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CONSTITUTION OF INDIA

Preamble
WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
SOVEREIGN SOCIALIST SECULAR DEMOCRATIC REPUBLIC
and to secure to all its citizens:
JUSTICE
Social, economic and political;
LIBERTY
of thought, expression, belief, faith and worship;
EQUALITY
of status and of opportunity; and to
promote among them all
FRATERNITY
assuring the dignity of the individual and the unity and
integrity of the Nation;
IN OUR CONSTITUENT ASSEMBLY
this twenty-sixth day of November, 1949, do
HEREBY ADOPT, ENACT AND GIVETO
OURSELVES THIS CONSTITUTION
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Foreword

The Government of Andhra Pradesh has unleashed a new era in school education by introducing
extensive curricular reforms from the academic year 2020-21. The Government has taken up
curricular reforms intending to enhance the learning outcomes of the children with focus on building
solid foundational learning and to build up an environment conducive for an effective teaching-
learning process. To achieve this objective, The Government of A.P has adopted NCERT curriculum
from Class 8th for academic year 2022 - 23 and for 9th &10th in a phased manner to reach the
global standards.

To enrich the content of the subject QR codes are incorporated in the beginning of each
lesson to enable learning outside the classroom. In this textbook, lessons are prepared based on
the themes like Materials, Moving things, How things work, People and ideas, Natural Phenomena
and Natural resources are incorporated under Physical Science. In order to reinforce the concepts,
several projects and activities are given to inculcate scientific temperament. Each lesson is provided
with eye catching illustrations to engage the children. The salient features of the lessons are given
under the title "What you have learnt" for the review of the important concepts. Questions are
framed for each lesson to recapitulate the conceptual understanding and to achieve competencies
required for project works, drawings and model makings under “Exercises”. An effort has been
made to relate the scientific concepts with the real-life events thereby developing and promoting
scientific temperament in “Extended Learning - Activities and Projects”.

W are grateful to our Honourable Chief Minister SriY.S. Jagan Mohan Reddy for being
our source of inspiration to carry out this extensive reform in the Education Department. e extend
our gratitude to our Honourable Minister of Education Sri Botcha Satyanarayana for striving
towards qualitative education. Our special thanksto Sri Praveen Prakash, IAS, Principal Secretary,
School Education Sri S. Suresh Kumar 1AS, Commissioner of School Education & State Project
Director, Samagra Shiksha A.P, and Ms. Nidhi Meena IAS, Special Officer English Medium
Project - AP. for their constant motivation and guidance.

We convey our special thanks to the NCERT for their cooperation and assistance in adopting
their curriculum. We also thank to our translaters, editors and layout designers for their contribution
in the development of this textbook. We invite constructive feedback from the teachers and the
parents in further refinement of the textbook.

Dr. B. Pratap Reddy
Director
SCERT - Andhra Pradesh



Preface

This book is the outcome of the efforts of the textbook development committee
appointed by the NCERT. The committee met a few times to interact with one
another to improve the draft. Then there was a review meeting in which many
experts and practicing school teachers were invited to review the draft and suggest
improvements.

By and large we have stuck to the format of the Class VII book. By now famous
characters, Boojho and Paheli, have been used to make the text interactive. Attempt
has been made to recall childrens own experiences and build concepts around
them. This is designed to connect science that they study in the school with their
everyday life.

Many activities have been suggested to clarify concepts. Some of these activities
are so simple that children can perform them on their own. The requirement of the
apparatus required for the activities is minimal. We performed all the activities
ourselves to ensure that there was no difficulty in performing them in the school
situation. The activities should also help children in developing skills such as
presentation of data in tabular and graphical forms, reasoning and drawing inference
from the given data.

The language of the book has been kept as simple as possible. A large number of
photographs, illustrations, cartoons, etc. have been included to make the book
attractive. To help teachers evaluate children effectively, a large number of exercises
have been given at the end of each chapter. The teachers are encouraged to frame
additional exercises to test childrens understanding. Some challenging exercises
have also been devised for those children who would like to appear for the National
Talent Search Examination conducted by the NCERT.

We are conscious of the fact that there is a paucity of additional reading material
for children. We have tried to address this problem by providing non-evaluative
boxes. These boxes, in light orange, contain additional information, anecdotes,
stories, strange facts and other such interesting materials.

We all know that children are mischievous and playful by nature. Therefore, in
order to prevent any untoward incident during the performance of the activities in
the school or outside, necessary cautions, in magenta, have been inserted at various
places in the book.

To prepare children to assume their roles as responsible citizens of tomorrow,
attempt has been made to sensitise them to the issues concerning gender, religion,
environment, health and hygiene, water scarcity and energy conservation. We have
sought to weave into the text the value of cooperation and the importance of peer
learning.

An important feature of the book is what we call Extended Learning. These are
totally non-evaluative, and purely voluntary activities and projects. Some of the
projects in this section have been designed to enhance childrens interaction with
the experts, teachers, even parents, and society at large. The children are required
to collect information of various kinds and draw conclusions of their own.

My request to teachers and parents is to use the book in the spirit in which it
has been written. Encourage children to perform activities and learn by doing,
rather than by rote. You can supplement, or even replace, the activities given here.



If you feel that you have better alternatives, especially with your local/regional
flavour, please write to us so that these activities could be used in the future editions
of the book.

We have been able to include only a small subset of childrens experiences. You
have a better knowledge of their experiences because you are in touch with them.
Use them to illustrate the concepts being taught. Above all, please do not stifle
childrens natural curiosity. Encourage them to ask questions, even if sometimes
you feel uncomfortable. If you do not know the answer to a question on the spot, do
not feel embarrassed. You can promise them to find the answer and deal with it
later. Make a genuine attempt to get the answer from whatever resources are within
your reach, such as senior school or college teachers, experts, libraries, internet
etc. If, inspite of your efforts, you cannot get the answer to some question, you could
write to NCERT.

I must thank the NCERT for enabling us to talk to children through the medium
of this book. Every member of the NCERT has been courteous and helpful to us.

In the end, | must express my gratitude to the members of the Editing Team,
who worked tirelessly to help me bring the book to the present form. If you and your
students find this book useful and enjoy teaching/learning science through this
book, the Editing Team and I shall consider ourselves well-rewarded.

V.B. BHATIA

Chief Advisor
Textbook Development Committee
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A Note for the Students

The team of Paheli and Boojho will be with you as you journey through this
textbook. They love to ask questions. All kinds of questions come to their
minds and they collect them in their sacks. Sometimes, they may share
some of the questions with you, as you read through the chapters.

Paheli and Boojho are also on the lookout for answers to many
questions — sometimes the questions seem answered after they discuss
them with each other, sometimes through discussions with other classmates,
teachers or their parents. Answers to some questions do not seem available
even after all these. They might need to experiment on their own, read
books in the library, send gquestions to scientists. Just dig and dig and dig
into all possibilities and see if the questions can be answered. Perhaps, they
would carry some of the unanswered questions in their sacks to higher
classes.

What will really thrill them would be your adding questions to their
sacks or answers to their questions. Sometimes, activities are suggested in
the textbook, results or findings of these by different groups of students
would be of interest to other students and teachers. You can complete the
suggested activities and send your results or findings to Paheli and Boojho.
Do keep in mind that activities that involve using blades, scissors or fire
need to be done strictly under the care of your teachers. Stick to the
precautions given and then enjoy doing all the suggested activities. Mind,
the book will not be able to help you much, if the activities are not completed!

We would like to advise you that you must make observations yourself
and record whatever results you get. Keen and true observations are necessary
for exploring any subject of study. For some reason your results may turn
out to be different from those of your classmates. Do not worry. Try to find
out the reason for these results instead of disregarding them. Do not ever
copy results from your classmate.

You can send your feedback for Paheli and Boojho at:

To

The Head

Department of Education in
Science and Mathematics,
NCERT, Sri Aurobindo Marg,
New Delhi 110016
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C hapter 8

Force AND Laws oF MoTioN

In the previous chapter, we described the
motion of an object along a straight line in
terms of its position, velocity and acceleration.
We saw that such a motion can be uniform or
non-uniform. We have not yet discovered what
causes the motion. Why does the speed of an
object change with time? Do all motions
require a cause? If so, what is the nature of
this cause? In this chapter we shall make an
attempt to quench all such curiosities.

For many centuries, the problem of motion
and its causes had puzzled scientists and
philosophers. A ball on the ground, when given
a small hit, does not move forever. Such
observations suggest that rest is the “natural
state” of an object. This remained the belief
until Galileo Galilei and Isaac Newton
developed an entirely different approach to

understand motion.
. -

f
(a) The trotley moves along the
direction we push it.

b) The drawer is pulled.

zjn 3

(c) The hockey stick hits the ball forward

Fig. 8.1: Pushing, pulling, or hitting objects

change their state of motion.

In our everyday life we observe that some
effort is required to put a stationary object into
motion or to stop a moving object. We
ordinarily experience this as a muscular effort
and say that we must push or hit or pull on
an object to change its state of motion. The
concept of force is based on this push, hit or
pull. Let us now ponder about a ‘force’. What
is it? In fact, no one has seen, tasted or felt a
force. However, we always see or feel the effect
of a force. It can only be explained by
describing what happens when a force is
applied to an object. Pushing, hitting and
pulling of objects are all ways of bringing
objects in motion (Fig. 8.1). They move because
we make a force act on them.

From your studies in earlier classes, you
are also familiar with the fact that a force can
be used to change the magnitude of velocity of
an object (that is, to make the object move
faster or slower) or to change its direction of
motion. We also know that a force can change
the shape and size of objects (Fig. 8.2).

(b)

Fig. 8.2: (a) A spring expands on application of force;

(b) A spherical rubber ball becomes oblong
as we apply force on it.

FoRrRCcE AND LAws oF MoTION
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8.1 Balanced and Unbalanced
Forces

Fig. 8.3 shows a wooden block on a horizontal
table. Two strings X and Y are tied to the two
opposite faces of the block as shown. If we
apply aforce by pulling the string X, the block
begins to move to the right. Similarly, if we pull
the string Y, the block moves to the left. But, if
the block is pulled from both the sides with
equal forces, the block will not move. Such
forces are called balanced forces and do not
change the state of rest or of motion of an
object. Now, let us consider a situation in
which two opposite forces of different
magnitudes pull the block. In this case, the
block would begin to move in the direction of
the greater force. Thus, the two forces are not
balanced and the unbalanced force acts in the
direction the block moves. This suggests that
an unbalanced force acting on an object brings
it in motion.

-

|

Fig. 8.3: Two forces acting on a wooden block

What happens when some children try to
push a box on a rough floor? If they push the

box with a small force, the box does not move
because of friction acting in a direction
opposite to the push [Fig. 8.4(a)]. This friction
force arises between two surfaces in contact;
in this case, between the bottom of the box and
floor’'s rough surface. It balances the pushing
force and therefore the box does not move. In
Fig. 8.4(b), the children push the box harder
but the box still does not move. This is
because the friction force still balances the
pushing force. If the children push the box
harder still, the pushing force becomes bigger
than the friction force [Fig. 8.4(c)].
There is an unbalanced force. So the box
starts moving.

What happens when we ride a bicycle?
When we stop pedalling, the bicycle begins to
slow down. This is again because of the friction
forces acting opposite to the direction of
motion. In order to keep the bicycle moving,
we have to start pedalling again. It thus
appears that an object maintains its motion
under the continuous application of an
unbalanced force. However, it is quite
incorrect. An object moves with a uniform
velocity when the forces (pushing force and
frictional force) acting on the object are
balanced and there is no net external force on
it. If an unbalanced force is applied on the
object, there will be a change either in its speed
or in the direction of its motion. Thus, to
accelerate the motion of an object, an
unbalanced force is required. And the change
in its speed (or in the direction of motion) would
continue as long as this unbalanced force is
applied. However, if this force is removed
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completely, the object would continue to move
with the velocity it has acquired till then.

8.2 First Law of Motion

By observing the motion of objects on an
inclined plane Galileo deduced that objects
move with a constant speed when no force acts
on them. He observed that when a marble rolls
down an inclined plane, its velocity increases
[Fig. 8.5(a)]. In the next chapter, you will learn
that the marble falls under the unbalanced
force of gravity as it rolls down and attains a
definite velocity by the time it reaches the
bottom. Its velocity decreases when it climbs
up as shown in Fig. 8.5(b). Fig. 8.5(c)shows a
marble resting on an ideal frictionless plane
inclined on both sides. Galileo argued that
when the marble is released from left, it would
roll down the slope and go up on the opposite
side to the same height from which it was
released. If the inclinations of the planes on
both sides are equal then the marble will climb
the same distance that it covered while rolling
down. If the angle of inclination of the right-
side plane were gradually decreased, then the
marble would travel further distances till it
reaches the original height. If the right-side
plane were ultimately made horizontal (that
is, the slope is reduced to zero), the marble
would continue to travel forever trying to reach
the same height that it was released from. The
unbalanced forces on the marble in this case
are zero. It thus suggests that an unbalanced
(external) force is required to change the motion
of the marble but no net force is needed to
sustain the uniform motion of the marble. In
practical situations it is difficult to achieve a
zero unbalanced force. This is because of the
presence of the frictional force acting opposite
to the direction of motion. Thus, in practice
the marble stops after travelling some distance.
The effect of the frictional force may be
minimised by using a smooth marble and a
smooth plane and providing a lubricant on top
of the planes.

[l i)

o »

Fig. 8.5: (a) the downward motion; (b) the upward
motion of a marble on an inclined plane;
and (c) on a double inclined plane.

Newton further studied Galileo’s ideas on
force and motion and presented three
fundamental laws that govern the motion of
objects. These three laws are known as
Newton'’s laws of motion. The first law of motion
is stated as:

An object remains in a state of rest or of
uniform motion in a straight line unless
compelled to change that state by an
applied force.

In other words, all objects resist a change
in their state of motion. In a qualitative way,
the tendency of undisturbed objects to stay at
rest or to keep moving with the same velocity
is called inertia. This is why, the first law of
motion is also known as the law
of inertia.

Certain experiences that we come across
while travelling in a motorcar can be explained
on the basis of the law of inertia. We tend to
remain at rest with respect to the seat until
the driver applies a braking force to stop the
motorcar. With the application of brakes, the
car slows down but our body tends to continue
in the same state of motion because of its
inertia. A sudden application of brakes may
thus cause injury to us by impact or collision
with the panels in front. Safety belts are worn
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Galileo Galilei was born
on 15 February 1564 in
Pisa, Italy. Galileo, right
from his childhood, had
interest in mathematics
and natural philosophy.
But hisfather Vincenzo
Galilei wanted him to |
become a medical doctor.

Accordingly, Galileo
enrolled himself for a
medical degree at the
University of Pisa in 1581 which he never
completed because of his real interest in
mathematics. In 1586, he wrote his first
scientific book ‘The Little Balance [La
Balancitta]’, in which he described
Archimedes’ method of finding the relative
densities (or specific gravities) of substances
using a balance. In 1589, in his series of
essays — De Motu, he presented his theories
about falling objects using an inclined plane
to slow down the rate of descent.

In 1592, he was appointed professor of
mathematics at the University of Padua in the
Republic of Venice. Here he continued his
observations on the theory of motion and
through his study of inclined planes and the
pendulum, formulated the correct law for
uniformly accelerated objects that the
distance the object moves is proportional to
the square of the time taken.

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.

Galileo Galilei
(1564 - 1642)

to prevent such accidents. Safety belts exert a
force on our body to make the forward motion
slower. An opposite experience is encountered
when we are standing in a bus and the bus
begins to move suddenly. Now we tend to fall
backwards. This is because the sudden start
of the bus brings motion to the bus as well as
to our feet in contact with the floor of the bus.
But the rest of our body opposes this motion
because of its inertia.

When a motorcar makes a sharp turnata
high speed, we tend to get thrown to one side.
This can again be explained on the basis of
the law of inertia. We tend to continue in our
straight-line motion. When an unbalanced
force is applied by the engine to change the
direction of motion of the motorcar, we slip to
one side of the seat due to the inertia of
our body.

The fact that a body will remain at rest
unless acted upon by an unbalanced force can
be illustrated through the
following activities:

Activity 8.1

° Make a pile of similar carom coins on
a table, as shown in Fig. 8.6.

° Attempt a sharp horizontal hit at the
bottom of the pile using another
carom coin or the striker. If the hit is
strong enough, the bottom coin moves
out quickly. Once the lowest coin is
removed, the inertia of the other coins
makes them ‘fall’ vertically on the
table.

Fig. 8.6: Only the carom coin at the bottom of a
pile is removed when a fast moving
carom coin (or striker) hits it.
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Activity 8.2

° Set a five-rupee coin on a stiff card
covering an empty glass tumbler
standing on a table as shown in
Fig. 8.7.

° Give the card a sharp horizontal flick
with a finger. If we do it fast then the
card shoots away, allowing the coin
to fall vertically into the glass tumbler
due to its inertia.

° The inertia of the coin tries to
maintain its state of rest even when
the card flows off.

\:::a' =

Fig. 8.7: When the card is flicked with the
finger the coin placed over it falls in the
tumbler.

Activity 8.3

Place a waterfilled tumbler on a tray.
Hold the tray and turn around as fast
as you can.

° We observe that the water spills. Why?

