = ut

d=   
ut

        
2

This method of finding distances is

also called echo ranging. Marine geologists

use this method to determine the depth of

the sea and to locate underwater hills and

valleys.

Example 4

A research team sends a sonar signal

to confirm the depth of a sea. They heard

an echo  after 6s.Find the depth of the sea.

If the speed of sound in sea water is 1500

m/s?

Solution

Let the depth of the sea  = d m

Then Total distance

travelled by sonar signal (s) = 2d

Speed of sound in sea water (u)

       = 1500 m/s

Total time taken (t)   = 6s

From,     s  = ut,

                                2d = 1500 m/s x 6s

                           d = 9000/2 m =4.5 km
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What we have learnt

Key words

Mechanical energy, tuning fork, longitudinal wave, transverse wave, compression,

rarefaction, crest, trough, density of mediam, pressure, wavelength, amplitude,

frequency, pitch, loudness, quality of sound, echo, reverberation, infrasonic, sonic,

ultrasonic and SONAR.

 Sound is a form of mechanical energy which produces sensation of hearing.

 A tuning fork is an acoustic resonator, which resonates at constant pitch when set into

vibration.

 If the particles of the medium move to and fro along the direction of propagation of

the wave, the waves are called longitudinal waves.

 Sound waves are longitudinal.

 The region of high density of particles in the medium during propagation of sound is

called compression and low density regions are called rarefaction.

 The distance between two consecutive compressions or rarefactions is called

wavelength.

 The maximum variation in density or pressure from the mean value is called amplitude

or the maximum disturbance of particles of a medium from their mean position is

called amplitude.

 The time taken to complete one oscillation of density in the medium is called time

period of sound wave.

 The number of oscillations of the density of the medium at a place per unit time is

called frequency.

 The distance by which a point of on the wave, such as a compression or rarefaction

travels per unit time is called speed of sound.

 Pitch is a characteristic of sound which distinguishes between a shrill sound and a

deep, low sound.

 Loudness of sound is defined as the degree of sensation produced in the ear.
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 The quality of sound is the characteristic which enables us to distinguish between musical

notes emitted by different musical instruments.

 A reflection of sound, arriving at the listener in more than 0.1s after direct sound  is

called an echo.

 A reflection of sound, arriving at the listener in less than 0.1s after direct sound  is

called reverberation.

 Sound of frequency between 20Hz – 20KHz is called sonic or audible limit.

 Sound of frequency less than 20Hz is known as infrasonic sounds.

 Sound of frequency higher than 20KHz is known as ultrasonic sounds.

 SONAR stands for Sound Navigation and Ranging.

I.   Pick the correct answer

1. When we say sound travels in a medium (AS
1
) (     )

A) The medium travels

B) The particles of the medium travel

C) The source travels

D) The disturbance travels

2.  A sound wave consists of (AS
1
) (      )

A) number of compression pulses only

B) number of rarefaction pulses only

C) number of compression and rarefaction pulses one after the other

D) vacuum only

3. Hertz stands for oscillations per    (AS
1
) (      )

A) second B) minute C)hour D) milli second

Improve your learning



Andhra Pradesh Government Free Distribution 181

4. When we increase the loudness of sound of a TV, the property of sound that changes  is

A) amplitude B) frequency C) wavelength D) speed (AS
1
)

5. The characteristic  of the sound that describes how the brain interprets the frequency of

sound is called (AS
1
) ( )

A) Pitch B) loudness C) quality D) sound

6.  In a stethoscope, sound of heart beats travel through stethoscopes tube  (AS
1
) ( )

A) By bending along the tube            B) In a straight line

C) Undergoing multiple reflections   D) all of the above

7. Explain the following terms a) amplitude b) wavelength c) frequency (AS
1
)

8. Deduce the relation between wavelength, frequency and speed of sound (AS
1
)

9. How are multiple reflections of sound helpful to doctors and engineers? (AS
7
)

10. Name two quantities that vary periodically at a place in air as a sound wave travels through

it. (AS
1
)

11. Which has larger frequency – infrasonic sound or ultrasonic sound?   (AS
7 
   (AS

2
)

12. The grandparents and parents of two-year old girl are playing with her in a room. A

sound source produces a 28-kHz sound. Who in the room is most likely to hear the

sound? (AS
2

,  AS
7
)

13. Does the sound follow same laws of reflection as light does? (AS
1
)

14. Why is soft furnishing avoided in concert halls? (AS
7
)

15. Two sources A and B vibrate with the same amplitude. They produce sounds of

frequencies 1kHz and 30kHz respectively. Which of the two waves will have larger

power? (AS
1
)

16. What do you understand by a sound wave? (AS
1
)

17. Define the wavelength of a sound wave. How is it related to the frequency and the wave

speed? (AS
1
)

18. Explain how echoes are used by bats to judge the distance of an obstacle in front of

them. (AS
1
)
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19. With the help of a diagram describe how compression and rarefaction pulses are produced

in air near a source of sound. (AS
5
)

20. How do echoes in a normal room affect the quality of the sounds that we hear?   (AS
7
)

21. Explain the working and applications of SONAR. (AS
1
)

22. Find the period of a source of a sound wave whose frequency is 400Hz. (AS
1
)

23. A sound wave travels at a speed of 340 m/s. If its wavelength is 2cm, what is the frequency

of the wave? Will it be in the audible range? (AS
1
)

24. Given that sound travels in air at 340 m/s, find the wavelength of the waves in air produced

by a 20kHz sound source. If the same source is put in a water tank, what would be the

wavelength of the sound waves in water? Speed of sound in water = 1,480 m/s.    (AS
7
)

25. A man is lying on the floor of a large, empty hemispherical hall, in such a way that his

head is at the centre of the hall. He shouts “Hello!” and hears the echo of his voice after

0.2 s. What is the radius of the hall? (AS
7
) (Speed of sound in air = 340 m/s)

26. “We know that sound is a form of energy. So, the large amount of energy produced due

the sound pollution in cosmopolitan cities can be used to our day to day needs of energy.

It also helps us to protect bio diversity in urban areas”.  Do you agree with this statement?

Explain. (AS
7
)

27. How do you appreciate efforts of a musician to produce melodious sound using a musical

instrument by simultaneously controlling frequency and amplitude of the sounds

produced by it. (AS
6
)

28. You might have observed  that sometimes your pet dog starts barking though no one  is

seen near in its surroundings or no disturbance heard nearby. Does this observation

raise any doubts in your mind about the peculiar behavior of dog after your understanding

about ‘range of hearing the sound’. If yes, write them.   (AS
2
)

Project work (AS
4
)

Find out the information about  names of animals  and their photographs from internet,

which communicate using infra-sonic or ultra-sonic sound and prepare a scrap book.
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