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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...

e Attract intelligent students towards sciences

o Identifying intelligent students and encourage them to study
science from early age
e 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 11" five year plan nearly Ten
Lakhs of students were selected during 12 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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To save the children
from dangers and
problems.

When abused in or
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When the children are
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Intro...

The nature is life source for all living organisms. Rocks, water, hills and
valleys, trees, animals etc. embedded in it... each of them are unique by
themselves. Everything has its own prominence. Human being is only a part of the
nature. The aspect which distinguishes the humans from all other organisms and
exclusive for them is their extraordinary thinking power. Thinking transforms a
person as a unique entity from rest of the nature. Though it usually appears
simple and normal, the intricacies of the very nature often challenges us to untie
the tough knots of its hidden secrets, day in and day out.

The human being intuitionally contemplates and searches solutions for all the
critical challenges, all around,relentlessly. Curiously, the questions and answers are
concealed in the nature itself. The role of science, in fact, is to find them out. For
this sake, some questions, some more thoughts, and some other investigations
are quite necessary. Scientific study is to move on systematically in different ways,
until discovering concrete solutions. Essence of the investigations lies in inquiring i.e.
identifying questions, asking them and deriving adequate and apt answers. That is
why, Galileo Galilei, the Italian astronomer,emphasized that scientific learning is
nothing but improving the ability of questioning.

The teaching of science has to encourage children to think and work scientifically.
Also, it must enhance their love towards the nature. Even it should enable them to
comprehend and appreciate the laws governing the nature in designing tremendous
diversity found around here and everywhere. Scientific learning is not just disclosing
new things. It is also essential to go ahead with deep understanding of the nature’s
intrinsic principles;without interrupting the harmony of interrelation and
interdependence in the nature.

It is also necessary to step forward without interrupting the interrelationship
and interdependency along with understanding of the nature’s intrinsic principles.High
School children possess cognitive capacity of comprehending the nature and
characteristics of the transforming world surrounding them. And they are able to
analyze abstract concepts.
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At this level, we cannot quench their sharp thinking capability with the dry
teaching of mere equations and theoretic principles. For that, we should create a
learning environment in the classroom which provides an opportunity for them to
apply the scientific knowledge, explore multiple alternatives in solving problems and
establish new relations.

Scientific learning is not just confined to the four walls of classroom. It has a
definite connection to lab and field as well. Therefore, there is a lot of importance
to field experience/ experiments in science teaching.

There is a great need for compulsory implementation of instructions of the
National Curriculum Framework- 2005 which emphasizes linking of the science teaching
with local environment. The Right to Education Act- 2009 also suggested that
priority should be given to the achievement of learning competencies among children.
Likewise, science teaching should be in such a way that it would help cultivate a
new generation with scientific thinking.The key aspect of science teaching is to
make the children understand the thinking process of scientists and their efforts
behind each and every discovery. The State Curriculum Framework- 2011 stated
that children should be able to express their own ideas and opinions on various
aspects.All the genuine concepts should culminate into efficacious science teaching,
make the teaching-learning interactions in the classroom, laboratory and field
veryeffective and really become useful for the children to face the life challenges
efficiently.

We thank the VidyaBhavan Society, Rajasthan, Dr. Desh Panday Rtd Prof.
College of Engineering Osmania University and Sri D.R. Varaprasad former Lecturer
ELTC Hyderabad for their cooperation in developing these new text books,the
writers for preparing the lessons, the editors for checking the textual matters and
the DTP group for cutely composing the text book.

Teachers play a pivotal role in children’s comprehensive use of the text book.
We hope, teachers will exert their consistent efforts in proper utilization of the text
book so as to inculcate scientific thinking process and inspire scientific approach in
the children.
Director,
SCERT, Hyderabad
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Dear teachers...

New Science Text Books are prepared in such a way that they develop children’s observation « o
power and research enthusiasm. It is a primary duty of teachers to devise teaching- learning
processes which arouse children’s natural interest of learning things. The official documents of
National& State Curriculum Frameworks and Right to Education Act are aspiring to bring grass
root changes in science teaching. These textbooks are adopted in accordance with such an
aspiration. Hence, science teachers need to adapt to the new approach in their teaching. In view
of'this, let us observe certain Dos and Don’ts:

¢ Read the whole text book and analyze each and every concept in it in depth.

¢ In the text book, at the beginning and ending of an activity, a few questions are given.
Teacher need to initiate discussion while dealing with them in the classroom, attempt to
derive answers; irrespective of right or wrong responses, and so try to explain concept.

¢ Develop/Plan activities for children which help them to understand concepts presented in
text.

¢ Textual concepts are presented in two ways: one as the classroom teaching and the other
as the laboratory performance.

e Lab activities are part and parcel of a lesson. So, teachers must make the children conduct
all such activities during the lesson itself, but not separately.

¢ Children have to be instructed to follow scientific steps while performing lab activities and
relevant reports can be prepared and displayed.

* Inthe text some special activities as boxed items- ‘think and discuss, let us do, conduct
interview, prepare report, display in wall magazine, participate in Theatre Day, do field
observation, organize special days’ are presented. To perform all of them is compulsory.

¢ ‘Askyour teacher, collect information from library or internet’- such items must also be
considered as compulsory.

¢ [fany concept from any other subject got into this text, the concerned subject teacher has
to be invited into the classroom to elucidate it.

¢ Collect info of relevant website addresses and pass on to students so that they can utilize
internet services for learning science.

* Letthere be science magazines and science books in the school library.

* Motivate every student to go through each lesson before it is being actually taught and

encourage everyone to understand and learn independently, with the help of activities such
as Mind Mapping and exciting discussions.

J—
DR . . . . o, . ‘t:
Plan and execute activities like science club, elocution, drawing, writing poetry on science,
making models efc.to develop positive attitude among children environment, biodiversity
ecological balance ec. e

As apart of continuous comprehensive evaluation, observe and record children’s learning
¥ ibilities during various activities conducted in classroom, laboratory and field.

vi
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We believe, you must have realizedthat the learning of science and scientific thinking are
not mere drilling of the lessons but, in fact, a valuable exercise in motivating the children to
explore solutions to problems all around by themselves systematically and preparing them to
meet life challenges properly.

Dear Students...

Learning science does not mean scoring good marks in the subject. Competencies like
thinking logically and working systematically, learned through it,have to be practiced in daily
life. To achieve this, instead of memorizing the scientific theories by rote, one must be able to
study them analytically. That means, in order to understand the concepts of science, you need
to proceed by discussing, describing, conducting experiments to verify, making observations,
confirming with your own ideas and drawing conclusions. This text helps you to learn in that
way.

What you need to do to achieve such things:

* Thoroughly go through each lesson before the teacher actually deals with it.

¢ Note down the points you came across so that you can grasp the lesson better.

¢ Think of the principles in the lesson. Identify the concepts you need to know further,
to understand the lesson in depth.

¢ Do not hesitate to discuss analytically about the questions given under the sub-heading
“Think and Discuss’ with your friends or teachers.

¢ Youmay get some doubts while conducting an experiment or discussing about a lesson.
Express them freely and clearly.

¢ Plan to implement experiment/lab periods together with teachers, to understand the
concepts clearly. While learning through the experiments you may come to know
many more things.

¢ Find out alternatives based on your own thoughts.
* Relate each lesson to daily life situations.
¢ Observe how each lesson is helpful to conserve nature. Try to do so.

e Work as a group during interviews and field trips. Preparing reports and displaying
them is a must.

¢ List out the observations regarding each lesson to be carried through internet, school
library and laboratory.

®  Whether in note book or exams, write analytically,expressing your own opinions.

Read books related to your text book, as many as you can.

You organize yourself the Science Club programs in your school.

Observe problems faced by the people in your locality and find out what solutions you

can suggest through your science classroom.

Discuss the things you learned in your science class with farmers, artisans etc.

Free distribution by T.S. Government 2019-20 vii
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== ACADEMIC STANDARDS

Academic Standard

Conceptual understanding

Asking questions and
making hypothesis

Experimentation and field
investigation.

