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{?jﬁ’ Vande Mataram

Vande Mataram!

Sujalam, suphalam, malayaja shitalam,
Shasyashyamalam, Mataram!

Vande Mataram!

Shubhrajyotsna pulakitayaminim,

Phullakusumita drumadala shobhinim,

Suhasinim sumadhura bhashinim,

Sukhadam varadam, Mataram!

Vande Mataram, Vande Mataram!

- Bankimchandra Chatterji

308 Srsso

508 Srddo Lod Srsdo

Boesero Qodero Heokhe: d8ero
JgFgoero SrdBo $08 Srsdo
BT Hess srdo
DOBDDS (oo Do
058000 DS ko

Loparo S8oro Srddo $od Srsso.

- @o8oSols 8

X

st

Printed in India
@ at the A.P. Govt., Textbook Press,
A\ Amaravati, Andhra Pradesh.

1a%Y

Sihess

i



Our National Anthem | 8o Ao

Jana-gana-mana-adhinayaka jaya he
Bharata-bhagya-vidhata
Panjaba-Sindhu-Gujarata-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
uchchala-jaladhi-taranga
Tava Subha name jage,
tava subha asisa mage,
gahe tava jaya-gatha.
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.

Jaya he, Jaya he, Jaya he,
jaya jaya jaya jaya he.

- Rabindranath Tagore
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Pledge | (&8

India is my country. All Indians are my brothers and sisters.
I love my country and I am proud of its rich and varied heritage.
I shall always strive to be worthy of it.
I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals.
To my country and my people, I pledge my devotion.
In their well-being and prosperity alone lies my happiness.
- Pydimarri Venkata Subba Rao
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LEARNING OUTCOMES

Learners....

1.Motion

1. Differentiate distance, displacement and speed, velocity.

2. Calculate distance, displacement, speed and velocity from the given data.

3. Analyse the velocity - time graphs.

4.  Interpret graphs and figures to compute distance, speed, acceleration of the objects in motion.

5. Derive formula and equations of motion.

2. Matter in our surroundings

1. Classify the matter based on their states as solids, liquids and gases.

2. Conduct simple investigations to seek answers to queries like ,”what is the effect of temperature
on state of substances”?

3. Draw aflowchart of interconversion of the three States of matter.

4.  Calculate using the given data such as conversion of Celsius scale to kelvin scale and vice versa.

5. Establish cause and effect relationship among evapotation with cooling effect.

3. Force and laws of motion

1. Calculate the force acting on object with the given data.

2. Explain the three laws of motion.

3. Understand the relation between force and ¢change in momentum.

4.  Use scientific conventions and units to represent force and momentum.

5. Derive the formula f= ma ffom Newton’s second law of motion.

4. Is matter around us pure?

1. Differentiate element, compound and mixtures based on their properties.

2. Effectively communieate the findings and conclusions on the concentration of mixtures.

3. Apply scientific principles in solving problems of day to day life like separation of mixers.

4.  Classify solutions, suspensions and colloids based on the properties.

5. Draw aflowchart on States of matter.

5. Gravitation

1.  Measure weight of'an object using spring balance.

2. Derive universal law of gravitation.

3. Calculate the value of acceleration due to gravity on the earth.

4.  Differentiate mass and weight.

5. Prove Archimedes principle experimentally.
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Chapter 1

In everyday life, we see some objects at rest
and others in motion. Birds fly, fish swim,
blood flows through veins and arteries, and
cars move. Atoms, molecules, planets, stars
and galaxies are all in motion. We often
perceive an object to be in motion when its
position changes with time. However, there
are situations where the motion is inferred
through indirect evidences. For example, we
infer the motion of air by observing the
movement of dust and the movement of leaves
and branches of trees. What causes the
phenomena of sunrise, sunset and changing
of seasons? Is it due to the motion of the
earth? If it is true, why don’t we directly
perceive the motion of the earth?

An object may appear to be moving for
one person and stationary for some other. For
the passengers in a moving bus, the roadside
trees appear to be moving backwards. A
person standing on the road-side perceives
the bus alongwith the passengers as moving.
However, a passenger inside the bus sees his
fellow passengers to be at rest. What do these
observations indicate?

Most motions are complex. Some objects
may move in a straight line, others may take
a circular path. Some may rotate and a few
others may vibrate. There may be situations
involving a combination of these. In this
chapter, we shall first learn to describe the
motion of objects along a straight line. We
shall also learn to express such motions
through simple equations and graphs. Later,
we shall discuss ways of describing
circular motion.

CLASS - 9

MoTION

Activity 11

e Discuss whether the walls of your
classroom are at rest or in motion.

Activity 12

e Have you ever experienced that the
train in-which you are sitting appears
to move while it is at rest?

° Discuss-and share your experience.

Think and Act

We sometimes are endangered by the
miotion of objects around us, especially
if that motion is erratic and
uncontrolled as observed in a flooded
river, a hurricane or a tsunami. On the
other hand, controlled motion can be a
service to human beings such as in the
generation of hydro-electric power. Do
you feel the necessity to study the
erratic motion of some objects and
learn to control them?

11 Describing Motion

We describe the location of an object by
specifying a reference point. Let us
understand this by an example. Let us
assume that a school in a village is 2 km north
of the railway station. We have specified the
position of the school with respect to the
railway station. In this example, the railway
station is the reference point. We could have
also chosen other reference points according
to our convenience. Therefore, to describe the
position of an object we need to specify a

reference point called the origin.

Motion
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1.1.1 MOTION ALONG A STRAIGHT LINE

The simplest type of motion is the motion
along a straight line. We shall first learn to
describe this by an example. Consider the
motion of an object moving along a straight
path. The object starts its journey from O
which is treated as its reference point
(Fig. 1.1). Let A, B and C represent the
position of the object at different instants. At
first, the object moves through C and B and
reaches A. Then it moves back along the same
path and reaches C through B.

magnitude of displacement = 35 km. Thus, the
magnitude of displacement (35 km) is not
equal to the path length (85 km). Further, we
will notice that the magnitude of the
displacement for a course of motion may be
zero but the corresponding distance covered
is not zero. If we consider the object to travel
back to O, the final position coincides with
the initial position, and therefore, the
displacement is zero. However, the distance
covered in this journey is OA + AO = 60 km +
60 km = 120 km. Thus, two different physical
quantities—the distance and the displacement,

\ 4

40 45 50 55 60 km

Fig. 1.1: Positions of an object on a straight line path

The total path length covered by the object
is OA + AC, thatis 60 km + 35 km = 95 km.
This is the distance covered by the object. To
describe distance we need to specify only the
numerical value and not the direction of
motion. There are certain quantities which
are described by specifying only their
numerical values. The numerical value of a
physical quantity is itsimagnitude. From this
example, can you find out the distance of the
final position C of the object from the initial
position O? This difference will give you the
numerical value of the displacement of the
object from O to C through A. The shortest
distance measured from the initial to the final
position of an object is known as
the displacement.

Can the magnitude of the displacement be
equal to the distance travelled by an object?
Consider the example given in (Fig. 1.1). For
motion of the object from O to A, the distance
covered is 60 km and the magnitude of
displacement is also 60 km. During its motion
from O to A and back to B, the distance covered
= 60 km + 25 km = 85 km while the

CLASS - 9

are used to describe the overall motion of an
object and to locate its final position with
reference to its initial position at a given time.

Activity 13

e Take a metre scale and a long rope.

e  Walk from one corner of a basket-ball
court to its oppposite corner along its
sides.

e  Measure the distance covered by you
and magnitude of the displacement.

e  What difference would you notice
between the two in this case?

14

Activity

o Automobiles are fitted with a device
that shows the distance travelled. Such
a device is known as an odometer. A
car is driven from Bhubaneshwar to
New Delhi. The difference between the
final reading and the initial reading of
the odometer is 1850 km.

e  Find the magnitude of the displacement
between Bhubaneshwar and New Delhi
by using the Road Map of India.

Motion
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uestions

1. An object has moved through a
distance. Can it have zero
displacement? If yes, support
your answer with an example.

2. A farmer moves along the
boundary of a square field of side
10 m in 40 s. What will be the
magnitude of displacement of the
farmer at the end of 2 minutes 20
seconds from his initial position?

3. Which of the following is true for
displacement?

(a) It cannot be zero.

(b) Its magnitude is greater than
the distance travelled by the
object.

1.1.2 UNIFORM MOTION AND NON-
UNIFORM MOTION

Consider an object moving along a straight
line. Let it travel 5 m in the first second,
5 m more in the next second, 5 m in'the
third second and 5 m in the fourth second:
In this case, the object covers 5 m in each
second. As the object covers equal distaneces
in equal intervals of time, itis said to be in
uniform motion. The time interval in this
motion should be small. In our day-to-day
life, we come across motions where objects
cover unequal distances.in equal intervals
of time, for example, when a car is moving
on a crowded street or a person is jogging
in a park. These are some instances of
non-uniform motion.

L5

e The data regarding the motion of two
different objects A and B are given in
Table 1.1.

e Examine them carefully and state
whether the motion of the objects is
uniform or non-uniform.

Activity

CLASS - 9

Table 1.1
Distance Distance

travelled by travelled by

object A in m object B in m
9:30 am 10 12
9:45 am 20 19
10:00 am 30 23
10:15 am 40 35
10:30 am 50 37
10:45 am 60 41
11:00 am 70 44

1.2 Measuring the Rate of Motion

Bowling speed in km /h
\ 140[143f135] 145] 132] 130 /

Fig. 1.2
Motion
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Look at the situations given in Fig. 1.2.
If the bowling speed is 143 km h™in Fig.
1.2(a) what does it mean? What do you
understand from the signboard in Fig. 1.2(b)?

Different objects may take different
amounts of time to cover a given distance.
Some of them move fast and some move
slowly. The rate at which objects move can
be different. Also, different objects can move
at the same rate. One of the ways of
measuring the rate of motion of an object is
to find out the distance travelled by the object
in unit time. This quantity is referred to as
speed. The SI unit of speed is metre per
second. This is represented by the symbol
m s~!or m/s. The other units of speed include
centimetre per second (cm s™) and kilometre
per hour (km h™). To specify the speed of an
object, we require only its magnitude. The
speed of an object need not be constant. In
most cases, objects will be in non-uniform
motion. Therefore, we describe the rate of
motion of such objects in terms of their
average speed. The average speed of an object
is obtained by dividing the total distance
travelled by the total time taken. That is;

Total distance travelled
Total time taken

If an object travels a distance sintime ¢ then
its speed vis,

average speed =

S
v= 7 (1.1)

Let us understand this by an example. A
car travels a distance of 100 km in 2 h. Its
average speed is 50 km h'. The car might
not have travelled at 50 km h™ all the time.
Sometimes it might have travelled faster and
sometimes slower than this.

Example 1.1 An object travels 16 m in 4
s and then another 16 m in 2 s. What
is the average speed of the object?

Solution:

Total distance travelled by the object =
16m+16m=32m
Total time taken=4s+2s=6s

CLASS - 9

Total distance travelled
Total time taken

Average speed =

32 m
=65 =5.33ms!

Therefore, the average speed of the object
is 5.33 m s™.

1.2.1 SPEED WITH DIRECTION

The rate of motion of an object can be more
comprehensive if we specify its direction of
motion along with its speed. The quantity that
specifies both theseaspects is called velocity.
Velocity is the speed of an object moving in a
definite direction. The velocity of an object
can be uniform or variable. It can be changed
by changing the objects speed, direction of
motion or both. When an object is moving
along a straight line at a variable speed, we
can express the magnitude of its rate of
motion in.terms of average velocity. It is
calculated in the same way as we calculate
average speed.

In case the velocity of the object is
changing at a uniform rate, then average
velocity is given by the arithmetic mean of
initial velocity and final velocity for a given
period of time. That is,

initial velocity + final velocity
2

average velocity =

u+v

Mathematically, v = (1.2)

where v,_is the average velocity, uis the initial
velocity and vis the final velocity of the object.
Speed and velocity have the same units,

that is, m s or m/s.

Activity 16

e  Measure the time it takes you to walk
from your house to your bus stop or
the school. If you consider that your
average walking speed is 4 km h7!,
estimate the distance of the bus stop
or school from your house.

10 Motion
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Activity L7
a 1km

e Ata time when it is cloudy, there may h
be frequent thunder and lightning. The o
sound of thunder takes some time to =13.9ms .
reach you after you see the lightning. The average speed of the car is

o Can you answer why this happens? 50kmh™or 13.9ms™.

o Measure this time interval using a
digital wrist watch or a stop watch.

o Calculate the distance of the nearest
point of lightning. (Speed of sound in
air =346 m s’l.)

Example 1.3 Usha swims in a 90 m long
pool. She covers 180 m in one minute
by swimming from one end to the other
and back along the same straight path.

uestions Find the average speed and average
. ) velocity of Usha.
1. Distinguish between speed and Solution:
velocity. Total distance covered by Usha in 1 min
2. Under what condition(s) is the is 180 m.

magnitude of average velocity of
an object equal to its average
speed?

3. What does the odometer of an
automobile measure?

4. What does the path of an object
look like when it is in uniform

Displacement of Usha in 1 min = 0 m

Total distance covered
Total time taken

Average speed =

180m 180 m y 1 min

~ 1min 1min 60s

motion? =3ms*
5. During an experiment, a signal
from a spaceship reachedgthe Displacement

ground station in five mifutes:
What was the distance of%the

Average velocity = o oen

spaceship from the ground Om
station? The signad travels at the =

speed of light, €hat is, 3 x 10° 60's
ms. —0ms!

The average speed of Usha is 3 m s!

o o
Example 1.2 The odometer of a car reads and her average velocity is 0 m s~

2000 km at the start of a trip and
2400 km at the end of the trip. If the
trip took 8 h, calculate the average
speed of the car in km h™ and m s™.

1.3 Rate of Change of Velocity

During uniform motion of an object along a
straight line, the velocity remains constant
with time. In this case, the change in velocity
of the object for any time interval is zero.
However, in non-uniform motion, velocity
varies with time. It has different values at
different instants and at different points of
the path. Thus, the change in velocity of the

Solution:

Distance covered by the car,

s = 2400 km - 2000 km = 400 km
Time elapsed, t =8 h

Average speed of the car is,

v, = 5. 400 km object during any time interval is not zero.
¢ 8h Can we now express the change in velocity of
=50 km h™! an object?

CLASS - 9 12 Motion
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To answer such a question, we have to
introduce another physical quantity called
acceleration, which is a measure of the
change in the velocity of an object per unit
time. That is,

change in velocity

acceleration = :
time taken

If the velocity of an object changes from
an initial value u to the final value vin time ¢,
the acceleration a is,

a =

. (1.3)

This kind of motion is known as
accelerated motion. The acceleration is taken
to be positive if it is in the direction of velocity
and negative when it is opposite to the
direction of velocity. The SI unit of
acceleration is m s™2.

If an object travels in a straight line and
its velocity increases or decreases by equal
amounts in equal intervals of time, then the
acceleration of the object is said to be
uniform. The motion of a freely falling body
is an example of uniformly accelerated
motion. On the other hand, an object ean
travel with non-uniform acceleration if its
velocity changes at a non-uniform rate. For
example, if a car travelling along a straight
road increases its speed by unequal amounts
in equal intervals of time, then the car is said
to be moving with non-uniform acceleration.

