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FOREWORD

Punjab School Education Board has becn Continuously engaged in
preparation and review of syllabi and text books. In today's scenario, imparting
right education to students is the joint responsibility of teachers as well as parents.
With a view to carry out entrusted responsibility, some important changes
pertaining to present day educational requirenments have been made in textbooks
and syllabus in accordance with NCF 2003.

Science has an important place in school curriculum and a good textbook
12 the [irst requisite to achieve desired learning outcomes. Therefore, the content
matter of Science for class 9th has been so arranged so as develop resoning
power of the students and to enhance their understanding of the subject. Graded
questions and exercises have been given to suit the mental level of the students.
This book is prepared by NCERT; New Delhi for class 9th and is being published
by Punjab School Education Board, with the permission of NCERT, New Delhi.

Every effort has been made to make the book useful for students as well
as for the teachers. However, constructive suggestions for its further improvement
would be gratefully acknowledged.

CHATRMAN
Punjab School Education Board
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Chapter 1

As we look al our surroundings, we see a large
variety of things with different shapes, sizes
and fexiures. Everything in this universe is
made up of material which scientists have
named “maiier”. 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 malter. 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 rying to understand thelr surroundings.
Early Indian philosophers classified matter in
the form of five basic elements — the
“Panch Tatva- air, earth, fire. sky and water.
According te them everyvthing, living or non-
living, was made up of these [ive basic
elemenis. Ancient Greek philosophers had
arrived at a similar classificaton of matter.

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

In this chapier we shall learn about
matier based on its physical properties.
Chemical aspects of matter will be taken up
in subsequent chapters.

1.1 Physical Nature of Matter

1.1.1 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 ol pariicles like sand. Lei us
perform an actvity Lo decide about the nature
of matter — is it continuous or pardculate?

GERECHNnN

MATTER IN OUR SURROUNDINGS

Activity 1.1

¥ Take a 100 mL beaker.

*  Fill half the beaker with water and
mark the level of water,

*  Dissolve some salt/ sugar with the help
of & glass rod,

. Observe any change in water level.

*  What do you think has happened to
the salt?

*  Where does {i disappear?

=  Does the level of water change?

In order to answer these questons we
need to use the idea that matter is made up
of pariicles. What was there in the spoon, sall
or sugar, has now spread throughout water.
This iz illustrated in Fig. 1.1.

“___ 3 “_—_
+—Water |
| Add sall

wrie’

Parbicles of water

moagnified millicns
of tmes

Fig. 1.1: Whenwe dissolve salt in water, the particles
of sall get into the spaces beliveen particles
of wter.

1.1.2 How SMALL ARE THESE PARTICLES
OF MATTER?

B .

* Take 2-3 crystals of potassium
permanganate and dissolve them In
100 mL of water.

Activity

*  The SI unit of mass 33 kilogram (kg).

“* The 51 unit of volume is cubic metre (m?, The conunon unit of measuring volume is
Hire (L) sueh that IL= 1 dm? 1L = 1000 ml. 1 mL = 1'¢m3.



=  Take out approximately 10 ml. of this
solution and put it inte 90 mL of clear
waler.

. Take oul 10 mL of this =oluiion and
put it into another 90 mL of clear water.

*  Heep diluting the solution like this 510
& times,

*  Is the water still colowred 7

ﬂmﬂ“

Fig. 1.2: Estimating how small are the particles of
metter. With every diltition, though the color
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 nsing
2 mL of Dettol instead of poitassium
permanganate. The smell can be detected
even on repeated dilution.

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

1.2 Characteristics of Particles of
Matter

1.2.1 PARTICLES OF MATTER HAVE SPACE
BETWEEN TIHEM

In activities 1.1 and 1.2 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 matier get into the spaces between particles
of the other, This shows that there is enough
space between particles of matter.

2

1.2.2 PARTICLES

Activity

-

CONTINUOUSLY MOVING

1.3

Put an unlit incense stck in a corner
of vour class. How close do you have to
£0 near it so0 as o get its smell?

Mow light the incense stick, Whai
happens? Do you get the smell sitting
at a distance?

Record yvour obeervatons.

Activity 1.4
*  Take two glasses/beakers flled with
water.

Activity

L]

Put a drop of blue or red ink slowly
and carefally 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 vour cheervatons.

What do you observe immediately after
adding the ink drop?

What do you obzerve immediately after
adding a drop of honey?

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

1.5

Drop a crystal of copper sulphate or
potassium permanganaie into a glass
of hot water and another containing
cold water. Do not stir the soludon.
Allow the crystals two seitle at the
bottom,

What do you ohserve just above the
solid crysial in the glass?

What happens as time passes?

What does this suggest about the
particles of solid and liguid?

Does the rate of mixing change with

temperature? Why and how?
From the above three activities (1.3, 1.4 and
1.5), we can conclude the following:
StuENGE
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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 thatl 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 thelr own is called diffusion. We
also observe that on heating. diffusion
becomes faster. Why does this happen®

1.2.3 PARTICLES OF MATTER ATTRACT
EACIH OTIIER

Activity 1.6

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

*  The first group should hold each
other from the back and lock arms
like Idu-Mishmi dancers (Fig. 1.3,

Fig. 1.3

. The second group should held hands
to forma a human chain.

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

*  Now, the fourth group of students
should man arcund and Gy o break the
three human chains one by one into
as many small groups as possible,

*  Which group was the easiest to break?
Why?

MATTER W Qur SURRUUNDINGS

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

Activity 1.7
*  Take an iron nail, a piece of challk and
a rubber band.

= Try breaking them by hammering,
cutting or stretching.

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

Activity 1.8

o Take some water I a container, try
cutting the surlace of water with your
fingers.

=  Were you able to cut the surface of
watar?

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

The above three activities (1.6, 1.7 and 1.8)
suggest that particles of matter have force
acting between them. This force keeps the
particles together. The strengih of this force of
atiraction varies from one kind of mater 1o
another.

nestions

1. Which of the following are
matter?
Chair. air, love, smell, hate,

almonds, thought, cold, lemon

water, smell of perfume.

Give reasons for the [ollowing

obseruation.

b

he smell of hot sizzling food
reaches you several metfres
ciway, bl to get the smell from
coled food youe have to go close,

J. A diver s able to cuf through
waler ina swinmming pool. Which
properiy of matier does this
observation show?

4, What are the characteristics af
the particles of mailer?




1.3 States of Matter

Observe different types of matter around you.
What are its dillerent states? We can see thai
matier around us exists in three different
states— solld, liquid and gas. These states of
maltler arise due to the variation in the
characterislics of the particles of matter.

Now, let us study aboul the properties of
these ithree states of matter in detail.

1.3.1 THE SOLID STATE

Activity 1.9

= Colleet the following arilcles— a pen,
a book, a needle and a piece of wooden
stick,

' Sketch the shape of the above articles
in vour notebook by moving a pencil
around them.

* Do all these have a definite shape,
distinet boumdaries and a fxed volume?

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

*  Are these capable of diffusing into each
other?

*  Try compressing them by applying
force. Are you able to cornpress them?

All the above are examples of solids. We
can observe that all these have a definite
shape, distinet boundaries and fixed vohumnes,
thal is, have negligible compressibility. Solids
have a lendency to maintain their shape when
subjected to ouiside force. Solids may break
under force but it is difficult to change their
shape, so they are rigid.

Consider the following:

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

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

(c) What about a sponge? It is a solid
yvet we are able 1o compress it. Why?

All the above are solids as:
* A rubber band changes shape under
force and regains the same shape when

a

the force is removed. If excessive force is
applied, it breaks.

* The shape of each individual sugar or
salt crystal remains fixed, whether we
take it in our hand, put it in a plate or in
a jar,

* A sponge has minute holes, in which
air is rapped. when we press it, the air
is expelled oul and we are able Lo
compress it.

1.3.2 THE LIQUID STATE

1.10

Activity

¢ Collect the following:

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

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

*  Whal will happen if these liguids are
spilt on the floor?

*  Measure 50 mL of any one liquid and
iranster it into dillerent conisiners one
by one. Does the volume remain the
same?

. Does the shape of the Uguid remain the
same 7

] When you pour the liguid from one
container into another, does it flow
easily?

We observe thati lguids 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.

Reler to activities 1.4 and 1.5 where we
saw that solids and liquids can diffuse into
liguids. The gases from the atmosphere
diffuse and dissolve in water. These gases,
especially oxygen and carbon dioxide, are
essential for the survival of aguaric animals
and plants.

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

SCENGE



higher than ihat of solids. This is due to the
fact that in the liguid state, particles move
freely and have greater space between each
other as compared to particles in the solid
aate.

1.3.3 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 doeg he have in the cylinder,
Activity 1.11

. Take three 100 ml syringes and close
their nozzles by rubber corks, as
shown n Fig.1.4

*  Remove the plstons from all the
syringes.

*  Leaving one syvringe untouched, fill
water in the second and pieces of chalk
in the third,

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

. Now, oy lo compress the content by
pushing the piston in each syringe.

= ‘
| Piston
i-_—'__——tT_,.-
|
—
& Gas

L=—— Rubber corkc

Fig. 1.4

- Whatl do you chserve? In which case
was the piston easily pushed in?

. What do wou infer [rom vyour
observations?

MATTER W Qur SURRUUNDINGS

We have observed that gases are highly
compressible as compared to solids and
Hquids. The liquefied petroleum gas (LPG)
cylinder ithat 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 el these days
in vehicles. Due to its high compressibility,
large volumes of a gas can be compressed
into a small eylinder and transported easily.

We come to know of what Is belng cooked
in the kitchen withoui even entering there,
by the smell that reaches our nostrils. How
does this smell reach ua? The particles of the
aroma of food mix with the particles of air
spread from the kitchen, reach us and even
farther away. The smell of hot cooked [ood
reaches us in seconds: compare this with the
rate of diffusion of solids and liquids. Due (o
high speed of particles and large space
between  them. gases show the properiv of
diffusing very [ast into other gases.

In the gasecous state, the particles move
aboul randomly al 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 pariicles per unit area
on the walls of the container.

= &
a®® 1, '.r.
e O —.
n:’_fnc‘:-a ...b "ar"-
o oot o K
Dy o l}*'-'; B =
3t = (o
o 5,
Cos icl

Fig.1.5: a. b and ¢ show the magnified schemalic
pictures gf the three stales of matter The
motion of the particles can be seen aned
compared in the three states of motter,




nestions

I. The mass per unit volitme of a
substance s called densify.
(density = mass/voelumel.
Arrange the following in order of
ncreasing density — air exhaust
Jrom chimneys, honey, water,
chalk, cotfon and from

2. fa) Tabulate the differences in
the characterisitcs of states
af malter.

Bl Comment upon the jollowing:
rigidify, compressibility,
Sfluidity, filling a gas
container, shape, kinetic
energy and densiiy.

Give reasons

fal A gas fills completely the
vessel in which it is kept.

(b} A gas exerts pressure on the
wiells of the contalner,

fcl A wooden table should be
called a solid.

[dl We can easily move cur hand
in air bt o do the same
through a solid bloclk of wood
we need o learate expert.

4. Ligulds generally have lower
density as compered to solids,
But you must hove observed thot
ice floats on water. Find out whyy.

G

14 Can Matter Change its State?

We all know [rom our observaiion ihal water
can exist in three states of matter-

* solid, as lee,

*  liguid. as the familiar waier, and

J 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 siate take
place? We need answers to these questions,
ism't it?

G

1.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity 1.12

*  Take about 150 ¢ of ice in a beaker and
suspend a laboratory thermometer so
that itz bulb iz in contact with the ice,
as In Fig. 1.6.

e p—

Glass stirrer

| —— Thermomeler
4 r_

Beaker
&2 7 —
L W
| X}
Burner
= )
)

Thermometer
{}E[: I}E’L‘/—‘ (Flass stirTer

tel]

Fig. 1.6: (of Conuersion of ioe to water, (b} conpersion
f wafer Lo Laler tapotr



=  Siart heating the beaker on a low lame.

* Note the temperaiure when the ice
slaris melting.

*  DNote the temperaiure when all the ice
has converted into warter.

* Record your observations for this
conversion of solid to liquid staie.

& Now, put a glass rod in the bealter and
heat while strring tll the water stars
boilivig.

*  Heep a careful eye on the thermometer
reading dll most of the water has
vaporised.

*  Record your observations for the
conversion of water in the liquid state
Lo the gaseous state.

Om increasing the temperature of solids,
the kinetle energy of the particles increases.
Due 1o the increase in kinede energy, the
particles start vibrating with greater speed.
The energy supplied by heat overcomes the
foreces of atiraciion between the pariicles. 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
mells 1o become a liquid al the almospheric
pressure is called its melting point.

The meluing point of a solid s an indication
of the strength of the force of atiraction
between its particles.

The melting point of ice 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, tll all the ice melis.
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 ihe particles. As this heat energy is
absorbed by ice without showing any rise in
itemperature, it is considered thai il gets
hidden into the contents of the beaker and is
known as the latent heat. The word latent
means hidden. The amount ol heat energy
that is required to change 1 kg of a solid inio
liquid at atmospheric pressure at lts melting
point is known as the latent heat of fusion.
S0, particles in water ai O°C (273 E) have
more energy as compared Lo particles in ice
at the same temperature.

When we supply heat energy to water,
particles start moving even faster. At a certain
temperature, a point is reached when the
particles have enough energy to break [ree
from the forces of atiraction of each other. At
this (emperalure the liquid starts changing
into gas. The temperature at which a liquid
siarts boiling at the atmospheric pressure is
known as ils boiling poinl. Boiling is a bulk
phenomenon. Particles from the bulk of the
Hguid gain enough energy to change into the
vapour state.

For water this iemperature is 373 K
(100 "C =273 + 100 = 373 K].

Can vou define the latent heat of
vaporisaiion? Do il 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 exira energy
in the form of latent heat of vaporisation.

Haar Heat
Sohd State - ’ Liguidl Stale " ’ Gesenus Slate
Cond Conl

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 [rom solid 1o liguid ane [rom
ligquid to gas on application of heat. But there

*Note: Feluinig the SIunt of temperature, 00 C =273.15 K. For canvenience, we take 0°C = 273 K after
roundimg off the decimal, Te change a temperature on the Kelvnin scale to the Celsius scale you
have to subiract 273 [rom the given termmperature, and to convert @ tsmperature on the Celsius
arale to the Kelvin scale you have to add 273 to the glven temperatire,

MATTER W Qur SURRUUNDINGS




are some that change direcily [rom solid staie
o gascous state and vice versa without
changing into the liquid state.

Activity 113

* Take some camphor or ammonium
chloride, Crush it and putitin a china
dish.

*  Put an inverted funnel over the china
dizh.

*  Put a cotton plug on the stem of the
funnel, as shown in Fig, 1.7.

Cotton plug

#— Inverted funnel

ArnrmaniuTi
chloride

VAPOUTE

Fig. 1.7: Sublimafion of ammonivm: chloride

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

- »

A change of staie directly from solid to gas
without changing into liquid state is called
sublimation and ihe direct change of gas (o
solid without changing intoe liquid is called
deposition.

1.4.2 EFFECT OF CHANGE OF PRESSURE

We have already learnl that the difference in
various states of matter Is due to the
difference in ihe distances between the
constituent particles. What will happen when
we siart putling pressure and compress a gas

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

Piston Piston Fiston
] ]/c;ﬂmdq vcylind:_r / Cylinder
—_— —
. ®
. -
bl : B Lempans)

Fig. 1.8: By applying pressure, parficles of meafter can
be brought close logether

Applying pressure and
temperature can liguely gases.

Have you heard of solid carbon dioxide
(CO,J?It is stored under high pressure. Solid
CO, geis converted directly to 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.

reducing

Fig. 1.9: nterconversion gf the three stales g aller

* afmosphere foim) 15 8 unit of measuring pressure exerted by a gas. The wmt of pressure is Pascal (Pa):
1 atmosphiere = 1.01 » 10F Pa, The pressure of air in atmoosphere is called atmospheric pressure. The
atmospheric pressure at sea level is 1 atmosphere, and 15 taken as the normal atmospheric pressure.
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lestions
1. Convert the following
letnperature to celsius scale:
a. 300K b. 573 K.

2. Whar is the physical state of

Loeter at:

a 250°%C b, 100°C?

For any subslance, why does the

temperature remain constoni

during the change of state?

L. Suggest a method to liguefy
E'l'ﬂ?'l['i-‘f_'.'.rliﬁ‘]".'ﬂ gases.

[

1.5 Evaporation

Do we always need 1o 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 waier in the above two
examples?

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

1.5.1 FACTORS AFFECTING EVAPORATION
Let us understand this with an aclivity.,

1.14

- Take 5 mL of watler in a Lesl lube and
keep it near a window or under a fan.

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

- Take b mL ol water in an open china

Activity

MATTER W Qur SURRUUNDINGS

dish and keep it inside a cupboard or
an a shelf in your class.
Record the room remperature.
Record the time or days taken for the
evaporation process inn the above cases.
*  Repeat the above three steps of acdvity
on a2 rainy day and recerd wour
observations.
*  What do you infer aboui the effect of
temperaiure, surface area and wind
velacity (speed) on evaporation?

You must have observed that the rate of

evaporation increases with-

* an increase 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 drving up we spread them out.

*  an increase of temperature:
Wiih the increase of temperature, more
number of particles get enough kinetic
energy to go into the vapour state.

*  adecrease In humidity:
Humidity is the arnount of water vapour
present in air, The air around us cannot
held more than a delinite 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.

1.5.2 How DOES EVAPORATION CAUSE
COOLING!?

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




What happens when vou pour some
acetone (nail polish remover) on yvour palm?
The particles gain energy from your palm or
surroundings and evaporate causing the
palm to [eel cool.

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

Can you cite some more examples from
daily lile where we can [eel the elfect ol cooling
due lo 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
cvaporation, the particles at the surface of
the liquid gain energy from the surroundings
or bady surface and change inio vapour. The
heat energy equal to the latent heal of
vaporisation is absorbed {rom ithe body
leaving the body cool. Cotion, being a good
absorber of waier helps in absorbing the
sweat and exposing it to the atmosphere for
easy evaporation.

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
lumbler, Soon we will see waler dropleis 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
geis converted to liquid state, which we see
as water droplets.

nestions

1. Why does a desert cooler cool

hetter on a hol dry day?

Houw does the water kept in an

earthien pot matkal become cool

during sunimer?

3. Why does our palm feel cold
-'lelvl'.:'[I L Jl-'lJI some dielone or
petral or perfume on it?

4. Why are wwe able to sip hot tea or

milke faster from a saucer rather

than a cup?

What type of clothes should e

wear I sunrner?y
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S.N. Bose  Albert Einstein

(18941974

Now scientists are talking of five states ol matier: Solid, Liquid, Gas, Plasma and Bose- )

Plasma: The state consists of super energetic and super excited particles. These particles
are in the form of ionised gases. The fluorescent tube and neon sign bulbs consist of
plasma. Inside a neon sign bulb there is neon gas and inside a fluorescent iube there
is helivm gas or some other gas. The gas gets ionised, that is, gets charged when
electrical energy flows through it. This charging up creates a plasma glowing inside
the tube or bulb. The plasma glows with a special colour depending on the nature of
gas. The Sun and the stars glow becanse of the presence of plasma in them. The plasma
is created in stars because of very high temperature.

Bose-Einstein Condensate: In 1920, Indian physicist Saiyendra Nath Bose had done
some calculations for a fifth state ol matier. Building on his calculations, Albert Einstein

. predicted a new state of matier — the Bose-Einstein
Condensate (BEC). In 2001, Eric A. Cornell, Wolfgang
Ketterle and Carl E. Wieman of USA received the Nobel
prize in physics for achieving “Bose-Einstein
condensation”. The BEC is [ormed by cooling a gas ol
exiremely low density, about one-hundred-thousandth
the density of normal air, to super low temperatures,
You can log on to www.chem4kids.com io get more
(1879-1956) information on these fownrth and fifth states of matter. b

SCENGE
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What
you have
learnt

Matter is made up of small particles.

The matter around us exisis 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 Hguids and maximum in gases.

The arrangement of particles is most ordered in the case of
solids. in the case of liquids layvers 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 temperailure or pressure.

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

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

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 liquid and change inio 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 lusion is the amount of heat energy required
to change 1 kg ol solid into liquid at its melting point.
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’ Some measurable quantities and their units to remember:

1. Convert the following temperatures to the celsius seale.

(a) 293 K (b) 470 K
2. Convert the following temperatures to the kelvin scale,
(a) 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 inereasing order of [orces
of attraction between the particles— water, sudar, oxyden.
5. What is the physical state of water al—
(a) 25°C (b) 0°C (c] 100°C ?
6. Give two reasons io justily—
(a) water at room temperatare 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 lemperaiure?
8. What produces more severe bums, boiling water or steam?

9. Name A,B,C,D.E and F in the following diagram showing
change in its state

Increase hent and
decrease pressurs

- INCTEASE PrESSUre
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. Group Activity

Prepare a model to demonsiraie movement ol particles in solids,
liquids and gases.

For making this model you will need

. A transparent jar

. A big rubber balloon or piece of streichable rubber sheet
. A string

. Few chick-peas or black gram or dry green peas.

How to make?

L Put the seeds in the jar.

. Sew the siring to the cenire of the rubber sheet and put some
tape to keep it Hed securely.

. Strefch and tie the rubber sheet on the mouth of the jar.

*  Your model is ready. Now run vour fingers up and down the
string by lirst tugging at it slowly and then rapidly.

Shuw imavemenl
of particies as in
sollds, Hguids
and graes,

Big ballown o
rubber hest

Fig. 1.10: A model for converting of solid lo liguid and liquid (o gas,
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Chapter 2

Fig. 2.1: Some consumable itermns

Have you ever noticed the word ‘pure’
wrillen on the packs of these consumables?
For a common person pure means having no
adulteration. But, for a scientist all these things
are actually mixiures of different substances
and hence nol pure. For example, milk is
actually a mixture of water. [at, proteins ete.
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 subslance consists of a single
type of particles, 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 exist as mixtures of
two or more pure components, for example,
sea water, minerals, soil ete. are all mixtures.

2.1 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

AR

Is MATTER AROUND Us PURE?

How do we judge whether milk, ghee, butter,
sall. spices, mineral waler or juice that we
buy [rom the market are pure?

evaporation. However, sodium chloride is itself
a pure substance and cannot be separaied by
physical process inlo ils chemical constituents.
Simdlarly, sugar is a substance which contains
only one kind of pure maiter and its
compesition is the same throughout.

Soft drink and soil are not single pure
substances. Whatever the source ol a
pure substance may be, it will always have
the same characteristic properdes.

Therefore, we can say that a mixture
contains more than one pure substance.

2.1.1 TYPES OF MIXTURES

Depending upon the nature of the components
that foorm a mixture, we can have dilferent
types of mixtures.

Activity 2.1

*  Let us divide the class inbo groups A,
B. C and D.

L) Group A takes a beaker conlaining
50 mL of water and one spatula full of
copper sulphale powder. Group B lakes
50 mL of water and two spatula full of
copper sulplhate powder in a bealker,

* Groups C and D can take different
amounts of copper sulphate and
potassinm permanganate or Comimnon
salt (sodium chloride) and mix the given
componenis to form a mizture.

s  Report the observations on the
unilormity in colour and texture.

s Groups A and B have obtalned a
mixture which has a uniform
composition throughout. Such
mixtures are called homogeneous
mixtures or golutions. Some oiher
examples of such mixtures are: (i) salt
dissolved in water and (i1) sugar




dissalved in water. Compare the
colour of the soludons of the two
groups. Though both the groups have
obtained copper sulphate soluton but
the intensity of colour of the solutons
is differenti. This shows that a
homegeneous mixiure can have a
variable composition.

Groups C and D have obtained
mixtures, which coniain physically
distinct parts and have non-uniform
compositions. Such mixtures are called
heterogencous mixtures, Mixtures of
sodium chloride and iron Glings, sall
and sulphur, and ol and water are
examples of heterogeneous mixnires.

Activity 2.2

Let us again divide the class into four

groups - A, B, Cand D,

Disiribute the [ollowing samples Lo

each group:

—  Few crystals of copper sulphate to
group A

—  ne spatala full of copper
sulphate to group B,

—  Chalk powder or wheat flour to
group C.

—  Few drops ol milk or ink to
group 11,

Each group should add the given

sample in water and slir 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 font

Was the path of the heam of light

vigible?

Leave the mixtures undisturbed for a

few minutes [and sel up the filiration

apparatus in the meantime). Is the

mixture stable or do the pariicles begin

to settle after some time?

Filter the mixture. [s there any residue

on the filter paper?

Discuss the resulls and form an

opinion.

Groups A and B have got a soluton.

Group C has gotf a suspension,

Group D has got a colloicdal solution.

Is Marmer Avorpp Us Pugs?