Information skills and
Projects

Communication through
drawing, model making

Appreciation and
aesthetic sense, values

Application to daily life,
concern to bio diversity.

Explanation

Children are able to explain, cite examples, give reasons,
and give comparison and differences, explain the process
of given concepts in the textbook. Children are able to
develop their own brain mappings.

Children are able to ask questions to understand concepts,
to clarify doubts about the concepts and to participate in
discussions. They are able to guess the results of on issue
with proper reasoning, able to predict the results of
experiments.

Children are able to do the experiments given in the text
book and developed on their own. Able to arrange the
apparatus, record the observational findings, suggest
alternative apparatus, takes necessary precautions while
doing the experiments, able to do to alternate
experiments by changing variables. They are able to
participate in field investigation and prepare reports.

Children are able to collect information related to the
concepts given in the text book by using various methods
(interviews, checklist questionnaire) analyse the
information and interpret it. Able to conduct project works.

Children are able to communicate their conceptual
understanding by the way of drawing pictures labelling
the parts of the diagram by drawing graphs, flow charts
and making models.

Children are able to appreciate the nature and efforts
of scientists and human beings in the development of s

ience and have aesthetic sense towards nature. They
are also able to follow constitutional values

Children are able to apply the knowlegde of scientific
concept they learned, to solve the problem faced in daily
life situations. Recognise the importance of biodiversity
and takes measures to protect the biodiversity.
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OUR NATIONALANTHEM

- Rabindranath Tagore

Jana gana mana adhinayaka Jaya he
Bharatha bhagya-vidhata
Punjab Sindh Gujaratha Maratha
Dravida Utkala Banga.

Vindhya Himachala Yamuna Ganga
Uchchala Jaladhi taranga,
Tava shubha name jage
Tava shubha asisha mage
Gahe tava jaya gatha

Jana gana mangala-dayaka jaya he,
Bharatha bhagya —vidhatha,
Jaya he, jaha he, jaya he,

Jaya jaya jaya jaya he

PLEDGE

- Paydimarri Venkata Subba Rao

“India is my country; all Indians are my brothers and sisters.
I love my country, and I am proud of its rich and varied heritage.

I shall always strive to be worthy of it.

I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals.

To my country and my people, I pledge my devotion.
In their well-being and prosperity alone lies my happiness.”

X
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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.

You had read about metals, non-metals;
synthetic and natural fibres, acids and bases
etc., in previous classes. All the things
around us which exist in a variety of shapes,
sizes and texture are also examples of
‘matter’.

The water we drink, 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.

What do you mean by the term 'matter?
Anything in this world that occupies space
and has mass is considered as matter.

States of matter

In previous classes, you had learnt that
water can exist as a solid (ice), a liquid or
as a gas (water vapour). We say that solids
liquid and gas are three different states of
matter. Water can be found in all these
states.

Telangana Government Free Distribution 2019-20

MATTER AROUND US

e [s there any substance which can be
found in three states like water?

Now look carefully at different objects
around you. You can classify them, 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.

e 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
shape and volume

e Do solids have definite shape and

fixed volume?

Take two solid objects, say a pen and a
book, and put them in different containers.
Do you find any change in their shape or
volume?

You might have seen a wide range of
solids in your surroundings.

)




Imagine dropping a book or a pen 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 and 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.

J o &
| = &

Fig -1: Different shaped containers having
liquid of same volume

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
containers using the measuring jar.
Examine the 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.

(2

e What is the shape of the water in
different containers?

e [s it same in all cases or different?

e What shape does water take if it spills
on the floor?

Take 50ml of water with the measuring
jar and pour it in a tumbler. Mark the level
of water on the tumbler and remove water
from it.

Now measure 50 ml of the milk with
the measuring jar and pour it in the same
tumbler. Mark the level of the milk on it.

e Arethe levels of water and milk same?

Remove the milk from the tumbler. Now
pour oil into it up to the level marked for water.

e (Can you guess the volume of 0il?

This activity may seem very simple but
we observe two important properties of
liquids from this activity.

1) The shape of the liquid depends on the
shape of the container.

2) Though liquid takes different shapes
depending on the shape of the container
its volume remains same.

3) Liquids can flow easily. They are also
called fluids.

e What does a fluid mean?

Look up in a dictionary of science to
get its meaning.

You may find that, liquids have no fixed
shape but have a fixed volume.

Matter Around Us




. Activity-2

Do the gases have a definite shape
and a fixed volume ?

You might have heard about CNG
(Compressed Natural Gas). Go to a CNG
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.

e Does CNG have a fixed volume?
e Does CNG have a definite shape?

Fig - 2: CNG cylinder in a car

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 fixed volume.

—— =

Fig - 3: CNG gas filling station

——
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Fig - 4: CNG tank at fuel filling statio
Compressibility

B Activity-3

Observing the compressibility of
different materials

Take a 50ml 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 the volume
of air in the syringe?
Now fill water in the syringe and press
the piston.
e When is it easier to press the syringe
with water or air?

Now take a piece of wood and press it

2

with your thumb.




e Whatdo you observe when you press
the wood?
e [sthere 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. Now a days
CNG 1s used in many auotmobiles. For all
these purposes, large volume of gas is
compressed into cylinders of small
volume to make it portable.

% Think and discuss

e Letus stretch a rubber band. Is there a

change in its shape? '
e [srubber band solid or liquid? Why?
(What will happen if the stretching is|
stopped ? What will happen if the
stretching is too much?)

Take some finely powdered salt (not

crystals) and keep it in two different jars.

e Which shape does the powdered salt take?

e Canyousay thatsaltis aliquid on the basis
of change in its shape? Justify your answer.
Take a sponge. Observe its shape.

e Canyoucompressit? Isitasoild? Why?
Think. Is anything coming out from the
sponge when it is compressed.

e Why can't you able to compress a

Lwooden block?

Diffusion
B Activity-4
Observing the diffusion of gases

Ask your friend to hold an unlit incense
stick and stand in one corner of the room.

(4

Then you go and stand in the other corner.

e Canyousmell anything?

Now ask your friend to light the
incense stick.

e Canyou smell anything now?

When your friend lights the incense
stick, the scent in the vapour form and
smoke mixes with air and moves across the
room and reach our nose.

The movement of air, vapours of scent
and smoke from one place to other is known
as diffusion. In this case, smoke, vapour of
scentand air are gases and are highly mobile.

If you spray a perfume or deodorant in
one corner of the room, it spreads soon to
all directions.

e Does the smell from burning incense
stick and deodorant spray reach
someone on the other end at the same
time?

B Activity-5

Observing the diffusion of
liquids
Take 250 ml round bottomed flask with

2/3 water in it. Use a dropper and put a few
drops of blue or red ink or Potassium

Fig - 6: Diffusion of potassium
permanganate in water

Matter Around Us




permanganate solution slowly along the
side of flask.
e What do you observe after adding the
drop of 1ink or Potassium
permanganate ?
e Can you observe that liquids also
diffuse into each other like gases?
e How much time does it take the colour
to spread evenly throughout water?
e What do you conclude from this

activity?

B Activity-6 |

Observing the diffusion of
particles of solids into liquids

Take a beaker full of water and add a
few crystals of potassium permanganate
to it and observe the changes.

Repeat the experiment with crystals
of copper sulphate.

e Do you observe diffusion?
e Isit 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,

Diftfusion therefore is a very important
process for living things.

During respiration 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.

Telangana Government Free Distribution 2019-20

Diffusion of two gases

38K Lab Activity

Alm. To observe the speed of diffusion

of two gases.

Material required: Long glass tube with
scale, liquid Ammonia, Hydrochloric acid,
pieces of cotton, two rubber corks and pair

of tongs.
HCl Fig-7 NH,

Note: Teacher should take care of

handling hydrochloric acid and prevent

the children from touching the acid.
Procedure: Take a one meter long narrow
glass tube.

Take two pieces of cotton. Soak one in
hydrochloric acid solution and another in
ammonia solution.