Activity L8

e Inyour everyday life you come across
a range of motions in which
(@) acceleration is in the direction of
motion,
(b) acceleration is against the
direction of motion,
(¢) acceleration is uniform,
(d) acceleration is non-uniform.
e Can you identify one example each
for the above type of motion?

Example 1.4 Starting from a stationary
position, Rahul paddles his bicycle to

CLASS - 9

attain a velocity of 6 m s'in 30 s. Then
he applies brakes such that the velocity
of the bicycle comes down to 4 m s™in
the next 5 s. Calculate the acceleration

of the bicycle in both the cases.
Solution:

In the first case:

initial velocity, u=0;
final velocity, v=6 m s™;
time, t=30s.

From Eq. (1.3), we have

a =
t

Substituting the given values of u,vand
tin the above equation, we get

(6m s —0m s'l)
30s

a =

=0.2ms>?
In the second case:
initial velocity, u=6 m s™;
final velocity, v=4 m s™;
time, t =5 s.

(4m s’ -6m s'l)
5s

Then, a =

=-0.4ms?2.
The acceleration of the bicycle in the
first case is 0.2 m s and in the second
case, it is -0.4 m s2.

uestions

1. When will you say a body is in
(i) uniform acceleration? (ii) non-
uniform acceleration?
A bus decreases its speed from
80 km h' to 60 km h™! in 5 s.
Find the acceleration of the bus.
3. A train starting from a railway
station and moving with uniform
acceleration attains a speed
40km h™! in 10 minutes. Find its
acceleration.

14 Motion
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1.4 Graphical Representation of
Motion

Graphs provide a convenient method to
present basic information about a variety of
events. For example, in the telecast of a
one-day cricket match, vertical bar graphs
show the run rate of a team in each over. As
you have studied in mathematics, a straight
line graph helps in solving a linear equation
having two variables.

To describe the motion of an object, we
can use line graphs. In this case, line graphs
show dependence of one physical quantity,
such as distance or velocity, on another
quantity, such as time.

1.4.1 DISTANCE—TIME GRAPHS

The change in the position of an object with
time can be represented on the distance-time
graph adopting a convenient scale of choice.
In this graph, time is taken along the x-axis
and distance is taken along the y-axis.
Distance-time graphs can be employed under
various conditions where objects move with
uniform speed, non-uniform speed, remain
at rest etc.

40 B
_ S :
E 9
& 30 AL A
] Ed :
g 20 :
o
n o
10 ,Er‘
o 20 40 60

Time (min)

Fig. 1.3: Distance-time graph of an object moving
with uniform speed

We know that when an object travels equal
distances in equal intervals of time, it moves
with uniform speed. This shows that the

CLASS - 9

distance travelled by the object is directly
proportional to time taken. Thus, for uniform
speed, a graph of distance travelled against
time is a straight line, as shown in Fig. 1.3.
The portion OB of the graph shows that the
distance is increasing at a uniform rate. Note
that, you can also use the term uniform
velocity in place of uniform speed if you take
the magnitude of displacement equal to the
distance travelled by the object along the
y-axis.

We can use the distance-time graph to
determine the speed of an object. To do so,
consider a small part AB of the distance-time
graph shown in Fig 1.3. Draw a line parallel
to the x-axis from point A and another line
parallel to the y~axis from point B. These two
lines meet each other at point C to form a
triangle ABC. Now, on the graph, AC denotes
the time interval (¢, ¢ ) while BC corresponds
to the distance (s,- s). We can see from the
graph that as the object moves from the point
A to B/ it covers a distance (s,- s) in time
(¢,- 7). The speed, v of the object, therefore
can be represented as

S, =5

ve o (1.4)

2 1

We can also plot the distance-time graph
for accelerated motion. Table 1.2 shows the
distance travelled by a car in a time interval
of two seconds.

Table 1.2: Distance travelled by a
car at regular time intervals

Time in seconds | Distance in metres

16
10 25
12 36

16 Motion



1.4 (PR Txo° Sor) dSdoleo

(PR DG Sseo c\/)OCSU"e)Q)O 30808 (¢ Do
SO 0N)) ©oHOTIEIE: wHEreF S S8
©OBFaD. GTTPEEHD, a8t (885 S Selelon
Qensd) erb (reHen (98 L.556&° 2 B 5 wrHmeom.
D KBB0S® SHHH{ET, 8¢ T (PH Bo
38 TeHe BOAS $8Y S8 0OpBoBEos®
JSBAHDKE08.

28 S Do) Soed) DHB0NTEAS, k0
B (rHod SODRA0UBHE), & éodﬁée)oés, B
(mHen Erdo So X0 Sod FRE TedHen HH&° T8
T°8 ©ONE S0 HBXTPE0 P SHPEDELRR) YT w.

1.4.1 &r8o-sP00 (PHed

P08 SPenre a8 S R0 3{;2606‘5 ey e0-
oo [PHS®  Srdodadkhédod. & (mHSd, sceo
X - ®§0 Jo& 8508 %0008 S8 S0
Y - ©%0 o0& &8P 08, I0Den B fote)
B, o JK08® Boe WHoRBE® (Hakrdod DD
B0 Hr0d DH0oITIE Srd -sPokn mHoPN
SOAPNOTIHKY),

IS
(=]

W

(=]

C
\

N
(=]

&80 (8.80.)

e
(=]
X

T

20 40

seoo (R.)

60

S0, 1. 8: 559308° 5903 S IGO0 ~ BP0 (PR

2.8 DR DTS DD HHHE® VL &S0
(053 0DJY) oy ©& 550588 LSrendoosd
H3H B, HID 28 a8 S0 6T ErSSw

b0

17

08 (PS5BS $HWBPI8  wHSEsrdTsost
GONO0B. ©othde Hto 1.3 SPE5rS dSore Hd
S& éocﬁée)oé‘s 58, (HoSrBon &rdo Salg (™
$8% Bpre sotnod. (D &oE) OB grifor o a8
Ben&® 2BHE B SrDi%od. Y - ©Fo Ioky DD
(BPBPBoDS FrTE DSPSI0D 3;26@50%’0 RBooE)
$0Beer) o Bo%ro8, M I @;éoéﬁ
B0 O D) ErT G HTRNoDHH HKelobod.

D59 Bg) I8 ?Dgaooooﬁmi)é’ Sodo
Er80-5P00 [(PHA GHBPACSHE). wer BeHERS .
1.36° &3 GrBo-sreo (PHE™ DKy g0 AB
HONBoLo&. A Doths) Koo& X - egrd8 Kdroddore
a8 NS 080 B Do) Hod y - wged
JSroBborre o8 B AcHod. &3 ot Seenw ABC
(B2herd) RBIEIS C Hothsh 5 eBwrdEES
EeodPon: 2@, (eHSt, AC $50% Doesiredy)
(t,- t,) 80968 ®wo0nd BC 870208 (s,- s,)
e0rDesonT Gotwod. W) A Hoths) Koo& B8
SenEHH R, b JShado (t,-t) & &oe) (s, -
5,) D0Spes0 BoBd (P Dol Hbo WrEHd).
SD Boog), 3, v, S°a>§

(1.4)

&Be Soto 80 Ersin-sroo [PHH Eree
ACDHDHS. HEE 1.2 Botd 1EY DD $5866° 528
BIEH0NS Eroed)) EesdEod.

$8E 1.2 35S o Shoed®
S8 [HErBodS ErYo

0 0
2 1
4 4
6 2
8 16
10 25
12 36

95 $6118



40

-

35

30

25

20

Distance (m)

1
0 2 4 6 8 10 12
Time (s)
Fig. 1.4: Distance-time graph for a car moving with
non-uniform speed

The distance-time graph for the motion
of the car is shown in Fig.1.4. Note that the
shape of this graph is different from the earlier
distance-time graph (Fig. 1.3) for uniform
motion. The nature of this graph showsnion-
linear variation of the distance travelled by
the car with time. Thus, the graph shown in
Figl.4 represents motion with non-uniform
speed.

1.4.2 VELOCITY-TIME GRAPHS

The variation in velocity with time for an object
moving in a straight line can be represented
by a velocity-time graph. In this graph, time is
represented along the x-axis and the velocity

—~ 50
= B
g 40
&
g 30
=
T 20
=
£ 10
G t, t
T T
1 2 3 4
Time (h)
Fig. 1.5: Velocity-time graph for uniform motion of
a car
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is represented along the y-axis. If the object
moves at uniform velocity, the height of its
velocity-time graph will not change with time
(Fig. 1.5). It will be a straight line parallel to
the x-axis. Fig. 1.5 shows the velocity-time
graph for a car moving with uniform velocity
of 40 km h.

We know that the product of velocity and
time give displacement of an object moving
with uniform velocity. The area enclosed by
velocity-time graph and the time axis will be
equal to the magnitude of the displacement.

To know the distance moved by the car
between time ¢, and ¢,using Fig. 1.5, draw
perpendiculars from the points corresponding
to the time ¢, and £ on the graph. The velocity
of 40 km h! is represented by the height AC
or BD and the time (¢,~ t) is represented by
the length AB.

So, the distance s moved by the car in
time (7,- t ) can be expressed as

s = ACxCD
[(40km h™) x (¢,-t) h]

40(t,- t) km
area of the rectangle ABDC (shaded
in Fig. 1.5).

We can also study about uniformly
accelerated motion by plotting its velocity—
time graph. Consider a car being driven along
a straight road for testing its engine. Suppose
a person sitting next to the driver records its
velocity after every 5 seconds by noting the
reading of the speedometer of the car. The
velocity of the car, in km h™ as well as in
m s, at different instants of time is shown
in table 1.3.

Table 1.3: Velocity of a car at
regular instants of time

Velocity of the car
(kmh )

(ms™)

20 10.0 36

25 12.5 45
30 15.0 54
18 Motion
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In this case, the velocity-time graph for
the motion of the car is shown in Fig. 1.6.
The nature of the graph shows that velocity
changes by equal amounts in equal intervals
of time. Thus, for all uniformly accelerated
motion, the velocity-time graph is a
straight line.
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Fig. 1.6: Velocity-time graph for a car moving with
uniform accelerations.

You can also determine the distance
moved by the car from its velocity-time graph:
The area under the velocity-time graph gives
the distance (magnitude of displacement)
moved by the car in a given interval of time.
If the car would have been moving with
uniform velocity, the distance travelled by it
would be represented by the area ABCD
under the graph (Fig. 1.6). Since the
magnitude of the velocity of the car is
changing due to acceleration, the distance s
travelled by the car will be given by the area
ABCDE under the velocity-time graph
(Fig. 1.6).

That is,

s = area ABCDE
area of the rectangle ABCD + area of
the triangle ADE

1
= ABxBC+§(ADxDE)

In the case of non-uniformly accelerated
motion, velocity-time graphs can have any
shape.
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Fig. 1.7: Velocity-time graphs of an object in non-
uniformly accelerated motion.

Fig: 1.7(a) shows a velocity-time graph
that represéents the motion of an object whose
velocity is decreasing with time while
Fig. 1.7 (b) shows the velocity-time graph
representing the non-uniform variation of
velocity of the object with time. Try to interpret

these graphs.
Activity 19

e  The times of arrival and departure of
a train at three stations A, B and C
and the distance of stations B and C
from station A are given in Table 1.4.

Table 1.4: Distances of stations B
and C from A and times of arrival

and departure of the train
Station | Distance | Time of | Time of
arrival |departure
(hours) (hours)
A 0 08:00 08:15
B 120 11:15 11:30
C 180 13:00 13:15

e Plot and interpret the distance-time
graph for the train assuming that its
motion between any two stations is
uniform.

20 Motion
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Activity L10

o Feroz and his sister Sania go to school
on their bicycles. Both of them start at
the same time from their home but take
different times to reach the school
although they follow the same route.
Table 1.5 shows the distance travelled
by them in different times

Table 1.5: Distance covered by Feroz
and Sania at different times on
their bicycles

Distance Distance
travelled travelled
by Feroz by Sania
(km) (km)
8:00 am 0 0
8:05 am 1.0 0.8
8:10 am 1.9 1.6
8:15 am 2.8 2.3
8:20 am 3.6 3.0
8:25 am — 3.6

o Plot the distance-time graph for their
motions on the same scale and
interpret.

uestions

1. What is the\nature of the
distance-time graphs for uniform
and non-uniform motion of an
object?

2. What can you say about the
motion of an object whose
distance-time graph is a straight
line parallel to the time axis?

3. What can you say about the
motion of an object if its speed-
time graph is a straight line
parallel to the time axis?

CLASS - 9

4. What is the quantity which is
measured by the area occupied
below the velocity-time graph?

1.5 Equations of Motion

When an object moves along a straight line
with uniform acceleration, it is possible to
relate its velocity, acceleration during motion
and the distance covered by it in a certain
time interval by a set of equations known as
the equations of motion. For convenience, a
set of three such equations are given below:

Vv =u+at (1.5)
s =ut+Y at? (1.6)
2as =v?-1r (1.7)

where u is the initial velocity of the object
which moves with uniform acceleration a for
time ¢, v is'the final velocity, and s is the
distance travelled by the object in time ¢. Eq.
(1.5) describes the velocity-time relation and
Eq. (1.6) represents the position-time relation.
Eq. (1.7), which represents the relation
between the position and the velocity, can be
obtained from Eqgs. (1.5) and (1.6) by
eliminating ¢. These three equations can be
derived by graphical method.

Example 1.5 A train starting from rest
attains a velocity of 72 km h! in 5
minutes. Assuming that the acceleration
is uniform, find (i) the acceleration and
(ii) the distance travelled by the train for
attaining this velocity.

Solution:

We have been given
u=0;v=72kmh'=20m s'and
t =5 minutes = 300 s.

(i) From Eq. (7.5) we know that

(v-u)

22 Motion
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(i) From Eq. (1.7) we have
2as=vV-u’=v-0
Thus,

_ 20 ms )’
2x(1/15) ms™

=3000 m
=3 km

1
The acceleration of the train is 15 ms—2

and the distance travelled is 3 km.

Example 1.6 A car accelerates uniformly
from 18 km h™ to 36 km h™' in 5 s.
Calculate (i) the acceleration and (ii) the
distance covered by the car in that time.

Solution:

We are given that
u = 18kmh' =5ms*!
14 36kmh? =10ms*and
t 5s.

(i) From Eq. (7.5) we have

v-u
a=——
t
10ms!'-5ms*

= 5s

=1ms?
(ii) From Eq. (7.6) we have

1
s=ut+ —at?
2

1
=5ms'x5s+ 5x1m5'2><(5s)2

=25m+12.5m

=37.5m s
The acceleration of the caris 1 ms ~and
the distance covered is 37.5 m.

Example 1.7 The brakes applied to a car
produce an acceleration of 6 m s?in the
opposite direction to the motion. If the
car takes 2 s to stop after the application
of brakes, calculate the distance it
travels during this time.

Solution:

We have been given

a=-6ms? ;t=2sandv=0ms™.

From Eq. (1.5) we know that
v=u+at
O=zu+(-6ms?)x2s

or u=12ms?t.

From Eq. (1.6) we get

1
s=ut+§at2

1
= (12 m&1)x(2s) + 5 (-6 ms?)(2s)?

=24m-12m

=12m
Thus, the car will move 12 m before it
stops after the application of brakes. Can
you now appreciate why drivers are
cautioned to maintain some distance
between vehicles while travelling on the
road?

uestions

1. A bus starting from rest moves
with a uniform acceleration of
0.1 m s? for 2 minutes. Find (a)
the speed acquired, (b) the
distance travelled.