. Glaze rod
Liguid decaried 10
L £ the funnel fitted with
i a filter paper
Funmel

[l ic) it
F‘ilt!:.r paper  Coneaf fest b
{folded) & filter paper ——— Filtrate

Fig. 2.2: Filtration

Now, we shall learn about solutions,
suspensgions and colloidal solutions in the
[ollowing sections.

uesiions
1. What is mepnt by a substance?
2. List the points of differences

betieeen NMomogeneous dnd
|I'l!.’|'.é'i"-'i'_gf‘-l_l':f'.'-‘[45 milxiures

2.2 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 waler ete. are all examples of solutions,
Usually we think of a solution as a liquid that
containg either a solid, liquid or a gas
dissolved in it. Bui, we can also have solid
solutlions (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 meial andanon-metal
and cannoi be separaied Inio their
components by physical methods. Bul
gtill. an alloy is considered as a mixiure
because it shows the propertes of iis
constituents and can have variable
composition. For example, brass is a
mixiture of approximately 30% zinc and
70% copper. 7.

=
(=)
£
=
—
o
=
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-—
=
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A solution has a solvent and a soluie as ils
componenis. The componeni of the soluiion
that dissolves the other component in it
(usually the component present in larger
amouril) is called the solvenl. The component
of the solution that is dissolved in the solvent
(usually present in lesser quantiy) is called
the soluie,

Examples:

(i} A solution of sugar in waler is a solid
in liguid solution. In this solution,
sugar is the solute and water is the
solvent.

(ii) A solution of iodine in alcochol knovwn
as ‘tincture of iedine’, has iodine (solid)
as the solute and alcohiol (lquid) as
ihe solvent.

(iii) Aerated drinks like soda water etc.. are
gas in liguid selutions. These contain
carbon dioxide (gas) as solule and
water (liguid) as solvent.

(iv) Air is a mixture of gas in gas. Alris 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,

Properties of a solution

= A solution is a homogeneous mixlure.

*  The particles of a solution are smaller
than 1 nm (103 meire) 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 paih of
light is not visible in a soluiion.

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

2.2.1 CONCENTRATION OF A S0OLUTION

In activity 2.2, we observed that groups A and
B obtained different shades of solufions. So,
we understand that in a selution the relative
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proporiion of the solute and solvent can be
varied. Depending upon the amount of solute
present in a solution, it can be called a dilate,
concentrated or a saturated solution. Dilute
and conceniraied are comparative terms. In
aclivity 2.2, the selution oblained by group A
is dilule as compared to thal obtained by
group B.

Activity 2.3

* Take approxmartely 50 mL of warer
each in two separaie beakers.

. Add sall in one bealter and sugar or
barium chloride in the second beaker
with continuous sthring.

*  When no more solute can be dissolved,
heat the contents of the beaker to ralse
the lemperature 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?

At any particular temperature, a solution
that has dissolved as much solute as it is
capable of dissolving, 1s said to be a saturated
spolution. In other words, when ne more solute
can be dissolved in a solution al a given
temperature, it is called a saturated soluiion.
The amount of the solute present in the
salurated solulion at this temperatlure is called
its golubility,

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

What would happen if you were to take a
saturaied soluidon at a certain temperaiure
and cool it slowly.

We can infer from the above activity that
different substances in a given solvent have
differcnt solubilitics at the same temperaiure.

The conceniration of a soluton is the amounst
{mass or volume)] of solute present in a given
armount (mass or volume) of solution,

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

{l Mass by mass percentage of a soluton
Mass of solute »

" Mass of solution

SCENGE



(il Mass by volume perceniage of a solution

__ Mass of solute
Volume ol solation

(iii) Volume by volume percentage ol a
solution

_ Volume of solute

= ®x100
Volume of solution

Example 2.1 A sclution contains 40 g of
common salt in 320 g of water.
Calculaie the conceniraiion in terms ol
mass by mass percentage of the

soludon,
Solution:
Mass of solute (salt)] = 40g
Mass of solvent (water)= 320 g

We know,
Mass of solution = Mass of solute +
Mass of solvent
=40 5+320g
=360 g

Mass percentage of solution

_ Mass of solute

= ®* 100
Massof soludon

=£>¢1C‘ﬂ =11.1%
360

2.2.2 What is a suspension?

Non-homogeneous systems, like those
obtained by group C in activity 2.2, in which
solids are dispersed in liquids. are called
suspensions. A suspension is a heterogeneous
mixture in which the solute particles do not
dissolve bul remain suspended throughout
the bulk of the medium. Particles of a
suspension are visible o the naked eye.

Properties of a Suspension

* Suspension is a heterogeneous
mixture.

Is Matmer Arotpip Us Pups?

*  The particles of a suspension car be scen
by the naked eye,

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

*  The solate 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 filiratdon. When the particles
setile down, the suspension breaks and
it does noi scaiter ight any more.

2.2.5 WHAT 15 A COLLOIDAL SOLUTION?

The mixiure cbiained by group D in activity
2.2 is called a colloid or a colloidal solution.
The particles of a colloid are uniformly spread
throughout the solution. Due to the relatively
smialler size of particles, as compared o that of
a suspension, the mixiure appears ic be
homogeneous. But actually, a colloidal solution
is a heterogeneous mixture, for example, milk.

Because of the small size of colloidal
particles, we cannol see thern with naked eyves.
Bul. 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 afler the name ol the scientisi
who discovered this effect.

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

L =
Path of
g ,
Torch becomies
vigible
u‘
(a) ()

Fig. 2.3: [o} Solution of copper sulphate does not show
Tyndall effect, b mivhire of weater and milk
shows Tyndall effect.
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Tyndall elleci can be observed when
sunlight passes through the canopy ol a dense
forest. In the forest, mist contains tiny droplets
of warter, which act as particles of colloid
dispersed in air,

Fig. 2.4: The Tyndall effec

Properties of a colloid

* Acolloid is a heierogeneous mixiure,

* The size of particles of a colloid s too
small to be individually seen by naked
eyes,

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

* Thev do not setile down when left
undisturbed, that is. a colloid is guite
stable.

* They cannot be separated [rom the
mixiure by the process of [iliration. But,
a special technique of separation known
as centrifugation (perform actvity 2.5),
can be used to separale the colloidal
particles.

The components of a colleidal soluton 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 knmown
as the dispersing medium. Colloids are
classified according to the siate (solid, liquid
or gas) of the dispersing medinm and the
dispersed phase. A few common examples are
given in Table 2.1. From this table you can
see that they are very comomon everyday life.

nestions

1. Differeniiate betiween homogen-
erds and F?{’I'l."'r"'.':’_-_fml?:".;'f L5 IiXiUres
with examples.

2, How are sol, solution and
suspension different from each
ather?

3. To make a seatoroated solution,

36 ¢ of sodivm chloride 15 dissolved
in 100 g of water at 293 K.
Find ils concentralion al this
termperalure,

Table 2.1: Common examples of colloids

Dispersed
phase

Liquid Gras 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, butler

Solid Solid Solid Sol Coloured gemstone, milky glass
is SCENCE




2.3 Separating the Components
of a Mixture

We have learnt that most of the natural
substances are not chemically pure. Different
methods of separation are used to get
individual components from a mixture.
Separation makes it possible to study and
use the individual components of a mixture,

Heilerogeneous mixiures can be separaled
into their respective constituents by simple
phivsical methods like handpicking, sieving,
fltration that we use in our day-lo-day life.
Sometimes special techniques have to be used
for the separation of the components of a
mixture.

2.3.1 How CAN WE OBTAIN COLOURED
COMPONENT (DYE) FROM BLUE/
BLACK INK?

Activity

* Tl half a beaker with water.

#  Put a waich glass on the mouth of the
beaker (Fig. 2.5].

*  Putfew drops of ink on the waich glass.

- Now start heating the bealker. We do
nol wanl 1o heat the ink directly. You
will see that evaporation is taking place
from the watch glass.

s  Continue heating as the evaporation
Boes on and stop heating when you do
not sec any [urther change on the
watch glass,

*  Observe carefully and record your
observarions.

2.4

Fig. 2.5: Evaporation

Is Matmer Arotpip Us Pups?

Now answer

*  What do you think has got evaporated
Jfrom the watch glass?

#*  [s there a residue on the watch glass?
#  What is your ierprefation? s ink a

single substance (pure] or is it o
mixture?

We find that ink is a mixture of a dye in
walter. Thus, we can separate the volatile
component (solvent) from itz non-volatile
solute by the method of evaporation.

2.3.2 HOW CAN WE SEPARATE CREAM
FROM MILK?

Now-a-days, we gei full-cream, toned and
double-toned varieties of milk packed in poly-
packs or tetra packs in the markel. These
varieties of milk contain different amounts
of fat.

Activity 2.5
* Take some full-cream milk in a tesi
mibe.

*  Centrifuge it by using a centrifuging

machine [or two minutes. If a
centrifuging machine is not available
in the school, vou can do this activity
at home by using a milk churner, used
in the kitchen.

=  Ifyou have a milk dairy nearby, wisit it
and ask (i) how they separate cream
from milk and (ii) how they make
cheese (paneer] from millk.

Now answer
*  What do you observe on churning the
milk?

*  FEaplain how the separation of creom
Jfrom milk takes place.

Somelimes the solid particles in a liguid
are very small and pass through a flter paper.
For such particles the filtration technigue
cannot be used for separation. Such mixiures
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are separated by centrifugation. The principle
is that the denser particles are forced to the
bollom and the lighter pariicles stay al lthe
top when spun rapidly.

Applications

* Used in diagnostic laboratories for
blood and urine tests.

*  Used in dairies and home to separate
butter from cream.

*  Used in washing machines (o squeeze
oul waler [rom wel clothes.

2.3.3 How CAN WE SEPARATE A MIXTURE
OF TWO IMMISCIBLE LIQUIDS?

Activity 2.6
- Let us try Lo separaie kerosene oil
from water using a separating funnel.

*  Pour the mixbure of kerosene oil and
water in a separating hinnel (Fig, 2.6).

- Let it stand undisturbed for sometime
so that separaie layers of oil and water
are formed.

L Open the stopeock of the separating
funnel and pour out the lower layer of
waier carehilly.

*  Close the stopcock of the separating
funnel as the cil reaches the stop-cock.

Separating
funel

Kerosene oil

Water

. Stopeoclc

Fig. 2.6: Separation of immiscible Hguids
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Applications

*  To separate mixture of oll and waier.

* In the exivaction of iron from iis ore,
the lighier slag ls removed fom the
top by this method to leave the molien
iron at the botlom in the [urnace,

The principle is thal immiscible liguids
separate out in layers depending on their
densities,

2.3.4 HoW CAN WE SEPARATE A MIXTURE
QF SALT AND CAMFHDR?

We have learnt in chapter 1 that camphor
changes direcily from solid to gaseous state
on heating, So, to separate such mixtures that
contain a sublimable volatile component from
a non-sublimable impurity. the sublimation
process is used (Fig, 2.7). Some examples of
solids which sublime are ammonium chloride,
naphthalene and anthracene.

Cotign plug

4— Inverted funne]

Solidified
camphor

Fig. 2.7: Separation of camphor and salt by
Sublimetion
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2.3.5 Is THE DYE IN BLACK INK A SINGLE
COLOUR?

2.7

Activity

*  Take a thin sirip of filter papern

. Draw a line on it using a pencil,
approximately 3 cm above the lower
edge [Fig. 2.8 (all.

*  Put a small drop of ink (water soluble,
that is, [Tom a sketch pen or fountain
pen) at the centre of the line, Let it dry.

*  Lower the filter paper into a jar/glass/
bealcer /test ibe containing water so
that the drop of ink on the paper is just
above the water level, as shown in Fig.
2.8M) and leave it undisturbed.

=  Watch carcfully, as the water rises up
on the filter paper. Record your
observatons.

e lass rod

Paper chps
Strip of filter Jar
paper Strip of filter
paper
i Line drawm AT Spotof ink
hy by pencil Wa
N e
Bl ™ gpot of ink )

Fig. 2.8: Separation of dyes in black ink wsing
chrormatographiyf

Now answer

*  What do gow observe on the filier paper
as the water rises on it?

* Do you obtain different colours an the
filter paper strip?

* What according to you, can be the
reason for the rise of the colowred spot
on the paper strip?

The ink that we use has waier as the
solvent and the dye is soluble in it. As the
water rises on the filter paper it takes along
with it the dye particles. Usually. a dye is a
mixture of two or more colours. The coloured
component that is more soluble in water, rises
faster and in this way the colours get
separated.

Is Marmer Avorpp Us Pugs?

This process ol separation of components
of a mixiure is known as chromatography.
Kroma in Greek means colour. This technique
was firsi used for separation of colours, so
this name was given. Chromatography is the
technique used for separation of those solutes
that dissolve in the same solvent.

With the advancement in itechnology.
newer techniques of chromatography have
been developed. You will study about
chromatography in higher classes.

Applications

To separate

* colours in a dye

*  pigments from natural colours
*  drags from blood.

2.3.6 How CAN WE SEPARATE A MIXTURE
OF TWO MISCIBLE LIQUIDS?

2.8

¥ Let us bry Lo separale acetone and water
from their mixture,

. Take the mixture in a distllatdon flask.
Fit 1t with a thermomneter.

. Arrange the apparatius as shown in
Fig. 2.9.

*  Heai the mixoare slowly keeping a close
watch at the thermometer.

- The acetone vaporises, condenses in
the condenser and can be collected
from the condenzer outlet

. Water is left behind in the distillation

Activity

Iask.
ia—'!'h.ermmrlﬁter
lamp —
S ye—WREET oilet
Distillatiom —
flask

Acetone

Fig.2.9;: Separation of twoe miscible liguids by
distillation
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Now answer

& What do you observe as you starl
heating the mixiure?

= Af what temperature does the
thermometer reading become
constant for some Hme?

*  What is the boiling point of acetone?

s  Why do the tiwo components separate?

This method is called distillation. It is used
for the separation of components of a mixture
containing iwo miscible liguids that boil
withoui decomposition and have sufficient
difference in their boiling points.

To separate a mixture of two or more
miscible liquids for which the difference in
boiling points is less than 25 K, fractional
distillation process is used, for example, for
the separation of different gases from air,
different factions from petroleum products
eic, The apparaius is similar to that for simple
distillation, except that a fractionating
column is fitted in between the distillation
flask and the condenser.

A simple fracionating column is a tube
packed wiih glass beads. The beads provide
suriface for the vapours to cool and condense
repeatedly, as shown in Fig. 2.10.

Elampj

Fractionatmg | .
column

Fig. 2.10: Froctional distillation

2.3.7 How CAN WE OBTAIN DIFFERENT
GASES FROM AIR ?

Alr is a homogeneous mixture and can be
separaied into its componenis by fractonal
distillation. The flow diagram (Fig. 2.11)
shows the steps of the process.

Compress and cool by increasing
pressure and decreasing temperature

Taquid Adr

Adlow o warm up slowly m
fractional distiflation column

Gascs gel separaled al different heighls

Ozygen | Argon |Nitrogen
Boiling Painl [*C) —113 188 | -196
% Air by Valume 208 0.8 8.1

Fig. 2.11: Flow diogram shows the process of
obitaining gases_fron air

If we want oxvgen gas from alr (Fig. 2.12),
we have to separate out all the other gases
present in the air. The air is compressed by
increasing the pressure and is then cooled
by decreasing the temperature to get liquid
air. This liguid air is allowed 1o warm-up
slowly in a fractional distllatdon column,
where gases get separated at different heights
depending upon their boiling points.

Answer the following:

* Arrange the gases present in air in
increasing order of their boiling points.

s«  Which gas forms the liquid first as the
air is cooled?

SCENGE



Water out

Hat air Cold eompressed air
il
I=
[
Oa o Fractional
: s S L chigtallaficn
i B J column T B P
[ : I II
Licntid adr | piees = { .
!‘ Il ol m;‘;‘-ﬁ_ | Liquid oxygen |
: Carban -_— - _ =3 2 5 ;
e ' dicaide out —_—
8= dry ice Ezpansion —— |
Freezing jet
Filter cold
water in

Fig. 2.12: Separatien of components of ir

2.3.8 How CAN WE OBTAIN PURE COPPER
SULPHATE FROM AN IMPURE SAMPLE?

Activity 2.9

- Take some (approzimately 5 g) impure
sample of copper sulphate in a china
dish,.

*  Dissolve #t in mintmum amount of
water.

Filter the impurites out,

* Evaporate water from the copper
sulphate soluiion =0 as to get a
saturated solution.

* Cover the solurion with a filter paper
and leave it undisturbed at room
temperature to cool slowly for a day.

=  You will obtain the crystals of copper
sulphate in the china dish.

*  This process is called crystallisation.

Now answer

¢ What doyou observe in the china dish?

* Do the crysials look alikce?

*  Howwill you separate the crystals from
the liguid in the china dish?

The crysiallisation method iz used 1o
purity solids. For example, the sali we get
from sea water can have many impurites in
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it. To remove these impuriiies, the process of
crystlallisation is used. Crystallisation is a
process that separates a pure solid in the form
of its crystals from a solution. Crystallisation
lechnique is betler than simple evaporation
technique as -

* some solids decompose or some, like
sugar; may get charred on heaiing to
dryness.

* some impurities may remain dissolved
in the solution even after filtration. On
evaporaton these contaminate the

solid.
Applications
*  Purification of salt that we get from sea
water.

*  Separation ol crysials ol alum (phiticari
from impure samples.

Thus, by choosing one of the above
methods according to the nature ol the
componenis ol a mixture, we get a pure
substance. With advancements in technology
many more methods of separation techniques
have been devised.

In cities, drinking water is supplied from
water works. A flow diagram of a typical water
works is shown in Fig. 2.13. From this figure
write down the processes involved to get the
supply of drinking water to your home from
the water works and discuss it in your class.
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Tn geclinrmt the
muspended
wapnrities

——,

to aettls

Fune sand Coarse
ter Caraen] HFave]

= 11

Lescling
tank

———

Filtration tank

= ] To

Chlornnation
2 kel bacteria

Pig. 2.13: Waler purification system in water works

uestions

1. How will you separafe g mixtire

contfaining kerosene and petral

(difference in thelr botfling points

is more than 25%*C), which are

miiscible with each other?

Name the fechnigue o separale

fl buller from cured,

(il =alt from sea-weaier,

fiiil camphor from salf,

3. Whal (ype of mixiures are
sepdraled by the technique of
erystallisation?

2.4 Physical and Chemical
Changes

In the previous chapter, we have learnt about
a few physical properties of matter. The
properiies that can be observed and specified
like colour, hardness, rigidity, flaidity,
density, melting point. boiling peint 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, waler 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 characterisiics are different.

b
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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.
Buming is a chemical change. During this
precess one substance reacts with ancther
to undergo a change in chemical composition.
Chemical change brings change in the
chemical properiies of matier 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?

nuestions

1. Classify the following as
chemical or physical changes:!
« putting of trees,
meliing af butter in a pan,
rusiing of almirah,
boiling of water to form sieam,
passing of electric current,
through reater and the water
breaking dowwn into hydrogen
aricl oxygen goses,
¢« dissoluing cormmon sall in
Loater,
s matking a froit salad with raw
fruits, ol
* burning of paper and iwood.
Try segregaiing the things
around you as pure substances
or mixtures,
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2.5 What are the Types of Pure
Substances?

Omn the basgis of their chemical composition,
subsiances can be classiflied either as
clementis or compounds.

2.5.1 ELEMENTS

Roberl Boyle was the [irst scientist to use the
term element in 1661. Antoine Laurent
Lavoisier (1743-94), a French chemist, was
ihe first to establish an experitoentally useful
definition of an element. He defined an
element as a basic form of matter that cannot
be broken down inio simpler subsiances by
chemical reactions,

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

Metals usually show some or all of the

ﬁ:-]luwmg properties:
They have a lusire (shine].
* They have silvery-grey or golden-yellow
colour.

*  They conduct heat and electricity.

* They are ductile (can be drawn into
wires].

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

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

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

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

They display a variety of colours.

* They are poor conductors of heat and
electricity.

* They are not lustrous. sonorous or
malleable,

Examples of non-meials are hydrogen,
oxygen, iodine, carbon (coal, coke),
bromine, chilorine etc. Some elements have
intermediale properties belween those of
metals and non-metals, they are
called metalloids: examples are boron,
silicon, germanium etec.
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* 'The number of elements known at
present are more than 100.
Ninety-two elements are naturally
oceurring and the rest are man-
made.

* Majority of the elements are solid.
Eleven elements arc in gascous
state at room temperature.

* Two elemenis are liguid at room
iemperaiure—mercury and
bromine,

* Elemenis, galium and cesium
become liquid at a temperature
slightly above room temperature
(303 K). 7

=
=
=
—t
-
)
L
e
=
-
=

2.5.2 CoMPOUNDS

A compound is a substance composed ol two
or more elemenis, chemically combined with
one another in a fixed proporton.

What do we get when two or more elements
are combined?

Activity 2.10

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

Group I

*  Mix and crush iron filings and sulphur

powider.

Group I1

=  Mixand crush {ron filings and sulphur
powder. Heat this mixture strongly il
red hol. Remove [vom (lame and let the
mixture cool,

Groups I and II

=  (Check for magnetsm in the material
obtained. Bring a magnei near the
material and check il the material is
attracted towards the magnet.

- Compare the texture and colour of the
maierial obtained by the groups.

. Add carbon disulphide Lo one parl of
the marterial obtained. Stir well and
filter,

. Add dilute sulphuric acid or dilute
hydrochlorie acid to the other part of
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Table 2.2: Mixtures and Compounds

Mixtures

Compounds

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

2. A mixture has a variable composition.

3. A mixture shows the properties of the
constituent substances.

4. The constituents can be seperated
[airly easily by physical methods.

the material obtained.(Note: teacher
supervision is necessary for this
cretiviiy).

*  Perform all the above sieps with both
ihe elements (fron and sulphur)
separately.

Now answer

& Did the material obtained by the hwo
groups look the same?

s  Which group hoas obtained g material
with magnetic properties?

*  Canwe separate the components of the
material obtained?

* On adding dilute sulphuric acid or
diliife hydrochloric actd, did bath the
groups ablain a gas? Did the gas in
both the cases smell the same or
different?

The gas obtained by Group [ is hydrogen,
it is colourless, odourless and combustble—
it is not advised to do the combustion test for
hydrogen in the class. The gas oblained by
Group [ is hydrogen sulphide. It is a colourless
gas with the smell of rotien eggs.
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1. Elements react to form new comnpounes.

2. The composition of each new substance
is always [fixed.

3. The new substance has totally different
properties.

4. The constituenis can be separated only
by chemical or electrochemical
reactions.

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

* The material oblained by group 1 is a
mixture of the two substances. The
substances given are the elements— iron
and sulphur.

* The properties of the mixiure are the
same as that of its constituents.

*  The material obtained by group Il is a
compound.

*  Onheating the two elements sirongly we
get a compound, which has totally
different properties compared to the
combining elements,

* The composition of a compound is the
zame throughout. We can also observe
that the texture and the colour of the
compound are the same throughout.
Thus. we can summarise the physical
and chemical nature of matter in the
following graphical organiser :

SCENGE



{Solid, Liguid or Gas]
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{Na Fixed Composition)
| l
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Elements Compounds Homogeneous Heterogeneous
ITaye fized composition
Cannot be broken down
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rlecracherical reactions

for exampls, sugsr in water.
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What
you have
learnt

. A mixture contains more than one substance (element and/
or compound] mixed in any proportion.

8 Mixtures can be separated info pure substances using
appropriate separation techniques.

. A splution 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 eves, 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 eve, but is big enough to
scatter light. Colloids are useful in industry and daily life. The
pariicles are called the dispersed phase and the medium in
which they are distributed is called the dispersion medium.

. Pure subsiances 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 preportion.

. Properties of a compound are dillerent from its constiiuent
elements, whereas a mixture shows the properties of ils
consilituting elements or compounds.
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I Exercises

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

28

(a)
(b)

()
(d)
()
(f)
(g)
()
(i)
(1)

Sodium chloride from its solution in water.

Ammonium chloride from a mixture containing sodium
chloride and ammeonium chloride.

Small pieces of metal in the engine oil of a car.
Dilferent pigments from an extract of flower petals.
Butter from curd.

Oil from water.

Tea leaves [rom tea.

Iron pins from sand.

Wheat grains from husk.

Fine mud particles suspended in warter.

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
(resulis are given in the [ollowing table, as grams of substance
dissolved in 100 grams of water to form a saturated solution).

‘Substance Dissolved Temperature in K

- 283 203 313 333 353
Solubility

Potassium nitrate 21 32 62 | 106 | 167

Sodium chloride 36 a6 36 37 37

Ammonium chloride = 24 | 37 | 41 | 55 | 66

(a)

(b)

(c)
(d)

35 35 | 40 | 46 | 54

What mass ol potassium nitrate would be needed 1o
produce a saturated solufion of potassium nitrate in
50 grams of water at 313 K?

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

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

What is the effect of change of temperaiure on the
solubility of a salt?

SCENGE
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10.

Explain the following giving examples.
fa) samurated solutdon

(b} pure substance
(o) colloid
{dl suspension

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

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

How would you confirm that a colourless liquid given to you is
pure water?

Which of the following materials fall in the category of a “pure
substance"?

fa) Ice
(b)  Milk
fc) Iron
({d) Hydrochloric acid
fe) Calcium cxdde
() Mercury
(g) Brick
(h) Wood
(i) Air
Identify the solutions among the following mixtures.
fa) Soil
(bl Sea wafer
(c) Adr
(d) Coal

{e] Soda water.
Which of the following will show "Tyndall effect™?
(a) Salt solution

(b) Milk
{¢] Copper sulphate solution
(dj Starch solution.