Insert them separately at the two ends
of the tube with the help of tongs. At the
same time close the ends of the glass tube
with rubber cork 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 fumes of ammonium chloride.

Observe the white ring in the tube due
to formation of ammonium chloride.
Explain.

e How did the two gases travel along the
tube?
e Which gas travelled faster?

S




Do this

So far you have studied some

properties that can be used to distinguish
between solids, liquids and gases. Fill the

following table 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 three states.

You must have seen many other
materials that can exist in different states.

For example, coconut oil is usually
liquid. But on cooling 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 for some time even when the balls
disappear. This is because the moth balls have
changed from solid state to gaseous state.

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.

Solids, liquids and gases are states
of matter but you need to think about, why
are the properties of same matter different
in different states?

3

e When does water change into ice and
then into vapour?
e 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 a simple statement
but it is very difficult to explain and
understand about matter.

For this we need more details about the
particles and their arrangement inside
various forms of matter.

. Activity - 7

How small are the particles of
matter?
Take a beaker with water and add 1 or
2 crystals of potassium permanganate and
dissolve them in water.

e What colour do you observe ?

Now take out approximately 10ml of
this solution and add it to 90ml of clear
water in another beaker.

e What does happen to the colour of water
in second beaker ?

S

Fig-8
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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 intensity
of colour of the solution.

o Isthewaterin the last beaker still coloured?

e How is it possible for two small
crystals of potassium permanganate to
colour a large volume of water?

e Whatdo youunderstand 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.

e How do the particles of the solid
distribute in the liquid?

Letus find

. Activity - 8 \
There exists space between
particles

Take a graduated beaker and fill it
with some water and mark the water level.
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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 the level of

water.

e Does the level of water change?
e Where did the salt go?
e (Canyou see it in the water?

From the activities 7 & 8 we can
conclude that liquid particles in a liquid
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 - 9

Observing the force of
attraction between the particles
of matter

Open a water tap and allow the water
to reach the ground. Now try to break the

A




stream of water with your finger.
e Canyou break the stream permanently
or momentarily?
e Are you able to break the stream of
water any where from the tap to ground?
e What is the reason behind the stream
of water remaining together?

Now try to break a piece of iron nail
with a hammer.

e Areyouabletodoit? Ifyes,doesitrejoin?
e 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 1s also clear that this force is not
equally strong and different in different
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.

2

1. Speed of gas particles is very high.

2. The space between gas particles is very
high.

Similarly the greater diffusion rate in
liquids compared to solids 1s because
particles in liquids move freely and have
greater space between them when
compared to particles of solids.

Observe the following diagram which
shows the difference in arrangement of
particles in solids, liquids and gases.

Gas

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. Fewer
particles of gas 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
allow Bromine to diffuse in vaccum, it
diffuses faster into vaccum, because there

are no particles to obstruct in its way.

Matter Around Us
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Matter, states of matter, solid, liquid, gas, particles, diffusion, compressibility,

forces of attraction, compressed natural gas.

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

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 gases.
Diffusion is possible only when particles of matter move continously.

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

Let us Improve our learning
%N

Reflections on Concepts

. Explian diffusion phenomenona based on the states of matter. (AS))

Mention the properties of solids (AS,)
Mention the properties of liquids (AS))
Whatis fluid? (AS))

Mention the properties of gases (AS))

Give two daily life situation where you observe the diffusion (AS))
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Application of Concepts

1. Mention works where we use compressibility in our daily life? (AS,)

2. Mention the situtions where we use diffusion in our day-to-day life (AS))

3. How can we smell perfume sitting several meters away from the source?(AS))
4

. How do you prove that the speed of diffusion of ammonia is more than that of the
speed of diffusion of hydrochloric acid? (AS,)

5. Give examples that the matter which will be available in different states. (AS))

6. Draw the diagram showing the expermental arrangement to verify the speed of diffusion
of two gases (AS))

Higher Order Thinking questions

1. We can't rejoin the broken chalk easily. Give reason. (AS))

2. Is the space between the particles in the matter influence the speed of diffusion?
Explain. (AS))

Multiple choice questions

1. Which of the following is available in three states in our daily life (at normal conditions)

(a) Petrol (b) Water (c) Milk (d)Kerosine [ ]
2. Which of the following can be compressed [ ]

(a) Iron (b) Water (c)Air (d) Wooden piece
3. In which of the following substance speed of diffusion is more [ ]

(a) Smell of Petrol (b) Smell from flowers

(c) Smell from Napthaline balls (d) Gas leaked from gas cylinder

Suggested experiments
1. Conduct an experiment to observe the speed of diffusion of two substances.
2. Conduct an experiment to show the space between the particles of matter and
write the report.
Suggested projects
1. Make a model to explain the structure of particles in solids, liquids and gases.

2. What are the factors influencing diffusion, whether the arrangement of atoms in
the substance that diffuse or the arrangement of atoms of the medium in which
the substance is kept.

3. Some solids diffuse in liquids but not in gasses, some solids diffuse in gasses but
not in liquids. Why?

I 10 Matter Around Us




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 phenomena like sunrise,
sunset, changes in the seasons etc occur.

e [f earth is in motion, why don’t we
directly perceive the motion of the
earth?

e Are the walls of your class room at
rest or in motion? Why?

e 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 undertook
his study of 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 motion.
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What is relative ?

We use many statements in our daily
life to express our views. The meaning of
a statement depends on the context in
which it is made.

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.

m




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 of 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 his left and right sides.

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
place on the globe where the question is
being asked.

Up and down

Can 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

[2

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.Observe the fig-
2 by inverting the book

e 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 depends upon the place on the
earth’s surface, where the vertical 1s 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.

e 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.

Motion




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

Somesh
Srinu

Somesh
Srinu

Fig-3: Motion in view of Srinu and Somesh

What is the state of
motion of the tree?

It is at rest.

What is the state of
motion of the car?

It is moving due east.
What is the state of
motion of the driver and
the passenger in the car?

Somesh

Srinu

Somesh

They are also moving like
the car.

How do you decide that
the car, the passenger and
the driver are moving?
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: Motion in view of Passenger
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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?

e What answer may 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' or 'rest' 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.

e How do we understand motion?

m

Distance and displacement

B 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.

A B
Fig-5:Distance - displacement

Observe the difference between
distance(S) and displacement(AB)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 does not require any direction for
its specification is called scalar. So
distance is a scalar.

Motion




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

A

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
object.AB is called displacement vector.

e The ST unit of distance or displacement
is metre denoted by ‘m’.

e Other units like kilometre, centimetre
etc. are also used to express this

quantity.
1 km = 1000 m

= 100 cm

lm
. 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 given below. -
B

A®

> |
Fig-6(a) Fig-6(b) &
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Generally, the distance covered and
displacement are time dependent
quantities.

Think and discuss

e What is the displacement of the body
if it returns to the same point from
where it started? Give one example
from daily life.
e When do the distance and magnitude
of displacement become equal?

Average speed and average
velocity

A train named Telangana express starts
at 2.00 pm from Sirpur Kaghaz Nagar and
reaches Hyderabad at 8.00 pm the same
day as shown in figure 7.

Sirpur
Nagar

Kaghaz

Hyderabad

Fig-7

Draw displacement vectors from
Sirpur Kaghaz Nagar to Kajipet, Kajipet
to Hyderabad and from Sirpur Kaghaz
Nagar to Hyderabad.

Let the distance of the entire trip from
Sirpur Kaghaz Nagar to Hyderabad be
300 km.

The journey time is 6 h. What is the
distance covered by the train in each hour?

It is equal to 300km/6h = 50km/h

ﬂ




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 the train each hour. So we take
the 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.

Total distance

A -
verage speed Time taken

Let the displacement of the trip in the
above example be 120 km due South—West.
What is the displacement in each hour?

The displacement per hour

= 120 km/ 6h South - west
= 20km / h South - 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.

Total Displacement

Average velocity = Time taken

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.