2. A train is travelling at a speed
of 90 km h™'. Brakes are applied
so as to produce a uniform
acceleration of - 0.5 m s2. Find
how far the train will go before it
is brought to rest.

3. A trolley, while going down an
inclined plane, has an
acceleration of 2 cm s?2. What will
be its velocity 3 s after the start?
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4. A racing car has a uniform
acceleration of 4 m s2. What
distance will it cover in 10s after
start?

A stone is thrown in a vertically
upward direction with a velocity
of 5m s'. If the acceleration of
the stone during its motion is 10
m s in the downward direction,
what will be the height attained
by the stone and how much time
will it take to reach there?

5.

1.6 Uniform Circular Motion

When the velocity of an object changes, we
say that the object is accelerating. The change
in the velocity could be due to change in its
magnitude or the direction of the motion or
both. Can you think of an example when an
object does not change its magnitude of
velocity but only its direction of motion?

D A

S
7

&
~

(a) Rectangular track

(b) Hexagonal track

(c) Octagonal shaped track = (d) A circular track

Fig. 1.8:The motion of an athlete along closed
tracks of different shapes.

Let us consider an example of the motion
of a body along a closed path. Fig 1.9 (a)
shows the path of an athlete along a
rectangular track ABCD. Let us assume that
the athlete runs at a uniform speed on the
straight parts AB, BC, CD and DA of the track.

CLASS - 9
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In order to keep himself on track, he quickly
changes his speed at the corners. How many
times will the athlete have to change his
direction of motion, while he completes one
round? It is clear that to move in a rectangular
track once, he has to change his direction of
motion four times.

Now, suppose instead of a rectangular
track, the athlete is running along a
hexagonal shaped path ABCDEE as shown
in Fig. 1.8(b). In this situation, the athlete
will have to change his direction six times
while he completes one round. What if the
track was not a hexagon but a regular
octagon, with eight equal sides as shown
by ABCDEFGH in Fig. 1.8(c)? It is observed
that as the'number of sides of the track
increases the athelete has to take turns more
and more often. What would happen to the
shape of the track as we go on increasing
the number of sides indefinitely? If you do
this you will notice that the shape of the
track approaches the shape of a circle and
the length of each of the sides will decrease
to a’point. If the athlete moves with a velocity
of constant magnitude along the circular
path, the only change in his velocity is due
to the change in the direction of motion.
The motion of the athlete moving along a
circular path is, therefore, an example of
an accelerated motion.

We know that the circumference of a circle

of radius ris given by 2rr. If the athlete takes
t seconds to go once around the circular path
of radius r, the speed vis given by

(1.8)

When an object moves in a circular path
with uniform speed, its motion is called
uniform circular motion.

Motion
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Acti Vjty 111 If you carefully note, on being released
the stone moves along a straight line

e Take a piece of thread and tie a small tangential to the circular path. This is
piece of stone at one of its ends. Move because once the stone is released, it
\ahﬁthtS:fsigniezgzgg gym}l;?llcll?; gpiﬁ; continue§ to move a?ong the dir'ection it has
thread at the other end, as shown in been moving at that instant. This shows that
Fig. 1.9. the direction of motion changed at every point

. : when the stone was moving along the circular
path.

When an athlete throws a hammer or a
discus in a sports meet, he/she holds the
hammer or the discus in his/her hand and
gives it a circular motion by rotating his/
her own body. Once released in the desired
direction, the hammer or discus moves in
the direction in'which it was moving at the
*  Now, let the stone go by releasing the time it was released, just like the piece of

thread. stone in the activity described above. There

* Can you tell the direction in which are many more familiar examples of objects
the stone moves after it is released? . . . .

moving under uniform circular motion,

° By repeating the activity for a few
tii’nespand feleasing th}; stone at such as the motion of the moon and the

Fig. 1.9: A stone describing a circular path with
a velocity of constant magnitude.

different positions of the circular earth; a satellite in a circular orbit around
path, check whether the direction in the earth, a cyclist on a circular track at
which the stone moves remains the constant speed and so on.

same or not.

you have
learnt

. Motion is a change of position; it can be described in terms
of the distance moved or the displacement.

. The motion of an object could be uniform or non-uniform
depending on whether its velocity is constant or changing.

. The speed of an object is the distance covered per unit time,
and velocity is the displacement per unit time.

. The acceleration of an object is the change in velocity per
unit time.

. Uniform and non-uniform motions of objects can be shown
through graphs.

. The motion of an object moving at uniform acceleration can
be described with the help of the following equations, namely
v=u+ at
s =ut +'% at?
2as = V- u?
CLASS - 9 28 Motion
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where u is initial velocity of the object, which moves with
uniform acceleration a for time ¢, vis its final velocity and s
is the distance it travelled in time ¢.

If an object moves in a circular path with uniform speed,
its motion is called uniform circular motion.

I Exercises

An athlete completes one round of a circular track of
diameter 200 m in 40 s. What will be the distance covered
and the displacement at the end of 2 minutes 20 s?

What is the nature of the distance-time graphs for uniform
and non-uniform motion of an object?

Assertion (A): The area under a velocity-time graph
represents the displacement of the body:.

Reason (R): Displacement is‘equal to velocity multiplied by
time.

Choose the correct option.
A) Both A and R are true'and R'is the correct explanation
of A.

B) Both A and R are true but R is not the correct explanation
of A.

C) A is true but R is false.
D) A is false but R is true.

Create a distance-time graph to represent the following
situation:

A person
1. Walks with uniform speed initially,
2.7 Stops for some time due to tiredness, and

3. Finally walks faster with increasing speed to reach
the destination quickly.
Explain how the graph represents each stage of motion.

A driver of a car travelling at 52 km h! applies the brakes.

(@) Shade the area on the graph that represents the distance
travelled by the car during the period.

(b) Which part of the graph represents uniform motion of
the car?

An artificial satellite is moving in a circular orbit of radius
42250 km. Calculate its speed if it takes 24 hours to revolve
around the earth.

30 Motion
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7. Fig 1.10 shows the distance-time graph of three objects
A,B and C. Study the graph and answer the following
questions:

—
N
C

@®
\
N

»
N

distance (km)—»
\
N,

04 08 1.2 1.6
time (hour)—»

Fig. 1.10

(a) Which of the three is travelling the fastest?

(b) Are all three ever at the same point on the road?
(c) How far has C travelled when B passes A?

(d) How far has B travelled by the time it passes C?

8. A ball is gently dropped from a height of 20 m. If its velocity
increases uniformly at therate of 10 m s?, with what velocity
will it strike the ground? After what time will it strike the

ground?
9. The speed-time graph for a car is shown is Fig. 1.11.
8
£ 6
- 4
[¥]
a2
)]
. 2 4 6 8 10
Time (s)
Fig. 1.11

(a) Find how far does the car travel in the first 4 seconds.
Shade the area on the graph that represents the distance
travelled by the car during the period.

(b) Which part of the graph represents uniform motion of
the car?

10. State which of the following situations are possible and
give an example for each of these:

(@) an object with a constant acceleration but with zero
velocity

(b) an object moving with an acceleration but with uniform
speed.

(c) an object moving in a certain direction with an
acceleration in the perpendicular direction.

CLASS - 9 32 Motion
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Chapter

WEFSL 3

MATTER IN OUR SURROUNDINGS

Aswelook at our surroundings, we see a large
variety of things with different shapes, sizes
and textures. Everything in this universe is
made up of material which scientists have
named “matter”. The air we breathe, the food
we eat, stones, clouds, stars, plants and
animals, even a small drop of water or a particle
of sand — every thing is matter. We can also
see as we look around that all the things
mentioned above occupy space and have
mass. In other words, they have both mass*
and volume**.

Since early times, human beings have been
trying to understand their surroundings. Early
Indian philosophers classified matter in the
form of five basic elements — the “Panch Tatva’
— air, earth, fire, sky and water. According to
them everything, living or non-living, was made
up of these five basic elements. Ancient Greek
philosophers had arrived at a similar
classification of matter.

Modern day scientists have evolved two
types of classification of matter based on their
physical properties and chemical nature.

In this chapter we shalllearn about matter
based on its physical properties. Chemical
aspects of matter will be taken up in
subsequent chapters.

2.1 Physical Nature of Matter

2.1.1 MATTER IS MADE UP OF PARTICLES

For a long time, two schools of thought prevailed
regarding the nature of matter. One school
believed matter to be continuous like a block of
wood, whereas, the other thought that matter
was made up of particles like sand. Let us
perform an activity to decide about the nature
of matter — is it continuous or particulate?

Activity 21
¢ Take a 100 mL beaker.

Fill half the beaker with water and
mark the level of water.

o Dissolve some salt/ sugar with the
help of a glass rod.

Observe any change in water level.
What do you think has happened to
the salt?

e  Where does it disappear?

e _Does the level of water change?

In order to answer these questions we need
to use.the idea that matter is made up of
particles. What was there in the spoon, salt or
sugar, hasnow spread throughout water. This
is illustrated in Fig. 2.1.

Add salt

Particles of water Salt
magnified millions
of times

Fig. 2.1:When we dissolve salt in water, the
particles of salt get into the spaces
between particles of water.

2.1.2 How SMALL ARE THESE PARTICLES
OF MATTER?

Activity 22

e Take 2-3 crystals of potassium
permanganate and dissolve them in
100 mL of water.

*  The SI unit of mass is kilogram (kg).

** The SI unit of volume is cubic metre (m?. The common unit of measuring volume is
litre (L) such that 1L = 1 dm?3, 1L = 1000 mL, 1 mL = 1 cm?.
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e  Take out approximately 10 mL of this
solution and put it into 90 mL of clear
water.

e Take out 10 mL of this solution and
put it into another 90 mL of clear
water.

*  Keep diluting the solution like this 5
to 8 times.

o Is the water still coloured ?

10 mL 10 mL 10 mL
e W
‘ 1 ‘I ‘I ‘ ]

Fig. 2.2: Estimating how small are the particles of
matter. With every dilution, though the
colour becomes light, it is still visible.

This experiment shows that just a few
crystals of potassium permanganate can
colour a large volume of water (about 1000
L). So we conclude that there must be millions
of tiny particles in just one crystal of
potassium permanganate, which keep
on dividing themselves into smaller and
smaller particles.

The same activity can be done using 2 ml
of Dettol instead of potassium permanganate:
The smell can be detected even on
repeated dilution.

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

2.2 Characteristics of Particles of
Matter

2.2.1 PARTICLES OF MATTER HAVE SPACE
BETWEEN THEM

In activities 2.1 and 2.2 we saw that particles
of sugar, salt, Dettol, or potassium
permanganate got evenly distributed in water.
Similarly, when we make tea, coffee or
lemonade (nimbu paani), particles of one type
of matter get into the spaces between particles
of the other. This shows that there is enough
space between particles of matter.

CLASS - 9

2.2.2 PARTICLES OF MATTER ARE
CONTINUOUSLY MOVING

2.3

¢  Put an unlit incense stick in a corner
of your class. How close do you have
to go near it so as to get its smell?

e Now light the incense stick. What
happens? Do you get the smell sitting
at a distance?

¢ Record your observations.

Activity

Activity

2.4

o Take two_glasses/beakers filled with
water.

e  Put a drop of blue or red ink slowly
and carefully along the sides of the
first beaker and honey in the same
way in the second beaker.

¢ Leave them undisturbed in your
house or in a corner of the class.

¢ Record your observations.

¢ © What do you observe immediately
after adding the ink drop?

¢ What do you observe immediately
after adding a drop of honey?

e  How many hours or days does it take
for the colour of ink to spread evenly
throughout the water?

25

¢  Drop a crystal of copper sulphate or
potassium permanganate into a glass
of hot water and another containing
cold water. Do not stir the solution.
Allow the crystals to settle at the
bottom.

e  What do you observe just above the
solid crystal in the glass?

e  What happens as time passes?

e  What does this suggest about the
particles of solid and liquid?

e  Does the rate of mixing change with
temperature? Why and how?

From the above three activities (2.3, 2.4 and
2.5), we can conclude the following:

Activity

36 Ma1TER IN OUR SURROUNDINGS
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Particles of matter are continuously
moving, that is, they possess what we call the
kinetic energy. As the temperature rises,
particles move faster. So, we can say that with
increase in temperature the kinetic energy of
the particles also increases.

In the above three activities we observe that
particles of matter intermix on their own with
each other. They do so by getting into the spaces
between the particles. This intermixing of
particles of two different types of matter
on their own is called diffusion. We also
observe that on heating, diffusion becomes
faster. Why does this happen?

2.2.3 PARTICLES OF MATTER ATTRACT
EACH OTHER

Activity 26

* Play this game in the field— make
four groups and form human chains
as suggested:

e The first group should hold each
other from the back and lock arms
like Idu-Mishmi dancers (Fig. 2.3).

e The second group should hold hands
to form a human chain.

e  The third group should form a chain
by touching each other with only
their finger tips.

* Now, the fourth group of students
should run around and try to break
the three human chains one by one
into as many small groups as
possible.

¢  Which group was the easiest to
break? Why?

CLASS - 9

o If we consider each student as a
particle of matter, then in which group
the particles held each other with the
maximum force?

Activity 27

e Take an iron nail, a piece of chalk and
a rubber band.

* Try breaking them by hammering,
cutting or stretching.

e In which of the above three
substances do you think the particles
are held together with greater force?

Activity 28

° Take somie water in a container, try
cutting the surface of water with your
fingers.

e  Were you able to cut the surface of
water?

° What could be the reason behind the
surface of water remaining together?

The above three activities (2.6, 2.7 and
2.8) suggest that particles of matter have force
acting between them. This force keeps the
particles together. The strength of this force of
attraction varies from one kind of matter to
another.

uestions
1. Which of the following are
matter?

Chair, air, love, smell, hate,
almonds, thought, cold, lemon
water, smell of perfume.

2. Give reasons for the following

observation:
The smell of hot sizzling food
reaches you several metres away,
but to get the smell from cold food
you have to go close.

3. A diver is able to cut through
water in a swimming pool. Which
property of matter does this
observation show?

4. What are the characteristics of the
particles of matter?
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2.3 States of Matter

Observe different types of matter around you.
What are its different states? We can see that
matter around us exists in three different
states- solid, liquid and gas. These states
of matter arise due to the variation in the
characteristics of the particles of matter.

Now, let us study about the properties of
these three states of matter in detail.

2.3.1 THE SOLID STATE

Activity 2.9

e Collect the following articles — a pen,
a book, a needle and a piece of wooden
stick.

o Sketch the shape of the above articles
in your notebook by moving a pencil
around them.

J Do all these have a definite shape,
distinct boundaries and a fixed volume?

e  What happens if they are hammered,
pulled or dropped?

e Are these capable of diffusing into
each other?

e  Try compressing them by applying
force. Are you able to compress them?

All the above are examples of solids. We
can observe that all these have a'definite shape,
distinct boundaries and fixéd volumes, that
is, have negligible compressibility. Solids have
a tendency to maintain their shape when
subjected to outside force. Solids may break
under force but it is diffiet1lt to change their
shape, so they are rigid.

Consider the following:

(@) What about a rubber band, can it
change its shape on stretching? Is it
a solid?

(b) What about sugar and salt? When
kept in different jars these take the
shape of the jar. Are they solid?

(c) What about a sponge? It is a solid yet
we are able to compress it. Why?