Classify the following into elementis, compounds and
mixtures,

(a] Sodium

(b) Soil

(e) Sugar soluiion

(d} Silver

(e] Caleinm carbonate
() Tin

(g Silicon
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(i) Coal
i) Air
(i) Soap
(k) Methane
(1) Carbon dioxide
(m) Blood
11. Which of the following are chemical changes?
[a) Growth of a plant
(b) Rusting of iron
(c) Mixing of iron filings and sand
([d) Cooking of food
(e) Digestion of food
(i Freezing of water
(g} Burning of a candle.

s Group Activity

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



Chapter 3

Ancient Indian and Greek philosophers have
always wondered about the unknown and
unseen form of matter. The idea of divisibility
of matter was considered long back in India,
around 500 BC. An Indian philosopher
Maharishi Kanad, postulated that if we go on
dividing matter (padarth), we shall get smaller
and smaller particles. Ultimately, a stage will
come when we shall come across the smallest
particles beyond which [urther division will
not be possible, He named these particles
Parmanu. Ancother Indian philesopher,
Pakudha Ealyayama, elaboraied this docirine
and said that these particles normally exist
in a combined form which gives us various
forms of matter.

Around the same era. ancient Greek
philosophers — Democritus and Leucippus
suggested that if we go on dividing matter, a
stage will come when particles obiained
cannot be divided further. Democritus called
these indivisible particles atoms (meaning
indivisible). All this was based on
philosophical considerations and not much
experimental work to validate these ideas
could be done 1l the eighteenth contury.

By the end of the eighteenth century,
scientisis recognised the difference between
elements and compounds and naturally
became interested in finding oul how and why
elements combine and what happens when
they combine.

Antoine L. Lavoisier laid the foundation
of chemical sciences by establishing two
imporiant laws of chemical combinaiion.

3.1 Lawsof Chemical Combination

The following two laws of chemical
combinalion were esiablished afller

Ta4CHI2

ATomMs AND MOLECULES

much experimentations by Lavoisier and
Joseph L. Proust.
3.1.1 Law OF CONSERVATION OF MASS

Is there a change in mass when a chemical
change (chemical reaction) takes place?

Activity 3.1
o  Take one of the lollowing sets, X and ¥
of chemicals—
X Y
(1} copper sulphate sodlum carbonate
1.25g 1.43 g
{ii} barium chloride sodium sulphate
1.22 ¢ 1.53 g
[l lead nitrate sodium chloride
2.07 g 1.17 g

& Prepare separately a 5% solution of
any one palr of subsiances listed
under X and ¥ each in 10 mlL in waler.

&  Take a little amount of soludon of ¥ in
a conical fask and some solution of
¥ in an ignition tube.

& lHang the ignifion tube in the flask
carefully; see that the solutions do not
get mixed. Put a cork on the flask
(see Tig. 3.1].

V * Cork

% ?— Thread

in e coriead flosk contatining solution of ¥



*  Weigh the flask with its contents

carefully.

*  Now tilr and swirl the flask, so that the
solutions X and Y get mixed.

*  Weigh again,

*  What happens in the reaction flask?

L] Do vou think that a chemical reaction
has (aken place?

&  Why should we put a corl on the mouth
of the Nask?

L] Does the mass of the flask and iis
contents change?

Law of conservaiion of mazs siaivs ithat
mass can neither be created nor destroyed in
a chemical reaction,

3.1.2 LAwW OF CONSTANT PROPORTIONS

Lavolsier. along with other sclentists, noied
that many compounds were composed of two
or more elemenis and each such compound
had the same elements in the same
proeportions, irrespectlive of where the
compound came from or who prepared it.

In a compound such as waler, the ratio of
the mass of hyvdrogen to the mass of oxvgen is
always 1:8, whatever the source of water. Thus,
if 9 g of water is decomposed, 1 g of hydrogen
and 8 g of oxygen are always obtained.
Similarly in ammonia, nitrogen and hydrogen
are always present in the ratio 14:3 by mass,
whatever the method or the source from which
itis obtained,

This led to the law of constani proporiions
which is also known as the law of definite
proportions. This law was stated by Proust as
“In a chemical substance the elements are
always present in definite proportions by
mass”,

The next problem faced by scientists was
to glve appropriate explanations of these laws.
British chemist John Dalton provided the
basic theory about the nature of matter.
Dalion picked up the idea of divisibility of
maltter, which was (ill then just a philosophy,
He took the name ‘atoms’ as given by the
Greeks and said thal the smallest particles of
matier are atoms. His theory was based on the
laws of chemnical combination. Dallon's atomic
theory provided an explanation for the law of
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conservation of mass and the law of definite
proportions.

John Dalton was born in
a poor weaver's family in
1766 in England. He
began his career as a
teachier at the age of
twelve. Seven years later
he became a school
principal, In 1793, Dalton
left for Manchester to
teach mathematics,
physics and chemistry in
a college. He spent most of his life there
teaching and researching. In 1808, he
presented his atomic theory which was a

John Dedton

tuming point in the study of matter.

According to Dalton's atomic itheory, all
maiter, whether an element, a compound or
a mixture is composed of small particles called
atoms. The postulates of this theory may be
staied as follows:

{{) All matter is made of very tiny particles
called atoms, which participate in
chemical reactions.

fii)] Aloms are indivisible particles, which
cannol be crealed or desiroved in a
chemical reacdon.

(iil] Atoms of a given element are identical
in mass and chemical properties.

{iv) Atoms of different elements have
different masses and chemical
properiies.

(v] Aloms combine in the ratio of small
whole numbers to form compounds.

fvi] The relative number and kinds of
atoms are constant in a given
compound.

You will study in the next chapter that all
atoms are made up of siill smaller particles.

nestions

1. In a reaction; 5.3 g of sodicm
carbonate reacted with 6 g of
acelic acicl. The products were
2.2 g of carbon dioxide, 0.9 g
water and 8.2 g of sodium
acetate., Show that these
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observations ore in agreement
with the law of conservation of
IMdss.,
sodium carbonale + acelic ool
— sodium acetate + carbon
dioxide + (paier
Hydrogen and oxygen combine in
the ratio of 1:8 by mass to form
woarer. Whal mass of oxiyjgen gas
would be reqguired to react
completely with 3 g of hydrogen
gas?

3. Which postulate of Dalton's
atomic theory 15 the resull of the
o of comservation of mass?

4. Which postulate of Dalton's
eelemnic dheory can explain the low
of definite proportions?

3.2 What is an Atom?

Have you ever observed a mason building
walls, from these walls a room and then a
collection of rooms 1o form a building? What
is the building block of the huge building?
What about the building block of an ant-hill?
It is a small grain of sand. Similarly, the
building blocks of all matier are atoms.

How big are atoms?

Atoms are very small. they are smaller than
anything that we can imagine or compare
with, More than millions of atoms when
stacked would make a layer barely as thick
as this sheet of paper.

[

Atomic radius is measured in nanometres.
1/10°m = 1lnm
1m = 10°mn
Relative Sizes
Radii (in m) Exam:glt.
1018 Atom of hydrogen
109 Molecule of water
10* Molecule of haemoglobin
104 Grain of sand
102 Ant
10574 Apple

ATuMzs AND Morgoupes

We might think thai il aioms are so
insignificant in size, why should we care aboui
them? This is because our entire world is
made up of atoms. We may not be able to see
them, bul they are (here, and constanily
affecting whatever we do. Through modern
techniques, we can now produce magnified
images of surfaces of elements showing atoms.

Fig. 3.2: An image of the surface of silicon

3.2.1 WHAT ARE THE MODERN DAY
SYMBOLS OF ATOMS OF DIFFERENT
ELEMENTS?

Dalton was the first scienlist to use the

symbols for elements in a very specific sense.

When he used a symbol for an element he

also meant a definite quantity of that element,

that is, one atom of that element. Berzilius
suggesied that ihe symbols of elements be

made {rom one or two letiers of the name of
the element;

© e O
@ Phosphorus @
@ Copper @ Laad
Do (@

Fig. 3.3: Symbaols for sorme elements as proposed by
Dilton




In the beginning, the names of elements
were derived from the name of the place where
they were found for the first time. For example,
the name copper was taken from Cyprus. Some
names were taken from specific colours. For
example, gold was taken from the English word
meaning yellow. Now-a-days, IUPAC
(International Union of Pure and Applied
Chemistry) is an internatiomnal scientific
organisation which approves names of
elements, symbols and uniis. Many of the
symbols are the first one or two letiers of the
element's name in English. The first letter of a
symbol is always writlen as a capital letter
[uppercase) and the second letter as a amall
letier (lowercase).

For example

i) hydrogen, H
i)y alumindum, Al and not AL
(i) cobalt, Co and not CO.

Syimbols of some elements are formed from
the first letter of the name and a letter,
appearing later in the name. Examples are: (i)
chlorine, Cl, ({ii) zinc, Zn eic.

Other symbols have been taken [rom ihe
names of elements in Latin, German or Greek.
For example, the symbol of iron is Fe [rom iis
Laiin name [ernum, sodium is Na from natrham,
peiassium is K [rom kalium. Therelore, each
elemeni has a name and a unique chemical
symibol,

passage of time and repeated usage you will
automatically be able to reproduce the
symbols).

3.2.2 ATOMIC MASS

The most remarkable concept that Dalton's
atomic theory proposed was that of the atomic
mass. According to him, each element had a
characteristic atomic mass. The theory could
explain the law of consiant proportdons so well
that scientists were prompted to measure the
atomde mass of an atom. Since determining the
mass of an individual atom was a relatively
difficult task. relative atomic masses were
determined using the laws of chemical
combinations and the compounds formed.
Let us take the example of a compound.
carbon monoxide (CO) formed by carbon aned
oxvgen. It was observed experimentally that 3
g of carbon combines with 4 g of oxygen to
form CO. In other words, carbon combines
with 4/3 times its mass of oxygden. Suppose
we define the atomic mass unit [earlier
abbreviaied as ‘amu’, but according to the
latest IUPAC recommendations, it Is now
written as ‘v’ - unified mass] as equal to the
mass of one carbon atom, then we would

Table 3.1: Symbols for some elements

Element Symbal Element Symbaol

Ahuninium Al Copper Cu Niirogen N
Argon Ar Fluorine F Oxygen 8]
Barium Ba Gold Au Potassium K
Boron E:: Hydrﬂgen H Silicon 51
Bromine Br lodine 1 Silver Ag
Caletum Ca Iron Fe Sodium Na
Carbon C Lead Pb Sulphur S
Chlorine cl Magnesium Mg Uranium U
Cobalt Co Neon Ne Zinc Zn

(The above table is given lor you to reler to
whenever you study about elements. Do not
boiher 1o memorise all in one go. With ihe
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assign carbon an atomic mass of 1.0 u and
oxygen an atomic mass of 1.33 u. However, it
iz more convenient to have these numbers as
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whole numbers or as near to a whole numbers

as possible. While searching for various

atomic mass units, scientists initially took 1/

16 of the mass of an atom of naturally

ocourring oxygen as the unit. This was

considered relevant due to two reasons:

* oxygen reacted with a large number of
elemnents and formed compounds.

o ihis atomic mass unit gave masses of
most of the elements as whole numbers.

However, in 1961 for a universally
accepled atomic mass unii, carbon-12 isolope
was chosen as the standard reference for
measuring atomic masses. One atomic mass
unit is a mass unit equal to exactly one-twelfth
(1/12% the mass of one atom of carbon-12.
The relative atomic masses of all elements
have been found with respect to an atom of
carbon-12.

Imagine a fruit seller selling fruits without
any standard weight with him. He takes a
watermelon and says, "this has amass equal
to 12 undis” (12 watermelon undls or 12 fradt
mass units). He makes twelve equal pieces of
the watermelon and finds the mass of each frmit
he is selling, relative to the mass of one piece
of the watermelon. Now he sells his [riils by
relatve frudt mass unit (fmu), as in Fig. 3.4.

EY (b) ()

.f‘h——"i"ﬂ“h.

(d]

Fig. 3.4 : {o} Wagermelon, [b) 12 pleces, {cl 1/12 of
watermelon, [dl how the fruit sefler can
wpeigh the fruits using pleces of watermelon

Similarly, the relative atomic mass of the
atom of an element is defined as the average

ATuMzs AND Morgoupes

mass of the atom, as compared 1o 1/12™ the
mass of one carbon-12 atom.

Table 3.2: Atomic masses of
a few elements

Element Atomic Mass (u)

1

12

14
Oxygen 16
Magnesium 24
Sulphur 32
Chilorine 35.5
Calcium 40

3.2.3 How DO ATOMS EXIST?

Aloms of most elemenis are not able (o exist
independently. Atoms form molecules and
ions. These molecules or ions aggregate in
large numbers to form the matter that we can
see. leel or touch.

estions
[. Define the atomtlc mass wnir.
2, Why is it not possible to see an

aicrm with naked eyes?

3.3 What is a Molecule?

A molecule is in general a group of two or
more atoms that are chemically bonded
together, that is, tightly held together by
altractive forces. A molecule can be defined as
the smallest partcle of an element or a
compound that is capable of an independent
existence and shows all the properties of that
substance. Atoms of the same element or of
different elements can join together 1o form
molecules,
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3.3.1 MOILECULES OF FLEMENTS

The molecules of an element are constituted
by the same type of atoms. Melecules of many
elemenis, such as argon (Ar), helivun (He) etc.
are made up of only one atom of that element.
Bult this is not the case with most of the non-
metals. For example. a molecule of oxygen
consists of two atoms of oxygen and hence il
is known as a diatomic molecule, O,. If 3
atoms of oxygen unife into a molecude, instead
of the usual 2. we get ozone,; O,. The number
of aioms consiituiing a molecule is known as
its atomicity,

Meials and some other elements, such as
carbomn, do nol have a simple sttuciure bul
congsist of a very large and indefinite number
of atoms bonded together.

Let us look ai the atomicity of some
non-metals.

Table 3.3 : Atomicity of some

elements
Name Atomicity
Non-Metal Argon Monoatommic
Helium Monoatomic
Oxygen Diatomic
Hydrogen Diatomic
Nitrogen Diatoniic
Chlorine Diaiomic
Phosphorus Tetra-atomic
Sulphur Poly-atomic

3.3.2 MOLECULES OF COMPOUNDS

Atoms of different elementis join together
in definite proportions to form molecules
of compounds. Few examples are given in
Table 3.4,

a6

Table 3.4 : Molecules of some
compounds

Compound Combining

Elements

Water (I,0) Hydrogen, Oxygen 1:8
Ammonia (NH,) Niirogen, Hydrogen 14:3
dioxide (CO,)  Carbomn. Oxygen 3:8

Activity 3.2

&  Refer to Table 3.4 for ratio by mass of
atoms present in molecules and Table
3.2 for atomic masses of elements. Find
the ratio by number of the atoms of
elements in the molecules of
comapounds given in Table 3.4.

* The rate by mumber of atoms for a
water molecule can be found as follovrs:

Element | Ratio [Atomic| Mass |Simplest
by mass | ratio/ | ratio
mass (u) |atomic

mass
1

H 1 1 I=1 2
g 1

O 8 16 iy I

&  Thus, the rado by number of atoms for
waler is H:O = 2:1.

3.3.3 WHATIS AN ION?

Compounds composed of metals and non-
metals contain charged species. The charged
apecies are known as ions. lons may consist
of a single charged atom or a group of atoms
that have a net charge on them. An ion can be
negatively or positively charged. A negatively
charged ion is called an 'anion’ and the
positively charged ion, a ‘cationt’. Take, [or
example, sodium chloride [(NaCl). Its
consiituent particles are positively charged
sodium ions (MNa'] and negatively charged
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chloride ions (CI). A group of atoms carrying
a charge is known as a polyatomie ion (Table
3.6). We shall learn more about the formation
of ions in Chapter 4.

Table 3.5: Some ionic compounds

Ionic

Constituting

Compound Elements

and sulphur  3:4
chloride ‘and chlorine  23:35.5

3.4 Writing Chemical Formulae

The chemical formula of a compound is a
symbolic representation of its composition. The
chemical formulae of different compounds can
be written easily. For this exercise, we need to

learn the symbols and combining capacity of
the elements.

The combining power (or capacity) of an
element is lmowm as its valency. Valency can
be used to find out how the atoms of an
element will combine with the atomis) of
another element to form a chemical compouned.
The valenicy of the atom of an element can be
thought of as hands or arms of that atom.

Human beings have two arms and an
octopus has eight. If one octopus has to catch
hold of a few people in such a manner that all
the eight arms of the octopus and both arms
of all the humans are locked, how many
humans do you think the octopus can hold?
Represent the octopus with O and humans
with H. Can you write a formula [or this
combinadon? Do you get OH_ as the formula?
The subscript 4 indicates the number of
humans held by the octopus.

The valencies of some comimon lons are
given in Table 3.6. We will learn more about
valency in the nexi chapter.

Table 3.6: Names and symbols of some ions

Non- Polyatomic Symbol
metallic ions
element
1 Sodium Na* Hydrogen H' Ammonium NH;
Potassium K* Hydride H Hydroxide OH
Silver Ag* Chloride cl Nitrate NO,
Copper (I)* Cur Bromide Br Hydrogen
lodide g carbonale HCOg
2. Magnesium Mg Oxide 5 Carbonate cn
Calefum Ca?* Sulphide S Sulphite 50.*
Zine Zn Sulphate S0
Iron (II)* Fe?t
Copper (II)* Ot
3. Aluminium AR Nitride N=- Phosphate PO
Iron (II)* Fesr

! Sarne elements shown more thon one palency. A Roman nurneral shows their valency in o brackel

ATuMzs AND Morgoupes

a7




The rules that you have to follow while writing

a chemical formula are as follows:

* the valencies or charges on the ifon must
balance.

*  whena compound consisis ol a metal and
a non-metal, the name or symbol of the
metal is written first. For exammple: caleinm
oxide (Ca0), sodium chloride (NaCl), iron
sulphide (FeS), copper oxide (CuQ) eic..
where oxygen, chlorine, sulphur are non-
metals and are written on the right,
whereas calcinum, sodium, iron and
copper are metals, and are written on the
left.

* incompounds formed with polvatomic ions,
the number of lons present in the
compound is indicated by enclosing the
formula of ion n a bracket and writing the
number of ions outside the bracket. For
example, Mg (OH),. In case the mumber of
polyatemic ion is one, the bracket is not
required. For example, NaOH.

3.4.1 FORMULAE OF SIMPLE COMPOUNDS

The simplest compounds, which are made up
of two different elements are called binary
compounds. Valencies of some ions are given
in Table 3.6. You can use these to write
formulae for compounds.

While writing the chemical formulae for
compournds, we write the consttuent elements
and their valencies as shown below. Then we
must crossover the valencies of the combining
atoms,

Examples
1. Formula of hydrogen chloride
Symbol H 1

Valency 1 1
Formula of the compound would be HCL

2. Formula of hydrogen sulphide
Symbol H S

Valency 1 2
Formula : H,S

3. Formula of carbon tetrachloride

Symbol C Cl

Valency 4 1
Formula : CCl,

For magnesium chloride, we write the
symbol of calion (Mg?') [irsi followed by the
symbol of anion (CI]). Then their charges are
criss-crossed to get the formula.

4.  Formula of magnesium chloride

Symbol Mg Cl

Charge 2+ 1-
Formula : MgCl,

Thus, in magnesium chloride, there are
two chloride ions (Cl) for each magnesium
fon (Mg*"). The positive and negatve charges
must balance sach other and the overall
siruciure must be neuiral. Note that in the
formula, the charges on ithe ions are not
indicated.

Some more examples
(a) Formula for aluminium oxide:

Symbol Al (@)
Charge 3+ ><2—

Formula :A].,Oa
(b} Formula for calelum oxdde:
Symbol Ca 8]
Charge 2+ 2-

Here, the valencies of the two elements
are the same. You may arrive at the formula
Ca,0,. But we simplify the formula as CaO.
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(¢} Formula of sodium nitrate;

Symbol/
Formula DN& ><‘!Da
Charge 1+ L-

Formula : I’N]-':a.ND'3

{d) Formula of caleium hydroxide:
Symbol/ Ca Ol

Formula ><
Charge g4 1-
Formula ;: Ca{OH),

Note that the formula of calcium
hydroxide is Ca(OH], and not CaOIH,. We use
brackets when we have two or more of the
game fons in the lormula. Here, the bracket
around Ol with a subscript 2 indicates that
there are two hydroxyl (OL) groups joined to
one calcivm atom. In other words, there are
two atoms each of oxygen and hydrogen in
calcium hydroxide.

(¢) Formula of sodium carbonate:

Symbaol/ Na

Formula £0,

Charge 1+ ><2—

Formula ; Na CO,

In the above example, brackets are not needed
if there is only one lon present.

{f) Formula of ammonium sulphate:
Formula NI, 50,

Charge 14 .
Formula : (NH, )50,

nestions

1. Write down the formulae of
fil  sodium oxide
fii}  alumirium chloride
i} sodium suphide
fiv] magnesiun hydroxide
2. Write down the names of
compounds represenited by the
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Sfollowing formudeae:
i AL{SO),

fill Call,
(il K. SO,
fiv) KNO,

ful  CaCO,

3. What is meant by the term
chemical formula?

o4, F‘IK_ILLI T'JTI'_H'.'y iorns I'ITl‘_'l_.'iIT_'.S{’I'i:' IIJEH
fil H,5 molecule and
{it) F'n’f}f fon?

3.5 Molecular Mass and Mole
Concept

3.5.1 MOLECULAR MASS

In section 3.2.2 we discussed the concept of
atomic mass. This conecept can be extended
to calculate molecular masses. The molecular
mass of a subsiance is the sum of the atomic
masses of all the atoms in a molecule of the
substance. It is therefore the relative mass of
a molecule expressed in atomic mass units ful.

Example 3.1 (a) Calculate the relative
molecular mass of water (H,O).
(b) Calculate the molecular mass of
HNO,.

Solution:

(a) Artomic mass of hydrogen = 1u,
oxygen = 16 u
So the molecular mass of water, which
coniaing two atomes of hydrogen and one
atom of oxygen is = 2x 1+ 1x16
= 18u

(b) The molecular mass of HNO, = the
atomic mass of [1 + the atomic mass of
N+ 3 x the atomic mass of O

=]1+14+48=63u

3.5.2 FORMULA UNIT MASS

The formula unit mass of a substance is a sum
of the atomic masses of all aloms in a formmuala
unit of a compound. Formula unit mass is
calculated in the same manner as we calculaie
ihe molecular mass. The only dilference is that
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we use the word formula unit for those
substances whose constitueni particles are
ions. For example, sodium chloride as
discussed above, has a formuda unit NaCl. Iis
formula unit mass can be caleculated as-

1 %23+ 1x35.6=56856n

Example 3.2 Calculaie the formula umnit
mass of CaCl,.

Solution:

Atomic mass of Ca
+ (2 = atomic mass of Cl)
=40+ 2x355=40+71=1111

nestions

1. Caleulate the molecular masses
of H, 0, Cl, CO, CH, C,H,
C,H, NH, CH,OH.

2. Calculate the formula unfl
masses of ZnO, Na O, K,CO.,
given atomic masses of Zn=65u
Na=23 u K=33u, C=121
and O =16 u.

3.5.3 MOLE CONCEPT

Take an example of the reaction of hydrogen
and oxygen to form water:
2H,+ 0, 2H,0.
The above reaction indicates that
{ij two molecules of hydrogen combine
with one molecule of oxygen to [orm two
molecules of water, or
fif) 4u of hydrogen molecules combine with
32 u ol oxygen molecules to form 36 u
of water molecules.

We can infer from the above equation that
the guantily of a subslance can be
characterised by its mass or the number of
molecules. But, a chemical reaction equation
indicates directly the number of aloms or
molecules taking part in the reaction.
Therefore. it is more convenient to refer to the
quaniity of a substance in terms of the mumber
of ite molecules or atoms, rather than their
Masses. So, a nesw unit “mole” was introduced.
The mole, symbol mel, is the 51 unit of amount
ol subsiance. One mole coniains exacily

1 mgde of carbon
atoris

B.022 = 107 atoms of T

12 g of carbon atoms

1 mole of
hydrogen atoms
B0 % 107 atoms of 11 \ 1 g of H atoms
1 mole
of ary particle
[atoms, malecules, 1ons]
6000 = 10 Relative mags of thoss
number af that particle particles in giams
1 mole of
malecules
6022 x 10" numbers Molecular mass in
‘of inoleciiles Erams

Fig. 3.5: Relationship between mole, Avogacdro number arcd mass
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6.02214076 x 10° elementary entities. This
number is the fixed numerical value of the
Avogadro constant, N,, when expressed in the
unit mol" and is called the Avogadro number*,

The amount of substance, symbol n, of a
system is a measure of the number of specified
elementary endiies. An elementary entty may
be an atom, a molecule, an ion, an electron,
any other particle or specified group of
particles. The mole is the amount of substance
of a system that contains 6.02214076 x 10%
specified elementary entities.

1 mole (of anything) = 6.022 x 10% in number,
as, 1 dozen = 12nos.
1 gross = 144 nos.

Besldes being related to a number, a mole
has one more advantage over a dozen or a
groas. This advaniage is that mass of 1 mole
of a particular subsiance s also fixed.