Observe that a groove is provided in a
saucer for placing the tea cup. It prevents the
cup from toppling over in case of
sudden jerks.

8.3 Inertia and Mass

All the examples and activities given so far
illustrate that there is a resistance offered by
an object to change its state of motion. Ifitis
at rest it tends to remain at rest; if it is moving
it tends to keep moving. This property of an
object is called its inertia. Do all bodies have
the same inertia? We know that it is easier to
push an empty box than a box full of books.
Similarly, if we Kick a football it flies away. But
if we kick a stone of the same size with equal
force, it hardly moves. We may, in fact, get an
injury in our foot while doing so! Similarly, in
activity 8.2, instead of a five-rupees coin if we

10

use a one-rupee coin, we find that a lesser force
is required to perform the activity. A force that
is just enough to cause a small cart to pick up
a large velocity will produce a negligible
change in the motion of a train. This is because,
in comparison to the cart the train has a much
lesser tendency to change its state of motion.
Accordingly, we say that the train has more
inertia than the cart. Clearly, heavier or more
massive objects offer larger inertia.
Quantitatively, the inertia of an object is
measured by its mass. We may thus relate
inertia and mass as follows:

Inertiais the natural tendency of an object to
resist a change in its state of motion or of rest.
The mass of an object is a measure of its inertia.

1. Which of the following has more
inertia: (@) a rubber ball and a
stone of the same size? (b) a
bicycle and a train? (c) a five-
rupees coin and a one-rupee
coin?

2. In the following example, try to
identify the number of times the
velocity of the ball changes:

“A football player kicks a football
to another player of his team who
kicks the football towards the
goal. The goalkeeper of the
opposite team collects the football
and kicks it towards a player of
his own team”.

Also identify the agent supplying
the force in each case.

3. Explain why some of the leaves
may get detached from a tree if
we vigorously shake its branch.

4. Why do you fall in the forward
direction when a moving bus
brakes to a stop and fall
backwards when it accelerates
from rest?

8.4 Second Law of Motion

The first law of motion indicates that when an
unbalanced external force acts on an object,
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its velocity changes, that is, the object gets an
acceleration. We would now like to study how
the acceleration of an object depends on the
force applied to it and how we measure a force.
Let us recount some observations from our
everyday life. During the game of table tennis
if the ball hits a player it does not hurt him.
On the other hand, when a fast moving cricket
ball hits a spectator, it may hurt him. A truck
at rest does not require any attention when
parked along a roadside. But a moving truck,
even at speeds as low as 5 m s, may Kill a
person standing in its path. A small mass,
such as a bullet may kill a person when fired
from a gun. These observations suggest that
the impact produced by the objects depends
on their mass and velocity. Similarly, if an
object is to be accelerated, we know that a
greater force is required to give a greater
velocity. In other words, there appears to exist
some quantity of importance that combines
the object’'s mass and its velocity. One such
property called momentum was introduced by
Newton. The momentum, p of an object is
defined as the product of its mass, m and
velocity, v. That is,

p=mv (8.1)

Momentum has both direction and
magnitude. Its direction is the same as that of
velocity, v. The Sl unit of momentum is
kilogram-metre per second (kg m s?). Since
the application of an unbalanced force brings
a change in the velocity of the object, it is
therefore clear that a force also produces a
change of momentum.

Let us consider a situation in which a car
with a dead battery is to be pushed along a
straight road to give it a speed of 1 m s, which
is sufficient to start its engine. If one or two
persons give a sudden push (unbalanced force)
to it, it hardly starts. But a continuous push
over some time results in a gradual acceleration
of the car to this speed. It means that the change
of momentum of the car is not only determined
by the magnitude of the force but also by the
time during which the force is exerted. It may
then also be concluded that the force necessary
to change the momentum of an object depends
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on the time rate at which the momentum is
changed.

The second law of motion states that the
rate of change of momentum of an object is
proportional to the applied unbalanced force
in the direction of force.

8.4.1 MATHEMATICAL FORMULATION OF
SECOND LAW OF MOTION

Suppose an object of mass, m is moving along
a straight line with an initial velocity, u. It is
uniformly accelerated to velocity, v in time, t
by the application of a constant force, F
throughout the time, t. The initial and final
momentum of the object will be, p, = mu and
p, = mv respectively.

The change in momentum < p,-p,
o mvVv-mu

o« mx (v—u).

The rate of change of momentum o MV —U) (tV —u)
Or, the applied force,
E o m x(v—u)
t
E_ km xt(v—u) ©.2)
= kma (8.3)

Here a [ = (v — u)/t ] is the acceleration,
which is the rate of change of velocity. The
quantity, k is a constant of proportionality. The
Sl units of mass and acceleration are kg and
m s respectively. The unit of force is so chosen
that the value of the constant, k becomes one.
For this, one unit of force is defined as the
amount that produces an acceleration of
1 ms?inan object of 1 kg mass. That is,

1 unit of force = k x (1 kg) x (1 m s).
Thus, the value of k becomes 1. From Eqg. (8.3)
(8.4)

The unit of force is kg m s2 or newton,
which has the symbol N. The second law of
motion gives us a method to measure the force

F=ma
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acting on an object as a product of its mass
and acceleration.

The second law of motion is often seen in
action in our everyday life. Have you noticed
that while catching a fast moving cricket ball,
a fielder in the ground gradually pulls his
hands backwards with the moving ball? In
doing so, the fielder increases the time during
which the high velocity of the moving ball
decreases to zero. Thus, the acceleration of the
ball is decreased and therefore the impact of
catching the fast moving ball (Fig. 8.8) is also
reduced. If the ball is stopped suddenly then
its high velocity decreases to zero in a very
shortinterval of time. Thus, the rate of change
of momentum of the ball will be large.
Therefore, a large force would have to be
applied for holding the catch that may hurt
the palm of the fielder. In a high jump athletic
event, the athletes are made to fall either on a
cushioned bed or on a sand bed. This is to
increase the time of the athlete’s fall to stop
after making the jump. This decreases the rate
of change of momentum and hence the force.
Try to ponder how a karate player breaks a
slab of ice with a single blow.

Fig. 8.8: Afielder pulls his hands gradually with the
moving ball while holding a catch.
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The first law of motion can be
mathematically stated from the mathematical
expression for the second law of motion. Eq.
(8.4)is

F=ma
m (v —u)

t

or Ft=mv-mu

or F = (8.5)

That is, when F =0, v = u for whatever time, t
is taken. This means that the object will
continue moving with uniform velocity, u
throughout the time, t. If u is zero then v will
also be zero. That s, the object will remain at
rest.

Example 8.1 A constant force acts on an
object of mass 5 kg for a duration of 2
s. Itincreases the object’s velocity from
3ms?to 7 ms? Find the magnitude
of the applied force. Now, if the force was
applied for a duration of 5 s, what would
be the final velocity of the object?

Solution:

We have been given that u =3 ms*and
v=7mstt=2sandm =5Kkg. From
Eq. (8.5) we have,
m(v —u)
t
Substitution of values in this relation
gives

F =5kg(7ms'-3ms?)/2s=10N.

Now, if this force is applied for a duration
of 5s (t =5 s), then the final velocity can
be calculated by rewriting Eq. (8.5) as

Ft
V=U+—
m

On substituting the values of u, F, m
and t, we get the final velocity,
v=13ms™t

Example 8.2 Which would require a
greater force — accelerating a 2 kg mass
atbms?orad4kgmassat2ms2?
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Solution:

From Eq. (8.4), we have F = ma.

Here we have m =2 kg;a, =5ms?and
m,=4Kkg;a,=2ms>

Thus, F,.=ma =2kgx5ms?=10N;
andF, = ma, =4kgx2ms?=8N.
=>F >F,.

Thus, acceleratinga2 kgmassat5m s
2would require a greater force.

Example 8.3 A motorcar is moving with a
velocity of 108 km/h and it takes 4 s to
stop after the brakes are applied.
Calculate the force exerted by the brakes
on the motorcar if its mass along with
the passengers is 1000 kg.

Solution:

The initial velocity of the motorcar
u=108 km/h
=108 x 1000 m/(60 x 60 s)
=30mst?
and the final velocity of the motorcar v
=0ms™.
The total mass of the motorcar along
with its passengers = 1000 kg and the
time taken to stop the motorcar, t=4s.
From Eq. (8.5) we have the magnitude
of the force (F) applied by the brakes as
m(v - u)/t.
On substituting the values, we get
F=1000kgx (0-30)msi/4s
=-7500 kg m s2or - 7500 N.
The negative sign tells us that the force
exerted by the brakes is opposite to the
direction of motion of the motorcar.

Solution:

From Eg. (8.4) we have m = F/a ; and
m, =F/a,. Here,a, =10 m s,
a,=20ms?and F=5N.

Thus, m, =5N/10 ms?=0.50 kg; and
m, =5N/20 m s?=0.25 kg.

If the two masses were tied together, the
total mass, m would be

m =0.50 kg + 0.25 kg = 0.75 kg.

The acceleration, a produced in the
combined mass by the 5 N force would
be,a=F/m=5N/0.75 kg =6.67 m s2.

Example 8.4 A force of 5 N gives a mass
m,, an acceleration of 10 m s? and a
mass m,, an acceleration of 20 m s,
What acceleration would it give if both
the masses were tied together?
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Example 8.5 The velocity-time graph of a
ball of mass 20 g moving along a
straight line on a long table is given in
Fig. 8.9.

Bl
- dn-4
L -
§ 15 ~
i g
:é' 10+
3 5 e
T 1 1 T ——y
1 2 i i [ L P ] b1 } i ri
timn (p] —=
Fig. 8.9
How much force does the table exert on
the ball to bring it to rest?
Solution:

The initial velocity of the ball is 20 cm s™.
Due to the frictional force exerted by the
table, the velocity of the ball decreases
downtozeroin 10s. Thus,u=20cms?;v
=0cmstandt=10s. Since the velocity-
time graph is a straight line, itis clear that
the ball moves with a constant
acceleration. The acceleration ais

_v-u
t

=(0cms?t- cms s
0 1-20 n/10
=-2cms?=-0.02ms=2.

FoRrRCcE AND LAws oF MoTION



JEEBE88e0
8.4 380880 o0& F=ma BREI6.
sE M, =28 .;a, =582 Ldaw
m,=48v.;a,=232
F,=ma, =28r. x5%22=10N;
F, = ma, =48 x2»32=8N.
=>F >F,.
s Bod 85 (55350°88 5.7 SyBeeo
EOAOTTEIE DENS 200 @HB0.

$08es0
8.4 Ho&, m, = Fla, &8&cso m,= Fla, =8
a, =10 ».37%; a,=20 d. 2 Sdas» F=5N.
& Digore m, =5 N/10 &. 27 = 0.50 8.(rv.;

m, =5 N/20 &.37* =0.25 8.

Bot (BHTrHol EDBIGYNE Iwdo (K850°3
m= 0.58.(w. +0.258. (. =0.75 &.rv.
BODS Botd (Borde Iwdo D F aerdy
(ORRA0DIYD,
&Bewo a = F/m =5 N/0.75 8.(rr. = 6.67 . 27°.

SoSes 8.3
108 8.&/50e Sso&t EHendR) Jeerd G
Ben S8 4 Doy EoxE ehob. BB SHess
B Ieerdd 528 (38508 1000 88 (reimen
©anSS® [BEHen Frerd PP BARPACDS Derd)
88)0508?
B3
Jeerdd B &9 Stio
u =108 8.%. /0.
=108 x 1000 &./(60 x 60 2.)
=30 D™
LoB05» JpeerE = &6 So V=083
BoirdHod® 5 Freb oo ($550°8 =10008,(rv.
LoBAN Irtrdd 2K BBEE HGS SHaho
t=4 880 8.5 %008 BHo meoe
(DBrAoSadS eHdsdreo F=m (v - u)/t.
Qenden @@g&oém,
F = 1000 &.(r~. (0-3080/3)/42
= -7500 &.(rv. &.27* Swe -7500 N
BHe oroe BRPACSHES D00 Ierd 595
@) B3BTE JBOE HIE® G000 anoes HEh
BOOHED0B.

aTPrden 8.4
5N @0 (FBrA0DIH)E M, Lcizéegd"%@s
100,37 $:8e90 3508050 M, (BX50°86° 20 &. 3™
&Beeo BOACTEIH. Botdh (BSgoedHeoy 5O
ééézéﬁs D0& BWBeao EenrDeod?

200 080T 11508 DAHITeew

S8 8.5

a8 PEIS TS S 20 ((riwe 25D Ko
EtHendR) 208 Tng) 350 P00 (eh 8o Erd
Dore SEEBY e Sod.

S0 (0.0./2.) —
J
!

seoo (D.) >

K0 89
2080 FHORBS'E BHTE wod W& ay Jod
200 (HAAoTO?

FE3:
208 @og) &9 Ifo 20 0./ ay B
BBrAoSaES H8m pe0 Iy P08 @) Bro
&n 10 Do 9B BEB0nod. ®oHIeD
u =20 20..2" v=0 2083 £B6c5n
t=10 2. 3o seeo (P $E¥ T sw@ 2008 ?836
BeBe08° [HATH0ER QR0DE08.

vV —-u

éé‘sésao a=

= (0 20..27" =20 20.8.271)/10 2.
=-220.8.27 = -0.02 &.27

17




The force exerted on the ball F is,

F =ma=(20/1000) kg x (- 0.02 m s3?)
=-0.0004 N.

The negative sign implies that the

frictional force exerted by the table is

opposite to the direction of motion of the

ball.

8.5 Third Law of Motion

The first two laws of motion tell us how an
applied force changes the motion and provide
us with a method of determining the force. The
third law of motion states that when one object
exerts a force on another object, the second
object instantaneously exerts a force back on
the first. These two forces are always equal in
magnitude but opposite in direction. These
forces act on different objects and never on the
same object. In the game of football sometimes
we, while looking at the football and trying to
kick it with a greater force, collide with a
player of the opposite team. Both feel hurt
because each applies a force to the other. In
other words, there is a pair of forces and not
just one force. The two opposing forces are also
known as action and reaction forces.

Let us consider two spring balances
connected together as shown in Fig. 8.10. The
fixed end of balance B is attached with a rigid
support, like a wall. When a force is applied
through the free end of spring balance A, it is
observed that both the spring balances show
the same readings on their scales. It means
that the force exerted by spring balance Aon
balance B is equal but opposite in direction to
the force exerted by the balance B on balance
A. Any of these two forces can be called as
action and the other as reaction. This gives us
an alternative statement of the third law of
motion i.e., to every action there is an equal
and opposite reaction. However, it must be
remembered that the action and reaction
always act on two different objects,
simultaneously.
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Fig. 8.10: Action and reaction forces are equal and
opposite.

Suppose you are standing at rest and
intend to start walking on a road. You must
accelerate, and this requires a force in
accordance with the second law of motion.
Which is this force? Is it the muscular effort
you exert on the road? Is it in the direction we
intend to move? No, you push the road below
backwards. The road exerts an equal and
opposite force on your feet to make you move
forward.

It is important to note that even though
the action and reaction forces are always equal
in magnitude, these forces may not produce
accelerations of equal magnitudes. This is
because each force acts on a different object
that may have a different mass.

When a gun isfired, it exerts a forward force
on the bullet. The bullet exerts an equal and
opposite force on the gun. This results in the
recoil of the gun (Fig. 8.11). Since the gun has
a much greater mass than the bullet, the
acceleration of the gun is much less than the
acceleration of the bullet. The third law of
motion can also be illustrated when a sailor
jumps out of a rowing boat. As the sailor
jumps forward, the force on the boat moves it
backwards (Fig. 8.12).

werleraiing fivtee
ey Ay Bl

Hermil] Ly e

o T

Fig. 8.11: A forward force on the bullet and recoil
of the gun.
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Fig. 8.12: As the sailor jumps in forward direction,
the boat moves backwards.

Activity 8.4 Fig. 8.13

o Request two children to stand on two Now, place two children on one cart and
separate carts as shown in Fig. 8.13. one on another cart. The second law of motion

e  Give them a bag full of sand or some can be seen, as this arrangement would show
other heavy object. Ask them to play different accelerations for the same force.

a game of catch with the bag.

° Does each of them experience an
instantaneous force as a result of
throwing the sand bag?

The cart shown in this activity can be
constructed by using a 12 mm or 18 mm thick
plywood board of about 50 cm x 100 cm with

e You can paint a white line on two pairs of hard ball-bearing wheels (skate
cartwheels to observe the motion of wheels are good to use). Skateboards are not
the two carts when the children throw as effective because it is difficult to maintain
the bag towards each other. straight-line motion.

you have
learnt

. First law of motion: An object continues to be in a state of
rest or of uniform motion along a straight line unless acted
upon by an unbalanced force.

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

. The mass of an object is a measure of its inertia. Its Sl unit
is kilogram (kg).

. Force of friction always opposes motion of objects.

. Second law of motion: The rate of change of momentum of

an object is proportional to the applied unbalanced force in
the direction of the force.
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The Sl unit of force is kg m s2. This is also known as newton
and represented by the symbol N. A force of one newton
produces an acceleration of 1 m s on an object of
mass 1 kg.

The momentum of an object is the product of its mass and
velocity and has the same direction as that of the velocity.
Its Sl unit is kg m s™.

Third law of motion: To every action, there is an equal and
opposite reaction and they act on two different bodies.