All the above are solids as:
e  Arubber band changes shape under force
and regains the same shape when
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the force is removed. If excessive force is
applied, it breaks.

e The shape of each individual sugar or
salt crystal remains fixed, whether we
take it in our hand, putit in a plate or in
ajar.

e Asponge has minute holes, in which air
is trapped, when we press it, the air
is expelled out and we are able to
compress it.

2.3.2 THE LIQUID STATE

Activity 210

e  Collect the following:

(a) water, cooking oil, milk, juice, a
cold drink.

(b) containers of different shapes.
Put a 50 mL mark on these
containers using a measuring
cylinder from the laboratory.

¢  What will happen if these liquids are
spilt.on the floor?

*  Measure 50 mL of any one liquid and
transfer it into different containers
one by one. Does the volume remain
the same?

o Does the shape of the liquid remain
the same ?

e  When you pour the liquid from one
container into another, does it flow
easily?

We observe that liquids have no fixed
shape but have a fixed volume. They take up
the shape of the container in which they are
kept. Liquids flow and change shape, so they
are not rigid but can be called fluid.

Refer to activities 2.4 and 2.5 where we
saw that solids and liquids can diffuse into
liquids. The gases from the atmosphere
diffuse and dissolve in water. These gases,
especially oxygen and carbon dioxide, are
essential for the survival of aquatic animals
and plants.

All living creatures need to breathe for
survival. The aquatic animals can breathe
under water due to the presence of dissolved
oxygen in water. Thus, we may conclude that
solids, liquids and gases can diffuse into
liquids. The rate of diffusion of liquids is

MATTER IN OUR SURROUNDINGS
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higher than that of solids. This is due to the
fact that in the liquid state, particles move
freely and have greater space between each
other as compared to particles in the solid
state.

2.3.3 THE GASEOUS STATE

Have you ever observed a balloon seller filling
a large number of balloons from a single
cylinder of gas? Enquire from him how many
balloons is he able to fill from one cylinder. Ask

him which gas does he have in the cylinder.

Activity 211

¢  Take three 100 mL syringes and close
their nozzles by rubber corks, as
shown in Fig.2.4.

Remove the pistons from all the
syringes.

Leaving one syringe untouched, fill
water in the second and pieces of
chalk in the third.

Insert the pistons back into the
syringes. You may apply some
vaseline on the pistons before
inserting them into the syringes for
their smooth movement.

Now, try to compress the content by
pushing the piston in each syringe.

P |

Piston

E

Gas

\U; Rubber cork

Fig. 2.4

What do you observe? In which case
was the piston easily pushed in?
What do you infer from your
observations?
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We have observed that gases are highly
compressible as compared to solids and
liquids. The liquefied petroleum gas (LPG)
cylinder that we get in our home for
cooking or the oxygen supplied to hospitals
in cylinders is compressed gas. Compressed
natural gas (CNG) is used as fuel these days
in vehicles. Due to its high compressibility,
large volumes of a gas can be compressed
into a small cylinder and transported easily.

We come to know of what is being cooked
in the kitchen without even entering there, by
the smell that reaches our nostrils. How does
this smell reach us? The particles of the aroma
of food mix with the particles of air spread from
the kitchen, reach uis and even farther away.
The smell of hot cooked food reaches us in
seconds; compare this with the rate of diffusion
of solids and liquids. Due to high speed of
particles and large space between them, gases
show the property of diffusing very fast into
other gases.

In the gaseous state, the particles move
about randomly at high speed. Due to this
random movement, the particles hit each other
and’also the walls of the container. The
pressure exerted by the gas is because of this
force exerted by gas particles per unit area on
the walls of the container.

(a)

Gas

Fig.2.5: a, b and ¢ show the magnitied schematic
pictures of the three states of matter. The
motion of the particles can be seen and

compared in the three states of matter.

MATTER IN OUR SURROUNDINGS
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uestions

1. The mass per unit volume of a
substance is called density.
(density = mass/volume).
Arrange the following in order of
increasing density — air, exhaust
from chimneys, honey, water,
chalk, cotton and iron.

2. (a) Tabulate the differences in
the characterisitcs of states of

matter.
(b) Comment upon the
following: rigidity,

compressibility, fluidity,
filling a gas container, shape,
kinetic energy and density.

3. Give reasons
(a) A gas lills completely the

vessel in which it is kept.

(b) A gas exerts pressure on the
walls of the container.

(c) A wooden table should be
called a solid.

(d) We can easily move ourdiand
in air but to do thelsamé
through a solid block of
wood we needWa karate
expert.

4. Liquids generally liave lower
density as (@eipared,to solids.
But you must havelebserved that
ice floats on wdter. Find out why.

2.4 Can Matter Change its State?

We all know from our observation that water
can exist in three states of matter—

e  solid, as ice,

e liquid, as the familiar water, and

o gas, as water vapour.

What happens inside the matter during
this change of state? What happens to the
particles of matter during the change of
states? How does this change of state take
place? We need answers to these questions,
isn’tit?

2.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity 212

e Take about 150 g of ice in a beaker
and suspend a laboratory thermometer
so that its bulb is in contact with
the ice, as in Fig. 2.6.

Iron

stand Thermometer
ﬁ
u> Glass stirrer

f E Beaker

0. ‘

' Ice
Burner

L 1\
(a)

Thermometer

Glass stirrer

Beaker

Water

Burner

(b)

Fig. 2.6: (a) Conversion of ice to water,
(b) conversion of water to water vapour
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e  Start heating the beaker on a low flame.

o Note the temperature when the ice
starts melting.

e  Note the temperature when all the ice
has converted into water.

e Record your observations for this
conversion of solid to liquid state.

o Now, put a glass rod in the beaker
and heat while stirring till the water
starts boiling.

e Keep a careful eye on the
thermometer reading till most of the
water has vaporised.

o Record your observations for the
conversion of water in the liquid state
to the gaseous state.

On increasing the temperature of solids,
the kinetic energy of the particles increases.
Due to the increase in kinetic energy, the
particles start vibrating with greater speed. The
energy supplied by heat overcomes the forces
of attraction between the particles. The
particles leave their fixed positions and start
moving more freely. A stage is reached when
the solid melts and is converted to a liquid.
The minimum temperature at which a solid
melts to become a liquid at the atmospheric
pressure is called its melting point.

The melting point of a solid is an indication
of the strength of the force of attraction
between its particles.

The melting point ofice is 273.15 K*. The
process of melting, that is, change of solid state
into liquid state is also known as fusion.
When a solid melts, its temperature
remains the same, so where does the heat
energy go?

You must have observed, during the
experiment of melting, that the temperature
of the system does not change after the melting
point is reached, till all the ice melts. This
happens even though we continue to heat the
beaker, that is, we continue to supply heat.
This heat gets used up in changing the state

by overcoming the forces of attraction between
the particles. As this heat energy is absorbed
by ice without showing any rise in
temperature, it is considered that it gets
hidden into the contents of the beaker and is
known as the latent heat. The word latent
means hidden. The amount of heat energy
that is required to change 1 kg of a solid
into liquid at atmospheric pressure at its
melting point is known as the latent heat
of fusion. So, particles in water at 0°C (273
K) have more energy as compared to particles
in ice at the same temperature.

When we supply heat energy to water,
particles start moving even faster. Ata certain
temperature, a point is reached when the
particles have enough energy to break free
from the forces of attraction of each other. At
this temperature the liquid starts changing
into gas. The temperature at which a liquid
starts boiling at the atmospheric pressure
is known as its boiling point. Boiling is a
bulk phénomenon. Particles from the bulk
of the liquid gain enough energy to change
into the vapour state.

For water this temperature is 373 K
(100°C =273 + 100 = 373 K).

Can you define the latent heat of
vaporisation? Do it in the same way as we have
defined the latent heat of fusion. Particles in
steam, that is, water vapour at 373 K (100°C)
have more energy than water at the same
temperature. This is because particles in steam
have absorbed extra energy in the form of latent
heat of vaporisation.

Heat Heat

Solid State | > |Liquid State < » | Gascous State

Cool Cool

So, we infer that the state of matter can be
changed into another state by changing the
temperature.

We have learnt that substances around us
change state from solid to liquid and from
liquid to gas on application of heat. But there

*Note: Kelvinis the SI unit of temperature, 0°C =273.15 K. For convenience, we take 0°C = 273 K after
rounding off the decimal. To change a temperature on the Kelvin scale to the Celsius scale you
have to subtract 273 from the given temperature, and to convert a temperature on the Celsius
scale to the Kelvin scale you have to add 273 to the given temperature.
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are some that change directly from solid state
to gaseous state and vice versa without
changing into the liquid state.

Activity

e Take some camphor or ammonium
chloride. Crush it and put it in a
china dish.

e  Put an inverted funnel over the china
dish.

e Put a cotton plug on the stem of the
funnel, as shown in Fig. 2.7.

Cotton Plug

®————— [Inverted funnel

ammonium

choloride Solidified

vapours ammonium
N choloride

2N

o ol -r‘— China dish

Burner

Fig. 2.7: Sublimation of ammonium chloride

e  Now, heat slowly and observe.
e What do you infer from the above
activity?

A change of state directly from solid
to gas without changing into liquid state
is called sublimation and the direct
change of gas to solid without changing
into liquid is called deposition.

2.4.2 EFFECT OF CHANGE OF PRESSURE

We have already learnt that the difference in
various states of matter is due to the
difference in the distances between the
constituent particles. What will happen when
we start putting pressure and compress a gas

enclosed in a cylinder? Will the particles come
closer? Do you think that increasing or
decreasing the pressure can change the state
of matter?

Piston

/_L/Cylinder

Piston Piston

/ Cylinder ’/ Cylinder

-// _//

——

s =

)

)
o)
o)

o)

Fig. 2.8: By applying pressure, particles of matter
can be brought close together

Applying pressure and reducing
temperature can liquefy gases.

Have you heard of solid carbon dioxide
(CO,)?Itis stored under high pressure. Solid
CO, gets converted directly into gaseous state
on decrease of pressure to 1 atmosphere*
without coming into liquid state. This is the
reason that solid carbon dioxide is also known
as dry ice.

Thus, we can say that pressure and
temperature determine the state of a
substance, whether it will be solid, liquid
or gas.

Liquid

Sublimation E

Deposition

Fig. 2.9: Interconversion of the three states of
matter

*atmosphere (atm) is a unit of measuring pressure exerted by a gas. The unit of pressure is Pascal (Pa):
1 atmosphere = 1.01 x 10° Pa. The pressure of air in atmosphere is called atmospheric pressure. The
atmospheric pressure at sea level is 1 atmosphere, and is taken as the normal atmospheric pressure.
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uestions
1. Convert the following
temperature to celsius scale:
a. 300K b. 573K
2. What is the physical state of
water at:
a. 250°C b. 100°C?

3. For any substance, why does the
temperature remain constant
during the change of state?

4. Suggest a method to liquefy
atmospheric gases.

2.5 Evaporation

Do we always need to heat or change pressure
for changing the state of matter? Can you
quote some examples from everyday life where
change of state from liquid to vapour takes
place without the liquid reaching the boiling
point? Water, when left uncovered, slowly
changes into vapour. Wet clothes dry up. What
happens to water in the above two examples?

We know that particles of matter are
always moving and are never at rest. At a given
temperature in any gas, liquid or solid, there
are particles with different amounts of kinétic
energy. In the case of liquids, a small fraction
of particles at the surface, having higher
kinetic energy, is able to break away from the
forces of attraction of other particles and gets
converted into vapour. This phenomenon of
change of liquid into vapours at any
temperature below its boiling point is
called evaporation.

2.5.1 FACTORS AFFECTING EVAPORATION

Let us understand this with an activity.

e Take 5 mL of water in a test tube and
keep it near a window or under a fan.

e Take 5 mL of water in an open china
dish and keep it near a window or
under a fan.

e Take 5 mL of water in an open china

Activity
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50

dish and keep it inside a cupboard or
on a shelf in your class.

o Record the room temperature.

e  Record the time or days taken for the
evaporation process in the above
cases.

e Repeat the above three steps of
activity on a rainy day and record your
observations.

e  What do you infer about the effect of
temperature, surface area and wind
velocity (speed) on evaporation?

You must have observed that the rate of

evaporation increases with-

e anincrease of surface area:
We know that evaporation is a surface
phenomenon. If the surface area is
increased, the rate of evaporation
increases.  For example, while putting
clothes for drying up we spread them out.

e _anincrease of temperature:
With the increase of temperature, more
number of particles get enough kinetic
energy to go into the vapour state.

¢ adecrease in humidity:
Humidity is the amount of water vapour
present in air. The air around us cannot
hold more than a definite amount of water
vapour at a given temperature. If the
amount of water in air is already high, the
rate of evaporation decreases.

¢ anincrease in wind speed:
It is a common observation that clothes
dry faster on a windy day. With the
increase in wind speed, the particles of
water vapour move away with the wind,
decreasing the amount of water vapour
in the surrounding.

2.5.2 HOw DOES EVAPORATION CAUSE

COOLING?

In an open vessel, the liquid keeps on
evaporating. The particles of liquid absorb
energy from the surrounding to regain the
energy lost during evaporation. This
absorption of energy from the surroundings
make the surroundings cold.

MATTER IN OUR SURROUNDINGS
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What happens when you pour some
acetone (nail polish remover) on your palm?
The particles gain energy from your palm or
surroundings and evaporate causing the palm
to feel cool.

After a hot sunny day, people sprinkle
water on the roof or open ground because the
large latent heat of vaporisation of water helps
to cool the hot surface.

Can you cite some more examples from
daily life where we can feel the effect of cooling
due to evaporation?

Why should we wear cotton clothes in
summer?

During summer, we perspire more because
of the mechanism of our body which keeps us
cool. We know that during evaporation, the
particles at the surface of the liquid gain energy
from the surroundings or body surface and
change into vapour. The heat energy equal to
the latent heat of vaporisation is absorbed from
the body leaving the body cool. Cotton, being
a good absorber of water helps in absorbing
the sweat and exposing it to the atmosphere
for easy evaporation.

you have
learnt

Why do we see water droplets on the outer
surface of a glass containing ice-cold
water?

Let us take some ice-cold water in a
tumbler. Soon we will see water droplets on
the outer surface of the tumbler. The water
vapour present in air, on coming in contact
with the cold glass of water, loses energy and
gets converted to liquid state, which we see as
water droplets.

uestions
1. Why does a desert cooler cool
better on,a hot dry day?

2. How dees the water kept in an
earthen pot (matka) become cool
during summer?

3. Whydoes our palm feel cold

wihien we put some acetone or petrol
of perfurne on it?

4, Why are we able to sip hot tea or
milk faster from a saucer rather
than a cup?

8" What type of clothes should we
wear in summer?

J Matter is made up of small particles.

. The matter around us exists in three states—solid, liquid

and gas.

. The forces of attraction between the particles are maximum
in solids, intermediate in liquids and minimum in gases.

. The spaces in between the constituent particles and kinetic
energy of the particles are minimum in the case of solids,
intermediate in liquids and maximum in gases.
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The arrangement of particles is most ordered in the case of
solids, in the case of liquids layers of particles can slip and
slide over each other while for gases, there is no order,
particles just move about randomly.

The states of matter are inter-convertible. The state of matter
can be changed by changing temperature or pressure.

Sublimation is the change of solid state directly to gaseous
state without going through liquid state.