Think and discuss

e What is the average speed of the car
if it covers 200 km in 5 h?

e When does the average velocity
become zero?

e A man used his car. The initial and
final odometer readings are 4849 and
5549 respectively. The journey time
is 25h. What is his average speed
during the journey?

¢ Can you measure the average speed and
average velocity?
¢ How can you differentiate speed and
average velocity?
Let us do some activities to undersand
about speed and velocity.

. Activity-3
Measuring the average speed

Choose two points (say A & B) 50
meters apart in the school play ground.
Ask some students to stand at point A. Ask
another group of students with stop
watches to stand at B.

When you clap your hand, the
students at A start running towards the
point B in any path. At the same time the
students at B start their stop watches.

See that for each runner there is a
student at B to measure the time taken for
completing the race. Note the time taken
by each student to cover the distance
between the points A and B in table.

Table -1
Student | Time taken average
to reach B (sec) |speed (50 ms
A, t, -
Az L, -
A3 4 -

The student who took the least time to
reach B (from A) is said to be the fastest runner,
1.e., he/she has the greatest average speed.

Measuring the average velocity

Repeat the whole activity after drawing
a set of parallel straight lines from A to B
and ask each student to run along a line (This

Motion




ensures that each student is covering the
same distance along a straight line specified
for him/her from A to B)

Measure the time taken by each
student and note it in a table as shown
above and calculate the average velocity
of each student. The student who took the
least time to reach B from A along the line
is said to have run with the greatest average
velocity.

o What difference did you notice between
the two activities?

e Why are we calling the ratio of distance
and time as average speed in first activity
and as average velocity in second activity?
Discuss with your teacher.

Speed and velocity

Objects in motion often have
variations in their speeds. For example a
car which travels along a street at 50 km/
h, get slowed down to Okm/h at a red light
and then attain a speed of 30 km/h due to
traffic on the road.

e Can you find the speed of the car at a
particular instant of time?

You can tell the speed of the car at any
instant by looking atits speedometer. The speed
at any instant is called instantaneous speed.

We can describe the motion of a car
moving along a straight road with varying
speed using a 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 8.
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Fig-8:Distance vs time graph

e What is the speed of the car at the
instant of time ‘ t,” for given motion?
We know how to find average speed
during the time interval from t, to t , which
includes the instant t, is

Average speed =
2 71
Then we calculate average speed for a
very short time interval encompassing the
time at an instant t.— which is so short
interval, that the 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 the 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”.

ﬂ




Velocity is the speed of an objectin a
specified direction.
For Example :
A car moves with 15 m/s due east. Here
15 m/sis speed and 15 m/s due east is velocity
—_—
0
I 2 2 |
Fig-9
Velocity gives the idea of how fast the
body moves in specified direction. Velocity
1savector. 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?
v

Fig-10:Direction of velocity at a point of path

Think and discuss

e Very often you must have seen traffic
police stopping motorists or scooter
drivers who drive fast and fine them.
Does fine for speeding depend on
average speed or instantaneous
speed? Explain.

e One airplane travels due north at 300

m

km/h and another airplane travels
due south at 300 km/h  Are their
speeds the same? Are their velocities
the same? Explain.

e The speedometer of the car indicates
a constant reading. Is the car in
uniform motion? Explain.

. Activity-4

Observing the direction of
motion of a body

Carefully whirl a small object tied at
the end of the string in the horizontal
plane. Release the object while it is
whirling on the string.

e 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 an object which is in
motion is constant but in other cases it
continuously changes.

e Which motion is called uniform?

Why?

Let us find out.

Motion




Uniform motion

. Activity-5
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 table2.

Table -2

Time
(t in seconds)

Distance
(s in metres)

0 0
1 4
2 8
3 12
4 16

What is the shape of the graph?

You will get a graph which resembles

the graph shown in fig-11.

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
uniform when its velocity is constant.

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

values given in table 3.

Table-3

—_—

Fig-11
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Time
(t in seconds)

Distance
(s in metres)

0

1
2
3
4

0
1
4
9
16
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e What is the shape of the graph?
e [s it a straight line or not? Why?

. Activity-6

Observing the motion of a ball
on an inclined plane

t=0s

t=1s

Fig-12:Ball moving down
the inclined plane

Set up an inclined plane as shown in
figure 12. Take a ball and release it from
the top of the inclined plane. The positions
of the ball at various times are shown in
figurel3.
® What is the path of the ball on the

inclined plane?
® How does the velocity of the ball

change?

Draw velocity vectors in figure 12 at
times t=0s, 1s and 2s

On close observation we find that
when the ball moves down the inclined
plane its speed increases gradually, and the
direction of motion remains constant.

t=2s
t=1s

t=0s

Fig-13:Ball moving up
the inclined plane

[ﬂ

Set up an inclined plane as shown in
figure 13. Take a ball and push it with a
speed from the bottom of the inclined
plane so that it moves up.

e What is the path of the ball?

e What happens to its speed?

Draw velocity vectors at times t = Os, 1s, 2s
in figure-13.

In above two situations of activity-6,
we observe that the speed changes but the

direction of motion remains constant.

BN Activity-7

Observing uniform circular

motion

Whirl a stone which is tied to the end
of a string continuously. Draw its path of
motion and velocity vectors at different
positions as shown in the figure 14.
Assume that the speed of the stone is
constant.

Motion




e What is the path of the stone?

It 1s 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.

e Canyou give few examples for motion
of an object where its speed remains

constant but velocity changes?

. Activity-8 ‘

Observing the motion of an
object thrown into air

Throw a stone into the air while making
some angle with the horizontal. Observe
the path taken by it. Draw a diagram to
show its path and velocity vectors.

e I[s the speed of the stone uniform?
Why?

e [s the direction of motion constant?
How?

In the above activity you might have
noticed that the speed and direction of
motion both change continuously.

e 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
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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.

Think and discuss

e An ant is moving on the surface of a
ball. Does it’s velocity change or not?
Explain.

e Give an example of motion where
there is a change only in speed but

no change in direction of motion.

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 the velocity of

a body is changing.

e What is acceleration? How can we

know that a body is accelerating?

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 seat due to the

ﬂ
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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 the

car is increasing 5 km/hr per second.

This rate of change of velocity of an

object is called acceleration.

Acceleration is uniform when equal
changes of velocity occur in equal

intervals of time.

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 the air and similarly we can experience
deceleration when a moving 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 fig-15. The motion of an

object in a curved path at different instants

E

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.

—>
- ?\

Fig-15: Motion diagram

e Atwhich point is the speed maximum?

e 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/s?

Motion




Think and discuss

e What is the acceleration of a race car
that moves at constant velocity of 300
km/h ?

e  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 Skm/h in 1 second?

e 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?

e Correct your friend who says
“Acceleration gives an idea of how fast
the position changes.”

Equations of uniform
accelerated motion

Consider the motion of object along
straight line with constant acceleration.
(Uniform acceleration).

Then,

Acceleration = Change in velocity

Time taken

Av
a =— = constant
At
'A' - denotes changes
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” as shown in figure 16.

at t=0s at't'
> >

Fig-16
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From the definition of uniform
acceleration,

) v—u
Acceleration, a=
at=v—-u
utat=v e

1
Since the acceleratl(or)l of the body i1s
constant.
_|_
Average velocity = %l

But we know

v Mocity = Displacement
verage velocity = Time taken
VEIU S )
2 t

From here onwards we manipulate
the equations (1) and (2).

Put v=u+tat inequation (2), we have

utat+u S

2 t

2u + at s

2 t
ut+%at’= S, (3)

From equationv = u+at, we get

v—u
t =

a

Substitute the value of 't' in equation
(2) , we have

ﬂ
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The equations of uniform accelerated

motion are,
v =utat

s=ut+%at?
v —u’= 2as

NOTE:

1. Ifthe speed of an object increases, the
direction of velocity and acceleration
are one and the same.

2. [Ifthe speed of an object decreases, the
direction of velocity and acceleration
are in opposite directions. In such a
case, at a certain instant the 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 the air.)