EXxercises

1. An object experiences a net zero external unbalanced force.
Is it possible for the object to be travelling with a non-zero
velocity? If yes, state the conditions that must be placed on

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

3. Why is it advised to tie any luggage kept on the roof of a bus
with a rope?

4. A batsman hits a cricket ball which then rolls on a level

ground. After covering a short distance, the ball comes to
rest. The ball slows to a stop because

(@) the batsman did not hit the ball hard enough.

(b) velocity is proportional to the force exerted on the ball.
(c) there is a force on the ball opposing the motion.
(

d) there is no unbalanced force on the ball, so the ball would
want to come to rest.

5. A truck starts from rest and rolls down a hill with a constant
acceleration. It travels a distance of 400 m in 20 s. Find its
acceleration. Find the force acting on it if its mass is
7 tonnes (Hint: 1 tonne = 1000 kg.)

6. A stone of 1 kg is thrown with a velocity of 20 m s across
the frozen surface of a lake and comes to rest after travelling
a distance of 50 m. What is the force of friction between the
stone and the ice?

7. A 8000 kg engine pulls a train of 5 wagons, each of 2000 kg,
along a horizontal track. If the engine exerts a force of 40000 N
and the track offers a friction force of 5000 N, then calculate:

(@) the net accelerating force and
(b) the acceleration of the train.

8. An automobile vehicle has a mass of 1500 kg. What must be
the force between the vehicle and road if the vehicle is to be
stopped with a negative acceleration of 1.7 m s2?

22 FoRrRCcE AND LAws oF MoTION
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10.

11.

12.

13.

14.

15.

16.

What is the momentum of an object of mass m, moving with
a velocity v?

(@) (mv)? (b) mv?2 (c) Y2 mv2 (d) mv

Using a horizontal force of 200 N, we intend to move a wooden

cabinet across a floor at a constant velocity. What is the
friction force that will be exerted on the cabinet?

According to the third law of motion when we push on an
object, the object pushes back on us with an equal and
opposite force. If the object is a massive truck parked along
the roadside, it will probably not move. A student justifies
this by answering that the two opposite and equal forces
cancel each other. Comment on this logic and explain why
the truck does not move.

A hockey ball of mass 200 g travelling at 10 m s is struck
by a hockey stick so as to return it along its original path
with a velocity at 5 m s, Calculate the magnitude of change
of momentum occurred in the motion of the hockey ball by
the force applied by the hockey stick.

A bullet of mass 10 g travelling horizontally with a velocity of
150 m s strikes a stationary wooden block and comes to
rest in 0.03 s. Calculate the distance of penetration of the
bullet into the block. Also calculate the magnitude of the
force exerted by the wooden block on the bullet.

An object of mass 1 kg travelling in a straight line with a
velocity of 10 m s collides with, and sticks to, a stationary
wooden block of mass 5 kg. Then they both move off together
in the same straight line. Calculate the total momentum
just before the impact and just after the impact. Also,
calculate the velocity of the combined object.

An object of mass 100 kg is accelerated uniformly from a
velocity of 5 m s to 8 m st in 6 s. Calculate the initial and
final momentum of the object. Also, find the magnitude of
the force exerted on the object.

Akhtar, Kiran and Rahul were riding in a motorcar that was
moving with a high velocity on an expressway when an insect
hit the windshield and got stuck on the windscreen. Akhtar
and Kiran started pondering over the situation. Kiran
suggested that the insect suffered a greater change in
momentum as compared to the change in momentum of the
motorcar (because the change in the velocity of the insect
was much more than that of the motorcar). Akhtar said
that since the motorcar was moving with a larger velocity, it
exerted a larger force on the insect. And as a result the
insect died. Rahul while putting an entirely new explanation
said that both the motorcar and the insect experienced the
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17.

same force and a change in their momentum. Comment on
these suggestions.

How much momentum will a dumb-bell of mass 10 kg
transfer to the floor if it falls from a height of 80 cm? Take
its downward acceleration to be 10 m s=2.

Additional

A2.

A3.

A4.

Exercises
‘; \T \\q‘ Al. The following is the distance-time table of an object in motion:
L’ Time in seconds Distance in metres

= ,/ 0 0
\/ 1 1

2 8

3 27

4 64

5 125

6 216

7 343

(@) What conclusion can you draw about the acceleration?
Is it constant, increasing, decreasing, or zero?

(b) What do you infer about the forces acting on the object?

Two persons manage to push a motorcar of mass 1200 kg at
a uniform velocity along a level road. The same motorcar
can be pushed by three persons to produce an acceleration
of 0.2 m s2. With what force does each person push the
motorcar? (Assume that all persons push the motorcar with
the same muscular effort.)

A hammer of mass 500 g, moving at 50 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?

A motorcar of mass 1200 kg is moving along a straight line
with a uniform velocity of 90 km/h. Its velocity is slowed
down to 18 km/h in 4 s by an unbalanced external force.
Calculate the acceleration and change in momentum. Also
calculate the magnitude of the force required.
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Chapter9

We have learnt about the motion of objects and
force as the cause of motion. We have learnt
that a force is needed to change the speed or
the direction of motion of an object. We always
observe that an object dropped from a height
falls towards the earth. We know that all the
planets go around the Sun. The moon goes
around the earth. In all these cases, there must
be some force acting on the objects, the planets
and on the moon. Isaac Newton could grasp
that the same force is responsible for all these.
This force is called the gravitational force.

In this chapter we shall learn about
gravitation and the universal law of
gravitation. We shall discuss the motion of
objects under the influence of gravitational
force on the earth. We shall study how the
weight of a body varies from place to place.
We shall also discuss the conditions for
objects to float in liquids.

9.1 Gravitation

We know that the moon goes around the earth.
An object when thrown upwards, reaches a
certain height and then falls downwards. It is
said that when Newton was sitting under a tree,
an apple fell on him. The fall of the apple made
Newton start thinking. He thought that: if the
earth can attract an apple, can it not attract
the moon? Is the force the same in both cases?
He conjectured that the same type of force is
responsible in both the cases. He argued that
at each point of its orbit, the moon falls
towards the earth, instead of going off in a
straight line. So, it must be attracted by the
earth. Butwe do not really see the moon falling
towards the earth.

28

GRAVITATION

Let us try to understand the motion of the
moon by recalling activity 7.11.

Activity

° Take a piece of thread.

° Tie a small stone at one end. Hold the
other end of the thread and whirl it
round, as shown in Fig. 9.1.

° Note the motion of the stone.
Release the thread.

Again, note the direction of motion of
the stone.

9.1

Fig. 9.1: A stone describing a circular path with a

velocity of constant magnitude.

Before the thread is released, the stone
moves in a circular path with a certain speed
and changes direction at every point.
The change in direction involves change in
velocity or acceleration. The force that causes
this acceleration and keeps the body moving
along the circular path is acting towards
the centre. This force is called the
centripetal (meaning ‘centre-seeking’) force.

GRAVITATION
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In the absence of this force, the stone flies
off along a straight line. This straight line will
be a tangent to the circular path.

Tangent to a circle )

A B C

A straight line that meets the circle at
one and only one point is called a
tangent to the circle. Straight line
ABC is a tangent to the circle at

point B.
J

The motion of the moon around the earth
is due to the centripetal force. The centripetal
force is provided by the force of attraction of
the earth. If there were no such force, the
moon would pursue a uniform straight line
motion.

It is seen that a falling apple is attracted
towards the earth. Does the apple attract the
earth? If so, we do not see the earth moving
towards an apple. Why?

According to the third law of motion, the
apple does attract the earth. But according
to the second law of motion, for a given force,
acceleration is inversely proportional to the
mass of an object [Eq. (9.4)]. The mass of an
apple is negligibly small compared to that of
the earth. So, we do not see the earth moving
towards the apple. Extend the same argument
for why the earth does not move towards the
moon.

In our solar system, all the planets go
around the Sun. By arguing the same way,
we can say that there exists a force between
the Sun and the planets. From the above facts
Newton concluded that not only does the
earth attract an apple and the moon, but all
objects in the universe attract each other. This
force of attraction between objects is called
the gravitational force.

More to know

30

9.1.1 UNIVERSAL LAW OF GRAVITATION

Every object in the universe attracts every
other object with a force which is proportional
to the product of their masses and inversely
proportional to the square of the distance
between them. The force is along the line
joining the centres of two objects.

Fig. 9.2: The gravitational force between two
uniform objects is directed along the line
joining their centres.

Let two objects A and B of masses M and
m lie at a distance d from each other as shown
in Fig. 9.2. Let the force of attraction between
two objects be F. According to the universal
law of gravitation, the force between two
objects is directly proportional to the product
of their masses. That is,

FocM xm 9.1)
And the force between two objects is inversely
proportional to the square of the distance
between them, that s,

1
F °Cd—2 (9.2)

Combining Egs. (10.1) and (10.2), we get

Mxm
F oc 4 (9.3)
M xm
or, F=6G e (9.4)

where G is the constant of proportionality and

is called the universal gravitation constant.

By multiplying crosswise, Eq. (9.4) gives
Fxd2=GM xm

GRAVITATION
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Fd

or G= (9.5)

M xm

The Sl unit of G can be obtained by
substituting the units of force, distance and
mass in Eg. (9.5) as N m? kg=.

The value of G was found out by
Henry Cavendish (1731 - 1810) by using a
sensitive balance. The accepted value of G is
6.673 x 10 N m? kg—=.

We know that there exists a force of
attraction between any two objects. Compute
the value of this force between you and your
friend sitting closeby. Conclude how you do
not experience this force!

\

The law is universal in the sense that
itis applicable to all bodies, whether
the bodies are big or small, whether
they are celestial or terrestrial.

Inverse-square

Saying that F is inversely
proportional to the square of d
means, for example, that if d gets
bigger by a factor of 6, F becomes

1

36 times smaller.

J

Example 9.1 The mass of the earth is
6 x10%* kg and that of the moon is
7.4 x10%?Kkg. If the distance between the
earth and the moon is 3.84 x 10° km,
calculate the force exerted by the earth on
the moon. (Take G =6.7 x10* N m? kg?)

Solution:

The mass of the earth, M= 6 x102* kg
The mass of the moon,

m = 7.4x10% kg
The distance between the earth and the

moon,
d = 3.84x10°km
= 3.84 x10°x1000 m
= 3.84x10°m
G = 6.7 x10" N m? kg2
32

From Eqg. (9.4), the force exerted by the
earth on the moon is

M xm
d2

F=G

6.7x10 ™ Nm? kg2 x6x10%* kg x7.4 x10% kg
(3.84 x10® m)?

=2.02 x 10%° N.

Thus, the force exerted by the earth on
the moon is 2.02 x 10%° N.

1. State the universal law of
gravitation.

2. Write the formula to find the
magnitude of the gravitational
force between the earth and an

object on the surface of the earth.

9.1.2 IMPORTANCE OF THE UNIVERSAL

LAW OF GRAVITATION

The universal law of gravitation successfully
explained several phenomena which were
believed to be unconnected:
() theforcethat bindsustotheearth;
(i) the motion of the moon around the
earth;
(iii) themotion of planets around the Sun;
and
(iv) thetidesduetothemoon andtheSun.

9.2 Free Fall

Let us try to understand the meaning of free
fall by performing this activity.

Activity

Take a stone.

Throw it upwards.

It reaches a certain height and then it
starts falling down.

9.2

We have learnt that the earth attracts
objects towards it. This is due to the
gravitational force. Whenever objects fall
towards the earth under this force alone, we
say that the objects are in free fall. Is there any

GRAVITATION



2

F
g G=
M x m

38880 9.5 & weo, S0, (B50°8 (deseerd
B8EDose G Sl (Hreo :6?5.533.2 &. [

(9.5)

BoPEH (@750 &BDBrA0D IR sPBolR
(1731 - 1810) =R3E G Jendd Shofra)i.
©BrHoBDES G Deod 6.673x10711 K5 . 8. (0

P Botdh HHe MKy @BEes 2o HAVROHR
H58 Bend. O, d ?o&%?éotﬁo Cﬁféém SSebY
& A% g B 5 2erQ) KBolod. Do
& o) D ©HFIoSBEN TS Ibo!

& oo DIES' sod @y Eﬁ@@@éo\
$B008. ©D VHIS T8 LIS, oY SHBS
85 g Sois ¢0T SHHTT B,

St - 5§o

F 036 d Gwog) S8 8%smdoargos®
S0EN0B. ®O8, &IPSR, d e Béxn o,

S0808 BendHomro

1
F 038 36 oW DO ©HB0B.

J

&8s 9.1 e (585078 6 x 1074 8. (7., Sogdd
(B&goe8 7.4 x10% 8. (e, gednd HOK»
FoDE Hoggrie Srdo 3.84x10° 8.5.
©o0d FoHd & e SerEd &)
B%&ofﬁo&. (G =6.7 x101* Ef)?"é.gb.z §.@°'2
™ &$%8%8)

o ap
g (55008, M = 6 x10%* &.(rw.

BoE (B5o°3,
m = 7.4 x10% &.rF.
&o08, P08 Elaly e &rso0,

d = 3.84x10%8.%.
= 3.84 x10°5 x1000 .
= 3.84x10%%.
G = 6.7x10M &g’ 80

OEES e

&880 (9.4) K08 LoD 0P @cﬁr’ﬁoé
200

M xm

F=G-0

_ 6.7x10" Nm? kg? x 6x10” kg x 7.4 x10°* kg
(3.84 x10® m)?

=2.02 x 10%° N.
& Jore, Solhé & e BorED @0
2.02 x 10%° N.
1 &’)6:3 Nado@?ags/o;m Qafod»
DS5D050E.

2. 28R S8a ghe eB8E0D &) KD
559@ &od ff)éfa@j;gégm 20 H8557e5°)
EDAS Are@R) (EPADOd.

9.1.2. DZ Hoxsdee AchHo So¥)
EC ]
RN ?ﬁ)iﬁ)@‘:&éé{@ Qo aschlosorre Hooo
B I8 éaﬁsﬁo“mo:éa DHBoNoH.
(1) %039 40rdn8 HBMBo B @eo
(2) e Heap SolEd FJedo
(3) éﬁé}g&) iﬁ)én:; (B33 Sodo odasn
(4) SoltHtd BN Kty S eendbiy

9.2. fosa:)?éézéo

&3 ée)e‘%o S%aer0 aENel _fo‘sa‘;)&ﬁé:éo V) @go
B85 5me08 Bo&yzro.

P

o a¥ tromd B%stod.

o D 28 WTSHo&.

o 30 a8 DR KD TEBHY) SoE,

08 (Bo8% HEL0 I0BesHEob.

e B3 3 YD 6BGRROB BenoBHTN0.
B8 s°8ea0 HBTEB e 0. B B0 FoB HHeo
DYRB & B VBP0 WHT D, W0 HHOD
'(30‘5@13‘0’3626 3D Bewaro. ?So‘sa'ba’aé:é ShHe Jos

33




change in the velocity of falling objects? While
falling, there is no change in the direction of
motion of the objects. But due to the earth’s
attraction, there will be a change in the
magnitude of the velocity. Any change in
velocity involves acceleration. Whenever an
object falls towards the earth, an acceleration
is involved. This acceleration is due to the
earth’s gravitational force. Therefore, this
acceleration is called the acceleration due to
the gravitational force of the earth (or
acceleration due to gravity). It is denoted by g.
The unit of g is the same as that of acceleration,
that is, m s2.

We know from the second law of motion
that force is the product of mass and
acceleration. Let the mass of the stone in
activity 9.2 be m. We already know that there
is acceleration involved in falling objects due
to the gravitational force and is denoted by g.
Therefore the magnitude of the gravitational
force F will be equal to the product of mass
and acceleration due to the gravitational
force, that is,

F=mg (9.6)
From Egs. (9.4) and (9.6) we have
M xm
mg=G———
d
M
or =G 4 9.7)

where M is the mass of the earth, and d is the
distance between the object and the earth.
Let an object be on or near the surface of
the earth. The distance d in Eqg. (9.7) will be
equal to R, the radius of the earth. Thus, for
objects on or near the surface of the earth,

_ M x m
mg =G RZ (9.8)
G M
g=6— 9.9
R (9.9)

The earth is not a perfect sphere. As the
radius of the earth increases from the poles to
the equator, the value of g becomes greater at
the poles than at the equator. For most
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calculations, we can take g to be more or less
constant on or near the earth. But for objects
far from the earth, the acceleration due to
gravitational force of earth is given by
Eq. (9.7).

9.2.1 To CALCULATE THE VALUE OF @

To calculate the value of g, we should put the
values of G, M and R in Eq. (9.9), namely,
universal gravitational constant,G= 6.7 x107**
N m? kg2, mass of the earth, M = 6 x 10%* kg,
and radius of the earth, R=6.4 x 10° m.

M
SO R

_ 6.7x10™" Nm? kg? x6x10** kg
(6.4x10° m)

=9.8ms=2.

Thus, the value of acceleration due to gravity
of theearth,g=9.8 ms=.

9.2.2 MOTION OF OBJECTS UNDER THE
INFLUENCE OF GRAVITATIONAL
FORCE OF THE EARTH

Let us do an activity to understand whether
all objects hollow or solid, big or small, will
fall from a height at the same rate.

Activity 9.3

° Take a sheet of paper and a stone.
Drop them simultaneously from the
first floor of a building. Observe
whether both of them reach the
ground simultaneously.