Deposition is the change of gaseous state directly to solid
state without going through liquid state.

Boiling is a bulk phenomenon. Particles from the bulk (whole)
of the liquid change into vapour state.

Evaporation is a surface phenomenon. Particles from the
surface gain enough energy to overcome the forces of
attraction present in the liguid and change into the vapour
state.

The rate of evaporation depends upon the surface area
exposed to the atmosphere, the temperature, the humidity
and the wind/speed.

Evaporation causes cooling.

Latent heat of vaporisation is the heat energy required to
change 1 kg of a liquid to gas at atmospheric pressure at its
boiling point.

Latent heat of fusion is the amount of heat energy required
to change 1 kg of solid into liquid at its melting point.

Some measurable quantities and their units to remember:

kelvin K
metre m
kilogram kg
newton N
cubic metre m?
kilogram per cubic metre kg m3

pascal Pa
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Exercises

1. Convert the following temperatures to the celsius scale.

(a) 293K (b) 470 K
2. Convert the following temperatures to the kelvin scale.
(@) 25°C (b) 373°C

3. Give reason for the following observations.

(a) Naphthalene balls disappear with time without leaving
any solid.

(b) We can get the smell of perfume sitting several metres
away.

4. Arrange the following substances in increasing order of forces
of attraction between the particles— water, sugar, oxygen.

5. What is the physical state of water at—

(a) 25°°C (b) 0°°C (c) 100°C ?
6. Give two reasons to justify—

(a) water at room temperature is a liquid.

(b) an iron almirah'is a solid at room temperature.

7. Why is ice at 273 K more effective in cooling than water at
the "same temperature?

8. What produces more severe burns, boiling water or steam?

9. Imagine you are a tiny particle inside a block of ice. Now
imagine the ice melts into water. Explain what changes
happen in your movement and arrangement in the liquid state.

10. Statement : "I am the reverse process of sublimation'’
Which of the following situations best represents me?

A) Ice changing into water on heating

B) Water vapour changing directly into ice crystals on a cold
surface

C) Solid camphor changing directly into vapour.

D) Water changing into steam on boiling rate.
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Group Activity

Prepare a model to demonstrate movement of particles in solids,
liquids and gases.

For making this model you will need

o A transparent jar

. A big rubber balloon or piece of stretchable rubber sheet
o A string

J Few chickpeas or black gram or dry green peas.
How to make?
. Put the seeds in the jar.

. Sew the string to the centre of the rubber sheet and put
some tape to keep it tied securely.

. Stretch and tie the rubber sheet'on the mouth of the jar.

. Your model is ready. Now run-your fingers up and down the
string by first tugging at it slowly and then rapidly.

Transparent Jar

Pull the string
first slowly, then
vigorously to
show movement
d of particles as in
Big balloon or solids, liquids
rubber sheet and gases.

Fig. 2.10: A model for converting of solid to liquid and liquid to gas.
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C hapter 3

FAVER Y

ForCcE AND LAws orF 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.

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

(b) The drawer is pulled.

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 forceis 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. 3.1). 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. 3.2).

(c) The hockey stick hits the ball forward
Pushing, pulling, or hitting objects change
their state of motion.

CLASS - 9

Fig. 3.1:

Fig. 3.2: (a) A spring expands on application of force;
(b) A spherical rubber ball becomes oblong
as we apply force on it.
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3.1 Balanced and Unbalanced
Forces

Fig. 3.3 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 a force 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.

m

1

Fig. 3.3: 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. 3.4(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. 3.4(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. 3.4(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
appearsthat an object maintains its motion
under the c¢ontinuous 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.

3.2 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. 3.5(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. 3.5(b). Fig. 3.5(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 forees 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.

CLASS - 9

(@) (b)

(c)
Fig. 3.5: (a) the downward motion; (b) the upward
motion of a marble on an inclined plane;
and (¢) on a double inclined plane.

Newton further studied Galileos ideas on
force and ammotion 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
isstated 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

64 FORCE AND Laws oF MoTION
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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.

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

Galileo Galilei

enro'lled himself for a (1564 — 1642) When a motorcar makes a sharp turnat a
medical degree at the . high speed, we tend to get thrown to one side.
University of Pisa in 1581 which he never This can again be explained on the basis of

completed because of his real interest in
mathematics. In 1586, he wrote his first
scientific book ‘The Little Balance [La
Balancittal’, in which he described
Archimedes’ method of finding the relative
densities (or specific gravities) of substances

the law of inertia. We tend to continue in our
straight-line motionn. 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

using a balance. In 1589, in his series of our body:.

essays — De Motu, he presented his theories The fact that a body will remain at rest
about falling objects using an inclined plane unless acted upon by an unbalanced force can
to slow down the rate of descent. be illustrated through the following activities

In 1592, he was appointed professor of
mathematics at the University of Padua in the y .
Republic of Venice. Here he continued his Activit y 31
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.

¢  Make a pile of similar carom coins on
a table, as shown in Fig. 3.6.

e 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. 3.6: 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 32

e Set a five-rupee coin on a stiff card
covering an empty glass tumbler
standing on a table as shown in
Fig. 3.7.

e  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.

e The inertia of the coin tries to
maintain its state of rest even when

the card flows off.

Fig. 3.7: When the card is flicked with the
finger the coin placed over it falls in the
tumbler.

Activity 33

e Place a waterfilled tumbler on a tray.

e  Hold the tray and turn around as fast
as you can.

e  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 din case of
sudden jerks.

3.3 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. If it is
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 3.2, instead of a five-rupees coin if

we 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:
Inertia is 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.

uestions

1. "Which of the following has more
inertia: (a) 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?

3.4 Second Law of Motion

The first law of motion indicates that when
an unbalanced external force acts on an
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object, 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
objects 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 (3¢1)

Momentum has both direction and
magnitude. Its direction is the same as that of
velocity, v. The SI 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
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to change the momentum of an object depends
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.

3.4.1 MATHEMATICAL FORMULATION OF
SECOND LAW OF MOTION

Suppose an object of mass, mis moving along
a straight line with an initial velocity, u. It is
uniformly accelerated to velocity, vin time, ¢
by the application of a constant force, F
throughout the time, t. The initial and final
momentum of the object willbe, p, = mu and
p, = mvrespectively.

The change in momentum < p,-p,
o« mv-mu

o« mx (v-u).

mx(v—-u)

The rate of change of momentum o«
t

Or, the applied force,

Fo mx(v-u)
kmx(v—
F= —t(V el (3.2)
=kma (3.3)

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

1 unit of force = kx (1 kg) x (1 m s32).
Thus, the value of kbecomes 1. From Eq. (3.3)

F=ma (3.4)

The unit of force is kg m s? or newton,
which has the symbol N. The second law of
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motion gives us a method to measure the
force 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. 3.8) is also
reduced. If the ball is stopped suddenly then
its high velocity decreases to zero in a very
short interval 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. 3.8: A fielder 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.
(3.4) is

F=ma

m(v-u)
t
or Ft=mv-mu

or F = (3.5)

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

Example 3.1 A constant force acts on an
object of mass 5 kg for a duration of 2
s. It increases the object’s velocity from
3ms! to 7ms'. 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=3m s’ and
v=7ms", t=2sand m =5 kg. From
Eq. (3.5) we have,
m(v-u)

t
Substitution of values in this relation
gives

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

F:

Now, if this force is applied for a duration
of 5 s (t=5 s), then the final velocity can
be calculated by rewriting Eq. (3.5) as

Ft
v=u+—
m

On substituting the values of u, F, m

and ¢, we get the final velocity,
v=13ms.

Example 3.2 Which would require a
greater force — accelerating a 2 kg

mass at 5m s?or a4 kg massat2m
s2?
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Solution:

From Eq. (3.4), we have F = ma.

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

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

Thus, acceleratinga2 kg massat5m s
2would require a greater force.

Example 3.3 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)

=30 m s!
and the final velocity of the motorear
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. (3.5) we have the magnitude
of the force (F) applied by the brakes
as m(v-u)/t.
On substituting the values, we get
F=1000kg x (0-30)ms'/4s

= - 7500 kg m s? or — 7500 N.
The negative sign tells us that the force
exerted by the brakes is opposite to
the direction of motion of the motorcar.

Example 3.4 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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Solution:

From Eq. (3.4) we have m, = F/a,; and
m, = F/a, Here, a, =10 m s?;
a,=20ms?>and F=5N.
Thus, m, =5 N/10 m s* =
and

m, =5 N/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 s>

0.50 kg;

Example 3.5 The velocity-time graph of a

Velocity (cm/s) —»

25

— —_ ]
g, © O o
1 1 1 |

ball of mass 20 g moving along a
straight line on a long table is given in
Fig. 3:9.

T T T 1T 1T 1T 1T T T 1T
1 2 383 4 5 6 7 8 9 10 11

time (s) —

Fig. 3.9

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
down tozeroin 10s.Thus, u=20cms™*; v
=0cms! and ¢=10s. Since the velocity-
time graph is a straight line, it is clear that
the ball moves with a constant
acceleration. The acceleration ais

v-u
t
=O0Ocms!'-20cms')/10s
=-2cms?2=-0.02ms?2.
The force exerted on the ball F is,
F=ma=(20/1000) kg x (- 0.02 m s?)

a =

FORCE AND Laws oF MoTION
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= - 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.

3.5 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. 3.10.
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, itis observed that both the spring balances
show the same readings on their scales. It
means that the force exerted by spring balance
A on 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. 3.10: 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 is fired, 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. 3.11). 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. 3.12).

Accelerating force
on the bullet
/

Recoil force
— on the gun

Fig. 3.11: A forward force on the bullet and recoil
of the gun.
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Fig. 3.12: As the sailor jumps in forward direction,
the boat moves backwards.

Activity 34 Fig. 3.13

e  Request two children to stand on two Now, place two children on one cart and
separate carts as shown in Fig. 3.13. one on another eart. 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 aceelerations for the same force.
a game of catch with the bag. The cart shown in this activity can be

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

¢ You can paint a white line on

constructed by using a 12 mm or 18 mm
thick plywood board of about 50 cm x 100
cm with two pairs of hard ball-bearing wheels

cartwheels to observe the motion of (skate wheels are good to use). Skateboards
the two carts when the children throw are not as effective because it is difficult to
the bag towards each other. maintain straight-line motion.

. 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 SI 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.



580 8. 12: TPOE SOHE ST 555 JHEDH
EiDeoiD

o D0 3.138° S Defore Botk HEIB>
20g e BEB HYOD ot Dok

o B8 HHEE VoS Ko T AJ° &8
2B5ZS 5D adod. oA sgo
é&p@é}ﬁ 60 @i IYosk.

o BT DoD DIBEO (Sg) g 578> B
BEee (H8Sowerd) gPlomeoe?

o Doen 2,808 BH xHE KHodY
B Totd @0 EXDE0D Mo
08 208 S(Ere Bed Hono JADHD),

3&3&5’&&

S&o 3.13

Y a8 208805 a&é&) DY, HG°8 20850
&8 Dearél JoBiod. & @Hdy 2.8 2erd8 KIS
BBered B0 smeé Bo&D K0S DD
ﬁzﬁ;&)oé:ﬁzﬁaz);

&4 65508° 1% @08 12 .80, Toe 18 . 8.
Lo, 5020.8. x 100%0.8. Foden Ko RHE
BEHD Botd a8 HEDS e B0oR SEeen (B 8oh
DS, Blsren FEerI8 . errbotron) @do wRoe
QBPSHK),. 5 8°%en wod SLEH0EDID 520
Dotngod ;dS S8y SoTed) BRSNS é{wqo.

B K AoHgo: 2.8 WdHEespeo HAVEDEoSSEL, Do 3 288 &)
SRH I %)@55?65" mwaﬁﬁgo@‘s Sosotos® 6$0D @3 cgé’éesﬁzéav

[<JoloolelaN

. Sven B Ao BB ™ o $080306 MR Bro8)% $580803 Bikees
©FerQ) a3tEB0 ©otrd:

o 288D Fod S @nE) (B5:50°8. ool S.L ($HSreasin 88° (s (kg).

J DL 200 JYIYED SN SIOTRY) B58T800.

J Bod K dohdo: a8 $pH @wE) EXEKo & Srdy Tew, TR
BRrAoSES ©dHe5@erd8 ©hs Erdrsos® o ae 8IS sotmob.



The SI 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 s2 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 SI 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.

I Exercises

CLASS - 9

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

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

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 nounbalanced force on the ball, so the ball would
want to come to rest.

. Atruck 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.)

.. 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?

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.

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?

80 ForceE aAND Laws or MoTioN
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CLASS - 9

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? (c) Y2 mv? (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 s7!. Calculate the magnitude of change
of momentum occurred in theé 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 ¢alculate 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 s 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 s2.

Additional

Exercises
Al. The following is the distance-time table of an object in motion:
Time in seconds Distance in metres
0] 0]
1 1
2 8
3 27
4 64
5 125
6 216
7 343

A3.

A4.

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

(b) What doryou 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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C hapter 4

How do we judge whether milk, ghee, butter,
salt, spices, mineral water or juice that we
buy from the market are pure?

SALT

FREE FLOW
IODISED SALT

Fig. 4.1: Some consumable items

Have you ever noticed the word ‘pure’
written on the packs of these consumables?
For a common person pure means having no
adulteration. But, for a scientist all these
things are actually mixtures of different
substances and hence not pure. For example,
milk is actually a mixture of water, fat,
proteins, etc. When a scientist says that
something is pure, it means that all the
constituent particles of that substance are
the same in their chemical nature. A pure
substance consists of a single type of particle.
In other words, a substance is a pure single
form of matter.

As we look around, we can see that most
of the matter around us exists as mixtures of
two or more pure components, for example,
sea water, minerals, soil, etc., are all mixtures.

4.1 What is a Mixture?

Mixtures are constituted by more than one
kind of pure form of matter. We know that
dissolved sodium chloride can be separated
from water by the physical process of

[
-

BY9X5]

Is MATTER AROUND Us PURE?

evaporation. However, sodium chloride is itself
a pure substance and cannot be separated
by physical process into its chemical
constituents. Similarly, sugar is a substance
which contains only one kind of pure matter
and its composition is the same throughout.
Soft drink afnd soil are not single pure
substances. Whatever the source of a
pure substance may be; it will always have
the same characteristic properties.
Therefore, we can say that a mixture
contains more than one pure substance.

4.1.1 TYPES OF MIXTURES

Depending upon the nature of the
components that form a mixture, we can have

different types of mixtures.
Activity 41
e Let us divide the class into groups A,
B, C and D.

e Group A takes a beaker containing
50 mL of water and one spatula full of
copper sulphate powder. Group B takes
50 mL of water and two spatula full of
copper sulphate powder in a beaker.

e Groups C and D can take different
amounts of copper sulphate and
potassium permanganate or common
salt (sodium chloride) and mix the given
components to form a mixture.

e Report the observations on the
uniformity in colour and texture.

° Groups A and B have obtained a
mixture which has a uniform
composition throughout. Such
mixtures are called homogeneous
mixtures or solutions. Some other
examples of such mixtures are: (i) salt
dissolved in water and (ii) sugar
dissolved in water. Compare the




O %0 4

$oo8)s ool R0 BVS Srew, 35y, Somg, &),
DorfogBargen, HIBS ed Sae, Hog E¥o AJT°
HEBIEY S0 Do Wone?