The mass of 1 mole of a subsiance is equal
io its relative atomic or molecular mass in
grams. The atomic mass of an element gives
us the mass of one atom of that clement in
atomic mass units (u). To get the mass of 1
mole of atom of that element, that is, molar
mass, we have to take the same numerical
value but change the uniis from "' 1o 'g’. Molar
mass of atoms is also known as gram atomie
mass, For example, atomic mass of
hydrogen=1u, So, gram atomic mass of
hydrogen =1 g.

1 1 hydrogen has only 1 atom of hydrogen
1 ¢ hydrogen has 1 mole atoms, that is,
6.022 » 10* atoms of hydrogen.

Similarly,

16 1 oxygen has only 1 atom of oxyden,
16 g oxygen has 1 mole atoms, that is,
6.022 ¥ 10?% atoms of oxygen.

To find the gram molecular mass or molar
mass of a molecule, we Keep the numerical
value the same as the molecular mass, but
simply change units as above from u to g. For
gxample, as we have already calculated,
molecular mass of water (H,0] is 18 u. From
here we undersiand ihat
18 u water has only 1 molecule of water,

18 g waler has 1 mole molecules ol water, that
is, 6.022 x 10*¥ molecules of water.

Chemists need the number of atoms and
molecules while carryving ouf reactions, and

[or this they need 1o relate the mass in grams
to the number. [ is done as [ollows:
1 mole = 6.022 x 10 number
= Relative mass in grams.

Thus, a mole is the chemist's counting unit.

The word "mole” was introduced around
1896 by Wilhelm Osiwald who derived the
term from the Latin word mwoles meaning a
‘heap’ or 'pile’. A substance may be considered
as a heap of atoms or melecules. The unit
mole was accepied in 1967 to provide a simple
way of reporting a large number- the massive
heap of atoms and molecules in a sample.

Example 3.3
1, Calculate the number of moles for the
following:
(il 52 g of He (finding mole from
mass)

i) 12.044x 10 number of He atoms
(finding mole from number of
particles).

Solutions:

No. of moles

Given mass

Molar mass

Given number of pariicles
Avogadro number of particles

owou

il Atomic mass of He = 4
Molar mass of He = 4g

Thus, the number of moles
givenmass
~ molarmass
m 52
= =E—=—=
% | 4

[} we know,
1 mole = 6.022 » 10

The nurmaber of moles

13

_given number of particles
Avogadro number

N 12.044x10%

FRT

N, 6.022x10®

* Avogadro Constant or Avogadro Number was named in honor of llalian sclentlist, Amedeo Avogadro.
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Example 3.4 Calculate the mass of the

following:
(i ©0.5moleof N, gas (mass from mole
of molecule)

(il 0.5 mole of N atoms (mass from
mole of atom)

fiii) 3.011 % 10* number of N aloms
[mass from number)

iv] 6.022 x 10%* number of N,
molecules (mass from number)

Solutions:

il mmass = molar mass x number of
moles

=m=Mxn=28x05=14¢g

[il] mass = molar mass ¥ number of
moles
=m=Mxn=14x05=7¢g

fiii) The number of mioles, n

_ givennumberof particles = N
~ Avogadro number N,

_ 3.011x10%
6.022 x10%

3.011=10%

Sm=Mxn=14 % ——-
6.022%x10%

=14 x0.5=7¢g

.

{iv Nﬁ
N 6.022 x10%
:m_MxN_j_ZExﬁ.uzletF’

=28x1=28 ¢

[iii] 0.1 meole of carbon atoms [mumber
from given moles)

Solutions:

{1} Themumber of atoms
_ given mass

¥ Avogadro number
molar mass Ea

=N=— %N,

—-N=20 5.022x10%
23

=N=12.044 = 10™
il The number of molecules

_ givenmass

% Avogadro number
molar mass

ﬂN:ExNﬁ
M

atormic massof oxygen=16u

-~ molar mass of CI2 molecules
=16 x 2=32¢g

N=2 %6.022%10%
32

=N=1.5055x10"

=1.51%10%

(i) The number of particles (alom) =
number of moles of particles x
Avogadro number
N=nxN,=0.1x6.022 x 10¥

= (.022 %« 10

Example 3.5 Calculate the number ol
particles in each of the
following:

i} 46 g of Na atoms mumber [rom
mass)

i) 8 g O, molecules (number of
molecules from mass)

nestions

1. If one mole of carbon atoms
weighs 12 grams, what is the
mass (in grams! of 1 atom of
corbon?

2. Which has mere number of
atoems, 100 grams of sodium or
100 grams of iron (given, afommic
mass of Na =23 1, Fe= 56 17
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What
you have
learnt

L
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During a chemical reaction, the sum of the masses of the
reactanis and products remains unchanged. This is known
as the Law of Conservation of Mass,

In a pure chemical compound, elements are always present in
a definite proportion by mass. This is known as the Law of
Definite Proporiions.

An atom is the smallest particle of the element that cannot
usually exist independently and retain all its chemical
properties.

A molecule is the smallest pariicle of an element or a compound
capable of independent existence under ordinary conditions.
It shows all the properties of the substance.

A chemiecal formula of a compound shows its constituent
elements and the number of atoms of each combining element.
Clusters of atoms that act as an jon are called polyatomic ions.
They carry a fixed charge on them.

The chemical formula of a molecular compound is determined
by the valency of each elemeni.

In ionic compounds, the charge on each ion is used to
determine the chemical formula of the compound.

Scientisis use the relative atomic mass scale to compare the
masses ol different aloms ol elements. Atoms ol carbon-12
isotopes are assigned a relative atomic mass of 12 and the
relative masses of all other atoms are obtained by comparison
with the mass of a carbon-12 atom.

The Avogadro constant 6.022 x 10 is defined as the number
of atoms in exactly 12 g of carbon-12.

The mole is the amount of substance of a system that
contains 6.02214076 = 10* specilied elementary entities.

Mass of 1 mole of a substance is called its molar mass.

Exercises

A 0.24 g sample of compound of oxygen and boron was lound
by analysis to contain 0.096 g of boron and 0.144 g of oxygen.
Calculate the percentage composition of the compound by
welght.

When 3.0 g of carbon is burnt in 8.00 g oxygen, 11.00 g of
carbon dioxide is produced. What mass of carbon dioxide will
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10.

11.

be formed when 3.00 g of carbon is burnt in 50.00 g of
oxygen? Which law of chemiecal combination will govern your
answer?

‘What are polyvatomic ions? Give examples.
Write the chemical formulae of the following.
(a) Magnesium chloride

(b) Calcium oxide

(¢) Copper nitrate

(d) Aluminium chloride

{e)] Caleium carbonaic.

Give the names of the elements present in the following
compounds.

(a) Quick lime

(b} Hydrogen bromide

{c) Baking powder

(d) Potassium sulphate.
Calculate the molar mass of the following substances.

(a) Ethyne, C,H,

(b) Sulphur molecule, 5,

(¢) Phosphorus molecule, P, (Afomic mass of phosphorus

=31)
(d) Hydrochloric acid, HC1
(e) Nitrie acid, HNO,
What is the mass of—
(a) 1 mole of nitrogen atoms?
(b) 4 moles of aluminium atoms [Atomic mass of aluminium
= 27)?
(c) 10 moles of sodium sulphite (Na,50,)?
Convert into mole.
(a) 12 g of oxygen gas
(b) 20 g of water
(c) 22 g of carbon dioxide.
What is the mass of:
(a) 0.2 mole of oxygen atoms?
(b) 0.5 mole of water molecules?

Calculate the number of molecules of sulphur (5,) present in
16 g of solid sulphur.

Calculate the number of aluminium ions present in 0.051 g
of aluminivum oxide.

(Hint: The mass of an ion is the same as thai of an atom of
the same element. Atomic mass of Al = 27 u)
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BN Group Activity

Play a game [or writing formulae.

Examplel : Make placards with symbols and valencies of the
elements separately., Each student should hold two
placards, one with the symbol in the right hand and
the other with the valency in the left hand, Keeping
ithe symbols in place, studenis should criss-cross their
valencies to form the formula of a compound.

Example 2 : A low cost model for writing formulae: Take empty
blister packs of medicines. Cut them in groups,
according to the valency of the element, as shown in
the figure. Now, you can make formulae by fixing
one type of ion into other.

For example:
Na*t -1 ¢ P PO *-
— LI 1 I O

Formula for sodium sulphate:

2 sodium ions can be fixed on one sulphate ion.
Hence, the formula will be: Na, 50,

Do it yoursell :

Now, write the formula of sodium phosphate.
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Chapter 4

STRUCTURE OF THE ATOM

In Chapter 3, we have learni that atoms and
molecules are the fundamental building
blocks of matter. The existence of different
kinds of matter is due 1o dilferent atoms
constituiing themn, Now the quesiions arise:
(1) What makes the atom of one element
different [rom the atom ol anoiher element?
and (ii) Are aloms really indivisible, as
proposed by Dalton, or are there smaller
constituents inside the atom? We shall find
out the answers Lo these gquestions in this
chapter. We will learn about sub-atomic
particles and the various models that have
been proposed to explain how these particles
are arranged within the atom.

A major challenge before the scientisis at
the end of the 19th eentury was to reveal the
structure of the atom as well as to explain fis
important properies. The elucidation of the
structure of atoms is based on a series ol
experitnents.

One of the first indications that atoms are
not indivisible, comes from studving static
electricity and the condition under which
eleciricity is conducted by different
subsiances.

4.1 Charged Particles in Matter

For understanding the nature of charged
pariicles in matter, let us carry out the
following activities:

Activity 4.1

A, Comb dry hair. Does the comb then
atiract small pieces ol paper?

B. Fub a glass rod with a silk cloth and
bring the rod near an inflated balloon.
Observe what happens.

From these aciivides, can we conclude
that on rubhing two chjects together. they
become electrically charged? Where does this
charge come from? This queston can be
answered by knowing that an atom is divisible
and consists of charged particles.

Many scienlisis coniributed in revealing
the presence of charged particles in an atom.

It was known by 1900 that the atom was
indivisible particle but contained at least one
sub-alomic particle - the eleciron identified by
J.J. Thomson. Even before the eleciron was
identified, E. Goldstein in 1886 discovered the
presence of new radiatons ina gas discharge
and called them canal rays. These rays were
posiiively charged radiations which ultimaiely
led to the discovery of another sub-atomic
particle. This sub-atomic particle had a charge,
equal in magnitude but opposite in sign to that
of the clectron. Its mass was approximately
2000 dmes as that of the electron. It was given
the name of proion. In general, an eleciron is
represented as ‘e” and a proion as ‘p*, The
mass of a proton is taken as one unit and its
charge as plus one. The mass of an ¢lectron is
considered to be negligible and its charge is
minmis one.

It seemed that an atom was composed of
protons and elecirons, mutually balancing
their charges. It also appeared that the protons
were in the interior of the atom, for whereas
electrons could easily be removed off but
noi protons. Now the big question was:
what sort of siructure did these particles of
the atom form? We will find the answer lo
this question below.



nestions

1. Whal agre canal rays?

2. If an afom contains one eleciron
gl one prodon, will i cormy any
charge or not?

4.2 The Structure of an Atom

We have learni Dalion’s atomic theory in
Chapier 3, which suggesied thai the atom
was indivisible and indestructible. But the
discovery of twe fundamental particles
[elecirons and proions) inside the atom, led
to the [ailure of this aspect of Dallon’s alomic
theory. It was then considered necessary to
know how elecirons and protons are arranged
within an atom. For explaining this. many
scientists proposed various atomic models.
J.J. Thomson was the first one 1o propose a
model for the structure of an atom.

4.2.1 THOMSON'S MODEL OF AN ATOM

Thomson proposed the model of an atom {o
be similar to that of a Christmas pudding,
The electrons, in a sphere of pesitive charge,
were like currants (dry fruils) in a spherical
Christmas pudding. We can also think of a
watermelon, the positive charge in the atom
is spread all over like the red edible part of
the watermelon. while the elecirons are
studded in the positively charged sphere, like
the seeds in the watlermelon (Fig. 4.1).

Pasibive sphere

Fig.4.1: Thomson's model of an alom
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J.J. Thomson [1856-
1940}, a British
physicist, was born in
Cheetham Hill, a suburb
of Manchester. on
18 December 1856. He
was awarded the Nobel
prize in Physics in 1906
for his work on the
discovery of electrons.
He directed the Cavendizh Laboratory at
Cambridge for 35 vears and seven of his
research assistants subsequently won
Nobel prizes.

Thomson proposed that:

{ij An atom consists of a positively
charged sphere and the elecirons are
embedded in it

(ii) The negative and posiiive charges are
equal in magnitude. So, the atomasa
whole is electrically neuiral.

Although Thomson's model explained that
atoms are electrically neutral. the results of
experiments carried oul by other scientists
could not be explained by this model, as we
will see below.

4.2.2 RUTHERFORD'S MODEL OF AN ATOM

Ernest Rutherford was interested in knowing

how the elecirons are arranged within an

atom. Rutherford designed an experiment for
this. In this experiment, fast moving alpha

(x)-particles were made 1o [all on a thin

gold foil.

*  Heselected a gold foil because he wanted
as thin a layer as possible. This gold foil
was about 1000 atoms thick.

*» g-parficles are doubly-charged helium
ions. Since they have a mass ol 4 u, the
fast-moving o-particles have a
considerable amount of energy.

+  Itwas expected that o-particles would be
deflecied by the sub-atomic particles in
the gold atoms. Since the ¢-particles were
much heavier than the protons, he did
not expect to see large deflections.
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o-particles

Fig. 4.2; Scattering of a-particles by a gold foll

But, the e-particle scatiering experiment
gave totally unexpected results (Fig. 4.2). The
following observations were made:

(i) Mosti of ithe fast moving o-particles
passed siraight through the gold foil.
(i) Some of the w-particles were deflected
by the foll by small angles.
(iii)y Surprisingly one out of every 12000
partiicles appeared to rebound.

Inn the words of Rutherford, "This result
was almost as incredible as i you fire a
15-inch shell at a piece of lissue paper and il
comes back and hits you”.

E. Rutherford (1871-1937)
was born at Spring Grove
on 30 August 1871. He was
known as the 'Father' of
nuclear physics. He is
famous for his work on
radioactivity and the
discovery of the nucleus of an alom with
the gold foil experiment. He got the Nobel
prize in chemistry in 1908.

Let us think of an actvity in an open held
to understand the implications of this
experiment. Let a child siand in front of a
wall with his eyes closed. Lei him throw
stones at the wall from a distance. He will
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hear a sound when each stone strikes the wall.
Il he repeats this ten times, he will hear the
sound ten times. But if a blind-folded child
were to throw stones at a barbed-wire fence,
most of the stones would not hit the fencing
and no sound would be heard. This is because
there are lots of gaps in the fence which allow
the stone to pass through them.

Following a similar reasoning, Rutherford
concluded from the o-particle scattering
experiment thai-

(i) Most of the space inside the atom is
empty because mosi of the a-particles
paszed through the gold foil without
getting deflected.

(i) WVery few particles were deflected from
their path, indicating that the positive
charge of the atom oceupies very little
space.

(i) A very small fraction of w«-particles
were deflected by 180°, indicating that
all the posidve charge and mass of the
gold atom were concentrated in a very
small volume within the atom.

From the data he also calculated that the
radius of the nucleus is about 10° times less
than the radius of the atom.

On the basls of his experiment,
Rutherford pul forward the nuclear model of
an atom, which had the following features:

(i) There is a positively charged centre in
an atom called the nacleus. Nearly all
the mass ol an atom resides in the
nucleus.

[lii The electrons revolve around ihe
nucleus in circular paths.

(iii] The size of the nucleus is very small
as compared to the size of the atom.

Drawbacks of Rutherford's model of
the atom

The revolution of the electron in a circular orbit
is not expected to be stable. Any particlein a
circular orbit would undergo acceleration.
During acceleration, charged particles would
radiaie energy. Thus, the revolving eleciron
would lose energy and finally fall into the
nucleus, If this were s0, the atom should be
highly unstable and hence matter would not
exist in the lorm that we know. We know that
atoms are quite stable.

SCENGE



4.2.3 BOHR'S MODEL OF ATOM

In order to overcome the objections raised
against Rutherford’s model of the atom,
Neils Bohr put forward the lollowing
postulates aboul the model of an atom:

(i) Only certain special orbits kmown as
discrete orbits of electrons, are allowed
inside the atom,

{ii} While revolving in discreie orbils the
electrons do not radiate energy,

Neils Bohr (1885-1962)
was born in Copenhagen
on 7 October 1885. He was
appointed professor of
physics at Copenhagen
University in 1916. He got
the Nobel prize for his work
on the structure of atom in
1922. Among Professor
Bohr's numerous writings, three appearing
as books are:

(i} The Theory of Spectra and Atomic
Constitution, (ii) Atomic Theory and,
(iii) The Description of Nature.

These orbils or shells are called energy
levels. Energy levels in an alom are shown in
Fig. 4.3.

M ahell {n=4}
—— M shell {n=3)
SN L ehell =2
?\\\\\ K ghell (n=1}
. Hucleug

Fig. 4.3: A few energy levels in an atom
These orbits or shells are represented by
the letters K,L.M,N,... or the numbers,
n=1.2.34,. ..

STRUCTURE OF THE ATon

nestions

1. Onthe basis of Thomson's medel
of e atonm, exploin hoiw the alom
is newtral as a whole,

2. On the basis of Rutherford's
model of an atom, which suh
atomic particle Is present in the
nucleus of an afom?

3. Dranw a sketch aof Bohr's moclel
of an atom with three shells.

4. Whal o you think would be the
observation if the a-particle
:i‘:.'r'f.'rr-';"lnl.'; EXPEreri i5 carriecd
out using a foil of a metal other
then gold?

4.2.4 NEUTRONS

I 1932, J. Chadwick discovered another sub-
atomic particle which had no charge and a
mass nearly equal to that of a proton. It was
eveninally named as neutron, Neulrons are
present in the nucleus of all atoms, except
hydrogen. In general, a neutron is
represenied as n'. The mass of an atom is
therefore given by the sum of the masses of
protoms and neulrons present in the nucleus.

nestions

I. Name the three sub-atormiic
particles of an atam.

2. Helium atom hos an afontic Tiass
of 4 u and tweo protons in its
nucleus. How many neuwtrons
does it fwe?

4.3 How are Electrons Distributed
in Different Orbits (Shells)?

The distribution of electrons into different
orbils of an atom was suggested by Bohr and
Bury,

The following rules are followed for writdng
the number of electrons in different energy
levels or shells:

il The maximum number of electrons

present in a shell is given by the
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formula 2n* where ‘'n’ 1s the orbit
number or energy level index, 1.2,3.....
Hence the maximum number of
electrons in different shells are as
lollows:

first orbit or K-shellwillbe=2x 12 =2,

seconud orbit or L-shell willbe =2 x 22=5,
third carbit or M-shell willbe =2 x 32=18,
fourth erbit or N-shell will be =2 » 42
= 32, and so on.

(i) Themaximum number of elecirons that
can be accommodated in the outermost
orbit is 8.

{ifiy Electrons are not accommodated in a
given shell, unless the inner shells are
filled. That is, the shellz are filled ina
Slep-wise Imanner.

Atomic siruciure of the first eighteen
elements is shown schematically in Fig. 4.4.

©

11

© 0o

*  The compositon of atoms of the first
eighteen elements is given in Table 4.1,

uestions

1. Write the distribution of electrons
irt coarbon and sodium atoms.

2. If K and L shells of an alom are
frdl, then what would be the total
number of electrons in the atom?

4.4 Valency

We hiave learnt how the elecirons in an atom
are arranged in different shells/orbits. The
electrons present in the outermosi shell of
an atom are known as the valence elecirons.

From the Bohr-Bury scheme, we also know

that the ouilermost shell of an alom can

©

He

©o® e

25999000

Fig.4.4: Schematic atoric structure of the first eighteen elerments

Activi 4.2

. Make a static atomic model displaying
electronic configuration of the first
elghteen elements.

acconunodate a maximum of 8 electrons. It
was observed that the atoms of elements,
completely filled with 8 electrons in the
ouiermost shell show little chemical activity.
In other words, their combining capacity or
valency is zero. Of these inert elements, the

SCENGE



Table 4.1: Composition of Atoms of the First Eighteen Elements
with Electron Distribution in Various Shells

Name of
Element

Symbol | Atomic | Number

Number | Number

Distribution of
Electrons

Protons|Neutrons|Electrons| K L M

Hydrogen H 1 1
Helium He 2 2
Lithium Li 3 3
Beryllium Be 4 4
Boron B 5 5
Carbon , & 6 6
Nifrogen N 7 i
Oxygen 0 & 8
Fluorine F 9 9
Neorn Ne 10 10
Sodium Na 11 11
Magnesinm Mg 12 12
Aluminium Al 13 13
oilicon 5i 14 14
Phosphorus P 15 15
Sulphur 5 16 16
Chlorine Cl 17 17
Argon Ar 18 15

helium atom has two electrons in its outermost
shell and all other elements have atoms with
eight electrons in the outermost shell.

The combining capacity of the atoms of
elements, that is, thelr tendency to react and
form melecules with atoms of the same or
different elemenis, was thus explained as an
attempt to attain a fully-filled outermost shell.
An outermosi-shell, which had eight electrons
was said 1o possess an oclet. Aloms would
thus react, so as to achieve an octet in the
outermost shell. This was done by sharing,
gaining or losing electrons. The number of
electrons gained, lost or shared so as to make
the octet of electrons in the outermost shell,
gives us direcily the combining capacity ol the

STRUCTURE OF THE ATon

= 1 TN (S R R B
2 2 2 - - = 0
4 3 gel Sl B (S
5 4 2 B2 Bl 2
6 5 A 1% R
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7 7 <53 R B
8 8 % B lnlm | 2
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10 10 % B8l B
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12 12 % Bl B
14 13 % 8018 3
14 14 - S S R |
16 15 IS S
16 16 2 Rl PR (ol
18 17 = el el D 3
22 18 % | &) L4 0

element, that is, the valency discussed in the
previous chapter. For example, hydrogen/
lithinm /sodinm atoms contain one electron
each in their outermost shell, therefore gach
one of them can lose one electron. So, they are
sald to have valency of one. Can you tell, what
is valency of magnesium and aluminium? It
is two and three, respeciively, because
magnesivun hias two elecirons in its outermost
shell and aluminium has three electrons in
its outermost shell,

If the number of electrons in the
outermost shell of an atom is close to its full
capacity, then wvalency is determined in a
different way. For example, the Muorine atom
has 7 electrons in the outermost shell, and
it= valency could be 7. But it is easier for
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Muorine 1o gain one eleciron instead of losing
seven clectrons. Henee, its valency is determined
by subtractng seven electrons from the octet
and this gives you a valency of one for fluorine.
Valency can be caleulated in a similar manner
lor oxygen. Whal is the valenicy of oxygen that
you get from this calculation?

Therefore. an atom of each element has a
definite combining capacity, called its valency.
Valency of the first eighteen elements is given
in the last column of Table 4.1.

nestion

[. How will you find the valency
of chlorine., sulphur and
magnesim?

4.5 Atomic Number and Mass
Number

4.5.1 ATOMIC NUMBER

We know that protons are present in the
nucleus of an atom. It is the number of
protons of an atom, which determines its
atomic number. It is denoted by ‘Z'. All atoms
of an element have the same atomic nmumber,
Z. In fact, elements are defined by the munber
of protons they possess. For hydrogen, Z= 1,
because in hydrogen atom. only one proton
is present in the nucleus. Similarly, for
carbon, Z = 6, Therefore, the atomic number
is defined as the total number of protons
present in the nucleus of an atom.

4.5.2 Mass NUMBER

After studying the properties of the sub-
atomic particles of an atom, we can conclude
that mass of an atom is practcally due to
protons and neutrons alone. These are
present in the nucleus of an atom. Hence
protens and neulrons are also called
nucleons. Therefore, e mass ol an atom
resides in its nucleus. For example, mass of
carbomn is 12 u because it has 6 protons and

52

6 newirons, 6 1+ 6 u = 12 u, Similarly, the
mass of aluminium is 27 u (13 proions+14
neuirons), The mass number is defined as the
sum of the itotal number of protons and
neutrons present in the nucleus ol an atom. It
is denoted by "A’, In the notation for an atom,
the aiomic number, mass number and symbol
of the element are to be writien as:

Mass Number
8
Symbol of x
elemnent
pA

Alopmic Number

For example, nitrogen is written as I;N 3

uestions

1. If number of electrons in an atom
is 8 and nurnber of prolons is also
8. then (il wha! is the atomic
rumber of the atora? and (i) whet
is the charge on the atom?

With ithe help of Table 4.1, find
out the mass number of oxygen
and sulphur afom.

b

4.6 Isotopes

In nature, a number of atoms of some
elemenis have been ideniified, which have the
same atemic number but different mass
numbers. For example. take the case of
hydrogen atom. it has three atomic species,

namely protium {iH]. deuterinm [fH or D)

and tritiam [TH or T). The atomic number of

cach one is 1, but the mass number is 1. 2
and 3. respectively. Other such examples are

(i) carbon, 'z C and '3 C, (i) chlorine, eLe
and ¥ Cl, ete.