° We see that paper reaches the ground
little later than the stone. This happens
because of air resistance. The air offers
resistance due to friction to the motion
of the falling objects. The resistance
offered by air to the paper is more than
the resistance offered to the stone. If
we do the experiment in a glass jar
from which air has been sucked out,
the paper and the stone would fall at
the same rate.

GRAVITATION
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We know that an object experiences
acceleration during free fall. From Eq. (9.9),
this acceleration experienced by an object is
independent of its mass. This means that all
objects hollow or solid, big or small, should
fall at the same rate. According to a story,
Galileo dropped different objects from the top
of the Leaning Tower of Pisa in Italy to prove
the same.

As g is constant near the earth, all the
equations for the uniformly accelerated
motion of objects become valid with
acceleration a replaced by g.
The equations are:

v=u+at (9.10)
1

s=ut+ > at? (9.11)

v2 = Uu? + 2as (9.12)

where u and v are the initial and final velocities
and s is the distance covered in time, t.

In applying these equations, we will take
acceleration, a to be positive when itisin the
direction of the velocity, that is, in the
direction of motion. The acceleration, a will
be taken as negative when it opposes the
motion.

Example 9.2 A car falls off a ledge and

drops to the ground in 0.5 s. Let

g = 10 m s (for simplifying the

calculations).

(i) What is its speed on striking the
ground?

(ii) What is its average speed during the
0.5s?

(iili) How high is the ledge from the
ground?

Solution:

Time, t = ¥2 second

Initial velocity, u=0m s

Acceleration due to gravity, g =10 m s
Acceleration of the car,a=+ 10 m s

(downward)
(i) speed v = at
v = 10ms2x0.5s
= 5ms?
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u+v
2
= Oms+5ms?/2
= 25ms?
(iii) distance travelled, s =% at?
% x 10 ms2x (0.5s)?
% x 10 ms2x0.25 s?

(ii) average speed=

= 1.25m
Thus,
(i) its speed on striking the ground

=5ms?

(ii) its average speed duringthe 0.5 s
=25ms?

(iii) height of the ledge from the ground
=1.25m.

Example 9.3 An object is thrown vertically
upwards and rises to a height of 10 m.
Calculate (i) the velocity with which the
object was thrown upwards and (ii) the
time taken by the object to reach the
highest point.

Solution:

Distance travelled, s=10 m
Final velocity, v=0m s
Acceleration due to gravity, g =9.8 m s2
Acceleration of the object, a =-9.8 m s
(upward motion)
(i) wv2z2=u?+2as
0= u?+2x(-9.8ms?)x10m
-u?=-2x 9.8x10 m?s?

u= .9 ms?
u=14ms?

(i) v=u+at
0=14mst-98ms2xt
t=1.43s.

Thus,

(i) Initial velocity, u=14 m s, and

(i)  Time taken, t=1.43s.

1. What do you mean by free fall?
2. What do you mean by acceleration
due to gravity?
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9.3 Mass

We have learnt in the previous chapter that the
mass of an object is the measure of its inertia .
We have also learnt that greater the mass, the
greater is the inertia. It remains the same
whether the object is on the earth, the moon
or even in outer space. Thus, the mass of an
object is constant and does not change from
place to place.

9.4 Weight

We know that the earth attracts every object
with a certain force and this force depends on
the mass (m) of the object and the acceleration
due to the gravity (g). The weight of an object
is the force with which it is attracted towards

the earth.
We know that

F=m xa, (9.13)
thatis,

F=m xg. (9.14)

The force of attraction of the earth on an
object is known as the weight of the object. It
is denoted by W. Substituting the same in Eq.
(9.14), we have

W=m xg (9.15)

As the weight of an object is the force with
which it is attracted towards the earth, the SI
unit of weight is the same as that of force, that
is, newton (N). The weight is a force acting
vertically downwards; it has both magnitude
and direction.

We have learnt that the value of g is
constant at a given place. Therefore at a given
place, the weight of an object is directly
proportional to the mass, say m, of the object,
thatis, W o« m. It is due to this reason that at
a given place, we can use the weight of an
object as a measure of its mass. The mass of
an object remains the same everywhere, that
is, on the earth and on any planet whereas its
weight depends on its location because g
depends on location.

9.4.1 WEIGHT OF AN OBJECT ON

THE MOON

We have learnt that the weight of an object on
the earth is the force with which the earth
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attracts the object. In the same way, the weight
of an object on the moon is the force with
which the moon attracts that object. The mass
of the moon is less than that of the earth. Due
to this the moon exerts lesser force of attraction
on objects.

Let the mass of an object be m. Let its
weight on the moon be W_. Let the mass of
the moon be M_ and its radius be R .

By applying the universal law of
gravitation, the weight of the object on the
moon will be

M_xm
W =G—13 (9.16)
Let the weight of the same object on the

earth be W.. The mass of the earth is M and its
radius is R.

Table 9.1
Celestial Mass (kg) Radius (m)
body
Earth 5.98 x 10%* 6.37 x 10°
Moon 7.36 xx10% 1.74 x 10°

From Egs. (9.9) and (9.15) we have,

M xm
R2 (9.17)

W, =G

Substituting the values from Table 10.1 in
Egs. (9.16)and (9.17), we get

7.36 x10%kg xm

W, =G .
(1.74 ><106m)

W_ =2.431x10°G x m (9.18a)

and W, =1.474 x10"'G x m (9.18b)

Dividing Eq. (9.18a) by Eq. (9.18b), we get
W 2.431x10%

W, 1.474x10"

A 1
—m_ 0165~ =
or W 6

e

(9.19)

Weightof the objectonthemoon _ 1

Weight of the object on the earth 6

Weight of the object on the moon
= (1/6) x its weight on the earth.
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Example 9.4 Mass of an object is 10 kg.
What is its weight on the earth?

Solution:

Mass, m =10 kg

Acceleration due to gravity,g=9.8 ms=
W=mxg
W=10kgx9.8ms2=98N

Thus, the weight of the object is 98 N.

Example 9.5 An object weighs 10 N when
measured on the surface of the earth.
What would be its weight when
measured on the surface of the moon?

Solution:

We know,
Weight of object on the moon
= (1/6) x its weight on the earth.

That is,
~ W, 10
"T 6 6
=1.67N.

Thus, the weight of object on the surface
of the moon would be 1.67 N.

uestions

1. What are the differences between
the mass of an object and its
weight?

2. Why is the weight of an object on

the moon — ' its weight on the

earth?

9.5 Thrust and Pressure

Have you ever wondered why a camel can run
in a desert easily? Why an army tank weighing
more than a thousand tonne rests upon a
continuous chain? Why a truck or a motorbus
has much wider tyres? Why cutting tools have
sharp edges? In order to address these
questions and understand the phenomena
involved, it helps to introduce the concepts of
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the net force in a particular direction (thrust)
and the force per unit area (pressure) acting
on the object concerned.

Let us try to understand the meanings of

thrust and pressure by considering the
following situations:
Situation 1: You wish to fix a poster on a
bulletin board, as shown in Fig 9.3. Todo this
task you will have to press drawing pins with
your thumb. You apply a force on the surface
area of the head of the pin. This force is directed
perpendicular to the surface area of the board.
This force acts on a smaller area at the tip of
the pin.

Fig. 9.3: To fix a poster, drawing pins are pressed
with the thumb perpendicular to the
board.

Situation 2: You stand on loose sand. Your
feet go deep into the sand. Now, lie down on
the sand. You will find that your body will not
go that deep in the sand. In both cases the
force exerted on the sand is the weight of your
body.

GRAVITATION
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You have learnt that weight is the force
acting vertically downwards. Here the force is
acting perpendicular to the surface of the sand.
The force acting on an object perpendicular to
the surface is called thrust.

When you stand on loose sand, the force,
that is, the weight of your body is acting on
an area equal to area of your feet. When you
lie down, the same force acts on an area equal
to the contact area of your whole body, which
is larger than the area of your feet. Thus, the
effects of forces of the same magnitude on
different areas are different. In the above
cases, thrust is the same. But effects are
different. Therefore the effect of thrust
depends on the area on which it acts.

The effect of thrust on sand is larger while
standing than while lying. The thrust on unit
area is called pressure. Thus,

thrust
area

Substituting the Sl unit of thrust and area in
Eq. (9.20), we get the Sl unit of pressure as N/
m? or N m=.

In honour of scientist Blaise Pascal, the
Sl unit of pressure is called pascal, denoted
as Pa.

Let us consider a numerical example to
understand the effects of thrust acting on
different areas.

Pressure = (9.20)

Example 9.6 A block of wood is kept on a
tabletop. The mass of wooden block is 5
kg and its dimensions are 40 cm x 20
cm x 10 cm. Find the pressure exerted

< T

16l o

V[ ot

e R

2 em 4l o

[a il

Fig. 9.4
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by the wooden block on the table top if
itis made to lie on the table top with its
sides of dimensions (a) 20 cm x 10 cm
and (b) 40 cm x 20 cm.

Solution:

The mass of the wooden block =5 kg
The dimensions
=40cm x 20cm x 10 cm
Here, the weight of the wooden block
applies a thrust on the table top.

That s,
Thrust=F = m xg
= 5kgx9.8ms2
= 49N

Area of a side = length x breadth
20cm x 10 cm
200 cm? = 0.02 m?

From Eq. (9.20),

49N
Pressure = 0.02 m2

= 2450 N m=.

When the block lies on its side of
dimensions 40 cm x 20 cm, it exerts
the same thrust.
Area= length x breadth

= 40cm x20cm

= 800 cm?=0.08 m?
From Eqg. (9.20),

49N
0.08 m?

612.5N m=2

The pressure exerted by the side 20 cm
x 10 cm is 2450 N m~ and by the side
40 cm x 20 cm is 612.5 N m=.

Pressure =

Thus, the same force acting on a smaller
area exerts a larger pressure, and a smaller
pressure on a larger area. This is the reason
why a nail has a pointed tip, knives have sharp
edges and buildings have wide foundations.

9.5.1 PRESSURE IN FLUIDS

All liquids and gases are fluids. A solid exerts
pressure on a surface due to its weight.
Similarly, fluids have weight, and they also

GRAVITATION
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exert pressure on the base and walls of the
container in which they are enclosed. Pressure
exerted in any confined mass of fluid is
transmitted undiminished in all directions.

9.5.2 BuoyaNcy

Have you ever had a swim in a pool and felt
lighter? Have you ever drawn water from a
well and felt that the bucket of water is heavier
when it is out of the water? Have you ever
wondered why a ship made of iron and steel
does not sink in sea water, but while the same
amount of iron and steel in the form of a sheet
would sink? These questions can be answered
by taking buoyancy in consideration. Let us
understand the meaning of buoyancy by
doing an activity.

Activity 9.4

° Take an empty plastic bottle. Close
the mouth of the bottle with an
airtight stopper. Put it in a bucket
filled with water. You see that the
bottle floats.

° Push the bottle into the water. You feel
an upward push. Try to push it further
down. You will find it difficult to push
deeper and deeper. This indicates that
water exerts a force on the bottle in the
upward direction. The upward force
exerted by the water goes on
increasing as the bottle is pushed
deeper till it is completely immersed.

° Now, release the bottle. It bounces
back to the surface.

° Does the force due to the gravitational
attraction of the earth act on this
bottle? If so, why doesn’t the bottle stay
immersed in water after it is released?
How can you immerse the bottle in
water?

The force due to the gravitational attraction
of the earth acts on the bottle in the downward
direction. So the bottle is pulled downwards.
But the water exerts an upward force on the
bottle. Thus, the bottle is pushed upwards.
We have learnt that weight of an object is the
force due to gravitational attraction of the
earth. When the bottle is immersed, the
upward force exerted by the water on the bottle
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is greater than its weight. Therefore it rises up
when released.

To keep the bottle completely immersed,
the upward force on the bottle due to water
must be balanced. This can be achieved by
an externally applied force acting downwards.
This force must at least be equal to the
difference between the upward force and the
weight of the bottle.

The upward force exerted by the water on
the bottle is known as upthrust or buoyant
force. In fact, all objects experience a force of
buoyancy when they are immersed in a fluid.
The magnitude of this buoyant force depends
on the density of the fluid.

9.5.3 WHY OBJECTS FLOAT OR SINK
WHEN PLACED ON THE SURFACE OF
WATER?

Let us do the following activities to arrive at an
answer for the above question.

Activity

° Take a beaker filled with water.
Take an iron nail and place it on the
surface of the water.

° Observe what happens.

9.5

The nail sinks. The force due to the
gravitational attraction of the earth on the
iron nail pulls it downwards. There is an
upthrust of water on the nail, which pushes
it upwards. But the downward force acting
on the nail is greater than the upthrust of
water on the nail. So it sinks (Fig. 9.5).

A

An iron nail sinks and a cork floats when
placed on the surface of water.

Fig. 9.5:
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Activity 9.6
Take a beaker filled with water.
Take a piece of cork and an iron nail of
equal mass.

° Place them on the surface of water.

° Observe what happens.

The cork floats while the nail sinks. This
happens because of the difference in their
densities. The density of a substance is
defined as the mass per unit volume. The
density of cork is less than the density of
water. This means that the upthrust of water
on the cork is greater than the weight of the
cork. So it floats (Fig. 9.5).

The density of an iron nail is more than
the density of water. This means that the
upthrust of water on the iron nail is less than
the weight of the nail. So it sinks.

Therefore objects of density less than that
of a liquid float on the liquid. The objects of
density greater than that of a liquid sink in
the liquid.

1. Whyis it difficult to hold a school
bag having a strap made of a thin
and strong string?

2. What do you mean by buoyancy?

3. Why does an object float or sink
when placed on the surface of
water?

9.6 Archimedes’ Principle
Activity 9.7

° Take a piece of stone and tie it to one
end of a rubber string or a spring
balance.

° Suspend the stone by holding the
balance or the string as shown in
Fig. 9.6 (a).

° Note the elongation of the string or
the reading on the spring balance due
to the weight of the stone.

° Now, slowly dip the stone in the water
in a container as shown in
Fig. 9.6 (b).
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(b)

Fig. 9.6: (a) Observe the elongation of the rubber
string due to the weight of a piece of stone
suspended from it in air. (b) The elongation
decreases as the stone is immersed
in water.

° Observe what happens to elongation
of the string or the reading on the
balance.

You will find that the elongation of the string
or the reading of the balance decreases as the
stone is gradually lowered in the water. However,
no further change is observed once the stone
gets fully immersed in the water. What do you
infer from the decrease in the extension of the
string or the reading of the spring balance?

We know that the elongation produced in
the string or the spring balance is due to the
weight of the stone. Since the extension
decreases once the stone is lowered in water,
it means that some force acts on the stone in
upward direction. As a result, the net force on
the string decreases and hence the elongation
also decreases. As discussed earlier, this
upward force exerted by water is known as
the force of buoyancy.

What is the magnitude of the buoyant
force experienced by a body? Is it the same
in all fluids for a given body? Do all bodies
in a given fluid experience the same buoyant
force? The answer to these questions is
contained in Archimedes’ principle, stated as
follows:

GRAVITATION



%o

o D88 o83 DSt Srwsdod.

e 28 (BSgoe8 EONS Botd wE), Badod

Do Setas.

o A DO 60800 &0oBos.

o DM 2BIHHOE® KAoEos.

DB S0HrHH0d. = Bod Bendod. zer
2815erA8 S°8:0 Bodod gy FrolEde SgEgiaD.
B5re $8 B0 (3K50°8I Sy ol
BT, VB FoEd Bod Bory FolBd L.
Botd D S0 Bod P &xRIS® HITD 1
€85@00 8N O wdo. 583 1d SendHod
(He20 9.5).

A& G Foltsd Bol v HB Folie LS.
A DB D Eo8 @D DB P RIS DI
32 A wwo B59H @ ©go. 858 96 oHrH&0d.

©woHBP (3P0 o8 IENH JolEE BOAS
80 @ (B0 DY Bevsrow. (BHo B0 SEVR
o8 EOAD ShHen (55088 Sndrheeon.

1 859, a0DsS S18° satrthdobads
Sre Kroen ambsh SepsisEo Sgo
%) =% %)
DocHEH?
2 68530 @odd IHE?
3 D8 &56Fw0 P $0IIF I3

Sevehome SE SniiheEHome. DotHE?
9.6 s8RéT rBo

9.7

o a¥ Trand &WED), A Sb &KX el
D38 S Ryoh (EeosH 808

o 580 9.6(Q) & S fore Trawd Bk
B8 8% JeorrsbosHod.

o Trom %D Jed &K RooE) P& HS
Frses Soo Qoh % B&orhd
HBoLok.

° B 3&63&&(? orond Heo 9.6 (D) S
Seden D &) (BS80S0

Hego

OEES e

()

@)

580 9.6 (D) MOS® Ferislds ocan athd Ses
82y)eh &1 D59 PS> $564890DHé.
(@) orand HBSE w050 S PiEHSED
Frhcse EHé.
o 8K PEH FivSed® Sor [morn 880iHes® D
228A0&® 5500508,

row ABE® HodT £, 8K Bwg) FEHSN
e T (@ @) 6&0RE° Srhren ot
E5fPoerdd. ©andHBE 836 Tow Hrore ABS®
SINS STXRE DENDH0E 38 B0, & BB
PEHS® EOAS Jrvse &8 ptse o Ryoh ([
8&0h &° &rpese ool % DD Bseromedd?