SALT

FREE FLOW
IOCISED SALT

Sé0 4. 1: §°)) IIDRA0LILAS Seden

& QAT SHo R JAHDIG @ [EecHed
&oto DY PRI Kodomrar? el Fpeden a8
HEPIO oI 8H BB @ ofo. D TN o8
PRIZE & IB[H0) NG KJWO;@@’S ErdS
(I, ©otHPY 33D HEPID 5. AT
Jren Db S, Lo Hen HOKH B0 OESSD
EOAY 2.8 M(Fh0. TFDEe QBT Hirgo DHEFIL
BFBod @ HTGo TE) ©WOE Cezren od) &8
BIcHS BP0 EOR STHEDD 80, 2.8 HEHTBo
2.8 B8RS Serodd ZOA Gotnod. HHBENE dore
a8 HEHLo I8, HEDS 2.8 STGETSO.

5050 o oea $8800DSLE, Teer BT
BotH Bo @oEEods QENH ) wodeen EOHND
D|ESeenr EIHJon. GITEEnd Sn(EH b,
plePen, HB IEPID o) DF5-S.

4.1 |E500 ©BTRWL?

2.5 So& IS BHESS SorTre Boows Toe ah(Esoe
Dok, ABS® L0AS Pacho EBED ardygsso
o3 [HBD Txo° 3% 30‘3)261‘53132620 058 Bewdn. ©ond
RAdabo EBE oI af HPEPIDgo. B &

FEBFK Y

DD tHée &), DTV O D ahraso?

IS edgpirsterre NG FEE (HBche oo
FEHTADOBED. @8 Lo HoSTE a8 HEIS Ho,
08 28 S8505%H Bodd BHES 05 I
BOA, T Dogherdo wose Frore 2.8 Qo &0t

S50 Fdodo, S8 O bé%bcg a’amo;m 2. a8
RBEHPS Drego G Sareo BT ©f ARHET &8
BERS engsa"@és LS c‘écvéezé) EOA Sowed.

HH o IO W8S Bods DBND gD
KJWO;@J BOA G0t Hdo BB

401.1 (Edren SsPen

BN, DGPDS ezl wodre JErdo D
BPEHEELIDH VYY) zve piEldren EDA GoEHND).

%)6&5'0 __________________________ 4. 1
o BB A, B, C 08050 D &9 @3¢
é)eﬁacsso

o atnA S el D56 50 2.9, B, a8
Bewe Vowe 5708 KBS o Bos’aeD.
ety B o a8 85588 50 2.0, d,
Bozh Bowre B8 ) F& B,

o aéy C, D o8& 9 3})@_‘3@68 50H8
ééq)éb’, PEPRA00 éo*&oﬁ?ogég S Jedes
&) Rf&cho EBE) B S, A
Bodto megor a8 oo airtd ZosrD.

o &K WESreo Borv, @é@@é"" DELETHS
%8890 JBBOBO&.

o @i A, B e Podd MEdo oz D868
0508800 E0A oo, -andedd
D(FSred SardaHh M(ESren Soo
(@eNeen @otPdD. EnH0H D(FLred
20B5°Q) emesrseen 1) IBS® E8A0DS
a3 1) ABS® L8RS Hoswes. Bok
2o BwE) ([EHere S0 Dol



colour of the solutions of the two
groups. Though both the groups have
obtained copper sulphate solution but
the intensity of colour of the solutions
is different. This shows that a
homogeneous mixture can have a
variable composition.

Groups C and D have obtained mixtures,
which contain physically distinct parts
and have non-uniform compositions.
Such mixtures are called heterogeneous
mixtures. Mixtures of sodium chloride
and iron filings, salt and sulphur, and
oil and water are examples of
heterogeneous mixtures.

Activity 42

Let us again divide the class into four

groups— A, B, C and D.

Distribute the following samples to

each group:

—  Few crystals of copper sulphate to
group A.

— One spatula full of copper
sulphate to group B.

— Chalk powder or wheat flour to
group C.

— Few drops of milk or ink to
group D.

Each group should add the given

sample in water and stir properly using

a glass rod. Are the particles in the

mixture visible?

Direct a beam of light from a torch

through the beaker containing the

mixture and observe from the front. Was

the path of the beam of light visible?

Leave the mixtures undisturbed for a

few minutes (and set up the filtration

apparatus in the meantime). Is the

mixture stable or do the particles begin

to settle after some time?

Filter the mixture. Is there any residue

on the filter paper?

Discuss the results and form an
opinion.

Groups A and B have got a solution.
Group C has got a suspension.
Group D has got a colloidal solution.
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Glass rod
Liquid decanted in

) the funnel fitted with
a Filter paper a filter paper
Funnel
a )
5 3
(b) (©) Test tube

=

Cone of
a filter paper

Filter paper
(folded)

Filtrate

Fig. 4.2: Filtration
Now, we shall learn about solutions,

suspensions and colloidal solutions in the
following sections.

uestions

1. What is meant by a substance?

2.4 List| the points of differences
between, homogeneous and
Rheterogeneous mixtures.

4.2 What is a Solution?

A solution is a homogeneous mixture of two
or more substances. You come across various
types of solutions in your daily life. Lemonade,
soda water, etc., are all examples of solutions.
Usually we think of a solution as a liquid that
contains either a solid, liquid or a gas
dissolved in it. But, we can also have solid
solutions (alloys) and gaseous solutions (air).
In a solution there is homogeneity at the
particle level. For example, lemonade tastes
the same throughout. This shows that
particles of sugar or salt are evenly distributed
in the solution.

Alloys: Alloys are mixtures of two or)
more metals or a metal and anon-metal
and cannot be separated into their
components by physical methods. But
still, an alloy is considered as a mixture
because it shows the properties of its
constituents and can have variable
composition. For example, brass is a
mixture of approximately 30% zinc and
70% copper. )

More to know

88 Is Matter Around Us Pure?
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A solution has a solvent and a solute as
its components. The component of the
solution that dissolves the other component
in it (usually the component present in larger
amount) is called the solvent. The component
of the solution that is dissolved in the solvent
(usually present in lesser quantity) is called
the solute.

Examples:

() A solution of sugar in water is a solid
in liquid solution. In this solution,
sugar is the solute and water is
the solvent.

A solution of iodine in alcohol known

as ‘tincture of iodine’, has iodine (solid)

as the solute and alcohol (liquid) as
the solvent.

Aerated drinks like soda water, etc.,

are gas in liquid solutions. These

contain carbon dioxide (gas) as solute
and water (liquid) as solvent.

(iv) Air is a mixture of gas in gas. Air is a
homogeneous mixture of a number of
gases. Its two main constituents are:
oxygen (21%) and nitrogen (78%). The
other gases are present in'very
small quantities.

(i)

(iii)

Properties of a Solution

A solution is a homogeneous mixture.
The particles of a solution are smaller
than 1 nm (10°metre) in diameter. So,
they cannot be seen: by naked eyes.
Because of very small particle size, they
do not scatter a beam of light passing
through the solution. So, the path of
light is not visible in a solution.

The solute particles cannot be
separated from the mixture by the
process of filtration. The solute particles
do not settle down when left
undisturbed, that is, a solution is
stable.

4.2.1 CONCENTRATION OF A SOLUTION

In activity 4.2, we observed that groups A
and B obtained different shades of solutions.
So, we understand that in a solution the

CLASS - 9
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relative proportion of the solute and solvent
can be varied. Depending upon the amount
of solute present in a solution, it can be
called dilute, concentrated or saturated
solution. Dilute and concentrated are
comparative terms. In activity 4.2, the
solution obtained by group A is dilute as
compared to that obtained by group B.

Activity 4.3

e Take approximately 50 mL of water
each in two separate beakers.

Add salt in one beaker and sugar or
barium chloride in the second beaker
with continuous stirring.

When no more solute can be dissolved,
heat the contents of the beaker to raise
the temperature by about 5°C.°

Start adding the solute again.

Is the amount of salt and sugar or barium
chloride, that can be dissolved in water at a
given temperature, the same?

Atany particular temperature, a solution
that has dissolved as much solute as it is
capable of dissolving, is said to be a saturated
solution. In other words, when no more solute
can be dissolved in a solution at a given
temperature, it is called a saturated solution.
The amount of the solute present in the
saturated solution at this temperature is
called its solubility.

If the amount of solute contained in a
solution is less than the saturation level, it is
called an unsaturated solution.

What would happen if you were to take a
saturated solution at a certain temperature
and cool it slowly.

We can infer from the above activity that
different substances in a given solvent have
different solubilities at the same temperature.

The concentration of a solution is the
amount (mass or volume) of solute present in
a given amount (mass or volume) of solution.

There are various ways of expressing the
concentration of a solution, but here we will
learn only three methods.

(i) Mass by mass percentage of a solution

Mass of solute

" Mass of solution
Is Matter Around Us Pure?
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(i) Mass by volume percentage of a solution

Mass of solute <100

- Volume of solution

(iiij Volume by volume percentage of a
solution

Volume of solute
= x 100
Volume of solution

Example 4.1 A solution contains 40 g of
common salt in 320 g of water.
Calculate the concentration in terms of
mass by mass percentage of the

solution.
Solution:
Mass of solute (salt) = 40g
Mass of solvent (water)= 320 g

We know,
Mass of solution = Mass of solute +
Mass of solvent
=40g+320¢g
=360¢g

Mass percentage of solution

Mass of solute
= x 100
Mass of solution

400 x100 =11.1%

4.2.2 WHAT IS A SUSPENSION?

Non-homogeneous systems, like those
obtained by group C in activity 4.2, in which
solids are dispersed in liquids, are called
suspensions. A suspension is a heterogeneous
mixture in which the solute particles do not
dissolve but remain suspended throughout
the bulk of the medium. Particles of a
suspension are visible to the naked eye.

Properties of a Suspension

e Suspension is a heterogeneous
mixture.

e The particles of a suspension can be
seen by the naked eye.

CLASS - 9

e The particles of a suspension scatter a
beam of light passing through it and
make its path visible.

e The solute particles settle down when
a suspension is left undisturbed, that
is, a suspension is unstable. They can
be separated from the mixture by the
process of filtration. When the particles
settle down, the suspension breaks and
it does not scatter light any more.

4.2.3 WHAT IS A COLLOIDAL SOLUTION?

The mixture obtained by group D in activity
4.2 is called a colloid or a colloidal solution.
The particles of a.¢olloid are uniformly spread
throughout the solution. Due to the relatively
smaller size of particles, as compared to that
of a suspension, the mixture appears to be
homogeneous. But actually, a colloidal
solution_.is a heterogeneous mixture, for
example, milk.

Because of the small size of colloidal
particles, we cannot see them with naked
eyes. But, these particles can easily scatter a
beam of visible light as observed in activity
2.2. This scattering of a beam of light is called
the Tyndall effect after the name of the
scientist who discovered this effect.

Tyndall effect can also be observed when
a fine beam of light enters a room through a
small hole. This happens due to the scattering
of light by the particles of dust and smoke in
the air.

3
Path of
«— light
Torch becomes
visible
—
(a) (b)

Fig. 4.3: (a) Solution of copper sulphate does not
show Tyndall effect, (b) mixture of water

and milk shows Tyndall effect.
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Tyndall effect can be observed when
sunlight passes through the canopy of a
dense forest. In the forest, mist contains tiny
droplets of water, which act as particles of
colloid dispersed in air.

Bl S

Fig. 4.4: The Tyndall effect

Properties of a Colloid

A colloid is a heterogeneous mixture.
The size of particles of a colloid is too
small to be individually seen with
naked eyes.

uestions

1

examples.
2.
3.

Colloids are big enough to scatter a
beam of light passing through it and
make its path visible.

They do not settle down when left
undisturbed, that is, a colloid is quite
stable.

They cannot be separated from the
mixture by the process of filtration. But,
a special technique of separation known
as centrifugation (perform activity 4.5),
can be used to separate the colloidal
particles.

The components of a colloidal solution
are the dispersed phase and the dispersion
medium. The solute-like component or the
dispersed particles in a colloid form the
dispersed phase, and the component in which
the dispersed phase is suspended is known
as the dispersing medium. Colloids are
classified according to the state (solid, liquid
or- gas) of the dispersing medium and the
dispersed phase. A few common examples are
given in Table 4.1. From this table you can
see that they are very common everyday life.

Differentiate between homogen- eous and heterogeneous mixtures with

How are sol, solufion and suspension different from each other?
To make a saturated solution, 36 g of sodium chloride is dissolved in 100 g of water

at 293 K. Find its‘eeficentration at this temperature.

Table 4.1: Common examples of colloids

Dispersed
phase

Dispersing
Medium

Liquid Gas Aerosol Fog, clouds, mist

Solid Gas Aerosol Smoke, automobile exhaust

Gas Liquid Foam Shaving cream

Liquid Liquid Emulsion Milk, face cream

Solid Liquid Sol Milk of magnesia, mud

Gas Solid Foam Foam, rubber, sponge, pumice

Liquid Solid Gel Jelly, cheese, butter

Solid Solid Solid Sol Coloured gemstone, milky glass
CLASS - 9 94 Is Matter Around Us Pure?
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4.3 Physical and Chemical
Changes

In the previous chapter, we have learnt about
a few physical properties of matter. The
properties that can be observed and specified
like colour, hardness, rigidity, fluidity,
density, melting point, boiling point etc. are
the physical properites.

The interconversion of states is a physical
change because these changes occur without
a change in composition and no change in
the chemical nature of the substance.
Although ice, water and water vapour all look
different and display different physical
properties, they are chemically the same.

Both water and cooking oil are liquid but
their chemical characteristics are different.
They differ in odour and inflammability. We
know that oil burns in air whereas water
extinguishes fire. It is this chemical property
of oil that makes it different from water.
Burning is a chemical change. During this
process one substance reacts with another
to undergo a change in chemical composition.
Chemical change brings change in_the
chemical properties of matter and we get new
substances. A chemical change is also called
a chemical reaction.

During burning of a candle, both physical
and chemical changes take place. Can you
distinguish these?

uestions
1. Classily the following as chemical
or physical changes:

e cutting of trees,

melting of butter in a pan,

rusting of almirah,

boiling of water to form steam,

passing of electric current,

through water and the water

breaking down into hydrogen

and oxygen gases,

e dissolving common salt in
water,

e making a fruit salad with raw
fruits, and

CLASS - 9

e burning of paper and wood.

2. Try segregating the things
around you as pure substances
or mixtures.

4.4 What are the Types of Pure
Substances?

On the basis of their chemical composition,
substances can be classified either as
elements or compounds.

4.4.1 ELEMENTS

Robert Boyle was the first scientist to use
the term elementin 1661. Antoine Laurent
Lavoisier (1743-94), a French chemist, was
the first to establish an experimentally useful
definition’ of an element. He defined an
element as a basic form of matter that cannot
be broken down into simpler substances by
chémical reactions.

Elements can be normally divided into
metals, non-metals and metalloids.

Metals usually show some or all of the
following properties:

e They have a lustre (shine).

e They have silvery-grey or golden-yellow
colour.

¢ They conduct heat and electricity.

e They are ductile (can be drawn into
wires).

e They are malleable (can be hammered
into thin sheets).

e They are sonorous (make a ringing
sound when hit).

Examples of metals are gold, silver,
copper, iron, sodium, potassium etc.
Mercury is the only metal that is liquid at
room temperature.

Non-metals usually show some or all of
the following properties:

e They display a variety of colours.

e They are poor conductors of heat and
electricity.

e They are not lustrous, sonorous
or malleable.