NOTE:Care must be taken to
remember the following points while we
are using equations of motion.

|
I

Fig-17

e (Choose the origin on a straight line. The
quantities measured to the right are
taken as positive and these measured
to the left are taken as negative.

E

e Expressing the displacement with

proper sign, is important.
Displacement is positive while
measured along the positive direction
and is negative while measured along

the negative direction.
Vﬂﬁ?
A8
v
Aim

e To find the acceleration and velocity of
an object moving on an inclined track.
e To draw the graph between distance
and time.
Materials required
Glass marbles, book, 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 a
book and the other end on the floor, as
shown in figure-18.

Track

S

Steel plate
Books

Fig-18

Keep a steel plate on the floor at the
bottom of the track. Consider the reading
at the bottom of the track to be zero.

Take a marble having adequate size to
travel in the track freely. Now release the
marble freely from a certain distance say
40cm. Start the digital clock when the

Motion




marble is released. It moves down on the
track and strikes the steel plate. Stop the
digital clock when a sound is produced.
Repeat the same experiment for the same
distance 2 to 3 times and note the values
of times in table-4.

Table-4
Distance, Time Average |2/t
S (cm) t(s) time
t |t t t

1 2 3

Repeat the same experiment for various
distances.

Find average time and 2S/t* for every
trail. Will it be constant and equal to
acceleration? Why?

Draw distance vs time (S-t) graph for
the values in the table.

Do the same experiment for various
slopes of the track and find accelerations
in each case.

e I[sthere any relation between the slope
and acceleration?

e What do you notice from the distance
time graphs for various slopes?

Do the same experiment with a small
iron block. Find the acceleration and draw
the S-t graph.

Give your explanation for various
accelerations related to slopes.

The values found in this experiment
are approximate.
Example 1

A car is moving with the accelaration

2 m/s*from rest. Find the distance traveled
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by the car in 10% second.

Solution
n=10s
a=2m/s?
u=0m/s

Substituting the values in the following
equation

s=utaln- 1]
2
=0+2[10-1]
2
=2 w21
2
=21m
Distance traveled by the car in
10%s =21m.

Example 2

A car is moving with the initial velocity
15 m/s. Car stoped after 5s by application
of breaks. Find the retardation
(Decelaration).

Solution
t=5s
v=0m/s
u=15m/s
a=?

Substituting the values in the following
equation.

v=u+at
0=15+(ax5)
-15
a=——
5
a=-3 m/s?




Example 3

A bus is moving with the initial velocity
of 'u' m/s. After applying the breaks, its
retardation is 0.5 m/s* and it stoped after
12s. Find the initial velocity (u) and
distance travel by the bus after applying the
breaks.
Solution

a=0.5m/s?

v=0m/s
t=12s

u=7?

v=u+at

O=u+ (—0.5><12)

0=u-6

u=6m/s

Initial velocity ofthe bus 6 m/s.

1,
s=ut+—at
2

1
:(12x6)+5(—0.5x122)

1
=72- 5 (72)
= 36m
Bus has stoped 36 m distance after
applying the break.
Example 4
At a distance L=400m away from the
signal light,brakes are applied to a
locomotive moving with a velocity, u =
54 km/h.Determine the position of rest of
the locomotive relative to the signal light
after 1 min of the application of the brakes
if its acceleration a = - 0.3 m/s?
Solution
Since the locomotive moves with a
constant deceleration after the application
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of brakes, it will come to rest in 't' sec .
We know ,
v=u+tat
Here u =54 km/h =54 x 5/18 =15 m/s
Let v=0 at time 't' and given
a =-0.3 m/s?

Fromv=u+atwe get t = A
a

We get, t:iz =50s

During which it will cover a distance

2
u

§=——
2a

158
2x(—03)

25
0.6

=375m
Thus in 1 min after the application of
brakes the locomotive will be at a distance
[=L—-s5=400 - 375 =25 m from the
signal light.

Example 5

What is the speed of the body moving
with uniform acceleration at the midpoint
of two points on a 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
V—u? = 2aS....cccuiennn. (1)

Motion
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Fig-19

Let v, be the speed of the body at
midpoint ‘M’ of the given points.
Applying the same equation used above,
we get
v-u’=2a>
2
From (1), we get

2 2
2 2_V_u

Vo —u® =
0
2
2 vi—u? 2
Vo = +u
2
, vi—ut+2u’
vy =
2
v +u’?
V, =
2
Example 6

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, sou =10
The distance covered in time t

s= 1 at’
Total distance
Average speed = m
5)
2
V=
t
_at
)
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Example 7

A particle moving with constant
acceleration of 2m/s* 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/s?

|a=2m/s2
u=9m/s t=4.5s
_ rest
t=5s t=4.5s
=
4—5—

Fig.20 :Motion of the particle
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, v=u+at
0=9-2t
We get, t =4.5s
Now let us find the distance covered
in 5 second i.e. from 4.5 to 5 second
Letu=0att=4.5 sec.
Then distance covered in = s.

2
1
s=—at’
2
2
S—lx2x[l}
2 2
1
-~ m

4 )
Total distance covered in fifth second
of its motion is given by
S,=28=2(")=">2m.
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Relative, distance, displacement, average speed, average velocity,
instantaneous speed (speed), velocity, uniform motion, acceleration,uniform
acceleration, rectilinear motion

(b e have learnt

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

e Distance is the path length traversed and displacement is the shortest distance in a
specified direction.

e Average speed is distance covered per unit time and average velocity is displacement in
a specified direction per unit time.

e Speed at an instant is instantaneous speed which gives the idea of how fast the position
of'the body changes.

e Velocity is speed in specified direction.

e The motion is uniform when the velocity is constant.

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

e Acceleration is the rate of change of velocity.

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

e The equations of uniform acclerated motion are given by
vV =u+at
1 5
Ss=ut+—at
2
v: —u® =2as

Let us Improve our learning

Reflections on concepts

Distinguish between speed and velocity. (AS))

Briefly explain about constant acceleration?

How can you say that a body is in motion? Is it a common property? (AS )
Are average speed and average velocity are same? If not explain why? (AS )
How do you measure instantaneous speed? (AS))

Explain acceleration with an example ? (AS, )

What do you mean by acceleration ? (AS))

Motion
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Application of concepts

l.

b

In the above figure distance vs time graphs showing motion of two cars A and B are
given. Which car moves fast? (AS))

A body leaving a certain point “ O” moves with a constant A
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 TS B
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,) t

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))

Draw the distance vs time graph when the speed of a body increases uniformly. (AS,)
Draw the distance —time graph when its speed decreases uniformly.(AS,)

What is the average speed of a Cheetah that sprints 100m in 4sec. ? What if it sprints
50m in 2sec? (25 m/s)( AS,)

A car travels at a speed 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.)

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.)

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

Higher Order Thinking questions

l.

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))

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 wokeup and ran, but rabbit
realized that the tortoise had won the race. Draw distance vs time graph for this story.
(AS,)

A man is 48m behind a bus which is at rest. The bus starts accelerating at the rate of 1
m/s> 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.)
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Multiple choice questions

1.  The distance travelled by an object in a specified direction is [ ]
(a) Speed (b) Displacement
(c) Velocity (d) Acceleration

2. Ifanobject is moving with constant velocity then the motion is [ ]

(a) Motion with Non uniform acceleration
(b) Motion with Uniform Acceleration

(c) Uniform Motion (d) Non uniform Motion

3. Ifthere is change in the velocity of the object then the state of object with respect

to motion is [ ]
(a) State of Constant Speed (b) State of Constant velocity
(c) State of Uniform Motion (d) State of Non uniform Motion

4. Ifthe acceleration of a moving object is constant then the motion is said
to be [ ]

(a) Motion with Constant Speed ~ (b) Motion with Uniform Acceleration

(c) Motion with Uniform Velocity (d) Motion with Non Uniform acceleration

Suggested experiments

1. Conduct an expermiment to find acceleration and velocity of an object moving on an
inclined plane and write a report.

Suggested projects
1. Calculate the avarage speeds of students of your class we who have participated in
100 meters and 200 meters running race. Write a report.