On the basis of these examples, isotopes
are defined as the atoms of the same element,
having the same atomic number but different
mass numbers. Therefore, we can say that

there are three isotopes of hydrogen atom,
namely protium, deuterium and tritium.
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Many elements consist of a mixture of
isotopes. Each isotope of an element is a pure
substance. The chemical properties of
isotopes are similar but their physical
properties are different.

Chlorine occurs in nature in two isotopic
forms, with masses 35 u and 37 u in the ratio
of 3:1. Obviously, the gquestion arises: what
should we take as the mass of chlorine atom?
Let us find out.

The average atomic mass of chlorine atom,
on the basis of above data, will be

75 25
36 X — + 87 X —
[[ 100 mr:r]

_ (105 . 3?] _ 142 35.511}
4 4 4

The mass of an atom of any natural element
is taken as the average mass of all the naturally
occuring atoms of that element. [ an element
has no isotopes, then the mass of its atom
would be the same as the sum of protons and
neuirons in it. But if an element oceurs in
isotopic forms, then we have to know the
percentage of each isotopic form and then the
average mass is calculated.

This does not mean that any one atom of
chlorine has a fractional mass of 35.5 u. It
means that if you take a cerlain amount ol
chlorine, it will contain both isotopes of
chlorine and the average mass is 35.5 u.

you have
learnt

Applications

Since the chemical properiies of all the
isotopes of an element are the same,
normally we are not concerned about
taking a mixture. Bul some isolopes have
special properties which find them useful
in various fields. Some of them are :
il Anisoiope of uranium is used as a fuel
in nuclear reactors.
[ii} An isotope of cobalt is used in the
treatment of cancer.
{iii) An isotope of iodine is used in the
treatment of goitre.

4.6.1 IsOBARS

Let us consider two elemeniz — calcium,
atomic number 20, and argon, atomic
number 18. The number of protons in these
atoms is different, but the mass number of
both these elements is 40. That is, the fotal
mamber of nucleons is the same In the atoms
of this pair of elements. Atoms of different
elements with different atomic numbers., which
have the same mass number, are known as
isobars.

nestions

I. For the symbol HD and T
tabulale three sub-alomic
particles found in each of them

2. Write the electronic
configuration of any one pair of
isotopes and [sobars,

. Credit for the discovery of eleciron and proton gocs to J.J.
Thomson and E.Goldstein, respectively.

. J.J. Thomson proposed that electrons are embedded in a

positive sphere.

STRUCTURE OF THE ATon




Rutherford's alpha-particle scattering experiment led to the

discovery of the atomic nucleus.

Rutherford's model of the atom proposed that a very tiny

nuecleus is present inside the atom and electrons revolve

around this nuclens, The stability of the atom could not be

explained by this model.

Neils Bohr's model of the atom was more successful. He

proposed that electrons are distributed in different shells with

discreie energy around the nucleus. If the atomic shells are

complete, then the atom will be stable and less reactive.

J. Chadwick discovered presence of neutrons in the nucleus of

an atom. So, the three sub-atomic particles of an alom are:

{i) electirons, (il) protons and (iii) neutrons. Electrons arc

negatively charged, protons are positively charged and neufrons
1

have no charges. The mass of an electron is about 2000 limes

the mass of an hydrogen atom. The mass of a proton and a
neulren is taken as one unit each.

Shells of an atom are designated as K,L.M.N,....

Valeney is the combining capaecity of an atom.

The atomic number of an element is the same as the number
of protons in the nueleus of its atom.

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

Isotopes are atoms of the same element, which have different
mass numbers.

Isobars are atoms having the same mass mumber but different
atomic numbers.

Elements are defined by the mumber of protons they possess.,

Exercises

Gop N

o

Compare the properties of elecirons, protons and neutrons,
What are the limitations of J.J. Thomson's model of the atom?
What are the limitatdons of Rutherford’'s model of the atom?
Deseribe Bohr's maodel of the atom.

Compare all the proposed models of an atom given in this
chapter.

Summarise the rules for writing of disiribudon of elecirons in
various shells for the first eighteen elements.

Define valency by taking examples of silicon and oxygen.
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10.

11.

12.

13.

14.

15.

16.

17:

Explain with examples (i) Atomic number, (i) Mass number,
(iii) Isotopes and iv) Isobars. Give any two uses of isotopes.

Na“ has completely filled K and L shells. Explain.

If bromine atom is available in the form of, say. two isolopes
TeBr (49.7%) and ; Br (50.3%), calculate the average atomic
mass of bromine atom.

The average atomic mass ol a sample of an element Xis 16.2 w.

What are the percentages of isotopes SX and ¢X in ithe
sample?

I Z = 3, what would be the valency of the element? Also, name
the element.

Composition of the nuclei of two atomic species X and Y are
given as under

X Y
Protons = 5] G
Neuwirons = G s

Give the mass numbers of X and Y. What is the relaiion between
the two species?

For the following statements, write T for True and F for False.

(a) J.J. Thomson proposed thai the nuacleus of an atom
contains only nucleons.

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

1
[c) Themass of an electron is about 2000 times that of proton.

(d) An isotope of iodine is used [or making tincture iodine,
which is used as a medicine,

Put tick (+) against correct choice and cross (x) against
wrong choice in guestions 15, 16 and 17

Rutherford's alpha-particle scattering experiment was
responsible for the discovery of

[a) Atomic Nucleus (k] Electron

() Prolon (d) Neutron
Isolopes ol an element have

{a) the same physical properties

(b) different chemical properiies

() different number of neurtrons

(d) dilferent atomnic numbers.
Number of valence electrons in Cl- ion are:

[a) 16 b) 8 e} 17 (d) 18
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18, Which one of the following is a correct electronic configuration
of sodium?

(a) 2.8 (b) 82.1 (c) 2.1,8 () 2.8.1.
19. Complete the following iable.

Atomic | Mass Number |Number | Number Name of
Number |Number of of of
Neutrons Electrons| Species
9 %

10 - 2 s
16 32 - = = Sulphur
= 24 2 12 I :
- 2 e 1 2 =
- 1 0 1 0 -



Chapter 5

"
D CHES

TaeE FunpaMENTAL UNIT OF LIFE

While examining a thin slice of cork, Robert
Hooke saw that the cork resembled the
structure of a honeycomb consisiing of many
litile compariments. Cork is a substance
which comes from the bark of a tree. This
was in the year 1665 when Hooke made this
chance observation through a self-designed
microscope. Robert Hooke called ihese boxes
cells, Cell ie a Latin word for ‘a little room’.

This may seem 1o be a very small and
insignificant incident but it is very important
in the history of science. This was the very first
time that someone had observed that living
things appear to consist of separate units. The
use of the word ‘cell’ to describe these units is
being used il this day in biology.

Let us find out about cells.

5.1 What are Living Organisms
Made Up of?

Activity 5.1

*  Leius take a small piece from an onfon
bulb. With the help of a pair of lorceps,
we can peel off the skin (called
epidermis) from the concave side (inner
layer) of the onion. This layer can be
put immediately in a watch-glass
containing water. This will prevent the
peel Fom geiting [olded or getting dry.
Whalt do we do with this peel?

*  Letl u= take a glass slide, put a drop of
waler on it and transfer a small piece
of the peel [rom the watch glass to the
slide, Make sure that the peel is
perfectly flat on the slide. A thin camel
halr paintbrish might be necessary to
help transfer the peel. Now we put a
drop of safranin solution on this plece
followed by a cover slip. Take care 1o

avoid air bubhbles while pulting the
cover slip with the help of 2 mounting
needle. Ask yvour teacher [or help. We
have prepared a temporary mount of
onion peel. We can observe this slide
under low power followed by high
powers of a compound microscope.

Fig. 5.1: Conmpound microscope

What do we observe as we look through
the lens? Can we draw the structures that
we are able to see through the microscope,
o an observation sheet? Does it look like

Fig. 5.2?

Fig. 5.2: Cells of an onion peel



We can lry preparing lemporary mounis
of peels of onions of different sizes. What do
we observe? Do we see similar structures or
different structures?

What are these structures?

These struciures look similar (o each other.
Together they form a blg structure like an
onion bulbk! We find from this actvity that
onion bulbs of different sizes have similar
small siructures visible under a microscope.
The cells of the onion peel will all look the
same, regardless of the size of the onion they
came from.

These small structures that we see are
the basic building units of the onion bulh.
These structures are called cells. Not only
onions, but all organisms that we observe
around are made up of cells. However, there
are also single cells that live on their own,

Cells were first discovered by
Robert Hooke in 1665. He observed
the cells in a cork slice with the help
of a primitive microscope.
Leeuwenhoek (1674), with the
improved microscope, discovered the
free living cells in pond water for the
firgi iime. It was Roberi Brown in
1831 who discovered the nucleus in
the cell. Purkinje in 1839 coined the
term ‘protoplasm’ for the fluid
substance of the cell. The cell theory,
that all the planls and animals are
composed of cells and that the cell is
the basic unit of life, was presented
by two biologists, Schleiden (1838)
and Schwann (1839). The cell theory
was hurther expanded by Virchow
(1855) by suggesting that all cells
arise [rom pre-existing cells. Wiih the
discovery of the electron microscope
in 1940, it was possible to observe and
understand the complex siructure of
the cell and its various organelles.

More to know

g

The invention of magnifying lenses led to
the discovery of the microscopic world. It is
now known that a single cell may constitute
a whole organism as in Amoeba,
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Chlomycomaonas, Paramoecium and bacieria.
These organisms are called unicellular
organisms (uni = single). On the other hand,
many cells group together in a single body
and assume different fiinctdons in it to form
varions body paris in mullicellular organisms
[mulli = many) such as some [ungi, plants
and animals. Can we find out names of some
more unicellular organisms?

Every multi-cellular organism has come
from a single cell. How? Cells divide to
produce cells of their own kind. All cells thus
come from pre-existing cells.

Activity 52

. We gan iry preparing temporary
mounts of leaf peels, iip of roois of
ordon or even peels ol ondons of different
siZes,

*  After performing the above activity, let
s see what the answers to the following
guestions would be:

[a) Do all eells look alike in terms of
shape and size?

(B) Do all cells look alike in stuciure?

(o) Could we find differences among
cells from different paris of a plant
body?

[d) What similarities could we Gnd?

Some organisms can also have cells of
different kinds. Look ar the following picture.
It depicts some cells from the human body.

P

% T

Elond \

cells
Smooth Nerve Cell \

rouscle \ .
cedl .
i) £ B
E:;ﬂt {\ Fatcell
Sperim
Fig. 5.3: Various cells from the haoman body

O
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The shape and size of cells are related to
the specific unciion they perform. Some cells
like Amoeba have changing shapes. In some
cases the cell shape could be more or less
l[ixed and peculiar [or a pariicular type of cell;
for example, nerve cells have a typical shape.

Each living cell has the capacity to
perform certain basic funciions that are
characteristic of all living forms. How does
a living cell perform these basic functions?
We know that there is a division of labour in
multicellular organisms such as human
beinga. This means that different parts of
the human body perform different functions.
The human body has a heart to pump blood,
a stomach to digest food and so on. Similarly,
division of labour s also seen within a single
cell. In fact, each such cell has got certain
specific components within it known as cell
organelles. Each kind of cell organelle
performs a special linction, such as making
new malerial in the cell, clearing up the
waste material from the cell and so on. A
cell is able to live and perform all its
functions because of these organelles. These
organelles together constitute the basic unit
called the cell. It is inleresiing that all cells
are found to have the same organeclles, no
matier what their function is or what
organism they are found in.

nestions

I. Who discovered cells, and how?

2 Why is the cell called the
structiorad and functional wundt of
life?

5.2 What is a Cell Made Up of?
What is the Structural
Organisation of a Cell?

We saw above that the cell has special
components called erganelles. How is a cell
organised?

I we: study a cell under a microscope. we
wotild come across three features in almost
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every cell; plasma membrane, nucleus and
cytoplasm. All aciivities inside the cell and
Interactions of the cell with its environment
are possible due to these features. Let us sce
how.

5.2.1 PLASMA MEMBRANE OR CELL
MEMBRANE

This is ithe outermost covering ol the cell that
gseparates the contents of the cell from iis
external environment. The plasma membrane
allows or permiis the enfry and exii of some
maierials in and out of the cell. [t also
prevents movement of some other materials.
The cell membrane. therefore, is called a
selectively permeable membrane.

How does ithe movement of substances
take place into the cell? How do substances
move out of the cell?

Some substances like carbon dioxide or
oxygen can move across the cell membrane
by a process called diffusion, We have studied
the process of diffusion in earlier chaplers.
We saw thal there is spontaneous movemenl
of a substance from a region of high
concentration to a region where its
conceniraton is low.

Something similar to this happens in cells
when, for example, some substance like CO,
(which is cellular wasie and requires io be
excreted out by the cell) accumulates in high
concentrations inside the cell. In the cell's
external environment, the conceniration of
CO, is low as compared to that inside the
cell. As soon as there is a difference of
conceniration of CO, inside and outside a cell,
CO, moves out of the cell, from a region of
high concentration, to a region of low
concentration outside the cell by the process
of diffusion. Similarly., O, enters the cell by
the process of diffusion when the level or
coneeniration of O, Inside the cell decreases.
Thus, diffusion plays an important rele in
gaseous exchange belween Lhe cells as well
as the cell and iis exiernal environment.

Water also obeys the law of diffusion. The
movement of water molecules through such a
selectively permeable membrane is called
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osmosis. The movement of water across the
plasma membrane is also affected by the amount
of substance dissolved in water. Thus, cemosis
is the passage of water from a region of high
water conceniration through a selectively
permeable membrane to a region of low water
concentration tll equilibrium is reached.

What will happen if we put an animal cell
or a plant cell into a solution of sugar or salt
in water?

One of the [ollowing three things could
happen:

1. Ifihe medium surrounding the cell has

a higher waler concentration (han the
cell, meaning that the outside solution
is very dilute, the cell will gain water
by osmosis. Such a soluton is known
as a hypotonic solution.

Water molecules are free to pass
across the cell membrane in both
direciions, bui more waier will come
into the cell than will leave. The net
(overall) result is that water enters the
cell, The cell is likely to swell up.

2. I the medium has exactly the same
water concentration as the cell, there
will be no net movement of water
across the cell membrane, Such a
solution is known as an isotonic
soluiion.

Water crosses the cell membrane
in both directiens, but the amount
going in is the same as the amount
going out, so there is no overall
movement of water, The cell will stay
the same size.

3, If the medium has a lower
concentratdon of water than the cell,
meaning that it is a very concentrated
solution, the cell will lose water by
osmosis. Such a solution is known as
a hypertonic solution.

Again, water crosses the cell
membrane in both directions, but this
time more water leaves the cell than
enters il. Therelore the cell will shrink.

Thus, osmosis is a special case of diffusion
through a selectively permeable membrane.
Now let us try out the following activity:

G0

Activity 5.3
Osmosis with an egg

(a) Remove the shell of an egg by dissolving
it in diluie hydrochloric acid. The shell
iz mosily calcium carbonate. A thin
ouler skin now encloses the egg. Pul
the egg in pure water and observe after
5 minutes. What do we cheserve?

The egg swells because waler passes
into it by osmosis.

(b) Place a similar de-shelled egyg in a
concentrated salt solution and observe
for 5 minutes, The egg shrinks, Why?
Water passes ouf of the egg soluton
into the salt soludon because the sali
solution is more concentrated,

We can also ry a similar activity with dried
raisins or apricois.

Activity 5.4

*  Pui dried raisins or apricots in plain
waier and leave them for some time.

Then place them into a concentrated

solution of sugar or sall. You will

observe the following:

[a) Each gains water and swells
when placed in water,

(b) However, when placed in the
concenitrated solution il loses
waler, and consequently shrinks,

Unicellular [reshwater organisms and
most plant cells tend o gain water through
osmosis. Absorption of water by plant roots
is also an example of osmosis,

Thus, diffusion is important in exhange
of gases and water in the life of a cell. In
additions to this. the cell also obtains
nuirition from its environment. Different
molecules move in and out of the cell
through a type of transpori requiring use
of energy.

The plasma membrane is flexible and is
made up ol organic molecules called lipids
and proteins. However, we can observe the
structure of the plasma membrane only
through an electron microscope.

The flexibility of the cell membrane also
enables the cell to engulf in food and other
material from its external environment. Such
processes are known as endocylosis. Amoeha
acquires its food through such processes.
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Activity 5.5

*  Find out about electron microscopes
from resources in the school library or
through the internet. Discuss it with
vour teacher.

uestions

1. How do subsiances like CO, and
weiter move [narid out of the cell?
Dhscuss.

2, Why is the plasma membrane
called a selectively permeable
memnbrane?

5.2.2 CELL WALL

Plani cells, in addition to the plasma
membrane, have another rigid outer covering
called the cell wall. The cell wall lies outside
the plasma membrane. The plant cell wall is
mainly composed of cellulose. Cellulose is a
complex substance and provides structural
strengih o planis.

When a living planl cell loses waler
through osmosis there is shrinkage or
contraction of the contents of the cell away
from the cell wall. This phenomenon is known
as plasmolysis, We can observe this
phenomenon by performing the following
actvity:

Activity 5.6

*+  Mount the peel of a Rhoeo leal tn water
on a slide and examine cells under
the high power of a microscope. Note
the small green granules, called
chloroplasts. They conrain a green
substance called chlorophyll, Put a
sirong sclution of sugar or salt on the
mounted leaf on the slide. Whait [or a
minute and observe under a
microscope. What do we see?

*  Now place some Rhoeo leaves in boiling
water for a few minules, This kills the
celis, Then mount one leal on a slide
and observe it under a microscope. Pul
a strong solution of sugar or sall on
the mounted leaf on the side. Walt for
a minute and observe i again, What
do we tind? Did plasmolysis occour now?
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What do we infer from this activity? It
appears thal only living cells, and not dead
cells, are able to absorb water by osmosis.

Cell walls permit the cells of plants, fungi
and bacteria to withstand very dilute
(lypotonic) external media without bursting.
In such media the cells tend to take up water
by osmosis. The cell swells, building up
pressure against the cell wall. The wall exerts
an equal pressure againsi the swollen cell.
Because ol their walls, such cells can
withstand much greater changes in the
surrounding medium than animal cells.

5.2.3 NucLeus

Remember the temporary mount of ondon peel
we prepared? We had put jedine solution on
the peel. Why? What would we see if we tried
abserving the peel without putting the iodine
solution? Try it and see what the difference
is. Further, when we put iodine solution on
the peel, did each cell gel evenly coloured?

According to their chemical composition
different regions of cells gei coloured
differentially. Some regions appear darker
than other regions. Apart from iodine seludon
we could also use salranin solution or
methylene blue solution to stain the cells.

We have obhserved cells from an ondon; let
us now observe cells from our own body.

Activity 5.7

=  Letustake a glass slide with a drop of
warer on it. Using an ice-cream spoon
gently scrape the inside surface of the
chieek. Does any material get stuck on
the spoon? With the help of a needle
we can lransler this material and
spread il evenly on the glass slide kept
ready for this. To colour the material
we can put a drop of methylene blue
solution o it. Now the material is ready
for observaton tmder microscope. Do
not forget to put a cover-shp on it!

. What do we observe? What is the shape
of the calls we sea? Draw il on the
obszervalion sheel.
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*  Was there a darkly coloured. spherical
or oval, doi-like stucture near the
centre of each cell? This structure is
called nuecleus., Were there similar
stuctures in onion peel cells?

The nucleus has a double layered covering
called nuclear membrane. The nuclear
membrane has pores which allow the transfer
of material from inside the nucleus lo its
ouiside, that is, to the cyioplasm [which we
will talk about in sectdon 5.2.4).

The nucleus contains chromosomes,
which are visible as rod-shaped structures
only when the cell 1s about to divide.
Chromosomes coniain information [or
inheritance of characters from parents to next
generation in the form of DNA (Deoxyribo
Nucleic Acid) molecules. Chromosomes are
composed of DNA and protein. DNA molecules
coniain the information necessary for
constructing and organising cells. Functional
segmentis of DNA are called genes. In a cell
which is not dividing, this DNA is present as
part of chromatin material. Chromatin
material is visible as entangled mass of thread
like structures. Whenever the cell is about 1o
divide, the chromatin material gets organised
into chromosomes.

The nueclens plays a ceniral role in cellular
reproduction, the process by which a single
cell divides and forms two new cells. It also
plays a crucial pari, along with the
environment, in determining the way the cell
will develop and what form it will exhibit at
maturity, by directing the chemical activities
of the cell.

In some organisms like bacteria, the
nuclear region of the cell may be poorly
defined due to the absence of a nuclear
membrane, Such an undefined nuclear region
containing only nucleic acids is called a
macleoid. Such organisms, whose cells lack
a nuclear membrane, are called prokaryotes
(Pro = primitive or primary; karyote = karyon
= nucleus). Organisms with cells having a
nuclear membrane are called enkaryotes.

Prokaryotic cells (see Fig. 5.4) also lack
most of the other cytoplasmic organelles
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present in eukarvotic cells. Many of the
funetions of such organelles are also
performed by poorly organised paris of the
cytoplasm (see secton 5.2.4], The chlorephyll
in photosynthetic prokaryotic bacteria is
associated with membranous vesicles (bag
like structures]) but not with plastids as in
eukaryotic cells (see section 5.2.5).

Fig. 5.4: Prokaryotic cell

5.2.4 CYTOPLASM

When we look at the temporary mounts of
onion peel as well as human cheek cells, we
can see a large region of each cell enclosed
by the cell membrane. This region lakes up
very litle stain. It is called the cytoplasm.
The cytoplasm is the fluid content inside the
plasma membrane. It also contains many
specialised cell organelles. Each of these
organelles performs a specific flunction for the
cell.

Cell organelles are enclosed by
membranes. In prokaryoies, beside the
absence of a defined nuclear region. the
membrane-bound cell organelles are also
absent. On the other hand, the eukaryotic
cells have nuclear membrane as well as
membrane-enclosed organelles.

The: significance of membranes can be
illusirated with the example of viruses.
Viruses lack any membranes and hence do
not show characteristics of life until they enter
a living body and use iis cell machinery to
multiply.
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nesthion

. Fill in the gaps in the following
table illustrating differences
belween prokaryolic and

eulcaryotic cells.

Prokaryotic Cell Eukaryotic Cell

1. Size : generally 1. Size: generally
small [ 1-10 pm) large ( 5-100 pmyj
1pum=10%m

2. Nuclear region: 2. Nuclear region:
well defined and

surrounded by a

and kmown as nuiclear membrane
3, Chromosome: 3. More than one
single chromosome
4. Membrane-bound 4.
cell organelles
absent

5.2.5 CELL ORGANFLLES

Ewvery cell has a membrane around it to keep
ils own conlents separate [rom the external
environment. Large and complex cells.
including cells from muldcellular organisms,
need a lot of chemical activides to support
their complicated struciure and function. To
keep these activities of different kinds
separate from each other, ihese cells use
membrane-bound litile siructures (or
‘organelles’) within themselves. This is one of
the features of the eukaryotic cells that
distinguish them from prokaryotic cells. Some
ol these organelles are visible only with an
¢lectron microscope.

We have talked about the nucleus in a
previous section. Some important examples
of cell organelles which we will discuss now
are: endoplasmic reticuluun, Golgi apparatus,
lysosomes, milochondria and plasiids, They
are important because they carry out some
very cruclal functions in cells.
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5.2.5 (i) Enporrasmic ReTICULUM (ER)

The endoplasmic reticulum (ER) is a large
network of membrane-bound tubes and
sheets. It looks like long tubules or round or
oblong bags (vesicles). The ER membrane is
similar in structure to the plasma membrane.
There are two types of ER- rough endoplasmic
reticulum [RER] and smooth endoplasmic
reliculum (SER]. RER loocks rough under a
microscope because it has particles called
ribosomes atiached io lis surface. The
ribosomes, which are present in all active
cells, are the sites of protein manufacture.
The manulactured proteins are then sent io
various places in the cell depending on need,
using the ER. The SER helps in the
manufacture of fat molecules, or lipids,
important for cell functon. Some of these
proteins and lipids help in building the cell
membrane. This process is known as
membrane blogenesis. Some other proteins
and lipids function as enzymes and
hormones. Although the ER varies greaily in
appearance in different cells, it always forms a
network system.

membiane
3 i l{’f _~Centriole
o] N
endoplasmic
rediniom
M
ENY I}PE

Fig. 5.5: Aninal cell

Thus, one function of the ER is to serve as
channels for the transport of materials
[especially proteins) between various regions
of the cyioplasm or between the cyioplasm
and the nucleus. The ER also functions as a
cytoplasmic framework providing a surface
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for some of the biochemical activities of the
cell. In the liver cells of ihe group of animals
called vertebrates (see Chapter 7), SER plays
a crucial role in detoxifying many poisons and
drugs.

Fough endoplasmic

reticulum

Chiloroplast

Fig. 5.6: Flant cell

5.2.5 (ii) GOLGI APPARATUS

The Golgi apparatus, first described by
Camillo Golgi, consists of a system of
membrane-hound vesicles (flattened sacs)
arranged approximately parallel to each other
in stacks called cisterns. These membranes
often have connections with the membranes
of ER and therefore constitute another portdon
of a complex cellular membrane system.