Examples of non-metals are hydrogen,
oxygen, iodine, carbon (coal, coke), bromine,
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chlorine etc. Some elements have intermediate
properties between those of metals and non-
metals, they are called metalloids; examples
are boron, silicon, germanium, etc.

~

e The number of elements known

at present are more than 100.
Ninety-two elements are
naturally occurring and the
rest are man-made.

Majority of the elements are
solid.

Eleven elements are in gaseous
state at room temperature.
Two elements are liquid at room
temperature—mercury and
bromine.

Elements, gallium and cesium
become liquid at a temperature
slightly above room
temperature (303 K).

More to know

J

4.4.2 COMPOUNDS

A compound is a substance composed of two
or more elements, chemically combined with
one another in a fixed proportion.
What do we get when two or more elements
are combined?

44

Activity

o Divide the class into two groups. Give
5 g of iron filings .and 3 g of sulphur
powder in a china dish to both
the groups.

Group I
e  Mix and crush iron filings and sulphur
powder.

Group II

e  Mixand crush iron filings and sulphur
powder. Heat this mixture strongly till
red hot. Remove from flame and let the
mixture cool.

Groups I and II

*  Check for magnetism in the material
obtained. Bring a magnet near the
material and check if the material is
attracted towards the magnet.

CLASS - 9
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o Compare the texture and colour of the
material obtained by the groups.

e  Add carbon disulphide to one part of
the material obtained. Stir well
and filter.

e  Add dilute sulphuric acid or dilute
hydrochloric acid to the other part of
the material obtained.(Note: teacher
supervision is necessary for
this activity).

e  Perform all the above steps with both
the elements (iron and sulphur)
separately.

Now answer

Did the miaterial obtained by the two
groups look the same?

Which group has obtained a material
with magnetie properties?

Can ‘we separate the components of
the material obtained?

Ongadding dilute sulphuric acid or
dilute hydrochloric acid, did both the
groups obtain a gas? Did the gas in
both the cases smell the same
or different?

The gas obtained by Group I is hydrogen,
it is colourless, odourless and combustible—
it isnot advised to do the combustion test for
hydrogen in the class. The gas obtained by
Group II is hydrogen sulphide. It is a
colourless gas with the smell of rotten eggs.

You must have observed that the products
obtained by both the groups show different
properties, though the starting materials were
the same. Group I has carried out the activity
involving a physical change whereas in case
of Group II, a chemical change (a chemical
reaction) has taken place.

e The material obtained by group I is a
mixture of the two substances. The
substances given are the elements—
iron and sulphur.

The properties of the mixture are the
same as that of its constituents.

Is Matter Around Us Pure?
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Table 4.2: Mixtures and Compounds

Mixtures Compounds

1. Elements or compounds just mix 1. Elements react to form new compounds.
together to form a mixture and no
new compound is formed.

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

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

constituent substances. properties.
4. The constituents can be seperated 4. The constituents can be separated only
fairly easily by physical methods. by chemical or electrochemical
reactions.

* The material obtained by group Il is a e The composition of a compound is the

compound. same throughout. We can also observe
* On heating the two elements strongly that the texture and the colour of the
we get a compound, which has totally compound are the same throughout.
different properties compared to the THus, we can summarise the physical
combining elements. and chemical nature of matter in the

following graphical organiser:

Elements Compounds Hemogeneous Heterogeneous
Cannot be proken Have fixed composition Uniform composition Non-uniform
down to simpler can be broken down into composition
substances elements by chemical or for example, sugar in
for example, copper, electrochemical reactions water, salt in water, for example, sand and
oxygen, iron, hydrogen, for example water, sulphur in carbon salt, sugar and salt,
mercury etc. methane, sugar, salt disulphide, water in water in oil etc.
ete. alcohol etc.

What

you have
learnt

o A mixture contains more than one substance (element and/or
compound) mixed in any proportion.
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Mixtures can be separated into pure substances using
appropriate separation techniques.

A solution is a homogeneous mixture of two or more
substances. The major component of a solution is called the
solvent, and the minor, the solute.

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

Materials that are insoluble in a solvent and have particles
that are visible to naked eyes, form a suspension.
A suspension is a heterogeneous mixture.

Colloids are heterogeneous mixtures in which the particle size
is too small to be seen with the naked eye, but is big enough to
scatter light. Colloids are useful in industry and daily life. The
particles are called the dispersed phase and the medium in
which they are distributed is called the dispersion medium.

Pure substances can be elements or compounds. An element
is a form of matter that cannot be broken down by chemical
reactions into simpler substances. A compound is a substance
composed of two or more different types of elements, chemically
combined in a fixed proportion.

Properties of a compound are different from its constituent
elements, whereas.a mixturé shows the properties of its
constituting elements or compounds.

Exercises

1.

Which separation techniques will you apply for the
separation of the following?

(a) »Sodium chloride from its solution in water

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

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

(d) Different pigments from an extract of flower petals
(e) Butter from curd

() Oil from water

(g0 Tealeaves from tea

(h) Iron pins from sand

() Wheat grains from husk

() Fine mud particles suspended in water

102 Is Matter Around Us Pure?
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Write the steps you would use for making tea. Use the
words solution, solvent, solute, dissolve, soluble, insoluble,
filtrate and residue.

Pragya tested the solubility of three different substances at
different temperatures and collected the data as given below
(results are given in the following table, as grams of substance
dissolved in 100 grams of water to form a saturated solution).

Temperature in K
283 203 313 333 353

Substance Dissolved

Solubility
Potassium nitrate 21 32 62 106 167
Sodium chloride 36 36 36 37 37
Potassium chloride 35 35 40 46 54
Ammonium chloride 24 37 41 55 66

(@@ What mass of poetassium nitrate would be needed to
produce a saturated solution of potassium nitrate in
50 grams of water at 313 K?

(b) Pragya makes a saturated solution of potassium chloride
in water at 353 K and leaves the solution to cool at room
temperature..What would she observe as the solution
cools? Explain.

(c) Find the solubility of each salt at 293 K. Which salt has
the highest solubility at this temperature?

(d) What is the effect of change of temperature on the
solubility of a salt?

Explain the following giving examples.

(@) Saturated solution

(b) Pure substance

(c) Colloid

(d) Suspension

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

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

How would you confirm that a colourless liquid given to you is
pure water?
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7. Which of the following materials fall in the category of a
“pure substance”?

(a) Ice
(b) Milk
(c) Iron

(d) Hydrochloric acid
(e) Calcium oxide

(f) Mercury
(8) Brick
(h) Wood
(i) Air
8. Identify the solutions among the following mixtures.
(a) Soil
(b) Sea water
(c) Air
(d) Coal

(e) Soda water
9.  Which of the following will show “Tyndall effect”?
(a) Salt solution
(b) Milk
(c) Copper sulphate solution
(d) Starch solution
10. Classify the following into elements, compounds and

mixtures.
(@) Sodium
(b) < Soil
(c) . Sugar solution
(d)-. Silver
(e) Calcium carbonate
() Tin
(g) Silicon
(h) Coal
(i) Air
(G) Soap

(k) Methane
(1) Carbon dioxide
(m) Blood
11. Which of the following are chemical changes?
(a) Growth of a plant
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(b) Rusting of iron
(c) Mixing of iron filings and sand
(d) Cooking of food
(e) Digestion of food
(f) Freezing of water
(g) Burning of a candle
12. A startup company launches three new products:
1. A room freshener spray
2. A medicinal antacid suspension (like milk of magnesia)
3.A coloured decorative glass panel
Which of the following correctly identifies the type of colloid in
each product?
A) Spray - Foam; Antacid - Emulsion; Glass - Gel
B) Spray - Aerosol; Antacid - Sol; Glass - Solid sol
C) Spray - Emulsion; Antacid - Gel; Glass - Aerosol
D) Spray - Sol; Antacid - Foam; Glass - Emulsion

Group Activity

Take an earthen pot (mutka), some pebbles and sand. Design a
small-scale filtration plant that you could use to clean
muddy water.
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C hapter 5

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.

5.1 Gravitation

We know that the moon goeés around the
earth. An object when thrown upwards,
reaches a certain height and then falls
downwards. Itis 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. But we do not really see the moon
falling towards the earth.
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Let us try to understand the motion of
the moon by recalling activity 5.11.

Activity

e Take a piece of thread.

o Tie a small stone at one end. Hold the
other end of the thread and whirl it
round, as shown in Fig. 5.1.

Note the motion of the stone.
Release the thread.

° Again, note the direction of motion of

the stone.

Fig. 5.1: 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

More to know

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 attractthe
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. (5.4)]. 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.

CLASS - 9

5.1.1 UNIVERSAL LLAW 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. 5.2: -The gravitational force between two
uniform objects is directed along the line

joining their centres.

Let two objects A and B of masses Mand
m lie at a distance dfrom each other as shown
in Fig. 5.2. 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,

Foc M xm (5.1)
And the force between two objects is
inversely proportional to the square of
the distance between them, that is,

1
FOC? (5.2)

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

Mxm
F o 7 (5.3)
M x m
o, F=G 7 (5.4)

where G is the constant of proportionality and

is called the universal gravitation constant.

By multiplying crosswise, Eq. (5.4) gives
Fxd?=GMxm

112 (GRAVITATION
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2

Fd
M x m

The SI unit of G can be obtained by
substituting the units of force, distance and
mass in Eq. (5.5) as N m? kg2.

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 107! N m? kg=2.

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!

or G= (5.5)

\

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

More to know

1
36 times smaller.

/

Example 5.1 The mass of the earth is
6 x10%* kg and that of the moon is
7.4 x10* kg. 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 x10** kg
The mass of the moon,
m=7.4x10%22kg
The distance between the earth and the
moon,
d 3.84 x10°km
3.84 x10°x1000 m

3.84 x108 m

CLASS - 9

G = 6.7x10"' Nm?kg?
From Eq. (5.4), the force exerted by the
earth on the moon is
M xm

d2

F =G

~ 6.7x10"' Nm® kg? 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.

uestions
1. Staté the universal law of
gravitation.

2. MWrite the formula to find the
magnitude of the gravitational
force between the earth and an
object on the surface of the
earth.

5.1.2 IMPORTANCE OF THE UNIVERSAL
LAW OF GRAVITATION

The universal law of %ravitation successfully
explained several phenomena which were
believed to be unconnected:
(i) the force that binds us to the earth;
(i the motion of the moon around the

€ ;

(i) th% motion of planets around the Sun;
an

(iv) the tides due to the moon and the
Sun.

5.2 Free Fall

Let us try to understand the meaning of free
fall by performing this activity.
52

Activity

Take a stone.

Throw it upwards.

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

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

114 (GRAVITATION
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M x m

& G= (5.5)

38880 5.5 & aewo, Srdo, (B550°8 (e
B8EDos™ G SI (Hkreso o, .7 8.2

JoYBDH (@250 BIBrA0D IR S°I08K
(1731 - 1810) &°RK3E G Deodd Sl
WRPEOBDES G Dend 6:673x 10‘11263°§.§)o.2 &

VST Botd DY S0 888 00 532“03@0&6@
H58 Bendo. O, O fo&iwéoc‘ﬁo csréém SSe Y
& & 055 O S @) KBolold. oS
88 o) 5% @ﬁaé@oééé@‘s&a&é’s Sq;aotﬁ)!

& Jaho oS soi @) é@@osﬁ\
58008, © DHIK B8 DL, Y SRHBS
BE 400 o 0% DB 5B,

G 2.6((?0

F 036 d &%) S8 & Erdarsod®
&0EN0B. ©08, STPTERD, d e By @ons,

0008 BenoHomro

1
F o386 - Oty D50 o508,

J

ST 5.1 350 (555078 6 %107 8. (., S0t
(Bgoed 7.4 %1022 8.(r®. geen8 SHBdm
SoE8 Hhggrie B0 3.84x105 8.%.
©on8 HoEHd WS el SerE e
8§odod. (G =6.7 x10™" Eéﬁé.ﬁb.2 8.
™ 8:08%8)

FEE:

g (5008, M =6 x10** &.(rv.
Fo(Eo (5073,

m=7.4x10% & v,

&e08, Fo(tH8 g e Brdo,

d = 3.84x10°8 5.
=  3.84 x10° x1000 &».
=  3.84x108%.
G = 6.7 x10" &5 8% 8. (v

obomeyEse 115

08p88es0 (5.4) 508 HoEHP e (HRPACT
2200
M xm

F=G=s

_ 6.7x10"' Nm®kg® x6x10** kg x7.4x10* kg
(3.84 x10° m)®
=2.02 x 102°N.

& Qore, Soldd S e SonEDd o0
2.02 x 10%° N,

%&e:o

1. DG, Moso&>s Y e
DBsDoeds.

20 25250 HOAW 8P° 650800 €Y DD
Beslaly &o& MDOHENEG e 20 B837eTY
EDHAD @) (57°ADOG.

r‘OOD/Jc;jJDrOOZ

:

5.1.2. D&y HdomEden oo Iws)
(e So0gpge
RN ﬁa&@séélea QHvo DaohHogorr Soodso
89 o3I &gy DHBoNOG.
(1) %8 ardnd HBMWS0 TP 2000
(i) e Sy SJolEhd Sodo
(1ii) KB heap (5o Sobo bk
(iv) SolEHd 0Basn Kty Sl eensbiy

5.2. 'foogabéézéo

& E)dg50 B0 Gegoe '(So‘gaggéézéo % ©go
BE%ETR8 [HahGTro.

%o
o 2.8 oromd &%08%8.
o A 28 WTCH08E.
o 30 a8 0K BB 363&26& EoxE, OO
08 (BoBE HEE0 InBeHE0b.
grsd 83 I SV @é%@oé@ Beo0BTO.
B8 =280 Zﬁéawogétélsa DO, &8 OO0 SO HNYen
a@)qa_é 3PS B HDE50 PHTEr, ©werod SHHo
?30‘55336626 3P Bewsro. 130‘5536626 IQHe el loN

955 $618



any 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 earths 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
earths 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, thatis, m s™2.

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 5.2 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 (5.06)
From Egs. (5.4) and (5.6) we have
M x m
mg=G 3
M
or £=G— (5.7)

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 din Eq. (5.7) will be
equal to R, the radius of the earth. Thus, for
objects on or near the surface of the earth,

Mx m
mg =G R (5.8)
g‘GM 5.9
R (5.9)

The earth is not a perfect sphere. As the
radius of the earth increases from the poles
to the equator; the value of gbecomes greater
at the poles than at the equator. For most

CLASS - 9

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. (5.7).

5.2.1 To CALCULATE THE VALUE OF &

To calculate the value of g, we should put
the values of G, Mand Rin Eq. (5.9), namely,
universal gravitational constant, G = 6.7 x 10"
' N m? kg2, mass of the earth, M =6 x 10* kg,
and radius of the earth, R=6.4 x 10°m.

g=G o,
R
_ 6.7x10"" Nm* kg’ x6x10°* kg
(6.4x10°m)*
=9.8m s?2

Thus, the value of acceleration due to gravity
of the earth, g=9.8 m s2.

5.2.2 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 53

e 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.

e 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.