2. Suppose that the three balls shown in figure below start simultaneously from the
tops of the hills. Which one reaches the bottom first ? Explain. (AS))

A L S N L L e S e s

m Motion




Chapter

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 always popping up
in their mind was, what is the natural state
of an object if left to itself? Our common
sense 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
finally stops.

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 stated that an object
in motion will remain in same motion as
long as no external force is applied to it.

Galileo came up with two thoughtful
experiments. He did his experiments on
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LAWS OF MOTION

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)
g

1(b)

7
D—
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.
3




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’.

2 (c)

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
figure 2 (a), the marble released from its
initial height rolled down due to the force
of gravity and then moves up the slope until
itreached 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 moved 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

[2

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
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 an
object plays an important role in our lives.
For example, if there were no friction we
would not have been able to walk on
ground, we would not have been 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
known 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.

Laws of Motion
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7 ))Do you know?

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.

. Activity-1

Observing the motion of a coin
kept on thick paper
Take a thick paper. keep it on a glass
tumbler. Now take a coin and keep it on
the centre of the paper. As shown in
figure 3. Push the paper with your finger
as fast as you can.
e What do you observe?

e What happens to the coin?
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Fig-3: Fast pushing of paper
kept on a glass tumbler
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B Activity-2

Observing the motion of the
coins hit by a striker

Fig-4: Hitting the stack of coins
with a striker

Make a stack of carrom coins on the
carrom 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.

e What are your observations from

the above activities?

e Why does the coin fall inside the

glass tumbler?

e Why does the stack of carrom coins

fall down vertically?

To understand this, we have to discuss
some more examples which we face in our
daily lives.

For example when the bus which
is at rest begins to move suddenly, the
person standing in the bus falls backward
because of static inertia of the body. The
object at rest will try to remain at rest. untill
we apply an external force there will be
no change in the position of the object.
This 1s known as static inertia.

Similarly when you are travelling

E

in a bus, the sudden stop of the bus makes
you fall forward, due to dynamic inertia
of the body.

The body which is in motion
always tries to move in same direction
until some net force act on it. This property

1s known as dynamic 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 goes high, the force of gravity slows it
down. If the ball rolls on the ground, the
force of friction makes 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_ =0 then the velocity of an object
1s either zero or constant.

Laws of Motion




Thus when the net force acting on a
body is zero, we say that the body is in
equilibrium. Newton's first Law of motion
is also known as the Law of Inertia.

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.

e Do all the bodies have the same inertia?

e What factors 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’.

B Activity-3

Pushing two wooden blocks
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
figure-5. Give the same push at the same
time to both the blocks with the help of a
wooden scale.

e What do you find?

e Which one goes farther? Why?

e Which block accelerates more?
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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 the 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

e 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.

v" What do you need to perform this
successfully?

v" Which cloth should we use? Is it
cloth made of thick cotton or thin
silk?

v’ Should the dishes possess large
mass or small mass?

v Is it better to pull the cloth with a
large force or pull it with a gentle
and steady force?

e What is the velocity of a small object
that has separated from a rocket
moving in free space with velocity

10km/s?
ﬂ




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 =0
F+(-)=0
F=f
Hence the value of force of friction is
10N.

Second law of motion

Newton’s second law explains what
happens to an object when non-zero net
force acts on it.

Place a ball on the verandah and push
it gently. The ball accelerates from rest.

[ﬁ

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 from 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 causes more damage 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 phrase “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) : 1.e.

Momentum = (mass) X (velocity)

p=my

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

Laws of Motion




B 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.

e [s the acceleration increased?

F— —_—

F

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
this ice block and observe the acceleration.

F— F —

Fig-8: Same forces applied on abjects of
different masses
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In both the cases, the object
accelerates. But we can observe in the
second case, it does not speed up as quickly
as before.

e From the above examples what have
you noticed?

The larger the net force the greater the
acceleration, if the mass of the body is
constant, and also larger the mass lesser
the acceleration, 1f a constant net force is
applied.

According to Newton's 'Princpia’
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__ o change in
momentum / time

F, o A_p
At

Ap is the change in momentum of a
particle or a system of particles brought
about by the net force in a time interval At.

When the symbol of proportionality is
removed, a constant is inserted in the
equation.

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,

_Ap
net = A
We know p=mv

so that,

Ap =A(mv)

If the mass of the body is constant
during its motion then,

Ap = mAv

ﬁ




Now we have,
Fnet: m &,
At

We know that Av/At = a, is called
uniform acceleration.

ThenF , =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/s?. This unit
has been named as Newton (N) and
IN=1kg.m/s*

Note:

v F = Ap/Atis a universal formula that
can be applied for any system whereas
F _=ma can be applied only for a
system with constant mass.

v" 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’)

Example 2

f Think and discuss =

e 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?

e What is the momentum of a ceiling
fan when it is rotating?

e [sitpossible to move in a curved path
in the absence of a net force?

e Prove that the tension throughout the
string is uniform when the mass of
string 1s considered to be zero.

A mat of mass lkg 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 in 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

(= distance covered by the end
speed

2m

- Im/s =2

Laws of Motion




(Distance
end=1m+1m=2m)

covered by the

From Newton’s second law of motion,

Ap  A(mv)
net E B At
Here v is constant, so we get
Am
F. . =v —
ne: At

Where, Am is the change of mass in
At time.

The change of mass in 2s is equal to
entire mass of mat.

_ (Im/s) x (1kg)
net_ ZS
1
— > N

In the horizontal direction only one
force is acting. Hence the required force
is 1/2N

Example 3

Atwood machine

w

Fig-11

Atwood used the system to prove
Newtons laws of motion. Atwood machine
consists of two loads of masses m and m,
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 >m,)
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Solution
From figure 12 we know that tension
of string always tries to pull the bodies up.

T

v

Fig-12

From the FBD of the mass m, there
exist two forces on the load of mass m,
one is tension of the string acting in
upward direction and weight of the load
(m, g) acting in downward direction.

The net force on m Fnet =ma

=> mg-T=ma

Thus the net force (F__) acting on mass
m, produces an acceleration ‘a’ in it.

When m, moves down, m, moves up.
So the magnitudes of acceleration are
same.

A

4

o9
Fig-13




From the FBD of mass m,
Fnet =T- m,g=m,

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

m,—m
a:( 1 ,)g
ml+m2
T=2m1m2g
ml+m2

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

e What do you notice from the
readings in the spring balances?

e Are the readings of two spring
balances the same?

e Are we able to make the spring
balances show different readings
by pulling them simultaneously in
opposite directions? Why not?

According to third law of motion,
when an object exerts a force on an other
object, the second object also exerts a

m

force on 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!

A

Fig-15: Action and reaction forces

If two objects interact, the force F,
exerted by the object ‘A’ on the object ‘B’
is equal in magnitude and opposite in
direction to the force F, , exerted by object
‘B’ on the object ‘A’.

FAB =-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, whereas
Newton’s third law of motion applies to

Laws of Motion




an interaction between the two bodies.
Note that the 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

W
Fig-16 : Motion of rocket

e Does the rocket exert a force on the
gas expelled from it?

Telangana Government Free Distribution 2019-20

. 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.

e What happens now ?

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

This is balanced by the elastic forces
of the balloon.

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

balloon

ﬂ




When you release the neck of the balloon
to allow air to escape from the balloon, what
happens? The balloon moves in a direction
opposite to that of escaping air. The
momentum of the balloon and air is zero
begin with, when the air escapes with same
velocity, the balloon moves in the opposite
direction to balance the momentum of the
escaping air.

a . .
A4
_4Q : Lab Activ lt

Aim: To show the action and reaction
forces acting on two different objects.

Material required: Test tube, rubber cork

cap, Bunsen burner, laboratory stand and

thread.