8K FEHER Frhe Swe R)oh (@ S8oRs
BB 580 TPoN BN © HiJEH Sendd.
opaw HBS® LnoSed K LD é@ocﬁoé, TPo0 R
8°0¢ 2200 (:‘—,atcﬁpg&%é‘s 633@063 @go. $OSorr, D8Y
20 853 8ito S BKEP Fivie Erme SrhKos.
B0EDHH00H FYYODIET, %ng&%é‘s 0% SoriEcdhet
2OPQ) BENI VOO0 WOLFLD.

BEI0 HFPIS S0P HNTD @0 HOHPELo
Qod? ©d) Pardwes® PP 26 aSer sotnowe?
B Darers® o) ShDw aB &I werd)
BOAHOEPIT? & (HEoD D&rgrdo efRED Trigo
008 0PN, 3d & Bod diorre '§38°27€623&o&.

47




When a body is immersed fully or partially
in a fluid, it experiences an upward force that
is equal to the weight of the fluid displaced
by it.

Now, can you explain why a further
decrease in the elongation of the string was
not observed in activity 9.7, as the stone was
fully immersed in water?

Archimedes was a Greek scientist. He
discovered the principle, subsequently named

Archimedes’ principle has many
applications. Itis used in designing ships and
submarines. Lactometers, which are used to
determine the purity of a sample of milk and
hydrometers used for determining density of
liquids, are based on this principle.

uestions

1. You find your mass to be 42 kg
on a weighing machine. Is your

i"-.-"_ e =
Archimedes
the king.

with Roman army.

after him, after noticing that
the water in a bathtub
overflowed when he stepped
into it. He ran through the
streets shouting “Eureka!”,
which means “I have got it”.
This knowledge helped him to
determine the purity of the
gold in the crown made for

His work in the field of Geometry and
Mechanics made him famous. His
understanding of levers, pulleys, wheels-
and-axle helped the Greek army in its war

mass more or less than 42 kg?

2. You have a bag of cotton and an
iron bar, each indicating a mass
of 100 kg when measured on a
weighing machine. In reality,
one is heavier than other. Can
you say which one is heavier
and why?
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What
you have
learnt

The law of gravitation states that the force of attraction
between any two objects is proportional to the product of
their masses and inversely proportional to the square of
the distance between them. The law applies to objects
anywhere in the universe. Such a law is said to be universal.

Gravitation is a weak force unless large masses are involved.

The force of gravity decreases with altitude. It also varies
on the surface of the earth, decreasing from poles to the
equator.

The weight of a body is the force with which the earth
attracts it.

The weight is equal to the product of mass and acceleration
due to gravity.

The weight may vary from place to place but the mass stays
constant.

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

Objects having density less than that of the liquid in which
they are immersed, float on the surface of the liquid. If the
density of the object is more than the density of the liquid in
which it is immersed then it sinks in the liquid.

Exercises

o

10.

11.

12.

50

How does the force of gravitation between two objects change
when the distance between them is reduced to half ?

Gravitational force acts on all objects in proportion to their
masses. Why then, a heavy object does not fall faster than
a light object?

What is the magnitude of the gravitational force between the
earth and a 1 kg object on its surface? (Mass of the earth is
6 x 10%* kg and radius of the earth is 6.4 x 10° m.)

The earth and the moon are attracted to each other by
gravitational force. Does the earth attract the moon with a
force that is greater or smaller or the same as the force
with which the moon attracts the earth? Why?

If the moon attracts the earth, why does the earth not move
towards the moon?

What happens to the force between two objects, if

(i) the mass of one object is doubled?

(ii) the distance between the objects is doubled and tripled?
(ii1) the masses of both objects are doubled?

What is the importance of universal law of gravitation?
What is the acceleration of free fall?

What do we call the gravitational force between the earth and
an object?

Amit buys few grams of gold at the poles as per the instruction
of one of his friends. He hands over the same when he meets
him at the equator. Will the friend agree with the weight of gold
bought? If not, why? [Hint: The value of g is greater at the
poles than at the equator.]

Why will a sheet of paper fall slower than one that is crumpled
into a ball?

. ] 1
Gravitational force on the surface of the moon is only G as

strong as gravitational force on the earth. What is the weight
in newtons of a 10 kg object on the moon and on the earth?

GRAVITATION
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

A ball is thrown vertically upwards with a velocity of 49 m/s.
Calculate

() the maximum height to which it rises,

(i) the total time it takes to return to the surface of the
earth.

A stone is released from the top of a tower of height 19.6 m.
Calculate its final velocity just before touching the ground.

A stone is thrown vertically upward with an initial velocity
of 40 m/s. Taking g = 10 m/s?, find the maximum height
reached by the stone. What is the net displacement and the
total distance covered by the stone?

Calculate the force of gravitation between the earth and the
Sun, given that the mass of the earth = 6 x 10%* kg and of the
Sun = 2 x 10°%° kg. The average distance between the two is
1.5 x 10 m.

A stone is allowed to fall from the top of a tower 100 m high
and at the same time another stone is projected vertically
upwards from the ground with a velocity of 25 m/s. Calculate
when and where the two stones will meet.

A ball thrown up vertically returns to the thrower after 6 s.
Find

(a) the velocity with which it was thrown up,

(b) the maximum height it reaches, and

(c) its position after 4 s.

In what direction does the buoyant force on an object
immersed in a liquid act?

Why does a block of plastic released under water come up
to the surface of water?

The volume of 50 g of a substance is 20 cm?. If the density of
water is 1 g cm=3, will the substance float or sink?

The volume of a 500 g sealed packet is 350 cm3. Will the
packet float or sink in water if the density of water is 1 g
cm=3? What will be the mass of the water displaced by this
packet?
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C hapter 10

WoRK AND ENERGY

In the previous few chapters we have talked
about ways of describing the motion of objects,
the cause of motion and gravitation. Another
concept that helps us understand and interpret
many natural phenomena is ‘work’. Closely
related to work are energy and power. In this
chapter we shall study these concepts.

All living beings need food. Living beings
have to perform several basic activities to
survive. We call such activities ‘life processes’.
The energy for these processes comes from
food. We need energy for other activities like
playing, singing, reading, writing, thinking,
jumping, cycling and running. Activities that
are strenuous require more energy.

Animals too get engaged in activities. For
example, they may jump and run. They have
to fight, move away from enemies, find food or
find a safe place to live. Also, we engage some
animals to lift weights, carry loads, pull carts
or plough fields. All such activities require
energy.

Think of machines. List the machines that
you have come across. What do they need for
their working? Why do some engines require
fuel like petrol and diesel? Why do living beings
and machines need energy?

10.1 Work

What iswork? There is a difference in the way
we use the term ‘work’ in day-to-day life and
the way we use it in science. To make this
point clear let us consider a few examples.

10.1.1 NoT MUCH ‘WORK’ IN SPITE OF
WORKING HARD!

Kamali is preparing for examinations. She
spends lot of time in studies. She reads books,
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draws diagrams, organises her thoughts,
collects question papers, attends classes,
discusses problems with her friends, and
performs experiments. She expends a lot of
energy on these activities. In common
parlance, she is ‘working hard’. All this ‘hard
work’ may involve very little ‘work’ if we go by
the scientific definition of work.

You are working hard to push a huge rock.
Let us say the rock does not move despite all
the effort. You get completely exhausted.
However, you have not done any work on the
rock as there is no displacement of the rock.

You stand still for a few minutes with a
heavy load on your head. You get tired. You
have exerted yourself and have spent quite a
bit of your energy. Are you doing work on the
load? The way we understand the term ‘work’
in science, work is not done.

You climb up the steps of a staircase and
reach the second floor of a building just to see
the landscape from there. You may even climb
up a tall tree. If we apply the scientific
definition, these activities involve a lot of work.

In day-to-day life, we consider any useful
physical or mental labour as work. Activities
like playing in a field, talking with friends,
humming a tune, watching a movie, attending
a function are sometimes not considered to be
work. What constitutes ‘work’ depends on the
way we define it. We use and define the term
work differently in science. To understand this
let us do the following activities:

Activity 10.1

o We have discussed in the above
paragraphs a number of activities
which we normally consider to be work

WOoRK AND ENERGY



Ogao 10

(Bocsed &y e—9q5°§c253°e>e5's SDe HHTQY) DG
Bzeenrr DNBoHSE0, KHoardd Ko 8o SHdAsH
HEEdes 180D HTo BendBITHHN. o3 dees
Sggrares @do BOEP ST 5% HSBoHNT H08°E
Je5oes ée)ﬁ(sédﬁaﬁj “DY7. 88 Hobasw &éagego o3
308 Joaogo DAL grdden. & @qr"ego‘ﬁooe’i‘s
2 g8 D00 DdBore BenoBomeo.

o) I HoH 8o wd3so. dHen
@S558 @8 (PFNE seEgEeraresr BAHBOR
Gotnod. werod EEsols “EH (HBohen” wotro.
& (DBoHOB 50l 88, eitdo ol ©fnod.
898820, aPER0, SBHE0, TohEo. estdosko, Grsko,
R85 &Eo, HOREK0 Hod BEY Fmge I§
o580, ([FHE Er8% B 280 48 esddo.

2odHDHen Erce Q) S’a@ﬁéeé‘s Q0P
SOETOD. BIPFPEEE BrEko, KBRS0, w5tdo &0
SHBoerer T earo SEH DEZEDS [HEdo 8o,
Doeero Faho, FHHe L0é &oh 85550 $od
Ddwd E8 ddBo. R &°Q) 220BHHOLH THen
RS A8, IrdHrelds, oy orrEeld8, Seeren
B8 %0 SHRRAT0. & HioeoodE Sree
¥8 e5d%0.

dholgredn HBod &t okod. S KRS
Sholre e SOTHBED08. H VD8 B8 H
Sa0? §°) moaRsHh 2(Een, &35 $508 nodTeen
D0BIE ©RZE0? EHe g, Aho@red & JoirEd
©X5380?

10.1 &9

O 008 dWB? Hdo B0k EDB0St “H”
oI HoR) eHTPA0Y D8 oD Depd TR
HBorre 76 VeS8 Bee Gob. 88 DAY Qigorr
©BoBDE I8 B arrirdno H88dwro.

10.1.1 53830 BGOE DS B eSS !
8500 D85 ?ocgzﬁ"éso&. B3 NN dhcso
BBE5TA8 Berannod. 6B HyTeen SKHB08,

59 D60t 8

4

Sigen Aod, DAY s&°SSet EadEdinos, H
Bd@eeo 'ﬁ)é@‘@po&, B85S0 FasdHod,
B0 NP $ge HB0D BO0s KO
BRerer Bod. oD & GEeges® S I8
DRBRAYOD. PGP HOPAS® O ELHE HIWRod
©otro. 520 FRAD VB0 (H5eBo SR & EHFD
DY Trer ENH DY o Q1ROO.

D8 a8 DY 2oKTrand IQTERE EFHTD)
&0en0d. dod é@%ﬁ?\)m olTrand E6DoSBE
wBomro. HH 8 SSon woddsed. H&
DI BE oo DoETTond EODOSE0SE derod HA
BcHSes.

D Q) Iarodrn  Sop 0HE aBHHS
g@osioae oo Joadold. o)) FASYe)
©RPTE. D S 8 eHBrAcTE. D F8D
o8 pinIeetn. 2B i N BIBKTHT?
DT Hore B ©F DR ko o BHY
Degore @B H eBHS.

BE)8 &H)Togd) SrEeeds D O8) FPHdo B
Bo&H wosHH VBT, S FESS Be Lree
IHHEY). & FEger JBRroSEoE Hdo FRAH
QBB @007 e DA BME &od.

EEDB0S® HIH GIBPNHE 0088 Soe
SrIRE (oo S $8KB8r0. Foordost
885 %0, %&&Dé}@@s Soeeetitso, ExQoerren &c5o,
RIS Srtsibo, HHES FESL0 HoB seEgEearen
EQPE ST HOKBOBDED. H W36 V0 ABEToT
DPH0D BRSO Gotnod. Bodsd EQB0st B
S0 BIV0SE0, GHBPA0SE0S® BQeHHERS
Breno . é@@go D08 SR8 (Bod EEegen 3::;;0.

10.1

o Hnd0 Jprdmore SAT grlod wIE
sEgEerare 2 SRomro. DBS® (©H8 &)

Hego

55




in day-to-day life. For each of these
activities, ask the following questions
and answer them:

(i) What is the work being done on?
(i) What is happening to the object?
(itli) Who (what) is doing the work?

10.1.2 SCIENTIFIC CONCEPTION OF WORK

To understand the way we view work and
define work from the point of view of science,
let us consider some situations:

Push a pebble lying on a surface. The
pebble moves through a distance. You exerted
a force on the pebble and the pebble got
displaced. In this situation work is done.

A girl pulls a trolley and the trolley moves
through a distance. The girl has exerted a force
on the trolley and it is displaced. Therefore,
work is done.

Lift a book through a height. To do this
you must apply a force. The book rises up.
There is a force applied on the book and the
book has moved. Hence, work is done.

A closer look at the above situations reveals
that two conditions need to be satisfied for
work to be done: (i) a force should act on an
object, and (ii) the object must be displaced.

If any one of the above conditions does not
exist, work is not done. This is the way we view
work in science.

A bullock is pulling a cart. The cart moves.
There is a force on the cart and the cart has
moved. Do you think that work is done in this
situation?

Activity 10.2

° Think of some situations from your
daily life involving work.

o List them.
Discuss with your friends whether
work is being done in each situation.
Try to reason out your response.

o If work is done, which is the force
acting on the object?

° What is the object on which the work
is done?

° What happens to the object on which
work is done?
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Activity 10.3

° Think of situations when the object
is not displaced in spite of a force
acting on it.

o Also think of situations when an
object gets displaced in the absence
of a force acting on it.

° List all the situations that you can
think of for each.

° Discuss with your friends whether
work is done in these situations.

10.1.3 WORK DONE BY A CONSTANT FORCE

How is work defined in science? To understand
this, we shall first consider the case when the
force is acting in the direction of displacement.

Let a constant force, F act on an object.
Let the object be displaced through a distance,
s in the direction of the force (Fig. 10.1). Let
W be the work done. We define work to be
equal to the product of the force and
displacement.

Work done = force x displacement

W =Fs

(10.1)

i 3 %
- >

=

Fig. 10.1

Thus, work done by a force acting on an
object is equal to the magnitude of the force
multiplied by the distance moved in the
direction of the force. Work has only
magnitude and no direction.

In Eq. (10.1), if F=1 Nands=1mthen
the work done by the force will be 1 N m. Here
the unit of work is newton metre (N m) or
joule (J). Thus 1 J is the amount of work

WOoRK AND ENERGY
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done on an object when a force of 1 N displaces
it by 1 m along the line of action of the force.

Look at Eq. (10.1) carefully. What is the
work done when the force on the object is zero?
What would be the work done when the
displacement of the object is zero? Refer to the
conditions that are to be satisfied to say that
work is done.

Example 10.1 A force of 5 N is acting on
an object. The object is displaced
through 2 min the direction of the force
(Fig. 10.2). If the force acts on the object
all through the displacement, then work
doneis5Nx2m =10 Nmor 10 J.

L 3

:_ —Iz] —

an—> | [ -_Ei']j

Fig. 10.2

1. Aforce of 7 N acts on an object.
The displacement is, say 8 m, in
the direction of the force
(Fig. 10.3). Let ustake it that the
force acts on the object through
the displacement. What is the
work done in this case?

‘ 2.4 E

N — _]-1

)

Fig. 10.3

Consider another situation in which the
force and the displacement are in the same
direction: a baby pulling a toy car parallel to
the ground, as shown in Fig. 10.4. The baby
has exerted a force in the direction of
displacement of the car. In this situation, the
work done will be equal to the product of the
force and displacement. In such situations, the
work done by the force is taken as positive.
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Fig. 10.4

Consider a situation in which an object is
moving with a uniform velocity along a
particular direction. Now a retarding force, K
is applied in the opposite direction. That is,
the angle between the two directions is 180°.
Let the object stop after a displacement s. In
such a situation, the work done by the force,
F is taken as negative and denoted by the
minus sign. The work done by the force is
F x (-s) or (-F x s).

It is clear from the above discussion that
the work done by a force can be either positive
or negative. To understand this, let us do the
following activity:

Activity 10.4

° Lift an object up. Work is done by the
force exerted by you on the object. The
object moves upwards. The force you
exerted is in the direction of
displacement. However, there is the
force of gravity acting on the object.

° Which one of these forces is doing
positive work?

Which one is doing negative work?
Give reasons.

Work done is negative when the force acts
opposite to the direction of displacement. Work
done is positive when the force is in the
direction of displacement.

Example 10.2 A porter lifts a luggage of
15 kg from the ground and puts it on
his head 1.5 m above the ground.
Calculate the work done by him on the

luggage.
Solution:

Mass of luggage, m = 15 kg and
displacement, s=1.5m.
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Work done, W Fxs=mgxs
15kgx10ms?x1.5m
225kgms?m
225Nm= 225J

Work done is 225 J.