116 (GRAVITATION



QBT $e8)) Gowe? 8068 HHHK) HND e IS
dero L8 B, S 4 Bnk) wBge SeoT
o I HBLre0s® Krdd) Gotnod. BT SHoS
30°80) -0 EBea0 H0H. ANPAT° 593D g S
8068 H5H&H0E ©d &BeQ) ErothEod. & &80
8550 &&@Sééf'a 20 3 EenrHE0D. @ORIOD
&3 éécsésaéwéa 35700 &mé& ﬁ)é)@'igéélea 20 éécséa'ao
(B8 B8y SBe0). HID g & e, g T
[©5me00, BBee0 (HET00 w8, b m s,

Segedd Boisd K Jabivo Ho& weo ORI
(833508 08350 FBerre ©gER) HIE Beod. E)Fso
5.2 & oron ($H50°8Y m HEd. AgEHDHED
26@2@@65 HETRESee 200 Hod B0 béojéoéé)oé(‘b,
A g & rIWBY 558 Fwo8 Bendd. ©ohdY
HSTREG e o Hodreo F Ot (B5oe8 SoBcsn
DS Sesine 0P8 JrNe. 08

F=mg (5.6)
3. (5.4), (5.6) & 508
M x m
mg=G 3
M
g8 g=G ? (5.7)

s M O30 &M RBoog), (B5o°8, d TR 3098
geh8 g e Srdo.

gl 650800 Sur ot o8 %D
089, e@dogro. $HEB®o (5.7) & 85w d,
R % 3%eK0, @8 355 a‘;@"go. ©o&HNOR, 35
Boo¥), &D0B0P Sur KBS FnHeB,

Mx m
mg =G 2 (5.8)
g—GM 5.9
7 (5.9

g Do fB¥o . SwE) 63°53°go
(Eoare Koo eﬁ:vzéacﬁegéaa SBE L0008, g Dend
a‘iwéxééésp 36%6 8085 (oaeen aécg BN, Teer D[

méaav‘gédasa

117

8%0, oo g DN g B @8 $Hos®
&0G Qends & . L 83¢ HDen gHed ool
QoddeBore ‘%26&?{)_?})(‘33 380.(5.7) L008 ﬁ)iﬁae‘éog é&ée@‘?ﬁ&
PO

5.2.1 gl 880w

£ DD B8P0 o G, MHBE» R dendied
5En8Beso (5.9) & Lo“aé’éé%aow&). ), 8)%5 ?ﬁ)é)@fgétélee
%@oéo, G =6.7 x 101! 2630?3.25))2 &% g
(B550°8, M = 6 x 10%* &, 8350 e o)
63°?3©°go, R=6.4x 108 &..

M
%%

_ 6.7x10"' Nm®kg? x6x10* kg
- (64 x10° m)>
=9.88.27"
& Do, Frd g Ho8oEy &880 D,
g=9.8 537
5.2.2 thdomEdes 2o (Berdo8® (Hasrdo
S Hoko

Seore Soe soSore, 33@8) S DD &) O SQJe»
o8 dE DHod DEIYE @ (DATHoAS oo
PSPSOISTNEY @ego B8 58 oo a8 &)%),
206‘335"{:&?0.

S0

2.8 RSB0, a8 trond Sos%od. a8 8Hso
BoE) I0E8 ©odIy $od 23I0
BoRoBY SL0d. Bok 2Brd g8
BESotrdr 888 Ko0P08.
s*AB0, TPaw 0& §°0B0 wegore 4ieabd
D58 S0 Hodo S, O Q8558
SP80MT [0 23BrHEdod. ?ocgz‘ﬁz)m 8008
58 DO K088 S ?{Joqlea
se8eore B8 ©otHhdHod, Teom P
™ Q68588 Bo8 sAS0D MO IG5 LS
Q. BodKw B3 (FBEereRy O B
Scohads rre St TJ SASKD, Traw
Bokr 28 sewos® Fdarow.

955 $618



We know that an object experiences
acceleration during free fall. From Eq. (5.9),
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 (5.10)
1

s=ut+§at2 (5.11)

v =u? +2as (5.12)

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

In applying these equations, we will take
acceleration, ato be positive when it is in 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 5.2 A car falls off a ledge and
drops to the ground in 0.5's. Let
g =10 m s (for simplifying the
calculations).
() What is its speed on striking the
ground?
(i) Whatis its average speed during the
0.5 s?
(iij 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 s2

(downward)
(i) speed v = at
v = 10ms?x0.5s
= 5ms!
CLASS - 9

+
(i) average speed= = 5 z
= Oms'+5ms?)/2

= 2.5ms?!

(iii) distance travelled, s =% a ¢
= % x10m s x (0.5 s)?
= % x10ms?x0.25 s?

= 1.25m
Thus,
(i) its speed on striking the ground
=5ms™
(i) its average speed during the 0.5 s
=2.5ms*!
(iii) height of the ledge from the ground
=1.25m.

Example 5.3 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=0 m s™

Acceleration due to gravity, g= 9.8 m s

Acceleration of the object, a=-9.8 m s

(upward motion)

(0] vi=u?+2as
O0=u?+2x(-9.8ms?x10m
—u?=-2x 9.8x 10 m?s?

u= /196 ms!
u=14ms!

(ii) v=u+at
0=14ms'-9.8ms?xt
t=1.43s.

Thus,

(i) Initial velocity, u = 14 m s, and
(i Time taken, t=1.43 s.

uestions

1. What do you mean by free fall?
2. What do you mean by
acceleration due to gravity?
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5.3 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.

5.4 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=mxa, (5.13)
that is,

F=mxg. (5.14)

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. (5.14), we have

W=mxg (5.15)

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 thatof
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,
that is, W oc 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.

5.4.1 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

CLASS - 9

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—0 (5.16)

Let the weight of the same object on the
earth be W.. The mass of the earth is Mand
its radius is R.

Table 5.1
Celestial
body
Earth 5.98 x 102* 6.37 x 10°
Moon 7.36 xx1022 1.74 x 10°

From Egs. (5.9) and (5.15) we have,

M x m
2 (5.17)

Substituting the values from Table 5.1 in Egs.
(5.16) and (5.17), we get

7.36 x10*?kg x m

W, =G

w,=G -
(1.74 x10°m)

W, =2.431x10"°G x m (5.18a)

and W, =1.474x10"G x m (5.18Db)

Dividing Eq. (5.18a) by Eq. (5.18b), we get
W, 2.431x10"

m

wW. 1.474 x10"

e

W

or

1
= 0.165 =~ E (5.19)

e

Weight of theobjectonthemoon 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 5.4 Mass of an object is 10 kg.
What is its weight on the earth?

Solution:

Mass, m=10kg
Acceleration due to gravity, g=9.8 m s
2
W=mxg
W=10kg x 9.8 ms?=98N
Thus, the weight of the object is 98 N.

Example 5.5 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
"6 6
= 1.67 N.

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 ofian object
and its weight?

2. Why is the weight of an object

on the moon " its weight on

the earth?

5.5 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

CLASS - 9

phenomena involved, it helps to introduce
the concepts of 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 5.3. To do
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

Fig. 5.3: To fix a poster, drawing pins are pressed
with the thumb perpendicular to the
board.

area at the tip of the pin.

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.

122 (GRAVITATION



SRS 5.4 a8 S @wE) (B5o°8 10 8.
e T g0 D0&?

P8
(B&go°8, m= 10 &.(rw.
D58 S8ewo, g=9.8 & D~
W=mxg
W=108.[ x 9.8 0.2 = 98 &g
PR, SR o 98 Ko

&R0 5.5 a8 30D grdo Frd alddwow
B8 10 5535, 6508, 9T S0 P80 SoEd
6350800 I FOIIND o8 &otnoh?

PER:

B Bewd,
S0 D S50 gBEw

= (1/6) x gD T grdo
08,

_W. 10
"6 6 U
=1.67 \.
5298, FoEh 60880 SN §rEe 1.67 S,

:

5.5 288 Lok Hisdo

2.08 AOS® Qo Degorr HBREKHSI o
IR ©&*QowrTe? Faxng e Bo& I8 atDR)
@8 7508 DBoSE Feoing Ao Gotwod? (L)
T Irel T Jod wrer IEBS BE
SOePoN? EBE o FPEIeen DOBIE HLOZ D
ool SOA Gotron? & (DHoDH JSSreraren
B8, S 3w &) é@ﬁgﬁdﬁ)o OIMPSRS

r‘é&eaa
L 28 SR (R507ES, HOAR

1
T°R) GRSV G, NS Bren DE?
2 Soublp S ardo, DD T

g oes?t 5 Bodo Goéwoh.

obomeyEse

123

B8NS, o8 1Y HES® HATD $OF w00 (2.88)
0805w Doaodes 26‘@9@656 (Des dFeg0 P FASES
200 (3ES0) Frddos S8Ioo IAo&o
QFBADDHEE0B.

Bod SoSonets $BKede’8 H8%5%0 TXo°
2.8 000 $sdo oo @Z@So 08508 ©hEro.

}60(55?301: $560 5.3 & S0 DiForre 8BS 25’56@3@‘5
o> DB & w8BoTODBHOLTLD. B H BAHTOS
DB 8o (%08 Fend® [Granofl 1i%ne F52)9. St
DS BwE), 600D Fod wedind edDBrAoKod.
&3 200 2352%3 Bog), 6080 JTegI8 ©oadIS
GOLNOB. - 8 @00- A TE) B HE 6l SENS
JT[0D HT08)!

S0 5.3 5D ©880T639)i5 (Geaohl SN
aﬁ"g@é’ @020 (B Sen&® S°g)iso.

Joddo 2 Hhenrr &) HEP b doarod.
b Froren SNBSS e Bgron. B, S8 D
$8%8. b 080 BwES® wod & IHEJ o
EDPoERE. Botd 260&50;)5\&26? 508 (HRPA0D
200 & $8%0 Do) S,

955 $618



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 SI unit of thrust and area
in Eq. (5.20), we get the SI unit of pressure
as N/m? or N m=2.

In honour of scientist Blaise Pascal, the
SI 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.

(5.20)

Pressure =

Example 5.6 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

g
Q
=
F

B

SV E

® %
20 cm 40 cm
(@) (b)
Fig. 5.4
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exerted by the wooden block on the table
top if it is 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

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

That is,

Thrust=F = mxg
= 5kgx9.8ms™
= 49N

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

From Eq. (9.20),

49N
Pressure = 0.02m>

= 2450 N m?2.

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

= 40 cm x 20 cm

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

49N
Pressure = 0.08 m>

= 612.5Nm?
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™.

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.

5.5.1 PRESSURE IN FLUIDS

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

5.5.2 BuovyaNcy

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.
54

Activity

e  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.

o 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.

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

e  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 is
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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.

5.5.3 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

e  Take a beaker filled with water.

e - Take an iron nail and place it on the
surface of the water.

e  Observe what happens.

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. 5.5).

=

/i

4

Fig. 5.5: An iron nail sinks and a cork floats
when placed on the surface of water.
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Activity 56

e Take a beaker filled with water.

e Take a piece of cork and an iron nail
of equal mass.

e Place them on the surface of water.

e 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.5.5).

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.

uestions

1. Why is it difficult to held4a
school bag having a strap made
of a thin and strongsstring?

2. What do youd mean by
buoyancy?

3. Why does an objectiloat or sink
when placed ‘énythe“surface of
water?

5.6 Archimedes’ Principle

Activity 57

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

e Suspend the stone by holding the
balance or the string as shown in
Fig. 5.6 (a).

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

e  Now, slowly dip the stone in the water
in a container as shown in Fig. 5.6 (b).

CLASS - 9

(a

Fig. 5.6: (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.

o 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:
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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 5.7, as the stone was
fully immersed in water?

Archimedes’ principle has many
applications. It is 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

with Roman army:.

Archimedes was a Greek scientist. He
discovered the principle, subsequently named
after him, after noticing that
the water in a bathtub
overflowed when he stepped
into it. He ran through the
.| streets shouting “Eureka!”,

1 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

1. You find your mass to be 42 kg
on a weighing machine. Is your
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 ig heavier than other. Can
you say which one is heavier
dandywhy?

you have
leatnt

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.
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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.

I Exercises

© 07N

10.

11.

12.

CLASS - 9

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 objéect 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?
(iii) 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 < 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?
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CLASS - 9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

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

(i) the maximum height to which it rises,

(ii) 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
twois 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 stonés 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?3. If the density
of water is 1 g cm™, 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
cm3? What will be the mass of the water displaced by this
packet?

An astronaut carries a toolbox of mass 10 kg from Earth
to the Moon.

On Earth, its weight is approximately 100 N. The
gravitational force on the Moon is about one-sixth of that
on Earth.

After reaching the Moon, which of the following statements
could be correct?

A) The mass becomes 1.67 kg and the weight becomes 100 N.
B) The mass remains 10 kg and the weight becomes 16.7 N.
C) The mass becomes 60 kg and the weight remains 100 N.
D) Both mass and weight become one-sixth of their values.
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Answers

Chapter 1

1. (a) distance = 2200 m; displacement = 200 m.

2. (a) average speed = average velocity = 2.00 m s

(b) average speed = 1.90 m s ; average velocity = 0.952 m s

3. average speed = 24 km h”’
4. distance travelled = 96 m
7. velocity =20 m s ; time=2's

10. speed =3.07kms

Chapter 3
4. c
5. 2ms’, 14000 N
6. - 4N
7. (a) 35000N

(b) 1.944ms

8. 2550 N in a direction opposite to the motion of the vehicle
d
10. 200N

13. 3kgms

14. 2.25m; 50 N

15. 10kgm s 10 kg m s :5/3ms
16. 500kgms ;800kgms ;50 N
18. 40kgms

A2. 240N

A3. 2500 N

Ad. 5ms ;24000 kg ms ; 6000 N
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Chapter 5

3.
12.
13.
14.
15.
16.
17.
18.

21.
22.

9.8N

Weight on earth is 98 N and on moon is 16.3 N.

Maximum height is 122.5 m and total time is 5 s + 5 s = 10 s.

19.6 m/s

Maximum height = 80 m, Net displacement = O, Total distance covered = 160 m.
Gravitational force = 3.56 x 10?2 N.

4 s, 80 m from the top.

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.

The substance will sink.
The packet will sink. The mass of water displaced is 350 g.
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A.PJ. Abdul Kalam

A.P.J. Abdul Kalam (Avul Pakir
Jainulabdeen Abdul Kalam) was an
Indian aerospace scientist, educator,
and the 11th President of India (2002-
2007). Born on October 15, 1931, in
Rameswaram, Tamil Nadu, he is

renowned for his contributions to
India's defense and space programs,
though his work primarily focused on
applied scieénce rather than pure physics
or chemistry.

Contributions to Physiesand Chemistry:

1. Rocketry and Space Science: Kalam played a crucial role in advancing India's
space technology. He was the project director of India's first satellite launch vehicle
(SLV-3), which successfully deployed the Rohini satellite into orbit in 1980. His
work in propulsion systems involved significant applications of physics principles,
such as thermodynamics and fluid dynamics.

2. Missile Development: As the chief architect of Indias missile programs,
including the Agni and Prithvi missiles, he contributed to the application of physics
(aerodynamics and materials science) in defense technology.

3. Energy and Materials: His contributions extended to using advanced materials
and chemical formulations in rocket fuels and composite materials, reflecting his
indirect impact on chemistry.

Though A.PJ. Kalams primary expertise lay in engineering and technology;
his application of principles from physics and chemistry in practical innovations

significantly advanced Indias capabilities in defense and space exploration. He

remains a symbol of scientific innovation and national pride.