The malterial synihesised near the ER is
packaged and dispaiched 1o various largeis
inside and outside the cell through the Golgl
apparatus. Iis [unctions include the storage,
modification and packaging of producls in
vesicles. In some cases, complex sugars may
be made from simple sugars in the Golgi
apparatus. The Golgi apparatus is also
involved in the formation of lysosomes [see
5.2.5 (uf]].

G4

Camillo Golgi was borm at
Corteno near Brescia in
1843. He studied
medicine at the University
of Pavia. After graduating
in 1865, he continued to
work in Pavia at the
Hospital of 5t. Matteo. At
that time most of his
Investigations were
concerned with the nervous sysiem, In 1872
he accepted the post of Chief Medical Officer
at the Hospital for the Chronically Sick at
Abbiategrasso. He first started his
investigations inio the nervous sysiemina
litile kkitchen of this hospital, which he had
converied into a laboratory. However, the
work of greatest importance, which Golgi
carried out was a revolutionary method of
sraining individual nerve and cell suuchires.
This method is referred to as the ‘hlack
reaction’. This method uses a wealk solution
of silver nitrate and is particularly valuable
in tracing the processes and most delicate
ramifications of cells. All through his life,
he continued to work on these lines,
modifying and improving this technique.
Golgi received the highest honours and
awards in recognition of his work. [le shared
the Nobel prize in 1906 wilh Saniago
Ramony Cajal for their work on the structure

ol the nervous sysiem.

5.2.5 (iii) LysosoMES

Siructurally, lysosomes are membrane-bound
gacs [illed with digestive enzvmes. These
cnzymes are macde by RER. Lysosomes are a
kind ol wasie disposal system of the cell. These
help to keep the cell clean by digesting any
foreign material as well as worn-out cell
organelles. Foreign materials entering the cell,
such as bacteria or [ood, as well as old
organelles end up in the lysosomes, which
break complex substances Into simpler
subsiances. Lysosomes are able o do this
because they coniain powerful digestive
enzymes capable of breaking down all organic
material. During the disturbance in cellular
metabolism. for example, when the cell gets
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damaged, lysosomes may burst and the
enzymes digest their own cell. Therefore,
lysosomes are also knovwn as the 'sulcide bags’
of a cell.

5.2.5 (iv) MrrocHONDRIA

Mitochondria are known as the powerhouses
of the cell. Mitochondria have two membrane
coverings. The outer membrane is porous
while the inner membrane is deeply folded.
These folds increase surtace area for ATP-
generating chemical reactions. The energy
required for various chemical activities needed
for life is released by mitochondria in the form
of ATP (Adenosine (riphopshaie] molecules.
ATP is kmown as the energy currency of the
cell. The body uses energy stored in ATP for
making new chemical compounds and for
mechanical work.

Mitochondria are sirange organelles in the
sense that they have their own DNA and
ribosomes. Therefore, mitochondria are able
to make some of their own proteins.

5.2.5 (V) PLASTIDS

Plastids are present only in plant cells. There
are two types of plastids - chromoplasis
{voloured plastids) and leucoplasts (white or
colourless plastids). Chromoplasts containing
the pigment chlorophyll are known as
chloroplasis. Chloroplasts are important for
photogsynthesis in plants. Chloroplasts also
contain various yellow or orange pigments in
addition to chlorophyll. Leucoplasts are
primarily organelles in which materials such
as siarch, oils and prolein granules are stored.

The internal organisation of the Chloroplast
consistis of numerous membrane layers
embedded in a material called the stroma. These
are similar to mitochondria in external
sttucture. Likee the mitochondria, plastids also
have thelr own DNA and ribosomes,

5.2.5 (vi) VAcUOLES

Vacuoles are storage sacs for solid or liguid
contents. Vacuoles are small sized in animal
cells while plant cells have very large vacuoles.
The central vacuole of some plant cells may

occupy 50-90% of the cell volume.
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In plant cells vacuoles are full of cell sap
and provide turgidity and rigidity to the cell.
Many substances of importance in the life of
the plant cell are stored in vacuoles. These
include amino acids, sugars, various organic
acids and some proteins. In single-celled
organisms like Amoeba, the food vacuole
contains the food items that the Amoeba has
consumed. In some unicellular organisms,
specialised vacuocles also play important roles
in expelling excess water and some wastes
from the cell.

nestions

i. Can
organelles e have stucteed thoat
[Meir

yoie name the fwo

conloin gwn  genelic
mctterial?

2. If the organisation aof a cell is
destroyed due to some physical
or chemical influence, what will
happen?

3. Why are lysosomes known as
suicicle bags?

4. Where are proleins synthesised
insicde the cell?

Each cell thus acquires its soructure and
ability to functon because of the organisaton
of its membrane and organelles in specilic
ways. The cell thus has a basic siructaral
organisation. This helps the cells 1o perform
funections like respiration, obtaining nuitridon,
and clearing of waste material, or forming new
proteins.

Thus, the cell is the fundamental strucitural
unit of living organisms. It is also the basic
functional unit of life,

Cell Division

New cells are formed In organisms in order o
grow, Lo replace old, dead and injured cells.
and to form gametes required for reproducton.
The process by which new cells are made is
called cell division. There are two main types
of cell division: milosis and meiosis,

The process of cell division by which most
of the cells divide for growth is called mitosis.
In this process, each cell called mother cell
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divides to form two idenfical daughter cells
(Fig. 5.7). The daughter cells have the same
number of chromosomes as mother cell. It
helps in growth and repair ol lissues in
organisms.

Specific cells of reproductive organs or
tissues in animals and plants divide to form
gameies, which alter fertilisation give rise 1o

Fig. 5.7: Milosis

What
you have
learnt

o’@

Fig. 5.8: Meinsis

offspring. They divide by a different process
called meiosis which involves two consecutive
divisions. When a cell divides by meiosis it
produces [our new cells instead of just two (Fig.
5.8). The new cells only have half the number
ol chromosomes than that of the mother cells.
Can you think as to why the chromosome
number has reduced to half in daughier cells?

. The fundamental organisational unit of life is the cell
» Cells are enclosed by a plasma membrane composed of lipids

and proteins.

. The cell membrane is an active part of the cell. It regulates
the movement of materials between the ordered interior of
the cell and the outer environment.

. In plant cells, a cell wall composed mainly of cellulose is
located outside the cell membrane.

. The presence of the cell wall enables the cells of plants,
fungi and bacieria 1o exist in hypotonic media without

bursting.

¢ The nucleus in eukaryotes is separated from the cytoplasm
by double-layvered membrane and it directs the life processes

of the cell.

. The ER functions both as a passageway for intracellular
transport and as a manufacturing surface.

. The Golgi apparatus consists of stacks of membrane-bound
vesicles that function in the storage, modification and
packaging of substances manufactured in the cell.

. Most plant cells have large membranous organelles called
plastids, which are of two lypes — chromoplasts and

leucoplasts.
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- Chromoplasis that contain chlerophyll are called
chloroplasis and they perform photosynihesis.

- The primary function of leucoplasts is storage.

. Most mature plant cells have a large central vacuole that
helps to maintain the turgidity of the cell and stores
important substances including wastes.

. Prokaryotic cells have no membrane-bound organelles, their
chromosomes are composed of only nucleic acid, and they
have only very small ribosomes as organelles.

. Cells in organisms divide for growth ol body, for repalcing
dead cells, and lor forming gameles for reproduction.

Exercises

1. Make a comparizson and write down ways in which plani
cells are different from animal cells,

2. How is a prokaryotic cell different from a eukaryotic cell?

3. What would happen if the plasma membrane ruptures or
breaks down?

4. What would happen to the life of a cell if there was no Golgi
apparatus?
5. Which organelle is known as the powerhouse of the cell? Why?

6. Where do the lipids and proteins constituting the cell
membrane get synthesised?

How does an Amoeba obtain its food?
What is osmosis?
9. Carry out the following osmosis experiment:

Take four peeled potato halves and scoos each one out to
make potato cups. One of these potato cups should be made
from a boiled potate. Pul each potate cup in a trough
containing watecr. Now,

{a) Keep cup A empry

(b} Put one iteaspoon sugar in cup B

() Pul one leaspoon salt in cup C

(d) Put one teaspoon sugar in the boiled potato cup D.

Keep these for two hours. Then observe the four potato cups
and answer the [ollowing:

(i) Explain why water gathers in the hollowed poriion of
B and C.

{ii)] Why is poiato A necessary for this experiment?
(iii) Explain why waier does not gather in the hollowed out
portions of A and D.

10. Which type of cell division is required for growth and repair
of body and which type is involved in formation of gametes?

o N
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Chapter 6

From the last chapter, we recall that all living
organisms are made of cells. In unicellular
organisms, a single cell performs all basic
unctions. For example, in Amoeba, a single
cell carries out movement, initake ol [ood,
gascous exchange and excretion, But in multi-
cellular organisms there are millions of cells.
Mosl of these cells are specialised to carry out
specific functions. Each specialised [unction
is taken up by a different group of cells. Since
these cells carry out only a particular functon,
they do it very efficiently. In human beings,
muscle cells contract and relax to cause
movement, nerve cells carry messages, blood
flows to transport oxygen. food, hormones and
waste material and so on. In plants, vascular
tissues conduet food and water from one part
of the plant 1o other parts. So, multi-cellular
organisms show division of labour. Cells
specialising in one luneciion are often grouped
together in the body. This means that a
particular function is carried out by a cluster
of cells at a definite place in the body. This
cluster of cells, called a tissue, is arranged and
designed so as to give the highest possible
efficiency of function. Blood, phloem and
muscle are all examples of tissues.

A group of cells that are similar in structuare
and/or work together 1o achieve a particular
funciion forms a tdssue,

6.1 Are Plants and Animals Made
of Same Types of Tissues?

Let us compare their situcture and hunctions.
Do plants and animals have the same
structure? Do they both perform similar
functions?

recdcioe

TISSUES

There are noticeable differences between
the two. Plants are stationary or fixed - they
don't move. Since they have to be upright, they
have a large quantity of supportive tissue. The
supportve tissue generally has dead cells.

Animals on the other hand move around
in search of food, mates and shelter. They
consume more energy as compared to planis.
Most of the tissues they conlain are living.

Another difference between animals and
plants is in the pattern of growth, The growth
in plants is linited to certain reglons, while this
is not so in animals. There are some lissues in
planis that divide throughout their life. These
tissues are localised in certain regions. Based
on the dividing capacity of the fissues, various
plant tissues can be classified as growing or
meristematic dssue and permanent tissue, Cell
growth in animals is more uniform. So. there
is o such demarcation of dividing and non-
dividing regions in animals,

The structural organisation of organs and
organ systems is far more speclalised and
localised in complex animals than even in very
complex plants. This fundamenial difference
reflects the different modes of life pursued by
these two major groups of organisms,
particularly in their different {eeding methods.
Also, they are differently adapted for a
sedeniary existence on one hand (plants) and
active locomoilion on the olher (animals),
coniributing to this difference in organ system
design.

ILis with relerence 1o these complex ardmal
and planl bodies thal we will now Lalk aboul
the concept of tissues in some detail.



nestions

. What s o tissue?

2. What is the utility of lissues in

mulli-cellular organisms?

6.2 Plant Tissues

6.2.1 MERISTEMATIC TISSUE

—
Jar 1

e S
Jar 2

Fig. 6.1: Growth of roots in onion bulbs

Activity 6.1
*  Take two glass jars and Ol them wiih
water.

*  Now, take two onion bulbs and place
one on each jar, as shown in
Fig. 6.1.

=  Observe the growth of roots in both
the bulbs for a few days.

. Measure the length of rools on day 1.
2and 3.

*  Onday 4, cut the root tips of the onion
bulb in jar 2 by about 1 cm, After this,
observe the growth of roots in both the
jars and measure their lengths each
day for five more days and record the
observations in tables, Uke ihe table
below:

Lengih Dayl Day2 Dayd Dav & Day5b
Jar 1l
Jar 2
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. From the above observations, answer
the following questions:

1. Which of the two ouions has longer
roois? Why?

2, o the roots continue growing
even after we have removed their
ups?

3. Why would the iips slop growing
in jar 2 after we cut them?

The growth of plants occurs only in certain
specific regions. This is because the dividing
tissue. also known as meristematic tissue, is
located only at these points. Depending on
ithe region where ihey are preseni,
meristematic tissues are classified as apical,
lateral and intercalary (Fig. 6.2). New cells
produced by meristem are initially like those
of meristem iiself, but as they grow and
mature, their characteristics slowly change and
they become differentialed as components of
other tissues.

If‘-'.\_ Apical meristem

{

Intercalary meriatem

\ !
A s Lateral meristem

.‘-I_I |

Fig. 6.2: Location of meristemuatic tissue in plant body

Apical meristem is present at the growing
tips of stems and roots and increases the
lengih of the stem and the root. The girth of
the stem or root increases due to lateral
meristem (cambium). Intercalary meristem
seen in some plants is located near the node.
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Cells of merisiemalic lissue are very aciive,
they have dense cytoplasm, thin celhilose walls
and prominent nuclei. They lack vacuoles, Can
we think why they would lack vacuoles? (You
might want to refer to the lunctions of vacuoles
in the chapter on cells.)

6.2.2 PERMANENT TISSUE

What happens to the cells formed by
meristematic tissue? They take up a specific
role and lose the ability to divide. As a result,
they form a permanent tissue. This process
of taking up a permanent shape, size, and a
function is called differentiation. Differentiation
leads to the development of various types of
permancnt tissues,

Fig. 6.3: Section of a stem

6.2

=  Take a plant stemn and with the help
of vour teacher cut into very thin slices
or seclions,

*  Now, staln the slices with safranin.
Place one neatly cut seciion on & slde,
and pur a drop of glycerine.

=  Cover with a cover-sip and observe
under & microscope. Observe the
various ityvpes of cells and their
arrangement. Compare it with Fig. 6.3.

* Now, answer the (ollowing on the
bhasis of vour observation:

1. Are all cells similar in structure?
2. How many types of cells can
be seen?

Activity

3. Can we think of reasons why there
would be so many types of cells?
*  We can also try Lo cul sections of plant
roots. We can even try culting sections
of root and stem of different plants.

6.2.2 (i) SIMPLE PERMANENT TISSUE

A few layers of cells beneath the epidermis are
generally simple permanent tissue.
Parenchyma is the most common simple
permanent tissue. It consisis of relatively
unspeciallized cells with thin cell walls. They
are living cells, They are usually loosely
arranged, thus large spaces between cells
{intercellular spaces) are found in this tissue
(Fig. 6.4a). This ussue generally stores food.

Epidermus
Collenchyma
Parenchyma

Xylem
Vascular bundle

In some situations, it contains chlorophyll and
performs photosynthesis, and then it is called
chlorenchyma. In aguatic plants. large air
cavities are present in parenchyma to help
them [loat. Such a parenchyma type is called
acrenchymsa.

The flexibility in plants is due to another
permanent tissue, collenchyma. It allows
bending of various parts of a plant like tendrils
and sicms of climbers without breaking. It
also provides mechanical support. We can find
this tissue in leaf stalks below the epidermis.
The cells of this tissue are living, clongated
and irregularly thickened at the
comers. There is very little intercellular space
[Fig. 6.4 b).



Intercellular spaces

Wall thickenings
Nucleus

Nayrow luren

Lignified
thuck wall

o i)

Fig. 6.4: Various wpes of sirmple tissues: (o) Parerchume (B Collenchyrna (o] Sclerenchymma (i) ironsverse section.

il tongifudinal section.

Yel another type of permanent tissue is
sclerenchyma. It is the tissue which makes the
plant hard and stff. We have seen the husk of
a cocornat. Il is made of sclerenchymatous
tissue. The cells of this tlssue are dead. They
are long and narrow as the walls are thickened
due to lignin. Olten these walls are so thick
that there is no internal space inside the cell
(Fig. 6.4 c). This tissue is present in stems,
around vascular bundles, in the veins of leaves
aned in ihe hard covering of seeds and nuis. It
provides sirength to the plant parts.

Activity 6.3

Take a freshly plucked leaf of Rhoeo.
Stretch and break it by applying
pressure.

" While breaking it, keep il stretched
gently so that some peel or skin
projects out from the out.

*  Remove this peel and put It in a petrd
dish filled with water.

j Add a few drops of salranin.

= Wail for & couple of minutes and then
transfer it onto a slide. Genily place
a cover slip over it

] Observe under microscope.

What you observe is the outermost layer
of cells, called epidermis. The epidermis is
usually made of a single layer of cells. In some
plants living in very dry habitats, the epidermis
may be thicker since protection against water
loss is critical. The entire surface of a plant has
an ouler covering epidertnis. Il prolecis all the
parts of the plant. Epidermal cells on the aerial

Trssams

(@) 1]

Fig. 6.5: Guord cells and epidermal cells: (a] lateral
ey, (bl sucfuce et

parts of the plant ofien secrete a waxy. waler-
resistant layer on iheir outer surface, This aids
in prolection against loss of water, mechanical
injury and invasion by parasitic fungi. Since
it has a protective role 1o play, cells of
epidermal tissue form a continuous layer
without intercellular spaces. Most epidermal
cells are relatively flat. Often their outer and
side walls are thiclker than the inner wall,

We can observe small pores here and
there in the epidermis of the leaf. These pores
are called stomata (Fig. 6.5). Stomata are
enclosed by two kidney-shaped cells
called guard cells. They are necessary for
exchanging gases wilth the atmosphere.
Transpiration (loss of waier in the form of
watler vapour) also takes place through
stomata.
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Recall which gas 1s required for
photosynthesis.
Find out the role of transpiration in plants.

Epidenmal cells of the rools, whose function
is water absorplion, commonly bear long hair-
like parts that greatly increase the total
absorpiive surface area.

In some plants like desert plants,
epidermis has a thick waxy coating of cutin
(chemical substance with waterproof quality)
on its outer surface. Can we think of a reason
for this?

Is the outer layer of a branch of a tree
different from the outer layer of a young stem?

As plants grow older, the outer proieciive
tssue undergoes certain changes. A sirip of
secondary meristem located in the coriex forms
layers ol cells which constitute the cork. Cells
of cork are dead and compacily arranged
without intercellular spaces (Fig. 6.6). They
also have a subsiance called suberin in their
walls that makes them Impervious to gases
and water.

Cork cells Fuptured epidermis

et

Fig. 6.8: Protectine tissue

6.2.2 (ii) COMPLEX PERMANENT TISSUE

The different types of tissues we have discussed
until now are all made of one type of cells.
which look like each other. Such tissues are
called simple permanent tissue. Yet another
type of permanent tissue is complex tssue.
Complex tissues are made of more than one
type of cells. All these cells coordinate to
perform a common Munction. Xylem and
phloem are examples of such complex tissues.
They are both conducting tissues and
consiitute a vascular bundle. Vascular tissue
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is a distinctive feature of the complex plants,
one that has made possible their survival in
the terresirial environment. In Fig. 6.3 showing
a section of stem, can you see different types
of cells in the vascular bundle?

Xylem consists of tracheids. vessels, xylem
parenchyma (Fig. 6.7 a,b,c) and xylem fibres.
Tracheids and vessels have thick walls, and
many are dead cells when maiture. Tracheids
and vessels are tubular structhures, This allows
them to transpori water and minerals
vertically. The parenchyma stores food. Xylem
fibres are mainly supportive in function.

Fhloem is made up of five types of cells:
sieve cells, sieve fubes, companion cells,
phloem fibres and the phloem parenchyma
[Fig. 6.7 (d]]. Sieve tubes are tubular cells with
perforated walls. Phloem transports food from
leaves to other parts of the plant. Except
phloem fibres, other phloem cells are living cells.
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Fig. 6.7: Types of complex lissue



nestions

1. Name types of simple tissues.

2. Where s apical meristern found?

3. Which tissue makes up the husk
of coconut?

4. What are the constituents of
phloem?

6.3 Animal Tissues

When we breathe we can actually feel the
movement of our chesi, How do these body
parts move? For this we have speclalised cells
called muscle cells (Fig. 6.8). The contraction
and relaxation of these cells result in
movement.

Smooth muscle Hbres

Murjens

Smooth muscle fbre
e rmammn I (el

Fig. 6.8: Location of muscle fibres
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During breathing we inhale oxyger. Where
does this oxygen go? ILis absorbed in the lungs
and then is ransported to all the body cells
through blood. Why would cells need oxygen?
The funciions of mitochondria we studied
earlier provide a clue to lhis question. Blood
flows and carries various substances from one
part of the body to the other. For example. it
carries oxygen and food to all cells. It also
collects wastes from all paris of the body and
carries them to the liver and kidney for
disposal.

Blood and muscles are both examples of
tissues found in our body. On the basis of the
functions they perform we can think of different
types of animal tissues, such as epithelial
tlssue, connective tissue, muscular tissue and
nervous tissue. Blood is a type of connective
tssue, and muscle forms muscular tissue.

6.3.1 EPITHELIAL TISSUE

The covering or protective tissues in the animal
body are epithelial dssues. Epithelium covers
most organs and cavities within the body. It
also forms a barrier (o keep different body
gysiems separate. The skin, the lining of the
mouth, the lining of blood vessels. lung alveoll
and lidney tubules are all made of epithelial
tissue. Epithelial tissue cells are tighily packed
and form a continuous sheet. They have only
a small amount of cementing material beiween
them and almost no intercellular spaces.
Obviously, anything entering or leaving the
body must cross at least one layer of
epithelium. As a result, the permeability of the
cells of various epithelia play an important role
in regulating ithe exchange of materials
between the body and the exiernal
environment and also between different paris
of the body. Regardless of the type, all
epithelivm is usually separaied [rom the
underlving tissue by an exiracellular fibrous
basement membrane.

Different epithelia (Fig. 6.9) show differing
structures that correlate with their unique
functions. For example, in cells lining blood
vessels or lung alveoll, where transportation
of substances occurs through a sclectively
permeable surface, there is a simple {lat kind
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of epithelium. This is called the simple
squamons epithelinm (sguama means scale

) Colwmmar (Ciliated)

Fig. 6.9: Different types of epithelial Hssues

T4

of skin). Simple squamons epithelial cells are
extremely thin and Aat and form a delicate
lining. The oesophagus and the lining of the
mouth are also covered with squamous
epithelium. The slkin, which proiects the body,
is also made of squamous epithelium. Skin
epithelial cells are arranged in many layers to
prevent wear and tear. Since they are arranged
in a pattern of layers, the epithelium is called
siraiified squamous epithelium,

Where absorpiion and secretion ocour, as
In the inner lining of the intestine, tall epithelial
cells are present. This columnar (meaning
‘pillar-like”) epithelium facililates movement
across the epithelial barrier. In the respiratory
tract, the columnar epithelial tissue also has
cilia, which are hair-like projections on the
outer surlaces of epithelial cells. These cilia can
move, and their movement pushes the mucus
forward to clear it. This type of epithelium is
thus ciliated columnar epithelitm.

Cuboidal epithelium (with cube-shaped
cells) forms the lining of kidney tubules and
ducts of salivary glands. where it provides
mechanical support. Epithelial cells ofien
acquire additional specialisation as gland cells,
which can secrete substances at the epithelial
surface. Sometimes a portion of the epithelial
tissue folds inward. and a multicellular gland
is formed. This is glandular epithelium.

6.3.2 CONNECTIVE TISSUE

Blood is a type of connective tissue. Why would
il be called ‘conneclive’ tissue? A chue is
provided in the introduction of this chapter!
Now, let us look at this type of tissue in some
more detail. The cells of connective fissue are
loosely spaced and embedded in an
intercellular mairix (Fig. 6.10). The maoix may
be jelly like, fluid, dense or rigid. The nature
of mairix dilfers in concordance wiith the
function of the particular connective tissue.,

Activity 6.4

Take a drop of blood on a slide and
observe different cells presgent in il
under a microscope.
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Fig. 6.10: Types of connective Hissues: laj iypes of blood
cells, (b compact bone, (cf hyaline cartiloge,
) areolar tissue, (o) adipose lissue
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Blood has a fluid (liquid) matrix called
plasma, in which red blood corpuscles [RECs),
white blood corpuscles (WBCs) and platelets
are suspended. The plasma contains proteins.
salts and hormones, Blood flows and
fransporis gases, digesied food, hormones
and waste materials to different parts of the
body.

Bone is another example of a connective
tssue. [t forms the framework that supports
the body. It also anchors the muscles and
supporis the main organs of the body. It is a
strong and nonflexible tissue (what would be
the advantage of these properties for bone
funcdons?). Bone cells are embedded in a
hard matrix that is composed of calcium and
phosphorus compounds.

Two bones can be connected to each other
by another type of connectve tissue called the
ligament. This tissue is very elastic. It has
considerable strength. Ligaments contain
very little mairix and connect bones with
bones. Tendons connect muscles 1o bones and
are another tvpe of connective tissue. Tendons
are fibrous tissue with great strength but
limited {lexibility.

Anolher lype of connective tissue,
cartilage, has widely spaced cells. The solid
matrix is composed of proteing and sugars.
Cartilage smoothens bone surfaces at joinis
and is also present in the nose, ear. irachea
and larynx, We can fold the cartilage of the ears,
but we cannot bend the bones in our arms.
Think of how the two dssues are different!