1. When do we say that work is
done?

2. Write an expression for the work
done when a force is acting on an
object in the direction of its
displacement.

3. Define 1 J of work.

4. A pair of bullocks exerts a force
of 140 N on a plough. The field
being ploughed is 15 m long.
How much work is done in
ploughing the length of the field?

10.2 Energy

Life is impossible without energy. The demand
for energy is ever increasing. Where do we get
energy from? The Sun is the biggest natural
source of energy to us. Many of our energy
sources are derived from the Sun. We can also
get energy from the nuclei of atoms, the interior
of the earth, and the tides. Can you think of
other sources of energy?

10.5

° A few sources of energy are listed
above. There are many other sources
of energy. List them.

° Discuss in small groups how certain
sources of energy are due to the Sun.

° Are there sources of energy which are
not due to the Sun?

Activity

The word energy is very often used in our
daily life, but in science we give it a definite
and precise meaning. Let us consider the
following examples: when a fast moving cricket
ball hits a stationary wicket, the wicket is
thrown away. Similarly, an object when raised
to a certain height gets the capability to do
work. You must have seen that when a raised
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hammer falls on a nail placed on a piece of
wood, it drives the nail into the wood. We have
also observed children winding a toy (such as
a toy car) and when the toy is placed on the
floor, it starts moving. When a balloon is filled
with air and we press it we notice a change in
its shape. As long as we press it gently, it can
come back to its original shape when the force
is withdrawn. However, if we press the balloon
hard, it can even explode producing a blasting
sound. In all these examples, the objects
acquire, through different means, the
capability of doing work. An object having a
capability to do work is said to possess energy.
The object which does the work loses energy
and the object on which the work is done gains
energy.

How does an object with energy do work?
An object that possesses energy can exert a
force on another object. When this happens,
energy is transferred from the former to the
latter. The second object may move as it
receives energy and therefore do some work.
Thus, the first object had a capacity to do
work. This implies that any object that
possesses energy can do work.

The energy possessed by an object is thus
measured in terms of its capacity of doing
work. The unit of energy is, therefore, the same
as that of work, that is, joule (J). 1 J is the
energy required to do 1 joule of work.
Sometimes a larger unit of energy called kilo

joule (kJ) is used. 1 kJ equals 1000 J.

10.2.1 FORMS OF ENERGY

Luckily the world we live in provides energy in
many different forms. The various forms
include mechanical energy (potential energy
+ kinetic energy), heat energy, chemical energy,

electrical energy and light energy.

Think it over !

How do you know that some entity is a
form of energy? Discuss with your friends
and teachers.
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James Prescott

James Prescott Joule
(1818 -1889)
current. He also verified experimentally
the law of conservation of energy and
discovered the value of the mechanical
equivalent of heat. The unit of energy and

work called joule, is named after him.

Joule was an
outstanding
British physicist.
He is best known
for his research in
electricity and
thermodynamics.
Amongst other
things, he
formulated a law
for the heating
effect of electric

10.2.2 KINETIC ENERGY

Activity

Activity
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10.6

Take a heavy ball. Drop it on a thick
bed of sand. A wet bed of sand would
be better. Drop the ball on the sand
bed from height of about 25 cm. The
ball creates a depression.

Repeat this activity from heights of
50 cm, 1m and 1.5 m.

Ensure that all the depressions are
distinctly visible.

Mark the depressions to indicate the
height from which the ball was
dropped.

Compare their depths.

Which one of them is deepest?
Which one is shallowest? Why?
What has caused the ball to make a
deeper dent?

Discuss and analyse.

10.7

Set up the apparatus as shown in
Fig. 10.5.

Place a wooden block of known mass
in front of the trolley at a convenient
fixed distance.

Place a known mass on the pan so
that the trolley starts moving.

Fig. 10.5

° The trolley moves forward and hits the
wooden block.

° Fix a stop on the table in such a
manner that the trolley stops after
hitting the block. The block gets
displaced.

° Note down the displacement of the
block. This means work is done on the
block by the trolley as the block has
gained energy.

From where does this energy come?

Repeat this activity by increasing the
mass on the pan. In which case is the
displacement more?

In which case is the work done more?
In this activity, the moving trolley
does work and hence it possesses
energy.

A moving object can do work. An object
moving faster can do more work than an
identical object moving relatively slow. A
moving bullet, blowing wind, a rotating wheel,
a speeding stone can do work. How does a
bullet pierce the target? How does the wind
move the blades of a windmill? Objects in
motion possess energy. We call this energy
Kinetic energy.

A falling coconut, a speeding car, a rolling
stone, a flying aircraft, flowing water, blowing
wind, a running athlete etc. possess kinetic
energy. In short, Kinetic energy is the energy
possessed by an object due to its motion. The
kinetic energy of an object increases with its
speed.

How much energy is possessed by a moving
body by virtue of its motion? By definition,
we say that the kinetic energy of a body moving
with a certain velocity is equal to the work done
on it to make it acquire that velocity.
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Let us now express the kinetic energy of
an object in the form of an equation. Consider
an object of mass, m moving with a uniform
velocity, u. Let it now be displaced through a
distance s when a constant force, F acts on it
in the direction of its displacement. From Eq.
(10.1), the work done, W is F s. The work done
on the object will cause a change in its velocity.
Let its velocity change from u to v. Let a be the
acceleration produced.

We studied three equations of motion. The
relation connecting the initial velocity (u)
and final velocity (v) of an object moving
with a uniform acceleration a, and the
displacement, sis

vi—-u?=2as

This gives

= (10.2)

From section 9.4, we know F = m a. Thus,
using (Eq. 10.2) in EqQ. (10.1), we can write the
work done by the force, F as

_ (vZ-u?)
W—maxk oa J

or

1
W :Em(v2 -u?) (10.3)
If the object is starting from its stationary
position, that is, u =0, then

1
W=-mv? (10.4)

It is clear that the work done is equal to the
change in the kinetic energy of an object.

1
If u=0, the work done will be -m V2,

Thus, the kinetic energy possessed by an
object of mass, m and moving with a uniform
velocity, vis

E,=—mv

5 (10.5)

Solution:

Mass of the object, m = 15 kg, velocity of
the object,v=4ms?.
From Eg. (10.5),

1
E,=-mv?
2

1
=5 x15kgx4msix4ms?

=120J
The kinetic energy of the object is 120 J.

Example 10.3 An object of mass 15 kg is
moving with a uniform velocity of 4 m
s. What is the kinetic energy possessed

by the object?
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Example 10.4 What is the work to be done
to increase the velocity of a car from 30
km h=* to 60 km h= if the mass of the

car is 1500 kg?

Solution:

Mass of the car, m =1500 kg,
initial velocity of car, u =30 km h?

30 x4.000m
~  60>60s
=25/3ms™.
Similarly, the final velocity of the car,

v =60 km h

=50/3 mst.
Therefore, the initial kinetic energy of

thecar,
Eq = lm u?
2

1
= 51500 kg x (25/3 m s)2

=156250/3 J.
The final kinetic energy of the car,
1
E, = 5% 1500 kg x (50/3 m s1)2
=625000/3 J.

Thus, the work done = Change in
kinetic energy

= Ekf - Eki
=156250 J.
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1. What is the kinetic energy of an
object?

2. Write an expression for the kinetic
energy of an object.

3. The kinetic energy of an object of
mass, m moving with a velocity
of 5m s?is 25 J. What will be its
kinetic energy when its velocity is
doubled? What will be its kinetic
energy when its velocity is
increased three times?

10.2.3 POTENTIAL ENERGY

Activity 10.8

Take a rubber band.

Hold it at one end and pull from the
other. The band stretches.

Release the band at one of the ends.
What happens?

The band will tend to regain its
original length. Obviously the band
had acquired energy in its stretched

position.

° How did it acquire energy when
stretched?

Activity 10.9

Take a slinky as shown below.

Ask a friend to hold one of its ends.
You hold the other end and move away
from your friend. Now you release the
slinky.

What happened?
How did the slinky acquire energy
when stretched?

° Would the slinky acquire energy when
it is compressed?

Activity 10.10

Take a toy car. Wind it using its key.
Place the car on the ground.

Did it move?

From where did it acquire energy?
Does the energy acquired depend on
the number of windings?

° How can you test this?
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Activity 10.11

° Lift an object through a certain
height. The object can now do work.
It begins to fall when released.

° This implies that it has acquired
some energy. If raised to a greater
height it can do more work and hence
possesses more energy.

° From where did it get the energy?
Think and discuss.

In the above situations, the energy gets
stored due to the work done on the object. The
energy transferred to an object is stored as
potential energy if it is not used to cause a
change in the velocity or speed of the object.

You transfer energy when you stretch a
rubber band. The energy transferred to the
band is its potential energy. You do work while
winding the key of a toy car. The energy
transferred to the spring inside is stored as
potential energy. The potential energy
possessed by the object is the energy present
in it by virtue of its position or configuration.

Activity 10.12

° Take a bamboo stick and make a bow
as shown in Fig. 10.6.

° Place an arrow made of a light stick
on it with one end supported by the
stretched string.

° Now stretch the string and release the
arrow.

° Notice the arrow flying off the bow.
Notice the change in the shape of the
bow.

o The potential energy stored in the bow
due to the change of shape is thus
used in the form of kinetic energy in
throwing off the arrow.

Fig.10.6: An arrow and the stretched string
on the bow.
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10.2.4 POTENTIAL ENERGY OF AN OBJECT
AT A HEIGHT

An object increases its energy when raised
through a height. This is because work is done
on it against gravity while it is being raised.
The energy present in such an object is the
gravitational potential energy.

The gravitational potential energy of an
object at a point above the ground is defined
as the work done in raising it from the ground
to that point against gravity.

It is easy to arrive at an expression for the
gravitational potential energy of an object at a
height.

Tﬁ I

s

f

fIT¥ ."H'H'ﬁHﬁ.’ﬂ!ﬂﬂ!ﬂﬂﬂ Gl

Fig. 10.7

Consider an object of mass, m. Let it be
raised through a height, h from the ground. A
force is required to do this. The minimum force
required to raise the object is equal to the
weight of the object, mg. The object gains
energy equal to the work done on it. Let the
work done on the object against gravity be W.
That is,

work done, W =force x displacement

=mgxh
=mgh

Since work done on the object is equal to
mgh, an energy equal to mgh units is gained
by the object. This is the potential energy (E,)
of the object.

E,=mgh (10.6)
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The potential energy of an object at
a height depends on the ground level
or the zero level you choose. An
object in a given position can have a
certain potential energy with respect
to one level and a different value of
potential energy with respect to
another level.

=
o
C
X
(@)
+—
(b
—_
@]
p=

J

It is useful to note that the work done by
gravity depends on the difference in vertical
heights of the initial and final positions of the
object and not on the path along which the
object is moved. Fig. 10.8 shows a case where
ablock is raised from position A to B by taking
two different paths. Let the height AB=h. In
both the situations the work done on the object
is mgh.

A

et 1

L A A M

L 3

Fig. 10.8

Example 10.5 Find the energy possessed
by an object of mass 10 kg when itis at
a height of 6 m above the ground. Given,
g=9.8ms=

Solution:

Mass of the object, m = 10 kg,
displacement (height), h = 6 m, and
acceleration due to gravity, g=9.8 ms=.
From Eg. (10.6),
Potential energy = mgh

= 10kgx9.8ms2x6m

= 588J.
The potential energy is588 J.
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Example 10.6 An object of mass 12 kg is
at a certain height above the ground. If
the potential energy of the object is 480
J, find the height at which the object is
with respect to the ground. Given, g =
10 ms=2.

Solution:

Mass of the object, m =12 kg,
potential energy, E =480 J.

E, = mgh
480J = 12kgx10ms2xh
480 J
h =

120 kg ms2 =4m-
The object is at the height of 4 m.

10.2.5 ARE VARIOUS ENERGY FORMS
INTERCONVERTIBLE?

Can we convert energy from one form to
another? We find in nature a number of
instances of conversion of energy from one form
to another.

Activity

° Sit in small groups.
Discuss the various ways of energy
conversion in nature.
° Discuss following questions in your
group:
(a) How do green plants produce
food?
(b) Where do they get their energy
from?
(c) Why does the air move from place
to place?
(d) How are fuels, such as coal and
petroleum formed?
(e) What kinds of energy conversions
sustain the water cycle?
10.14

Activity

° Many of the human activities and the
gadgets we use involve conversion of
energy from one form to another.

o Make a list of such activities and
gadgets.

° Identify in each activity/gadget the
kind of energy conversion that takes
place.

10.13
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10.2.6 LAW OF CONSERVATION OF ENERGY

In activities 10.13 and 10.14, we learnt that
the form of energy can be changed from one
form to another. What happens to the total
energy of a system during or after the process?
Whenever energy gets transformed, the total
energy remains unchanged. This is the law of
conservation of energy. According to this law,
energy can only be converted from one form
to another; it can neither be created or
destroyed. The total energy before and after
the transformation remains the same. The law
of conservation of energy is valid in all
situations and for all kinds of transformations.
Consider a simple example. Let an object
of mass, m be made to fall freely froma height,
h. At the start, the potential energy is mgh and
Kinetic energy is zero. Why is the kinetic
energy zero? It is zero because its velocity is
zero. The total energy of the object is thus mgh.
As it falls, its potential energy will change into
Kinetic energy. If v is the velocity of the object
at a given instant, the kinetic energy would be
2mv2. As the fall of the object continues, the
potential energy would decrease while the
kinetic energy would increase. When the object
is about to reach the ground, h=0and v will
be the highest. Therefore, the kinetic energy
would be the largest and potential energy the
least. However, the sum of the potential energy
and kinetic energy of the object would be the
same at all points. That is,
potential energy + Kinetic energy = constant
or

1
mgh + > mv-°= constant. (10.7)

The sum of kinetic energy and potential energy
of an object is its total mechanical energy.

We find that during the free fall of the obiject,
the decrease in potential energy, at any point
in its path, appears as an equal amount of
increase in kinetic energy. (Here the effect of
air resistance on the motion of the object has
been ignored.) There is thus a continual
transformation of gravitational potential
energy into kinetic energy.
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Activity 10.15

° An object of mass 20 kg is dropped
from a height of 4 m. Fill in the blanks
in the following table by computing
the potential energy and kinetic
energy in each case.

Kinetic
energy

Potential
energy

Height at
which object
is located

Just above
the ground

° For simplifying the calculations, take
the value of g as 10 m s=2.

Think it over !
What would have happened if nature had
not allowed the transformation of energy?
There is a view that life could not have been
possible without transformation of energy.
Do you agree with this?

10.3 Rate of Doing Work

Do all of us work at the same rate? Do
machines consume or transfer energy at the
same rate? Agents that transfer energy do
work at different rates. Let us understand this
from the following activity:

Activity 10.16

° Consider two children, say A and B.
Let us say they weigh the same. Both
start climbing up a rope separately.
Both reach a height of 8 m. Let us
say A takes 15 s while B takes 20 s to
accomplish the task.

What is the work done by each?

The work done is the same. However,
A has taken less time than B to do
the work.

° Who has done more work in a given
time, say in 1 s?

72

A stronger person may do certain work in
relatively less time. A more powerful vehicle
would complete a journey in a shorter time
than aless powerful one. We talk of the power
of machines like motorbikes and motorcars.
The speed with which these vehicles change
energy or do work is a basis for their
classification. Power measures the speed of
work done, that is, how fast or slow work is
done. Power is defined as the rate of doing
work or the rate of transfer of energy. If an
agent does a work W in time t, then power is
given by:

Power = work/time

or P=— (10.8)

The unit of power is watt [in honour of
James Watt (1736 — 1819)] having the symbol
W. 1 watt is the power of an agent, which does
work at the rate of 1 joule per second. We can
also say that power is 1 W when the rate of
consumption ofenergy is 1Js™.

1watt=1joule/secondor1W=1Js™.
We express larger rates of energy transfer in
kilowatts (kW).

1 kilowatt = 1000 watts
1 kw = 1000 W
1 kw = 1000 Js™.

The power of an agent may vary with time.
This means that the agent may be doing work
at different rates at different intervals of time.
Therefore the concept of average power is
useful. We obtain average power by dividing
the total energy consumed by the total time
taken.

Example 10.7 Two girls, each of weight 400
N climb up a rope through a height of 8
m. We name one of the girls A and the
other B. Girl Atakes 20 s while B takes
50 s to accomplish this task. What is the
power expended by each girl?

Solution:

(i) Power expended by girl A:
Weight of the girl, mg =400 N
Displacement (height), h=8m
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Time taken, t=20s power, P = Work done/time taken
From Eqg. (10.8),

mgh
Power, P = Work done/time taken = t
_ mgh 500 N x 6.75 m
t - 9s

400 Nx 8 m =375 W.

= 20s )
Power is 375 W.

= 160 W.