Procedure

v' 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.

v" Now suspend the test tube horizontally
with the help of two strings as shown
in the figure 19.

v Heat the test tube with a Bunsen burner
until water vaporizes and cork cap

blows out.
(o [
String
Test tube
! cork cap
Water— |
e

Observe the movement of the test tube
when rubber cork cap blows out.Compare
the directions of movement of test tube as
well as rubber cork cap. Observe the
difference in the velocity of rubber cork
cap and that of recoiling test tube.

e What do you infer from above
experiment?

f% Think and discuss

e The force exerted by the earth on the
ball is 8N. What is the force on the
earth by the ball?

e 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.

e 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, and
m, are traveling with different velocities
u, and u, respectively in the same direction
along a straight line. If u >u_ 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 , and the second
marble exerts a force on the first marble
F . Let v, and v, be the velocities of the
marbles respectively after collision.

Laws of Motion




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 mu, m,u,
before collision
Momentum myv, m,yv,

after collision

Change in myV-mu | myv,-mu,

momentum,Ap

Rate of change| (m v-mu ) (m,v,-m,u,)

in momentum t t

_Ap
At

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, =-F,
Hence we get,
(4p), __(4p),
t t
m,v,-m,u, ) (mzvz'mzuz)

t B t
After solving this, we get
m1u1+m2u2 - m1V1+m2V2
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m u +tmyu, is the total momentum of
the two marbles before collision and
m v +m,v, 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 that "in
the absence of a net external force on the
system, the momentum of the system
remains unchanged".

A system 1s 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 it is the sudden
stop at the end that hurts you. Is it true?

e Why does a pole vault jumper land on
thick mats of foam?

e s itsafe 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

Ap

Fnet - At

In order to minimize F__, you have to
maximize the stopping time.

We getF  At= Ap

ﬂ




From the above equation we know that
the product of net force and interaction
time is called impulse of net force. Impulse
1s 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 the following activity.

B 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.
e What changes do you notice in both
eggs after they are dropped? Why?

3

- W
Fig-21: (a) Fig-21: (b)

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.

ap=F At

When we drop the egg on a cushioned
pillow, it doesn’t break because a smaller

force acts on the egg for longer time.

[ﬂ

Ap = Fnet At

Even if the Ap is the same in both the
cases, the magnitude of the net force (F__)
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 that 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

e A meteorite burns in the atmosphere
before it reaches the earth’s surface.
What happens to its momentum?

e Asyou throw a heavy ball upward, is
there any change in the normal force
on your feet?

e When a coconut falls from a tree and
strikes the ground without bouncing.
What happens to its momentum?

e Air bags are used in cars for safety.
Why?

Example 4

A cannon of mass m = 12000 kg
located on a smooth horizontal platform
fires a shell of mass m, = 300 kg in
horizontal direction with a velocity v, =
400m/s. Find the velocity of the cannon
after it is shot.

Laws of Motion




Solution

Since the pressure of the powder gases
in the bore of the cannon is an internal
force the net external force acting on
cannon during the firing is zero.

Let v, be the velocity of the cannon
after shot. The initial momentum of system
1S zero.

The final momentum of the system

=m,v+tm,v,

From the conservation of linear
momentum, We get,

m v +myv, =0

my, =-myv,
v, =-myv,/m

Substituting the given values in the
above equation, we get

(300kg) x (400m/s)
177 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.

A%

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

Impulse, Impulsive force

% What we have learnt

e First Law of Motion: A body continues its state of rest or of uniform motion unless a
net force acts on it.

e The natural tendency of objects to resist a change in their state of rest or of uniform
motion is called inertia.

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

e 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.

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

e One ‘Newton’ is the force which when acting on a body of mass 1 kg, produces an
acceleration of 1 m/s?
1 newton (N) = 1kg x 1 ms™

e Third Law of Motion: If one object exerts a force on other object, the second object
exerts a force on the first one with equal magnitude but in opposite direction.

e In an isolated system, that means where there is no net external force, the total
momentum is conserved.
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Let us Improve our learning

Reflections on Concepts

1)

2)
3)

Explain the reasons for the following. (ASy)

a) Why dust comes out of a carpet when it is beaten with a stick?

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

¢) Why a pace bowler in cricket runs from a long distance before he bowls?
Ilustrate an example of each of the three laws of motion.(ASy)

Explain the following (ASy)

a) Static Inertia b) Inertia of motion ¢) momentum

d) impulse e)impulsive force

Application of Concepts

)

2)

3)

4)

5)

Two objects have masses 8 kg and 25 kg. Which one has more inertia?
Why?(ASq)
What is the momentum of a 6.0 kg ball bowling with a velocity of 2.2 m/s?
(Ans: 13.2 kg m/s*)(ASq)
Two people push a car for 3 s with a combined net force of 200 N. (ASy)

(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)
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 seconds find the magnitude
of the force? (Ans: 14 N )(AS/)
An object of mass 5 kg is moving with a velocity of 10 ms™!. A force is applied so
that in 20 s, it attains a velocity of 25 ms!. What is the force applied on the object?
(Ans: 3.75 N )(ASy)

A hammer of mass 400 g, moving at 30 m s!, 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?
(ASy) (Ans: 1200 N)

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/s*) (AS7)

Laws of Motion




Higher Order Thinking questions

1.

A 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 ms2?

(Ans:- -2550 N in a direction opposite to that of the motion of the vehicle) (AS7)
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: 3 m/s in opposite direction) (AS~)

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) (ASy) (Ans: a=1m/s*, T1 =10N, T = 20N)

T " T

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

Multipule Choice Questions
1.

4.

The scientist who said that "an object in motion will remain in same motion as long
as no external force is applied" is [ ]
a) Aristotle b) Galileo  ¢) Newton d) Dalton

If the net force acting on an object is zero, then the body is said to be in the state of

[ ]
a) Equilibrium b) Motion  c¢) Inertia of motion d) Uniform motion
The inertia of a body depends on [ ]
a) Shape b) Volume c¢) Mass d) Area
Newton used the word ‘mass in motion’ to represent [ ]
a) Linear momentum b) Inertia of motion
c) Velocity d) Inertia at rest
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5. The S.Iunit of momentum is [ ]
a) m/sec b) Kg-m c) k.g.m/sec d) Kg. m/sec?

Suggested Experiments

1. Conduct an experiment to prove Newton’s first law of motion and write a report.

2. Conduct an experiment to show the action and reaction forces acting on two

different objects.
Suggested Projects
1. Observe some daily life examples for Newton’s first law of motion and explain
the situaions. Write a report on your observations.

2. Write a report on the action and reaction in the systems that you have observed

in your daily life which are the evident of Newton’s third law of motion.
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Refraction of Light at
Plane Surfaces

We have learnt about the reflection of
light on plane surfaces in class 7 and 8.
Beauty of the nature is made apparent with
light. Light exhibits many interesting
phenomena.

Let us try to explore a few of them.

You might have observed that a coin kept
at the bottom of a vessel filled with water
appears to be raised. Similarly, a lemon
kept in a glass of water appears to be bigger
than its size. When a thick glass slab is
placed over some printed letters, the letters
appear raised when viewed through the glass
slab.

e Whatcould be the reasons for the above
observations?

| Activity 1

Take some water in a glass tumbler.
Keep apencil in it. Look at the pencil from
one side of the glass and also from the top
of the glass.
e How does it look?

e Do you find any difference between
the two views?
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Activity 2

Go to a long wall (of length about 30
feet) facing the Sun. Go to one end of a
wall and ask your friend to bring a bright
metal object near the other end of the wall.
When the object is a few inches from the
wall it appears distorted and you will see
areflected image in the wall as though the
wall were a mirror.

e Why is there an image of the object
on the wall?

To answer the above questions and to
give reasons for the situations mentioned
we need to understand the phenomenon
of refraction of light.

Refraction
Activity 3
Take a shallow vessel with opaque
walls such as a mug. (A tin or a pan is

suitable). Place a coin at the bottom of the
vessel. Move away from the vessel until

O

you cannot see the coin.