Areolar connective tissue is found between
the skin and muscles, around blood vessels
and nerves and in the bone marrow. It fills
the space inside the organs, supports internal
organs and helps in repair of tissues.

Where are fats stored in our body? Fat-
storing adipose tissue is found below the skin
and between internal organs. The cells of this
tissue are filled with fat globules. Storage of
fais also lets it act as an insulator.

6.3.3 MUSCULAR TISSUE

Muscular tissue consists of elongated cells.
also called muscle flbres. This tssue is
responsible for movement in our body.
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Muscles contain special proteins called
coniraciile proteins, which contract and relax
to cause moverment.

Fig. 6.11: Types ofmuscles fibres: (ol striofed musde,
(b} smooih muscle, [cl cardiae miscle

We can move some muscles by conscious
will. Muscles present in our limbs move when
we want them to, and stop when we so decide.
Such muscles are called voluntary muscles
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[Fig. 6.11(a)]. These muscles are also called
skeletal muscles as they are mostly attached
to bones and help in body movement. Under
the microscope. these muscles show alternare
light and dark bands or siriations when
stained appropriaiely. As a resuli, they are
also called sirlated muscles. The cells of this
tssue are long, cylindrical, unbranched and
multinucleate (having many nuclei).

The movement ol food in the alimeniary
canal or the coniraction and relaxation of blood
vessels are Involuntary movernerits. We cannot
really sltart them or stop them simply by
wanting (o do so! Smooth muscles [Fig.
6.11(b)] or involuntary muscles conlrol such
movements. They are also found in the iris of
the eye. in ureters and in the bronchi of the
lungs. The cells are long with pointed ends
(spindle-shaped) and uninucleate (having a
single nucleus). They are also called unstriated
muscles — why would they be called that?

The muscles of the heart show rhythmic
coniraction and relaxatoen throughout life.
These involuniary muscles are called cardiac
muscles [Fig, 6.11(c)]. Heart muscle cells are
cylindrical, branched and uninucleate,

Activity 6.5

Compare the structures ol different
ypes of muscular tzsues. Note down
itheir shape, number of nuclei and
position of nuclei within the cell in
the Table 6.1.

Table 6.1:

Features Striated | Smooth | Cardiac

Number of nucle
Position of muele

6.3.4 NERVOUS TISSUE

All cells possess the abilily to respond to
stimuli. Howewver, cells of the nervous tissue

are highly specialised for being stimulated and

SCENGE



then {ransmitiing the stimmilus very rapidly
[rom one place 1o another within the body. The
brain, spinal cord and nerves are all composed
of the nervous tissue. The cells of this tissue
are called nerve cells or neurons. A neuron
consists of a cell body with a nucleus and
cytoplasm, from which long thin hair-like
parts arise (Fig. 6.12}). Usually each neuron
has a single long part (process). called the

[processes) called dendrites. An individual
nerve cell may be up to a metre long. Many
nerve fibres bound fogether by connective
fissue make up a nerve,

The signal that passes along the nerve fibre
is called a nerve impulse. Nerve impulses allow
us to move our muscles when we want to. The
funectional combination of nerve and muscle
tissue is fundamental to most animals. This

axon, and many short, branched parts combination enables animals 1o move rapidly

In response to stimuli.

nestions

1. Name the tissue responsible fon

mauemett in gur body

What does a newran look like?

3. Give three fealures of cardioe
i o muscles,

Cell body 4. What are the functions af

Fig. 6.12: Neuron-unit of nervous Hsste arealar sstue?

] E\'_I

you have
learnt

. Tissue is a group of cells similar in structure and fhuncilon.

. Plant tissues are ol lwo main lypes — meristemaltic and
permanent.

. Meristematic tissue is the dividing tissue present in the
growing regions of the plant.

. Permanent tissues are derived from meristematic tissue once
they lose the ability to divide. They are classified as simple
and complex tissues.

*  Parenchyma, collenchyma and sclerenchyma are three types
of simple tissues. Xylem and phloem are types of complex
tissues.

. Animal tssues can be epithelial, conneclive. muscular and
nervous tissue.

. Depending on shape and funclion, epithelial tissue is
classified as squamous. cuboidal, columnar, ciliated and
glandular.
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10.

11.

74

The different types of connective tissues in our body include
areolar tissue, adipose tissue, bone, tendon, ligament,
cartilage and blood.

Striated. unstriated and cardiac are three types of muscle
tissues.

Nervous tissue is made ol neurons that receive and conduct
impulses.

Define the term “tissue”.

How many types of elements together make up the xylem
lissue? Name them.

How are simple tissues different from complex tissues in
plants?

Differentiate between parenchyma, collenchyma and
sclerenchyma on the basis of their cell wall.

What are the [unciions of the stomata?

Diagrammatically show the difference between the three
tyvpes of muscle fibres.

What is the specilic function of the cardiac muscle?
Differentiate between striated, unsiriated and cardiac
muscles on the basis of their stucture and site/location in
the body.

Draw a labelled diagram of a neuron.

Name the following.

(a) Tissue that forms the inner lining of our mouth.

(bl Tissue that connects muscle to bone in humans,

(c) Tissue that transporis [ood in plants.

(d}l Tissue that stores fat in our body.

(e] Conmective tssue with a Ouid matrix

(f) Tissue present in the brain.

Identify the type of tissue in the following: skin, bark of
tree, bone, lining of kKidney tubule, vascular bundle.

SCENGE
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12.
13.
14.

Name the regions in which parenchyma tissue is present.
What is the role of epidermis in plants?
How does the cork act as a proteciive tissue?

15. Complete the following chart:
Permanent tissue
|
| |
simple cg‘mp]ex
| |
| | l |

collenchyma aylem
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Chapter 7

DIvERSITY IN LivING ORGANISMS

Have you ever thoughl of the multitude of

life-forms that surround us? Each organism

is different from the other lo a lesser or greater

extent. For instance, consider yourself and a

friend.

*  Are you both of the same height?

*  Does your nose look exactly like your
[riend’s nose?

* [s your hand-span the same as your
friend’'s?

However, il we were to compare ourselves
and our {riends with a monkey, what would
we say? Obviously, we and our [riends have
a lot in common when we compare ourselves
with a monkey, But suppose we were to add
a cow Lo the comparison? We would then
think that the monkev has a lot more in
cornmon with us than with the cow.

Activity g |
- We have heard of 'desi cows and Jersey
COWS.

*  Does a desicow look like a Jersey cow?

Do all desi eows look alike?

*  Will we be able to ideniify a Jersey cow
in a crowd of desi cows that don't look
like each other?

&  Whart is the basis of cur identificadon?

In this activity, we had 1o decide which
characteristics were more important in
lorming the desired caiegory. Hence, we were
also deciding which characteristics could be
ignored.

Now. think of all the differeni forms in
which life occurs on earth. On one hand we
have microscopic bacteria of a few micromeire
in size. While on the other hand we have blue
whale and red wood trees of California
of approximate sizes of 30 metres and
100 metres regpectively, Some pine trees live

for thousands of years while insecis like
mosquitoes die within a few days. Life also
ranges from colourless or even transparent
worms to brightly coloured birds and flowers.

This bewildering variety of life around us
has evolved on the earth over millions of
vears. However, we do not have more than a
tiny fraction of this time to try and
understand all these Hving organisms, so we
cannot look at them one by one. Instead, we
look for similarities among the organisms,
which will allow us to put them into different
classes and then study different classes or
groups as a whole.

In order to make relevant groups to study
the variety of life forms, we need (o decide
which characteristics decide more
fundamental differences among organisms.
This would creaie ihe main broad groups of
organisms. Within these groups, smaller sub-
groups will be decided by less important
characteristics.

uestions

1. Why do we classify organisms?

2. Give three examples of the range
of variations thai you see in life-
Sforms around you.

7.1 What is the Basis of
Classification?

Attempts at classifying living things into
groups have been made since time
Immemiorial. Greel thinker Aristoile classified
animals according to whether they lived on



land, in water or in the air. This is a very
simple way of looking at life, but misleading
too. For example, animals that live in the sea
Include corals, whales, octopuses, starfish
and sharks, We can immediately see that
these are very dillereni from each olher in
numerous ways, In fact, habitat is the only
point they share in common. This is not an
appropriate way of making groups of
organisms to study and think about.

We therefore need to decide which
characieristics to be used as the basis for
making the broadest divisions. Then we will
have to pick the next set of characterisdes
for making sub-groups within these divisions.
This process ol classification within each
group can then continue using new
characteristics each tme.

Belore we go on, we neecd 1o think about
what is meant by 'characteristics’. When we
are irying to classify a diverse group of
organisms, we need to fnd ways in which
some of them are similar enough to be
thought of together, These ‘ways’, in fact, are
detlails ol appearance or behaviour, in other
words, form and function.

What we mean by a characteristic is a
particular feature or a particular function. That
most of us have five [ingers on each hand is
thus a characteristic. That we can man, but the
banyan tree cannot, is also a characteristic.

Now, to understand how some
characteristics are decided as being more
fundamental than others, let us consider how
a storie wall is built. The stones used will have
different shapes and sizes. The stones at the
top of the wall would not influence the choice
of stones that come below them. On the other
hand, the shapes and sizes of stones in the
lowermost layer will decide the shape and size
ol the next layer and so on.

The stones in the lowermost layer are like
the characteristics that decide the broadest
divisions among living organisms. They are
independent of any other characteristics in
their effects on ihe form and function of the
organism. The characteristies in the next level
wotild be dependent on the previous one and
would decide the variety in the next level. In
this way, we can build up a whole hierarchy

Devgrarry i Living QRGANrsMS

of mutually related characteristics to be used

for classification.

Now-a-days, we look at many inter-related
characteristics starting from the natire of the
cell in order to classify all living organisms.
What are some concreie examples of such
characieristics used for a hierarchical
classification?

» A eukaryotic cell has membrane-bound
organelles, including a nucleus, which
allow cellular processes to be carried out
elliciently in isolation lrom each other.
Therefore, organisms which do not have
a clearly demarcated nucleus and other
organelles would need to have their
biochemical pathways organised in very
different ways. This would have an effect
on every aspect of cell design. Further,
nucleated cells would have the capacity
to participate in making a multicellular
organism because they can take up
specialised functions. Therefore, nuclens
can be a baslc characteristic of
classification.

* Do the cells oceur singly or are they
grouped together and do they live as an
indivisible group? Cells that group
together to form a single organism use
the principle of division of labour. In such
a body design. all cells would not be
identical. Instead. groups of cells will
carry out specialised funcrions. This
makes a very basic distnciion in the
body designs of organisms. As a result,
an Amoeba and a worm are very different
in their body design.

* Do organisms produce their own [ood
through the process of phoiosynthesis?
Being able to produce one’s own
food versus having to get food [rom
oulside would make very different
body designs,

« Of the organisms that perform
photosynihesis [plants), what is the level
of organisation of their body?

»  Ofthe animals, how does the individual's
body develop and organise its different
paris, and what are the specialised
organs found for different functions?
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We can see that, even in these few questions
that we have asked, a hierarchy is developing.
The characteristics of body design used for
clagsification of plants will be very dilferent
from those important for classifying animals.
This is because the basic designs are different,
based on the need to make their own food
(plants), or acquire it (animals). Therefore,
these design features (having a skeleton, for
example] are to be used o make sub-groups,

rather than malking broad groups.
Hestions
1. Which do you think is a more basic
characieristic for classifying
orgarisms?

fa) the place where they lve.
fbl the kind of cells they are
niade of. Why?

2. What is the primary characteristic
on which (he broad division of
arganismns s rade?

3. On whal bases are planis and
animals put inte different
categories?

7.2 Classification and Evolution

All living things are identified and categorised
on the basis of their body design in form and
function. Some characteristics are likely to
make more wide-ranging changes in body
design (han others. There is a role of time in
this as well. So, once a certain body design
comes inio exisience, it will shape the effects
of all other subsequent design changes,
simply because it already exists. In other
words, characieristics that came inio
existenice earlier are likely to be more basic
than characieristcs that have come into
existence later.

This means that the classification of life
forms will be closely relaied (o their evolution.
What is evoluiion? Most life forms that we
see today have arisen by an accumulation of
changes in body design that allow the
organism possessing them to survive better.
Charles Darwin {irst deseribed this idea of
evolution in 1859 in his book, The (Jrigin of
Spercies,
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When we connect this idea ol evolution to
classification, we will find seme groups of
organisms which have ancient body designs
that have not changed very much. We will
also find other groups of organisms that have
acquired their particular body designs
relatively recenily. Those in the firsi group
are frequently referred to as ‘primitive’ or lower
organisms, while those in the second group
are called "advanced’ or ‘higher” organisms. In
reality, these lerms are nol quite correct since
they do not properly relate to the differences.
All that we can say is that some are ‘older’
organisms, while some are 'vounger'
organisms. Since there is a possibility that
complexity in design will increase over
evolutionary time. it may not be wrong to say
thatl older organisms are simpler, while
younger organisms are more complex.

Biodiversity means the diversity ol life
forms. It is a word commonly used to
refer 1o the variety of life forms found
in a particular region. Diverse life forms
share the environment, and are
affected by each other too. As a result,
a siable communiiy ol different species
comes into existence. Humans have
played their own part in recent times
in changing the balance of such
communities. O course, the diversily
in such communities is affected by
particular characieristics of land,
water, climatie and so on. Rough
estimates state that there are about ten
million species on the planet, although
we actually know only one or two
millions of them. The warm and huamid
tropical regions of the earth, between
the tropic of Cancer and the tropic of
Capricorn, are rich in diversity of plant
and animal life. This is called the region
of megadiversity. Of the blodiversity
on the planet, more than half Is
concentrated in a few countries —
Brazil, Colombia, Ecuador, Peru,
Mexico, Zaire, Madagascar,
Australia, China, India, Indonesia and
Malaysia.
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nestions

1. Which organisms are called
primitive and how are they
different from the so-called
advanced organisms?

2, Will advanced organisms be the
same as complex organisms?
Why?

7.3 The Hierarchy of Classification-
Groups

Biologists, such as Ernst Haeckel (1894),
Roberi Whittaker (1969) and Carl Woese
(1977) have tried to classify all living
organisms into broad categories, called
kingdoms. The classification Whitfaker
proposed has five kingdoms: Monera,
Protista. Fungi, Plantae and Animalia. and
is widely used. These groups are formed on
the basis of their cell structure, mode and
source of murition and body organisation.
The modification Woese introduced by
dividing the Monera into Archaebacteria (or
Archaea) and Eubacieria (or Bacieria) is also
in use.

Further classification is done by naming
the sub-groups al various levels as given in
the following scheme:

Kingdom

Phylum (for animals) / Division (for plants)

Class
Order
Family
Genus
species

Thus, by separating organisms on the
basis of a hierarchy of characteristics into
smaller and smaller groups. we artive at the
basic unit of classification. which is a
‘species’. So what organisms can be said to
belong to the same species? Broadly, a species
includes all organisms that are similar
enough Lo breed and perpetuate.

The important characierisiics of the five
kingdoms of Whittaker are as follows:

Devgrarry i Living QRGANrsMS

7.3.1 MongErA

These organisms do not have a delined
nucleus or organelles, nor do any ol them
show multi-cellular body designs. On the
other hand, they show diversity based on
many other characieristics. Some of them
have cell walls while some do not. Of course,
having or net having a cell wall has very
different effects on body design here from
having or not having a cell wall in muld-
cellular organisms. The mode of nutrition of
organisms in this group can be either by
synihesising itheir own [ood (auioirophic) or
getting it from the environment
(hieterotrophic). This group includes bacteria,
blue-green algae or cvanobacteria, and
mycoplasma. Some examples are shown
in Fig. 7.1.

Anceboerio

Fig. 7.1: Monera

7.3.2 PROTISTA

This group inchludes many kinds of unicellular
eukaryolic organisms. Some of these
organisms use appendages, such as hair-like
cilia or whip-like flagella for moving around.
Their mode of nutrition can be autotrophic
or heierotrophic. Examples are unicellular
algae, diatoms and protozoans (see Fig. 7.2
for examples).




( = —— Flagellum {long)

Eugleno

Fig. 7.2: Protozoo

7.3.3 Funar

These are heterotrophic eukaryotic
organisms. Some of them use decaying organic
malterial as food and are therefore called
saprotrophs. Others reqguire a living

pretoplasm of a host organism [or [ood. They
are called parasites. Many of them have the
capacity to become muldcellular organisms at
certain stages in their lives. They have cell-
walls made of a lough complex sugar called
chilin. Examples are yeasts, molds and
mushroors (see Fig. 7.3 for examples).

Socchoromyess Pendoilliunt
(Yenast] Mold)

Fig. 7.3: Fungl

(Mueshroom)

Some fungal species live In permanent
mutually dependent relationships with blue-
green algae (or cyanobacteria). Such
relationships are called symbiotic. These
symbiobic life forms are called lichens. We have
all seen lichens as the slow-growing large
coloured patches on the bark of trees.

7.3.4 PLANTAE

These are multicellular eukaryotes with cell
walls. They are autotrophs and use
chlorophyll for photosynthesis. Thus, all
plants are included in this group. Since plants
and animals are most visible lorms of the
diversity of life around us, we will look at the
subgroups in this calegory later (section 7.4).

7.3.5 ANIMALIA

These include all organisms which are
multieellular cukaryotes without cell walls.
They are heferotrophs. Again, we will look at
their subgroups a litile later in section 7.5.

SOENCE



Organisms

PICIlE&FF‘CItES Bultaryotes
umicellular 1
MOLEeTa
Umnicelhaiar Mulbicellutar
Frotista
v

With celi-wall Without
l cell-wall
l l Animalia

Do ot pecform Ahle to perform
photosynthesis photosynihesis
Fungi Plantag

Fig. 7.4: The Five Kingdom classification

nestions

l. What is the criterion for
classification of organisms as
belonging to kingdom Monera or
Protista?

2. In which kingdom will you place
an organism which ie single
celled, eukaryotic and
photosynthetic?

3. In the hierarchy of classification,
which grouping will have the
smallest number af organisms
taithi maximum COTTITLO
characieristics and which will
have the largest number of
organisms?
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7.4 Plantae

The first level of classification among plants
depends on whether the plant body has well-
diferentiated. distinci parts. The nexi level of
classilication is based on whether Lhe
differentiated plant body has special tissues
for the iranspori of water and other
substances. Further classification looks at the
ability to bear seeds and whether the seeds
are enclosed within fruiis.

7.4.1 THALLOPHYTA

Plants that do not have well-differentiated body
design fall in this group. The plants in this
group are commonly called algae. These plants
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are predominantly aquatic. Examples are
Spirogyra, Ulothrix, Cladophora, Ulva and
Chara (see Fig. 7.5).

Cladophora

Fig. 7.5: Thallophijta - Algae

826

7.4.2 BRYOPHYTA

These are called the amphibians of the plant
kingdom. The plant body is commonly
differentiated to form stem and leal-like
struciures. However, there is no specialised
figsue for the conduction of water and other
substances from one part of the plant body
to another. Examples are moss (Funaria) and
Marchanlia (see Fig. 7.6).

Fig. 7.8: Sone common bryophyles

7.4.3 PTERIDOPHYTA
In this group, the plant body is differentiated

into roots, stem and leaves and has
specialised tissue for the conduction of water
and other subsiances from one part ol the
plant body to another. Some examples are
Marsilea, ferns and horse-tails (see Fig. 7.7).

The reproductive organs of planis in all
these three groups are very inconspicuous,
and they are therefore called 'crypiogams'. or
‘those with hidden reproductive organs’,

On the other hand, plants with well-
differentiated reproductive parts that
ultimately make seeds are called

SCENGE



phanerogams. Seeds are the result of sexual
reproduction process. They consisi of ihe
cmbryo along with stored food, which assists
for the inidal growth of the embryo during
germination. This group is further classified,
based on whether the seeds are naked or
enclosed in fruits, giving us two groups:
gymmnosperms and anglosperms.

7.4.4 GYMNOSPERMS

This term is derived from two Greek words:
gymno— means naked and sperma— means
seed. The plants of this group bear naked
seeds and are usually perennial, evergreen
and woody. Examples are pines and deodar
(see Fig. 7.8 lor examples).

FPinus
Fig. 7.8: GUmnosperins
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7.4.5 ANGIOSPERMS

This word is made from two Greek words:
angioc means covered and sperma— means
seed. These are also called Howering planis.
The seeds develop inside an ovary which is
modified to become a fruit. Plant embryos in
seeds have structures called cotyledons.
Cotyledons are called ‘seed leaves' because in
many instances they emerge and become
green when the seed germinates. The
anglosperms are divided into two groups on
ithe basis of the number of cotyledons present
in the seed. Plants with seeds having a single
coiyledon are called monocotyledonous or
monocols. Plants with seeds having two
cotyledons are called dicots (see Figs. 7.9
and 7.10).

Fig. 7.9: Monocot
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Fig. 7.10: Dicot
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|

Do not have Have differentiated
differentiated plant perts
plant parts
Thallophyta 'I' l
Without specialized With vascular
vascular Lssus tizgue
Eryvoplivia
Doy mot produce seeds Produce seeds - Fhanerogams
Ptendophyta l l
. Bear seeds
hEsr uslted Bocdls inside fruiis
Gymnusperms Angiosperms
Have seeds Have seeds
with two with ome
cotyledons colyiedon
Dirois Monocols
Fig. 7.11: Classification of plants
q ﬁmh‘ 7.2 # How many petals are found in the
" Hower of these planis?

s  Soak seeds of green gram, wheat, * Can you write down further
maize, peas and iamarind. Once they characteristics of monocots and dicots
become tender, try to split the seed, Do on the basis of these observations?
all the seeds break into two nearly
equal halves? uestions

® The seeds that do are the dicol seeds
atid the seeds that don't aré the 1. Which division amnong plants has
monocol seeds. thi stmplest organisms?

*  Now take a look at the roais. leaves and 2. How are pteridophytes different
flowers of these plants. frort the phanerogams?

L] Are the rools tap-roots or librous? 3. Howw do gymnosperms and

* Do the leaves have parallel or reticulate angiosperms differ from each
venation? ather?




7.5 Animalia

These are organisms which are eukaryotic,
muliicellular and heterotrophic. Their cells
do not have cell-walls. Most animals are
mobile.

They are [urther classified based on the
extent and type of the body design
differeniiation [ound.

7.5.1 PORIFERA

The word Porifera means organisms with
holes. These are non-motile animals attached
to some solid support. There are holes or
‘pores’, all over the body. These lead to a canal
system that helps in eirculating water
throughout the body to bring in food and
oxygen. These animals are covered with a
hard outside layer or skeleion. The body
design involves very minimal differentiation
and division into tissues. They are commonly
called sponges, and are mainly found in
marine habitats, Some examples are shown
in Fig. 7.12.

Euplectelln

Fig. 7.12: Forifera

7.5.2 COELENTERATA (CNIDARIA)

These are animals living in water. They show
more body design differentiadon. There is a
cavity in the body. The body is made of two
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layers of cells: one makes up cells on the
outside of the body, and the other makes the
inner lining of the body. Some of these species
bive in colonies {corals), while others have a
solitary like—span (Hydra). Jellyfish and sea
anemones arc common examples (see

Fig. 7.13).

Sevt anemone

Fuoat L
Hydra
Fig. 7.13: Coelenteratn

7.5.3 PLATYHELMINTHES

The body of animals in this group is far more
complexly designed than in the two other
groups we have considered so [ar. The body
Is bilaterally symmetrical, meaning that the
left and the right halves of the body have the
same design. There are three layers of cells
from which differentiated tissues can be
made, which is why such animals are called
iriploblastic, This allows ouiside and inside
body linings as well as some organs te be
made. There is thus some degree of tssue
formation. However, there is no true internal
body cavity or coelom, in which well-
developed organs can be accommeodated. The
body is latiened dorsoventrally (meaning [rom
top to bottom), which is why these animals are
called flatworms. They are either free-living or
parasitic. Some examples are [ree-living
animals like planarians, or parasibic animals
like liverflukes (see Fig. 7.14 for examples).
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Fig. 7.14; Platyhelminthes

7.5.4 NEMATODA

The nematode body is also bilaterally
symunelrical and triploblasiic. However, the
body is cylindrical rather than [latiened.
There are tissues, but no real organs,
although a sort of body cavity or a pseudo-
coelom, is present. These are very familiar
as parasitic worms causing diseases, such
as the worms causing elephantiasis (filarial
worms) or the worms in the intestines
(roundworm or pinworms). Some examples
are shown in Fig. 7.15.

~Female

Wuchereria

Ascaris

Fig. 7.15: Nematoda [Aschelminthes)

20

7.5.5 ANNELIDA

Annelid animals are also bilaterally
symmeltrical and triploblastic, but in addition
they have a true body cavity. This allows true
organs o be packaged In the body structure.
There is, thus, extensive organ differentiation.
This differentiation occurs in a segmental
fashion, with the segmenis lined up one atter
the other from head to tail. These animals
are found in a variety of habitats— fresh water,
marine water as well as land. Earthworms
and leeches are [amiliar examples (see
Fig. 7.186).

Tentacle
!