(i) Power expended by girl B:
Weight of the girl, mg =400 N

Displacement (height), h=8m 1. Whatis power?
Time taken, t=50s 2. Define 1 watt of power.
h 3. A lamp consumes 1000 J of
Power, P = mgh electrical energy in 10 s. What is
t its power?
400N x 8 m 4. Define average power.
B 50s
= 64 W, Activity 10.17
Power expended by girl Ais 160 W. e Take a close look at the electric meter
Power expended by girl B is 64 W. installed in your house. Observe its
features closely.
° Take the readings of the meter each
day at 6.30 am and 6.30 pm.
Example 10.8 A boy of mass 50 kg runs e Do this activity for about a week.
up a staircase of 45 stepsin 9 s. If the e How many ‘units’ are consumed
height of each step is 15 cm, find his during day time?
power. Take g =10 m s2. . How many ‘units’ are used during night?
° Tabulate your observations.
Solution: ° Draw inferences from the data.
° Compare your observations with
Weight of the boy, the details given in the monthly
mg=50kgx10ms2 =500N electricity bill (One can also estimate
Height of the staircase, the electricity to be consumed by
h=45x%x15/100 m=6.75m specific appliances by tabulating their
Time taken to climb, t=9s known wattages and hours of
From Eq. (10.8), operation).
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Work done on an object is defined as the magnitude of the
force multiplied by the distance moved by the object in the
direction of the applied force. The unit of work is joule:
1 joule = 1 newton x 1 metre.

Work done on an object by a force would be zero if the
displacement of the object is zero.

An object having capability to do work is said to possess
energy. Energy has the same unit as that of work.

An object in motion possesses what is known as the kinetic
energy of the object. An object of mass, m moving with velocity

1
v has a kinetic energy of EmVZ

The energy possessed by a body due to its change in position
or shape is called the potential energy. The gravitational
potential energy of an object of mass, m raised through a
height, h from the earth’s surface is given by m g h.

According to the law of conservation of energy, energy can
only be transformed from one form to another; it can neither
be created nor destroyed. The total energy before and after
the transformation always remains constant.

Energy exists in nature in several forms such as kinetic
energy, potential energy, heat energy, chemical energy etc.
The sum of the kinetic and potential energies of an object is
called its mechanical energy.

Power is defined as the rate of doing work. The Sl unit of
power is watt. 1 W =1 J/s.

EXxercises

1. Look at the activities listed below. Reason out whether or
not work is done in the light of your understanding of the
term ‘work’.

. Suma is swimming in a pond.

. A donkey is carrying a load on its back.

. A wind-mill is lifting water from a well.

. A green plant is carrying out photosynthesis.
. An engine is pulling a train.
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10.

11.

12.

13.

14.

15.

. Food grains are getting dried in the sun.
. A sailboat is moving due to wind energy.

An object thrown at a certain angle to the ground moves in
a curved path and falls back to the ground. The initial and
the final points of the path of the object lie on the same
horizontal line. What is the work done by the force of gravity
on the object?

A battery lights a bulb. Describe the energy changes involved
in the process.

Certain force acting on a 20 kg mass changes its velocity
from 5 m s to 2 m s1. Calculate the work done by the
force.

A mass of 10 kg is at a point A on a table. It is moved to a
point B. If the line joining A and B is horizontal, what is the
work done on the object by the gravitational force? Explain
your answer.

The potential energy of a freely falling object decreases
progressively. Does this violate the law of conservation of
energy? Why?

What are the various energy transformations that occur
when you are riding a bicycle?

Does the transfer of energy take place when you push a
huge rock with all your might and fail to move it? Where is
the energy you spend going?

A certain household has consumed 250 units of energy
during a month. How much energy is this in joules?

An object of mass 40 kg is raised to a height of 5 m above
the ground. What is its potential energy? If the object is
allowed to fall, find its kinetic energy when it is half-way
down.

What is the work done by the force of gravity on a satellite
moving round the earth? Justify your answer.

Can there be displacement of an object in the absence of
any force acting on it? Think. Discuss this question with
your friends and teacher.

A person holds a bundle of hay over his head for 30 minutes

and gets tired. Has he done some work or not? Justify your
answer.

An electric heater is rated 1500 W. How much energy does
it use in 10 hours?

lllustrate the law of conservation of energy by discussing
the energy changes which occur when we draw a pendulum
bob to one side and allow it to oscillate. Why does the bob

WOoRK AND ENERGY



59 shoat 58

10.

11

12.

13.

14.

15.

o AoS® eEsTETen JorETow.

. DH5E8 seBerore BETRDH HED Ethendod.

g0 DGR B0’ 28 $HHH DOV JEIrEoS® $D0D SOA &I
DH&Hod. & EVShES) @wé& éﬁgo@‘s &9 L8350 &6 DothHen a8 é@&ésp;g
Hotron. @ $HP HHTEER w00 VIS B dod?

a5l ey IOAK0B. & (BB =0n 8 Srdnen DHBoBOE.

AR 200 2.8 20 8.((F. (BHT°B D DAV TR IR b ab/ Hod 2 &/
] SR)N6. 200 328 HAD E‘B%&oéo&.

2odns Hothvy A BHS 10 8. (7. (B5850°8 €08, @b Doty B 8% HD0s.
oY A $0805» Doths B ok 9% B §8es JdrosLore &08 ESMEVFS)
HthEEsee 0o Jod HJ Bxyod? b SErered) DBboBos.

'(Soszﬁzbm DEJ50 ©HEY) $nH ¥ 1BIE Biorr S1HEHod. 9 E§ ISy
QD&Y BYOIROTP? JotNE?

5> PBSK $HBHRIE V080T IV v ¥4 $OSGTe H?

S0t o $88° grd motky IIHBE A E6DosEoS® DHePIYW ¥§
KD FHoh?

a8 QTR o8 Jod® 250 curdy 480 DAGrAoT. &) &° &
8 Dos?

40 8.(re. (B50°8 o B 4508 5 D IKHD dFdod. T JBIE Jos?
& HHH Dheey TR SrEEENe® e Tl KBEE 8585087

grd ey BBHHY G0 P HEHERES o0 BS DB Qod?
A% SR AL ‘éé)goéo&.

2.8 S5 VenHod oo [BRPNBSYD @ HHE PSEodo Gotvorr?
©&*DoBod. 8 (KD b Y&rden HBAW GarTcved® SeoBod.

2.8 &8 85 S0 30 AP Fen 0 KE ELoH EPE° ©RTEATD.
©8H dF D Beee Sov? FPosod.

Qo(8§ &ee8 1500 W g0 Hod, 10 Koered® dod F8I DARPAK0B. ?

SPoBH 208 a8 FHH oh A Elodo Bodty BRVIYD BogNoT ¥4
Sedned SRyosto axoe E8 DEE AoHrd) DHBoTol. DH08 208 JFod

79




80

16.

17.

18.

19.

20.

21.

eventually come to rest? What happens to its energy
eventually? Is it a violation of the law of conservation of
energy?

An object of mass, m is moving with a constant velocity, v.
How much work should be done on the object in order to
bring the object to rest?

Calculate the work required to be done to stop a car of 1500
kg moving at a velocity of 60 km/h?

In each of the following a force, F is acting on an object of
mass, m. The direction of displacement is from west to east
shown by the longer arrow. Observe the diagrams carefully
and state whether the work done by the force is negative,
positive or zero.

-

Soni says that the acceleration in an object could b e zero
even when several forces are acting on it. Do you agree with
her? Why?

Find the energy in joules consumed in 10 hours by four
devices of power 500 W each.

A freely falling object eventually stops on reaching the ground.
What happenes to its kinetic energy?
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C hapter 11

Everyday we hear sounds from various
sources like humans, birds, bells, machines,
vehicles, televisions, radios etc. Sound is a
form of energy which produces a sensation of
hearing in our ears. There are also other forms
of energy like mechanical energy, light energy,
etc. We have talked about mechanical energy
in the previous chapters. You have been
taught about conservation of energy, which
states that we can neither create nor destroy
energy. We can just change it from one form
to another. When you clap, a sound is
produced. Can you produce sound without
utilising your energy? Which form of energy
did you use to produce sound? In this
chapter we are going to learn how sound is
produced and how it is transmitted through
a medium and received by our ears.

11.1 Production of Sound
Activity 11.1

° Take a tuning fork and set it vibrating
by striking its prong on a rubber pad.
Bring it near your ear.

Do you hear any sound?

Touch one of the prongs of the
vibrating tuning fork with your finger
and share your experience with your
friends.

° Now, suspend a table tennis ball or a
small plastic ball by a thread from a
support [Take a big needle and a
thread, put a knot at one end of the
thread, and then with the help of the
needle pass the thread through the
ball]. Touch the ball gently with the
prong of a vibrating tuning
fork (Fig. 11.1).

° Observe what happens and discuss
with your friends.
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Tulile teamda Bhotl
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Fig. 11.1: Vibrating tuning fork just touching the
suspended table tennis ball.

Activity

° Fill water in a beaker or a glass up to
the brim. Gently touch the water
surface with one of the prongs of the
vibrating tuning fork, as shown in Fig.
11.2.

° Next dip the prongs of the vibrating
tuning fork in water, as shown in Fig.
11.3.

° Observe what happens in both the
cases.

° Discuss with your friends why this
happens.

ibwind g (uiading Fselc

Fig. 11.2: One of the prongs of the vibrating tuning
fork touching the water surface.
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Vikesilrd (oiribing fork

Fig. 11.3: Both the prongs of the vibrating tuning
fork dipped in water

From the above activities what do you
conclude? Can you produce sound without a
vibrating object?

In the above activities we have produced
sound by striking the tuning fork. We can also
produce sound by plucking, scratching,
rubbing, blowing or shaking different objects.
As per the above activities what do we do to
the objects? We set the objects vibrating and
produce sound. Vibration means a kind of
rapid to and fro motion of an object. The
sound of the human voice is produced due to
vibrations in the vocal cords. When a bird flaps
its wings, do you hear any sound? Think how
the buzzing sound accompanying a bee is
produced. A stretched rubber band when
plucked vibrates and produces sound. If you
have never done this, then do it and observe
the vibration of the stretched rubber band.

Activity 11.3

° Make a list of different types of
musical instruments and discuss
with your friends which part of the
instrument vibrates to produce
sound.

11.2 Propagation of Sound

Sound is produced by vibrating objects. The
matter or substance through which sound is
transmitted is called a medium. It can be solid,
liquid or gas. Sound moves through a medium
from the point of generation to the listener.
When an object vibrates, it sets the particles
of the medium around it vibrating. The

84

particles do not travel all the way from the
vibrating object to the ear. A particle of the
medium in contact with the vibrating object
is first displaced from its equilibrium position.
It then exerts a force on the adjacent particle.
As a result of which the adjacent particle gets
displaced from its position of rest. After
displacing the adjacent particle the first
particle comes back to its original position.
This process continues in the medium till the
sound reaches your ear. The disturbance
created by a source of sound in the medium
travels through the medium and not the
particles of the medium.

A wave is a disturbance that moves
through a medium when the particles of the
medium set neighbouring particles into
motion. They in turn produce similar motion
in others. The particles of the medium do not
move forward themselves, but the disturbance
is carried forward. This is what happens
during propagation of sound in a medium,
hence sound can be visualised as a wave.
Sound waves are characterised by the motion
of particles in the medium and are called
mechanical waves.

Air is the most common medium through
which sound travels. When a vibrating object
moves forward, it pushes and compresses the
air in front of it creating a region of high
pressure. This region is called a compression
(C), as shown in Fig. 11.4. This compression
starts to move away from the vibrating object.
When the vibrating object moves backwards,
it creates a region of low pressure called
rarefaction (R), as shown in Fig. 11.4. As the
object moves back and forth rapidly, a series
of compressions and rarefactions is created in
the air. These make the sound wave that

T

il

Fig. 11.4: A vibrating object creating a series of
compressions (C) and rarefactions (R) in
the medium.
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propagates through the medium.
Compression is the region of high pressure
and rarefaction is the region of low pressure.
Pressure is related to the number of particles
of a medium in a given volume. More density
of the particles in the medium gives more
pressure and vice versa. Thus, propagation
of sound can be visualised as propagation of
density variations or pressure variations in the
medium.

1. How does the sound produced by
a vibrating object in a medium
reach your ear?

2. Explain how sound is produced
by your school bell.

3. Why are sound waves called
mechanical waves?

4. Suppose you and your friend are
on the moon. Will you be able to
hear any sound produced by
your friend?

11.2.1 SOUND WAVES ARE LONGITUDINAL
WAVES

Activity 11.4

° Take a slinky. Ask your friend to hold
one end. You hold the other end.
Now stretch the slinky as shown in
Fig. 11.5(a). Then give it a sharp push
towards your friend.

° What do you notice? If you move your
hand pushing and pulling the slinky
alternatively, what will you observe?

° If you mark a dot on the slinky, you
will observe that the dot on the slinky
will move back and forth parallel to
the direction of the propagation of the
disturbance.

(b)

Fig. 11.5: Longitudinal wave in a slinky.

86

The regions where the coils become closer
are called compressions (C) and the regions
where the coils are further apart are called
rarefactions (R). As we already know, sound
propagates in the medium as a series of
compressions and rarefactions. Now, we can
compare the propagation of disturbance in a
slinky with the sound propagation in the
medium. These waves are called longitudinal
waves. In these waves the individual particles
of the medium move in a direction parallel to
the direction of propagation of the disturbance.
The particles do not move from one place to
another but they simply oscillate back and
forth about their position of rest. This is
exactly how a sound wave propagates, hence
sound waves are longitudinal waves.

There is also another type of wave, called
a transverse wave. In a transverse wave
particles do not oscillate along the direction
of wave propagation but oscillate up and down
about their mean position as the wave travels.
Thus, a transverse wave is the one in which
the individual particles of the medium move
about their mean positions in a direction
perpendicular to the direction of wave
propagation. When we drop a pebble in a
pond, the waves you see on the water surface
is an example of transverse wave. Light is a
transverse wave but for light, the oscillations
are not of the medium particles or their
pressure or density— it is not a mechanical
wave. You will come to know more about
transverse waves in higher classes.

11.2.2 CHARACTERISTICS OF A SOUND WAVE

We can describe a sound wave by its
o frequency
e amplitude and
e speed.

A sound wave in graphic form is shown in
Fig. 11.6(c), which represents how density and
pressure change when the sound wave moves
in the medium. The density as well as the
pressure of the medium at a given time varies
with distance, above and below the average
value of density and pressure. Fig. 11.6(a) and
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Fig. 11.6(b) represent the density and
pressure variations, respectively, as a sound
wave propagates in the medium.

Compressions are the regions where
particles are crowded together and
represented by the upper portion of the curve
in Fig. 11.6(c). The peak represents the region
of maximum compression. Thus,
compressions are regions where density as
well as pressure is high. Rarefactions are the
regions of low pressure where particles are
spread apart and are represented by the
valley, that is, the lower portion of the curve
in Fig. 11.6(c). A peak is called the crest and a
valley is called the trough of a wave.

The distance between two consecutive
compressions (C) or two consecutive
rarefactions (R) is called the wavelength, as
shown in Fig. 11.6(c), The wavelength is
usually represented by A (Greek letter
lambda). Its Sl unit is metre (m).

Heinrich Rudolph Hertz
was born on 22 February
1857 in Hamburg,
Germany and educated at
the University of Berlin. He
confirmed J.C. Maxwell’'s
electromagnetic theory by
his experiments. He laid
the foundation for future
development of radio, telephone, telegraph
and even television. He also discovered the
photoelectric effect which was later explained
by Albert Einstein. The Sl unit of frequency
was hamed as hertz in his honour.

H. R. Hertz

Frequency tells us how frequently an
event occurs. Suppose you are beating a
drum. How many times you are beating the
drum in unit time is called the frequency of
your beating the drum. We know that when
sound is propagated through a medium, the

Density varlatlons
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Fig. 11.6: Sound propagates as density or pressure variations as shown in (a) and (b), (c) represents
graphically the density and pressure variations.
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density of the medium oscillates between a
maximum value and a minimum value. The
change in density from the maximum value
to the minimum value, then again to the
maximum value, makes one complete
oscillation. The number of such oscillations
per unit time is the frequency of the sound
wave. If we can count the number of the
compressions or rarefactions that cross us
per unit time, we will get the frequency of
the sound wave. It is usually represented by
v (Greek letter, nu). Its Sl unit is hertz
(symbol, Hz).

The time taken by two consecutive
compressions or rarefactions to cross a fixed
point is called the time period of the wave. In
other words, we can say that the time taken
for one complete oscillation is called the time
period of the sound wave. It is represented by
the symbol T. Its Sl unit is second (s).
Frequency and time period are related as
follows:

V e
T
A violin and a flute may both be played at
the same time in an orchestra. Both sounds
travel through the same medium, that is, air
and arrive at our ear at the same time. Both
sounds travel at the same speed irrespective
of the source. But the sounds we receive are
different. This is due to the different
characteristics associated with the sound.
Pitch is one of the characteristics.

How the brain interprets the frequency
of an emitted sound is called its pitch. The
faster the vibration of the source, the
higher is the frequency and the higher is
the pitch, as shown in Fig. 11.7. Thus, a
high pitch sound corresponds to more
number of compressions and rarefactions
passing a fixed point per unit time.

Objects of different sizes and conditions
vibrate at different frequencies to produce
sounds of different pitch.

The magnitude of the maximum
disturbance in the medium on either side of
the mean value is called the amplitude of the
wave. It is usually represented by the letter A,
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Fig. 11.7: Low pitch sound has low frequency and
high pitch of sound has high frequency.

as shown in Fig. 11.6(c). For sound its unit
will be that of density or pressure.