=
Eye Light ray

Opaque
walls
Coin
fig-1(a)
See figure 1(b).
F=3
Eye
Light ray
Opaque
T walls
fig-1(b)

Stand there. Ask your friend to fill the
vessel with water. When the vessel is filled
with water the coin comes back into view.
See figure 1(c).

e Why are you able to see the coin when
the vessel is filled with water?

You know that the ray of light
originating from the coin, doesn’t reach
your eye when the vessel is empty (see
figurelb). Hence you couldn’t see the
coin. But the coin becomes visible to you
after the vessel is filled with water.

e How is it possible?
e Do you think that the ray reaches your
eye when the vessel is filled with water?

@,

Eye

Ifyes, draw a ray diagram from the coin
to the eye. Keep in mind that the light ray
travelling in a medium takes a straight line
path.

e What happens to the light ray at the
interface between water and air?

e What could be the reason for this
bending of the light ray in the second
instance?

The above questions can be answered
by Fermat’s principle, which states that the
light ray always travels between two points
in a path which needs the shortest possible
time to cover. Let us apply this principle
to our activity.

By observing the path of the ray, it is
clear that the light ray changes its direction
at the interface separating the two media
1.e, water and air. This path is chosen by
the light ray so as to minimize time of
travel between coin and eye. This is
possible only if the speed of the light
changes at interface of two media. Thus
we can conclude that the speed of the light
changes when light propagates from one
medium to another medium.

“The process of changing speed at an
interface when light travels from one
medium to another resulting in a change in
direction is refraction of light. The process
of refraction involves bending of light ray
except when it is incident normally™.

Consider that light travels from
medium Iwith speed v, to medium 2 with
speed v, as shown in figures 2(a) and (b).

Refraction at Plane Surfaces I



NN-normal

Jig-2(b)

I
I
I
1
I
1
N

e What difference do you notice in fig
2(a) and Fig 2(b) with the respect to
refracted rays?

e Is there any relation between
behaviour of refracted rays and speeds
of the light?

Experiments have showed that change
in the direction of light is due to change
in the speed of the light in the medium.

If'v,isless than v, then medium 2 is said
to be denser with respect to medium 1.

If'v, is greater than v, then medium 2 is
said to be rarer with respect to medium 1.

If light ray enters from rarer medium
to denser medium then refracted ray
moves towards the normal drawn at the
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interface of separation of two media. When
it travels from denser medium to rarer
medium it bends away from normal. We
have seen that the ray of light deviates from
its path at the interface. Draw a normal at
the point of incidence as shown in figure
3).

Let ‘i’ be the angle made by incident
ray with normal and ‘r’ be the angle made
by refracted ray with the normal. These
angles are called angle of incidence and
angle of refraction respectively.

To explain the process of refraction we
need to know about a constant called
refractive index which is the property of a
transparent medium. Let us learn about it.

The extent of the change in direction
that takes place when a light ray propagates
through one medium to another medium is
expressed in terms of refractive index.

Refractive index

Light travels in vacuum with a speed
nearly equal to 3x10® m/s (denoted by
letter ‘c’). The speed of light is smaller
than ‘c’ in other transparent media.

Let ‘v’ be the speed of light in a certain
medium. Then the ratio of speed of light



in vacuum to the speed of light in that
medium is defined as refractive index ‘n’.
It 1s called absolute refractive index.

Absolute refractive index

_ speed of light in vacuum

speed of light in medium
c

n=—
\%

It is a dimensionless quantity because
it is a ratio of the same physical quantities.
Refractive index gives us an idea of how

fast or how slow light travels in a medium.
The speed of light in a medium is low
when refractive index of the medium is
high and vice versa. The refractive index
‘n” means that the speed of light in that
medium is n™ part of speed of light in
vacuum.

For example the refractive index of

3
glass is 5 .Then the speed of light in glass

is 3><3><108 =2x10* m/s.

Table:1 Refractive indices of some material media.

Air 1.0003
Ice 1.31
Water 1.33
Kerosene 1.44
Fused quartz 1.46
Turpentine oil 1.47
Crown glass 1.52
Benzene 1.50

Note : Fromtable 1, you know that an
optically denser medium may not possess
greater mass density. For example,
kerosene with high refractive index is
optically denser than water although its
mass density is less than water.

e Why do different material media
possess different values of refractive
Indices?

e On what factors does the refractive
index of a medium depend?
Refractive index depends on the

following factors.

(1) nature of material (2) wavelength
of light used. (You will learn about this in
your higher classes).

e IX Class

Canada balsam 1.53
Rock salt 1.54
Carbon Diasulphide 1.63
Dense flint glass 1.65
Ruby 1.71
Sapphire 1.77
Diamond 2.42

Relative refractive index

The refractive index of a medium with
respect to another medium is defined as
the ratio of speed of light in the first
medium to the speed of light in the second
medium. Let v, and v, be the speeds of
light in the first and second media
respectively. Then,

Refractive index of second medium
with respect to first medium is given by

speed of light in medium - 1

n =
2l gpeed of light in medium - 2
v
n21 - v,

Dividing both numerator and
denominator by ¢ we get

Refraction at Plane Surfaces I



This is called relative refractive Index.
We define relative Refractive index as
follow
Relative refractive index, (n,, ) =

Refractive index of second medium (n,)

Refractive index of first medium (n,)

Lab Activity 1

Aim: Obtaining a relation between
angle of incidence and angle of refraction.

Materials required: A plank, white
chart, protractor, scale, small black painted
plank, a semi circular glass disc of thickness
nearly 2cm, pencil and laser light.

Procedure :

Take a wooden plank which is covered
with white chart. Draw two perpendicular
lines, passing through the middle of the
paper as shown in the figure 4(a). Let the
point of intersection be O. Mark one line
as NN which is normal to the another line
marked as MM. Here MM represents the
line drawn along the interface of two
media and NN represents the normal
drawn to this line at ‘O’.

fig-4(a)
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Take a protractor and place it along NN
in such way that its centre coincides with
O as shown in figure 4(a). Then mark the
angles from 0° to 90° on both sides of the
line NN as shown in figure 4(a). Repeat the
same on the other side of the line NN. The
angles should be indicated on the curved
line.

fig-4(b)

Now place a semi-circular glass disc

so that its diameter coincides with the
interface line (MM) and its center
coincides with the point O. Point a laser
light along NN in such a way that the light
propagates from air to glass through the
interface at point O and observe the path
of laser light coming from other side of
disc as shown in figure 4 (b). (If you
cannot observe the path of laser light put
a black-coloured plank against the curved
line and observe the light point and
imagine the light path).

e [s there any deviation?

Send Laser light along a line which
makes15° (angle of incidence) with NN
and see that it passes through point O.
Measure its corresponding angle of
refraction, by observing laser light coming
from the other side (Circular side) of the



glass slab. Note these values in table (2).
Do the same for the angles of incidence

such as 20°,30°,40°50° and 60° and note
the corresponding angles of refraction.

Table 2

Find sin i, sinr for every ‘i’ and ‘r’and
evaluate sin i/ sinr for every incident angle

(S5

i

Note : Take the help of your teacher
to find the values of sin i and sin r for
each case.

Finally, we will get the ratio sini/ sin
r as a constant.

e s this ratio equal to refractive index
of glass? Why?

This ratio gives the value of refractive
index of glass. In the above experiment
you might have noticed that ‘r’ is less than
‘1’ in all cases and the refracted ray bends
towards normal in each case.

e What do you conclude from these
observations?

From the above experiment we can
conclude that when light ray travels from
a rarer medium (air) to a denser medium
(glass) the value of r is less than the value
of ‘1’ and the refracted ray bends towards
the normal.

e (Canyou guess what happen when light

ray travels from a denser medium to a

rarer medium?

@ IX Class

Sinr Sini/Sinr
VO

Let us take up another activity to find
this.

0 Actitivy 4

Take a metal disk. Use a protractor and
mark angles along its edge as shown in
the figure 5(a). Arrange two straws at the
centre of the disk in such a way that they
can be rotated freely about the ce