The loudness or softness of a sound is
determined basically by its amplitude. The
amplitude of the sound wave depends upon
the force with which an object is made to
vibrate. If we strike a table lightly, we hear a
soft sound because we produce a sound wave
of less energy (amplitude). If we hit the table

Wik

shrw i P

LA A N
< 7 \

Saff. soymed

Wi
diiadyr ey nce

FAWAWAN
VAV

Lavrclesr sorinl

Fig. 11.8: Soft sound has small amplitude and

louder sound has large amplitude.
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hard we hear a louder sound. Can you tell
why? A sound wave spreads out from its
source. As it moves away from the source its
amplitude as well as its loudness decreases.
Louder sound can travel a larger distance as
it is associated with higher energy. Fig. 11.8
shows the wave shapes of a loud and a soft
sound of the same frequency.

The quality or timber of sound is that
characteristic which enables us to distinguish
one sound from another having the same pitch
and loudness. The sound which is more
pleasant is said to be of a rich quality. A sound
of single frequency is called a tone. The sound
which is produced due to a mixture of several
frequencies is called a note and is pleasant to
listen to. Noise is unpleasant to the ear! Music
is pleasant to hear and is of rich quality.

1. Which wave property determines
(@) loudness, (b) pitch?

2. Guess which sound has a higher
pitch: guitar or car horn?

The speed of sound is defined as the
distance which a point on a wave, such as a
compression or a rarefaction, travels per unit
time.

We know,
speed, v = distance / time
A

T
Here A is the wavelength of the sound wave. It
is the distance travelled by the sound wave in
one time period (T) of the wave. Thus,

=\ (--l:vj
V=AV]| - T

or V=Av
That is, speed = wavelength x frequency.

The speed of sound remains almost the
same for all frequencies in a given medium
under the same physical conditions.
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Example 11.1 A sound wave has a
frequency of 2 kHz and wave length
35 cm. How long will it take to travel
1.5 km?

Solution:

Given,
Frequency, v=2 kHz = 2000 Hz
Wavelength, A =35cm =0.35m
We know that speed, v of the wave
= wavelength x frequency
V = AV
=0.35m x 2000 Hz =700 m/s
The time taken by the wave to travel a
distance,dof 1.5 km s

d 1.5x1000 m 15
t:—:—_lz—s:2.ls.
v 700m s

Thus sound will take 2.1 s to travel a
distance of 1.5 km.

1. What are wavelength, frequency,
time period and amplitude of a
sound wave?

2. How are the wavelength and
frequency of a sound wave
related to its speed?

3. Calculate the wavelength of a
sound wave whose frequency is
220 Hz and speed is 440 m/s in
a given medium.

4. A person is listening to a tone of
500 Hz sitting at a distance of
450 m from the source of the
sound. What is the time interval
between successive compressions
from the source?

The amount of sound energy passing each
second through unit area is called the intensity
of sound. We sometimes use the terms
“loudness” and “intensity” interchangeably,
but they are not the same. Loudness is a
measure of the response of the ear to the sound.
Even when two sounds are of equal intensity,
we may hear one as louder than the other
simply because our ear detects it better.
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1. Distinguish between loudness
and intensity of sound.

11.2.3 SPEED OF SOUND IN DIFFERENT
MEDIA

Sound propagates through a medium at a finite
speed. The sound of a thunder is heard alittle
later than the flash of light is seen. So, we can
make out that sound travels with a speed
which is much less than the speed of light. The
speed of sound depends on the properties of
the medium through which it travels. You will
learn about this dependence in higher classes.
The speed of sound in a medium depends on
temperature of the medium. The speed of
sound decreases when we go from solid to
gaseous state. In any medium as we increase
the temperature, the speed of sound increases.
For example, the speed of sound in air is 331
mstat0°Cand 344 mstat22°C. The speeds
of sound at a particular temperature in various
media are listed in Table 11.1. You need not
memorise the values.

Table 11.1: Speed of sound in
different media at 25 °C

Substance

Speed in m/s

Solids  Aluminium 6420
Nickel 6040
Steel 5960
Iron 5950
Brass 4700
Glass (Flint) 3980
Liquids Water (Sea) 1531
Water (distilled) 1498
Ethanol 1207
Methanol 1103
Gases Hydrogen 1284
Helium 965
Air 346
Oxygen 316
Sulphur dioxide 213
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1. In which of the three media, air,
water or iron, does sound travel
the fastest at a particular
temperature?

11.3 Reflection of Sound

Sound bounces off a solid or a liquid like a
rubber ball bounces off a wall. Like light, sound
gets reflected at the surface of a solid or liquid
and follows the same laws of reflection as you
have studied in earlier classes. The directions
in which the sound is incident and is reflected
make equal angles with the normal to the
reflecting surface at the point of incidence, and
the three are in the same plane. An obstacle of
large size which may be polished or rough is
needed for the reflection of sound waves.

Activity 11.5

° Take two identical pipes, as shown in

Fig. 11.9. You can make the pipes
using chart paper. The length of the
pipes should be sufficiently long
as shown.
Arrange them on a table near a wall.
Keep a clock near the open end of one
of the pipes and try to hear the sound
of the clock through the other pipe.

° Adjust the position of the pipes so
that you can best hear the sound of
the clock.

° Now, measure the angles of incidence
and reflection and see the
relationship between the angles.

° Lift the pipe on the right vertically
to a small height and observe
what happens.

(In place of a clock, a mobile phone
on vibrating mode may also be used.)

=—f— Wk

I_ Thlile

Fig. 11.9: Reflection of sound
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11.3.1 EcHo

[e]

If we shout or clap near a suitable
reflecting object such as a tall building or a
mountain,we will hear the same sound
again a little later. This sound which we
hear is called an echo. The sensation of
sound persists in our brain for about 0.1
s. To hear a distinct echo the time interval
between the original sound and the
reflected one must be at least 0.1s. If we
take the speed of sound to be 344 m/s at a
given temperature, say at 22 °C in air, the
sound must go to the obstacle and reach
back the ear of the listener on reflection after
0.1s. Hence, the total distance covered by
the sound from the point of generation to
the reflecting surface and back should be
at least (344 m/s) x 0.1 s =34.4 m. Thus,
for hearing distinct echoes, the minimum
distance of the obstacle from the source of
sound must be half of this distance, that
is, 17.2 m. This distance will change with
the temperature of air. Echoes may be heard
more than once due to successive or
multiple reflections. The rolling of thunder
is due to the successive reflections of the
sound from a number of reflecting surfaces,
such as the clouds and the land.

11.3.2 REVERBERATION

A sound created in a big hall will persist
by repeated reflection from the walls until
it is reduced to a value where it is no longer
audible. The repeated reflection that
results in this persistence of sound is
called reverberation. In an auditorium or
big hall excessive reverberation is highly
undesirable. To reduce reverberation, the
roof and walls of the auditorium are
generally covered with sound-absorbent
materials like compressed fibreboard,
rough plaster or draperies. The seat
materials are also selected on the basis of
their sound absorbing properties.

What is the distance of the cliff from the
person if the speed of the sound, v is
taken as 346 m s?

Solution:

Given,
Speed of sound, v=346 m s
Time taken for hearing the echo,
t=2s
Distance travelled by the sound
=vxt=346mMsix2s=692m
In 2 s sound has to travel twice the
distance between the cliff and the
person. Hence, the distance between the
cliff and the person
=692 m/2 =346 m.

Example 11.2 A person clapped his hands
near a cliff and heard the echo after 2 s.
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1. Anecho is heard in 3 s. What is
the distance of the reflecting
surface from the source, given that
the speed of sound is 342 m s'?

11.3.3 USES OF MULTIPLE REFLECTION
OF SOUND

1. Megaphones or loudhailers, horns,

musical instruments such as trumpets

and shehanais, are all designed to send

sound in a particular direction without

spreading it in all directions, as shown
inFig11.10.
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Fig 11.10: A megaphone and a horn.
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In these instruments, a tube followed
by a conical opening reflects sound
successively to guide most of the
sound waves from the source in the
forward direction towards the
audience.

Stethoscope is a medical instrument
used for listening to sounds produced
within the body, mainly in the heart or
lungs. In stethoscopes the sound of the
patient’s heartbeat reaches the doctor’s
ears by multiple reflection of sound, as
shownin Fig.11.11.

Fig.11.11: Stethoscope

Generally the ceilings of concert halls,
conference halls and cinema halls are
curved so that sound after reflection
reaches all corners of the hall, as
shown in Fig 11.12. Sometimes a
curved soundboard may be placed
behind the stage so that the sound,
after reflecting from the sound board,
spreads evenly across the width of the
hall (Fig 11.13).

Fig. 11.12: Curved ceiling of a conference hall.
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Fig. 11.13: Sound board used in a big hall.

1. Why are the ceilings of concert
halls curved?

11.4 Range of Hearing

The audible range of sound for human beings
extends from about 20 Hz to 20000 Hz (one
Hz = one cycle/s). Children under the age of
five and some animals, such as dogs can hear
up to 25 kHz (1 kHz = 1000 Hz). As people
grow older their ears become less sensitive to
higher frequencies. Sounds of frequencies
below 20 Hz are called infrasonic sound or
infrasound. If we could hear infrasound we
would hear the vibrations of a pendulum just
as we hear the vibrations of the wings of a bee.
Rhinoceroses communicate using infrasound
of frequency as low as 5 Hz. Whales and
elephants produce sound in the infrasound
range. It is observed that some animals get
disturbed before earthquakes. Earthquakes
produce low-frequency infrasound before the
main shock waves begin which possibly alert
the animals. Frequencies higher than 20 kHz
are called ultrasonic sound or ultrasound.
Ultrasound is produced by animals such as
dolphins, bats and porpoises. Moths of certain
families have very sensitive hearing equipment.
These moths can hear the high frequency
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squeaks of the bat and know when a bat
is flying nearby, and are able to escape
capture. Rats also play games by
producing ultrasound.

Hearing Aid: People with hearing loss may
need a hearing aid. A hearing aid is an
electronic, battery operated device. The
hearing aid receives sound through a
microphone. The microphone converts the
sound waves to electrical signals. These
electrical signals are amplified by an
amplifier. The amplified electrical signals
are given to a speaker of the hearing aid.
The speaker converts the amplified
electrical signal to sound and sends to the
ear for clear hearing.

1. Whatis the audible range of the
average human ear?

2. What is the range of frequencies
associated with
(@ Infrasound?
(b) Ultrasound?

11.5 Applications of Ultrasound

Ultrasounds are high frequency waves.
Ultrasounds are able to travel along well-
defined paths even in the presence of
obstacles. Ultrasounds are used extensively
in industries and for medical purposes.

e Ultrasound is generally used to clean
parts located in hard-to-reach places,
for example, spiral tube, odd shaped
parts, electronic components, etc.
Objects to be cleaned are placed in a
cleaning solution and ultrasonic waves
are sent into the solution. Due to
the high frequency, the particles of
dust, grease and dirt get detached and
drop out. The objects thus get
thoroughly cleaned.

e Ultrasounds can be used to detect
cracks and flaws in metal blocks. in
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construction of big structures like
buildings, bridges, machines and also
scientific equipment. The cracks or
holes inside the metal blocks, which
are invisible from outside reduces the
strength of the structure. Ultrasonic
waves are allowed to pass through the
metal block and detectors are used to
detect the transmitted waves. If there
is even a small defect, the ultrasound
gets reflected back indicating the
presence of the flaw or defect, as shown
inFig. 11.14.

[iefet o i

sl

[Mhrass

ke N

a - _l-_l_.-

Fa r £
- ¢ 4

P b |

.; ,'| -+ -+ D: :_

. E b 5

> 1

F Fa ]

Cd & —

Wil Tk

Fig 11.14: Ultrasound is reflected back from the

can

defective locations inside a metal block.

Ordinary sound of longer wavelengths
not be used for such purpose as it will

bend around the corners of the defective
location and enter the detector.

Ultrasonic waves are made to reflect
from various parts of the heart and
form the image of the heart. This tech-
nigue is called ‘echocardiography’.

Ultrasound scanner is an instrument
which uses ultrasonic waves for
getting images of internal organs of the
human body. A doctor may image the
patients organs, such as the liver, gall
bladder, uterus, kidney, etc. It helps
the doctor to detect abnormalities,
such as stones in the gall bladder and
kidney or tumours in different organs.
In this technique the ultrasonic waves
travel through the tissues of the body
and get reflected from a region where
there is a change of tissue density.
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These waves are then converted into
electrical signals that are used to
generate images of the organ. These
images are then displayed on a monitor
or printed on a film. This technique
is called ‘ultrasonography’.
Ultrasonography is also used for

examination of the foetus during
pregnancy to detect congenial defects
and growth abnormalities.
Ultrasound may be employed to break
small ‘stones’ formed in the kidneys
into fine grains. These grains later get
flushed out with urine.

What

& you have

| rf.’}!ﬁ,l
f learnt

Sound is produced due to vibration of different objects.

Sound travels as a longitudinal wave through a material
medium.

Sound travels as successive compressions and rarefactions
in the medium.

In sound propagation, it is the energy of the sound that
travels and not the particles of the medium.

The change in density from one maximum value to the
minimum value and again to the maximum value makes
one complete oscillation.

The distance between two consecutive compressions or two
consecutive rarefactions is called the wavelength, A.

The time taken by the wave for one complete oscillation of
the density or pressure of the medium is called the time

period, T.

The number of complete oscillations per unit time is called
1

the frequency (v), V= T

The speed v, frequency v, and wavelength A, of sound are
related by the equation, v = Av.

The speed of sound depends primarily on the nature and
the temperature of the transmitting medium.

The law of reflection of sound states that the directions in
which the sound is incident and reflected make equal angles
with the normal to the reflecting surface at the point of
incidence and the three lie in the same plane.

For hearing a distinct sound, the time interval between the
original sound and the reflected one must be at least 0.1 s.
The persistence of sound in an auditorium is the result of
repeated reflections of sound and is called reverberation.
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Sound properties such as pitch, loudness and quality are
determined by the corresponding wave properties.

Loudness is a physiological response of the ear to the intensity
of sound.

The amount of sound energy passing each second through
unit area is called the intensity of sound.

The audible range of hearing for average human beings is in
the frequency range of 20 Hz — 20 kHz.

Sound waves with frequencies below the audible range are
termed “infrasonic” and those above the audible range are
termed “ultrasonic”.

Ultrasound has many medical and industrial applications.

Exercises

1. What is sound and how is it produced?

2. Describe with the help of a diagram, how compressions and
rarefactions are produced in air near a source of sound.

3. Why is sound wave called a longitudinal wave?

4. Which characteristic of the sound helps you to identify your
friend by his voice while sitting with others in a dark room?

5. Flash and thunder are produced simultaneously. But
thunder is heard a few seconds after the flash is seen, why?

6. A person has a hearing range from 20 Hz to 20 kHz. What
are the typical wavelengths of sound waves in air
corresponding to these two frequencies? Take the speed of
sound in air as 344 m s™.

7. Two children are at opposite ends of an aluminium rod. One
strikes the end of the rod with a stone. Find the ratio of
times taken by the sound wave in air and in aluminium to
reach the second child.

8. The frequency of a source of sound is 100 Hz. How many
times does it vibrate in a minute?

9. Does sound follow the same laws of reflection as light does?
Explain.

10. When a sound is reflected from a distant object, an echo is
produced. Let the distance between the reflecting surface
and the source of sound production remains the same. Do
you hear echo sound on a hotter day?

11. Give two practical applications of reflection of sound waves.

12. A stone is dropped from the top of a tower 500 m high into a
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pond of water at the base of the tower. When is the splash
heard at the top? Given, g = 10 m s and speed of sound =
340 m s™.
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13.

14.

15.

16.
17.

A sound wave travels at a speed of 339 m s If its
wavelength is 1.5 cm, what is the frequency of the wave?
Will it be audible?

What is reverberation? How can it be reduced?

What is loudness of sound? What factors does it depend
on?

How is ultrasound used for cleaning?

Explain how defects in a metal block can be detected using
ultrasound.
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Answers

Chapter 8
4. c
5. 2ms’, 14000 N
6. - 4N
7. (a) 35000 N

(b) 1.944ms"
8. 2550 N in a direction opposite to the motion of the vehicle
9. d
10. 200N
13. 3kgms
14. 2.25m; 50N
15. 10 kg m s 10 kg m s 5/3ms "
16. 500 kgms ;800 kgm's ;50 N
18. 40kgms
A2. 240N
A3. 2500N
A4, 5ms°; 24000 kg m s ; 6000 N

Chapter 9

3. 9.8N
12. Weight on earth is 98 N and on moon is 16.3 N.
13. Maximum height is 122.5 m and total time is5s +5 s =10 s.
14. 19.6 m/s
15. Maximum height = 80 m, Net displacement = O, Total distance covered = 160 m.
16. Gravitational force = 3.56 x 10?2 N.
17. 4 s, 80 m from the top.

18. Initial velocity = 29.4 m s, height = 44.1 m. After 4 s the ball will be at a
distance of 4.9 m from the top or 39.2 m from the bottom.

21. The substance will sink.

22. The packet will sink. The mass of water displaced is 350 g.
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Chapter 10

2. Zero
4. -210J
5. Zero
9. 9x10%J
10. 2000 J, 1000 J
11. Zero
14. 5.4x107J
17. 208333.3J
18. (i) Zero
(ii) Positive
(iii) Negative
20. 7.2x107J
Chapter 11
7. 17.2m, 0.0172 m
8. 18.55
9. 6000
13. 11.47s
14. 22,600 Hz
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