=4 =
=
=1 ¥
E‘ Carital
o papillac
E i =1
H =
5 B
= 3
=4 3
R |
14
Ecrthioarm

Fig. 7.16: Annelida

7.5.6 ARTHROPODA

This is probably the largesi group of animals.
These animals are bilaterally symmetrical and
segmenied. There is an open circulatory
system, and so the blood does not flow inwell-
defined blood vessels. The coelomic cavity is
blood-filled. They have jointed legs (the word
‘arthropod’ means ‘joinied legs’). Some
familiar examples are prawns, butter(lies,
houseflies, spiders, scorpions and crabs (see

Fig. 7.17).
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7.5.8 ECHINODERMATA

In Greek., echinos means hedgehog [spiny
manmmal), and dermameans skin, Thus, these
are spiny skinned organisms. These are
exclusively [ree-living marine animals. They
are tripleblastic and have a coelomic cavity.
They also have a pecullar water-driven tube
system that they use for moving around. They
have hard calclum carbonate struciures that
they use as a skeleton. Examples are sea-slars
and sea urchins [see Fig. 7.19).

[Cockroach)

(House flyl

Seolopenclro
Centipede]

Fig. 7.17: Arthropoda

Hinloti
7.5.7 MoLLUSCA oS iR, e

In ihe animals of this group, there is bilateral
symmeiry. The coelomic cavity is reduced.
There is little segmentation. They have an
open circulatory system and kidney-like
organs lor excretion. There is a foot thatl is
used for moving around. Examples are snails
and mussels (see Fig. 7.18).

Hechinus fsea urching Astenias fsea-star]

Fig. 7.19: Echunodermeati

7.5.9 PROTOCHORDATA

These animals are bilaterally symmeirical,
triploblastic and have a coelom. In additon,
they show a new feature of body design,
namely a notochord, at least at some stages
during their lives. The notochord is a long
rod-like support structure (chord=siring) that
runs along the back of the animal separating
the nervous tissue from the gut. It provides a
place for muscles to attach for ease of
movement. Proiochordates may nol have a
proper notochord present at all stages in their
lives or for the entire length of the animal.
Protochordaies are marine animals. Examples

) are DBalanoglossus, Herdmania and
Fig: 728 Moliuscs Amphioxus (see Fig. 7.20).
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Fig, 7.20: Protochordata: Balanoglossus

7.5.10 VERTEBRATA

These animals have a true veriebral column
and internal skeleton, allowing a completely
differeni distribution of muscle attachment
points to be used for movement,

Vertebrates are bilaterally symmetrical,
iriploblastic, coelomic and segmented, with
complex differentiation of body tissues and
organs. All chordates possess the following
features:

{i} have anotochord

[li} have a dorsal nerve cord
(iii} are triploblastic
{iv) have paired gill pouches

() are coelomate.

Vertebrates are grouped into six classes.

7.5.10 (1) CYcLOSTOMATA

Cyclostomes are jawless vertebrates. They are
characterised by having an elongated ecl-like
body, circuler mouth, slimy skin and are

Fig., 7.21; A jewless verfebrafe: Petromyzon

a2

scaleless. They are ectoparasites or borers of
other vertebrates. Petromyzon (Lamprey) and
Myxine ([agfish) are examples.

7.5.10 (ii) PrscEs

These are [ish. They are exclusively aquatic
animals. Their skin is covered with scales/
plates. They obiain oxygen dissolved in water
by using gills. The body is streamlined, and a
muscular tail is nsed for movement. They are
cold-blooded and their hearts have only two
chambers, unlike the four that humans have.
They lay egga. We can think of many kinds of
fish, some with skeleions made entirely of
cartilage, such as sharks, and some with a
skeleton made of both bone and cartilage, such
as tuna or rohu [see examples in Figs. 7.22 (a)
and 7.22 (b)].

Pterols volig

fin fin
Sewlindon [Dog fish)
Fig. 7.22 (a}: Pisces
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Caudal
fin

Pelvic
frl fin
Labes rohita (Rahw) =
Male Hippocampus
1Sea horse|
Wing like pecloral

Fig. 7.22 (b): Pisces

7.5.10 (iii) AmpHIBIA

These animals differ from the fish in the lack
of scales, in having mucus glands in the skin,
and a three-chambered heart. Respiration is
through either gills or lungs. They lay eggs.
These animals are found both in waler and on
land. Frogs, toads and salamanders are some
examples (see Fig. 7.23).

! Hyla (Tree frog)
Fig. 7.23: Amphibia
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7.5.10 (iv) REPTILIA

These animals are cold-blooded, have scales
and breathe through lungs. While most of
them have a three-chambered heart, crocodiles
have [our heart chambers. They lay eggs wiih
tough coverings and do not need to lay their
eggs in water, unlike amphibians. Snakes,
turtles, lizards and crocodiles fall in this
calegory (see Fig. 7.24].

King Cobra

House wall hzamnd
(Hermidactylus]

Flying lzard (Drac)
Fig. 7.24: Reptilia

7.5.10 (v) Aves

These are warm-blooded animals and have a
four-chambered heart. They lay eggs. There
is an outside covering of feathers, and two
forelimbs are modified for flight. They breathe
through lungs. All birds fall in this calegory
(see Fig. 7.25 for examples).




Fig. 7.25: Aves (birds/

7.5.10 (vi) MaMmMALIA

Mammals are warm-blooded animals with
[our-chambered hearts. They have mammary
glands for the production of milk to nourish
their young. Their skin has hairs as well as
sweat and oil glands. Most mammals familiar
to us produce live young ones. However, a
few of them, like the platypus and the echidna
lay eggs. and some, like kangaroos give birth
to very poorly developed yvoung ones. Some
examples are shown in Fig. 7.26.

The scheme of classification of animals {=
shown in Fig. 7.27.
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Fig. 7.26: Mammalia

nestions

I. How do poriferan animals differ
from coelenterate animals?

How do annelid animals differ
from arthropods?

b

3. Whal are the differences beliveen
amphibians and reptiles?
4. Whai are the differences belween

animeals belonging to the Aves
group and those in the mammuelia
group?

Carolus Linnaeus (Karl
von Linne) was born in
Sweden and was a doctor
by professsion. He was
interested in the study of
plants. At the age of 22, he
published his first paper on
plants. While serving as a e
personal physician of a Baraliss Linnnis
wealthy government (17071778
official, he siudied the diversity of plants
in his employer's garden. Later, he
published 14 papers and also brought out
the famous book Systema Nafurae from
which all fundamental taxenomical
researches have taken off. His sysiem of
classification was a simple scheme for
arranging plants so as to be able to identify

them again.
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Cyelosiomata Fisces Arnphibia Reptilia Aves Mammalia

Fig. 7.27: Classification of animals
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7.6 Nomenclature

Why Is there a need [or systematic naming of
living organisms?
Activity 7.3

* Find out the names of the following
animals and plants in as many
languages as vou can:
1. Tiger 2. Peacock
4. Neem 5. Lotus

2. Ant
6. Potato

As you might be able to appreciate, it
would be difficult for people speaking or
writing in different langiages 1o know wher
they are talking about the same organism. This
problem was resolved by agreeing upon a
‘seientific’ name for organisms in the same
manner that chemical symbols and [ormulae
for various substances are used the world gver,
The scientific name for an organism is thus
unique and can be used to identily it
amywhere in the world.

The sysiem of scientific naming or
nomenclature we use today was introduced
by Carolus Linnaeus in the eighteenth
century. The scientific name of an organism is

you have
learnt

the result of the process of classification
which puts It along with the organisms it is
most related o, But when we actually name
the species. we do not list out the whole
hierarchy of groups it belongs to. Instead, we
limit ourselves to writing the name of the genus
and species of that particular organism. World
aver, It has been agreed that both these names

will be used in Laiin forms.
Certain conventions are followed while
writing the scientific names:
1. The name of the genus begins with a
capital leiter.
2. The name of the gpecies beging with a
small letier.
3. When printed, the scientific name is
given in italics.

4. When written by hand. the genus name
and the species name have o be
underlined separately.

Activity 7.4

*  Find out the scientflc names of any
five common animals and plants. Do
these names have anything in
cornmon with the names you normally
use (o identify (hem?

Classilication helps us in exploring the diversily ol life [orms.

The major characierisiics considered for classifying all

organisms into fve major kingdoms are:

{a) whether they are made of prokaryotic or eukarvotic cells

(b) whether the cells are living singly or organised inio
multi-cellular and thus complex organisms

(e) whether the cells have a cell-wall and whetiher they
prepare their own food.

All living organisms are divided on the above bases into five

kingdoms, namely Monera, Protista, Fungi, Plantae and

Animalia.

The classification of life forms is related 1o their evolution.
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Plantae and Animalia are further divided into subdivisions
on the basis of increasing complexity ol body organisation.
Flants are divided into five groups: Thallophytes, Bryophytes,
Preridophytes, Gymnosperms and Angiosperms.

Animals are divided into ten groups: Porifera, Coelenierata,
Platyhelminthes, Nematoda, Annelida. Arthropoda. Mollasca,
Echinedermata, Protochordata and Vertebrata.

The binomial nmomenclaiure makes for a uniform way of
identification of the vast diversity of life around us.

The binomial nomenclaiure is made up of two words — a generic
name and a specific name.

Exercises

1.  What are the advantages of classilying organisms?

2. How would vou choose between two characteristics to be used
lor developing a hierarchy in classification?

3. Explain the basis for grouping organisms into five kingdoms.

4. What are the major divisions in the Planiae? What is the basis
for these divisions?

5. How are the criteria for deciding divisions in plants different
from the criteria for deciding the subgroups among animals?

G. Explain how animals in Vertebrata are classified into further
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Chapter 8

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

An object may appear lo be moving for
one person and statdonary for some other. For
the passengers in a moving bus, the roadside
irees 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 al rest. What do these
obgervations indicaie?

Mosi molions are complex. Some objecis
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
chapier, we shall first learn 1o deseribe the
motion of objects along a straight line. We
shall also learn to express such motions
through simple equarions and graphs. Later,
we shall discuss ways of describing circular
motion.

MoTION

Activity 8.1

*  Discuss whether the walls of vour
classroom are at rest or in motlon.

Activity 8.2

*  Have you ever experienced that the
train in which vou are sitting appears
to moeve while It is at resi?

2 Discuss and share vour experience.

Think and Act

We sometimes are endangered by the
maotion of ehjects around us, especially
if that motion is erratic and
uncontrolled as observed in o 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 hyjcdro-electric power. Do
you feel the necessity to study the
erratic motion of some objects and
learn to control them?

8.1 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,



8.1.1 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 lrealed as ils reference point
(Fig. 8.1). Let A, B and C represent the
positon 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.

while the magniiude of displacement = 35 kin.
Thus, the magnitude of displacement (35 ki)
is not equal to the path length (85 km).
Further, we will notice that the magnitude of
the displacemeni for a course ol molion may
be zero bul the corresponding distance
covered is not zero. [f we consider the object
to travel back to O, the final positlon concides
with the initial position, and therefore. the
displacement is zero. However, the distance
covered in this journey is OA + AD = 60 km +
60 kom = 120 km. Thus, two different physical

quantities — the distance and the
A
i i i i ! >
40 45 50 55 60 km

Fig. 8.1: Positions of an ohject on o straight line parth

The total path length covered by the object
is OA + AC, that is 60 lan + 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 ceriain guandties which
are described by specifying only their
numerical values. The numerical value of a
physical quantity is its magnitude. From this
example, can you find out the distance of the
final positden C of the object from the inidal
position O7 This difference will give you the
numerical value of the displacement of the
objeci from O 1o C through A. The shoriest
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. 8.1). For motion of the object from O io
A, the distance covered is 60 lom and the
magnitude of displacement is also 60 km.
During its motion from O to A and back io B,
the distance covered = 60 ki + 25 kin =85 km

Moy

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

Activity 8.3

u Take a melre scale and a long rope.

*  Walk from one corner of a basker-ball
court to its oppposite corner along its
sides.

- Measure the distance covered by you
and magnitade of the displacement

. What dilference would vou notice
between the two in this case?

Activity 8.4

. Automobiles are fitied with a device
thal shows the disiance iravelled. Such
a device is known as an odomeler. A
car iz driven from Bhubanezshwar o
New Delhi. The difference between the
final reading and the initial reading of
the odometer i= 1850 km.

= Find the magnlinde of the displacement
benween Bhubaneslhiwar and New Delli
by using the Road Map of India.
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nestions

1. An object has moved through a
Can it

displacement? If yes

distance have zero
SUpFport
your artswer with an example
2. A farmer noves along the
boundary of a square field of side
10 m in 40 5. What will be the
magnitude of displacement of the
Jarmer at the end of 2 rafrodes 20
seconds from his indiial position?
3. Which of the following is true for
displacement?
fer) Tt cannot be zero
(bl Tis magnitude is greater than
the distance travelled by the

ohject

8.1.2 UNIFORM MOTION AND NON-
LINIFORM MOTION

Consider an object moving along a siraight
line. Let it travel 5 m in the first second,
b m more in the next second, 5 m in the
third second and 5 m in the fourth second.
In this case, the ohject covers b m in each
second. As the objecl covers equal distances
in equal intervals of time, it is said toe be in
uniform moton. 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,

Activity 8.5

. The data regarding the motion of two
different objects A and B are given in
Table 8.1,

. Examine them carefully and staie
whether the molon of the objects i=
uniform or non-uniform.
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Distance
travelled by

Distance
travelled by

ohject A in m

object Binm

9:30 am 10 12
G:4.5 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 4.4

8.2 Measuring the Rate of Motion

[ B

£ LML A, =y
AN M

(a)

1¥]
Fig. 8.2

SCENGE



Look at the situations given in Fig. 8.2. If
the bowling speed is 143 km h-lin Fig. 8.2(a)
what does it mean? What do you understand
from the signboard in Fig. 8.2(b)?

Different objects may take different
amounts of tme 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 ol
measuring the rate of moton of an object is
to find out the distance travelled by the object
in unit time. This quantity is referred to as
speed. The Sl unit of speed is metre per
second. This is represented by the symbol
m sl or m/s, The other units of gpeed include
centimetire per second (cm s7Y) and kilometre
per hour (km hY). To specify the speed of an
object, we require only its magnitude. The
speed ol an objecl need not be constant. In
mosl 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 ol an object
is obtained by dividing the total distance
travelled by the total time talken. That is,

Total distance iravelled
Total time taken

If an object travels a distance sin time { then
iis speed v is,

average speed =

If (8.1)

Let us understand this by an example. A
car travels a distance of 100 km in 2 h, Iis
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.

u:..

Example 8.1 An object travels 16 min4 s
and then another 16 m in 2 5. What is
the average speed of the objeci?

Solution:

Total distance travelled by the object =
16m+16m=532m
Total dme taken =4 s+ 2=s=6s
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Total distance travelled
Total Gme Laken

Average speed =

32 m
63

Therefore, the average speed ol the object
is 533 ms™.

=533 msl

8.2.1 SPEED WITH DIRECTION

The rate of motion of an ebject can be more
comprehensive il we specify its direction of
motion along with its speed. The quantity that
specifies both these aspects is called velocity.
Velocity is the speed of an object moving in a
definite direction. The veloclty of an object
can be uniform or variable. It can be changed
by changing the objecl’s speed, direction of
meotion or both. When an object is moving
along a siraight line ai a variable speed, we
can express the magnitude of its rate of
motion In terms of average veloclty. 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. Thal is,

initial velocity + final veloeity
2

average velocity =

o

Mathematically, v, = (8.2}

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

thatis, m st or m/s.

Activity 8.6

*  Measure the time it talkes you 1o walk
from vour house o vour bus stop or
the school. If you consider that your
average walking speed is 4 km h'l,
estimaie the distance of the bus stop
or school from yvour house.,
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Activity

8.7

At a time when it is cloudy, there may
be frequent thunder and lightning. The
sound of thunder takes some dme o
reach you after vou see the lightning,
Can you answer why this happens?
Measure this time interval using a
digital wrist waich or a stop waich,
Calculate the distance of the nearest
point of Ughtning. (Speed of sound In
air = 346 m st.)

uestions

[. Distinguish betireen speed and
velacity.

2. Under what condition(s) is the
rreagriitfuee of averdge velocily of
an ohject equal to its average
speed?

3. What does the odometer of an
autormobile reasure?

4. What does the path of an object
logic lice when it (s in wuniform
rotion?

5. During an experiment, a signal
from a spaceship reached the
ground stalion in _five minutes.
What was the distance of the
spaceship from the ground
sfaflon? The signal travels at the
speed of light, that is, 3 x 108
m& .

Example 8.2 The odometer of a car reads

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

Solution:

Distance covered by the car,
s = 2400 km - 2000 km = 400 km
Time elapsed, t=8h
Average speed of the car is,
400 kan
agh

km ht

2
t

ul::lr.l
=5
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km 1000m 1h
] ® ®
h 1km 36003

=]13.9ms?

The average speed of the car is
50kmh?or 139ms™

Example 8.3 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.
Find the average speed and average
velocity of Usha,

Solution:
Total distance covered by Usha in 1 min
is 180 m.
Displacement of Usha in 1 min=0m
Total distance covered
Average speed = Tolal lime laken
180m _ 180 m ol L min
“lmin  lmin  60s
=3ms!
Displacement
Average velocily = ‘1o 1 timetaken
O0m
T B0s
=0ms!

The average speed of Usha is 3 m s!
and her average velocity is O m s

8.3 Rate of Change of Velocity

During uniform meotion 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 meotion, 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
object during any time interval is not zero.
Can we now express the change in velocity of
an object?



To answer such a guestion, we have to
introduce another physical quantity called
acceleration, which is a measure of the
s fe in the velocily of an object per unit
time. That is,

change in velocity

time taken

If the velocity of an object changes from
an initial value uto the final value v in tHme t,
the acceleration ais,

acceleration =

(8.3)

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 wvelocity. The SI unit of
acceleration is m s2.

If an object travels in a straight Hne and
its velocity Increases or decreases by equal
amounts in equal intervals of time, then the
acceleration of the object is sald to be
uniform. The motion of a freely falling body
is an example of uniformly accelerated
motion. On the other hand, an object can
iravel with non-uniform acceleration il its
velocity changes at a non-uniform rate. For
example, if a car travelling along a siraight
road increases its speed by unegual amounts
in equal intervals of time, then the car is said
o be moving with non-uniform aceeleration.

Activity 8.8

&  In your everyday life you come across
a range of motions in which
[a) acceleration is in the direction of
maotion,
[b) ‘acceleration ls againsi the
direction of molion,
lc) acceleration is uniform,
(d] aceceleration is non-uniform.
® Can yvou identify one example each
for the above type of motlon?

Example 8.4 Starting [rom a stationary
position, Rahul paddles his bicycle io

Moy

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 5 lin
the next 5 s. Calculate the acceleration

of the bicycle in both the cases.

Solution:
In ithe

first case;

initial velocity, u=0;
final velocity, v=6ms!:
time, (=30s.

From Eq. (8.3], we have

{1=

5

Substituting the given values of w,vand
{ in the above equaiion, we get

In ithe

B {Em s’ -0ms™)

3 30s

=02 ms?
second case:

initial velocity, u=6 m s;
final velocity, v=4 m s
tme, t=5s.

Then,

{4111 5" -6m 5"]
a=

Gs

=-4dms?,

The acceleration of the bicycle in the
first case is 0.2 m 52 and in the second
case, 1t 18 -0.4 m =72,

nest

L.

10ns

When will ypowe say a bodly (5 iR
(i) uniform accelerabon? (i) non
uniform acceleralion?

A bus decreases s speed from
B0 km h'! o 60 km b' in 5 =
Iind the acceleration of the bus.

A train starting from a roilway

station and mowing with uniform
accelerarion atiains a speed
40 km h in 10 minutes. Find its
acceleration.
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8.4 Graphical Representation of
Motion

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

To describe the motlon 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
guantty, such as tme.

8.4.1 DISTANCE-TIME GRAPHS

The change in the position of an object with
tme can be represented on the distance-time
graph adopting a convenienti scale of choice.
In this graph. dme 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,

& .-51 .f:,. i ..I. el
a0 -
- g
Eau amE H A
= - &
s |51
§2n i .
2 . 4 -
10 :
| 1
t i
]
o 20 40 60

Time (min)

Fig. 8.3: Distance-time graph of an object moving
with uniform speed

We know that when an object iravels equal
distances in equal intervals of time, it moves
with uniform speed. This shows that the
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disiance travelled by the object is direcily
proportional 1o time taken. Thus, for uniform
speed, a graph of distance travelled against
time is a straight line, as shown in Fig. 8.3.
The portion OB of the graph shows that the
distance is increasing al a uniform rate. Note
that, you can also use the term uniform
veloclty 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 8.3, Draw a line parallel
to the x-axis from point A and anocther line
parallel to the y-axis from point B. These two
lines meet cach other at point C to form a
riangle ABC. Now, on the graph, AC denotes
the tme interval ({,—t,) while BC corresponds
to the distance (s, - 5 ). We can see [rom the
graph that as the object moves [rom the point
A 1o B, it covers a distance (s,— 5] in Ume
(t,—t,). The speed, v of the object, therefore
can be represented as

5
v= -t 2.4)

We can also plot the distance-time graph
for acceleraied motion. Table 8.2 shows the
distance travelled by a car in a time Inierval
of two seconds.

Table 8.2: Distance travelled by a
car at regular time intervals

Time in seconds | Distance in metres

0

2 1
4 4

6 9

8 16
10 25
12 36

SCENGE
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Fig. 8.4: Distance-time graph for a cor moving with
ror-rfor speed

The distance-time graph for the motion
ol the car is shown in Fig. 8. 4. Noie that the
shape ol this graph is different from the earlier
distance-time graph (Fig. 8.3) for uniform
motion. The nature of this graph shows non-
linear variation of the distance travelled by
the car wilh time. Thus, the graph shown in
Fig 8.4 represents motion with non-uniform
speed.

8.4.2 VELOCITY-TIME GRAPHS

The variation in velocilty with time for an
object moving in a siraight line can be
represented by a velocity-time graph. In this
graph, ime is represented along the xaxis

i1 T
1
o 3 : T
E.m-;- R B
1
si:H
b .. gt .-
T 20 1
i-]
o
gL i
| |
1 a 3 4
Time (h)

Fig. 8.5: Velocihj-tinme graph for uriform motion of
£ oar

Moy

and the velocity is represenied along the
y-axis. I the object moves at uniform velocity,
the height of its velocity-time graph will not
change with time (Fig. 8.5). It will be a straight
line parallel lo the x-axis. Fig. 8.5 shows the
wvelocily-time graph for a car moving with
uniform velocity of 40 km b,

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 i and t, using Fig. 8.5, draw
perpendiculars from the points corresponding
to the time £ and ¢, on the graph. The velocity
of 40 km h! Is represented by the hieight AC
or BD) and the time ({, - t,) Is represented by
the length AB.

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

5 = ACXCD
[(40 km hf) x (t,—t) h]
= 40 (t-t) km
area of the rectangle ABDC (shaded
in Fig. 8.5).

We can also siudy aboul unilormly
accelerated motion by ploifing its velocity-
time graph. Consider a car being driven along
a straight road lor testing its engine. Suppose
a person sitling next to the driver records its
veloclty afier every 5 seconds by noting the
reading of the speedomeier of the car. The
velocity of the car, in km h' as well as in
m 5!, at different instants of time is shown
in table 8.3.

Il

Table 8.3: Velocity of a car at
regular instants of time

Velocity of the car

(m s (km k)

15 7.5 27

20 10.0 36
25 12.5 45
30 15.0 54
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In this case, the velocity-time graph lor ihe
motion of the car is shown in Fig. 8.6. The
nature of the graph shows that velocity
changes by equal amounts in equal intervals
of time. Thus, lor all uniformly accelerated
motion, the velocily-time graph is a
siraight line.
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4

Fig. 8.6: Velocity-tirne graph for o car mooing with
uniform acceleralions,

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 Ume.
If the car would have been moving with
uniform velocity, the distance ravelled by it
would be represented by the area ABCD
under the graph (Fig. 8.8). Since the
magnitude of the velocity of the car is
changing due to acceleration, the distance s
iravelled by the car will be given by the area
ABCDE under the velocity-time graph

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

1
AR X BC + E[ADXDE}

In the case of non-uniformly accelerated
motion, velocity-time graphs can have any
shape.
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Fig. 8.7: Velocity-time graphs of an object in non-
vniiformiy accelerated motion.

Fig. 8.7(a) shows a velocity-time graph
thal represents the motion of an object whose
velocity is decreasing wiih time while
Fig. 8.7 (b)] shows the velocily-line graph
representing the non-uniform variation of
velocity of the object with time. Try to interpret
these graphs.

Activity 8.9

*  The times of arrival and departure of a
train at three statdons A, B and C and
the distance of stations B and C from
station A are given in iable 5.4,

Table 8.4: 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)
A 0 085:00 08:15
B 120 11:15 11:30
C 180 13:00 13:16

*  Plot and interpret the distance-time
graph for the wain assuming that its
motion between any two statons is
unlforim,

SCENGE



Activity

8.10

L Feroz and his sister Sania go (o school
on their bicyeles. Both of them start at
the same tme rom their home but tale
different times to reach the school
although they fbllow the same route.
Table 8.5 shows the distance travelled
by them in differenl times

Table 8.5

their bicycles

8:00 am
8:05 am
'8:10 am
B8:15 am
8:20 am

: Distance covered by Feroz
and Sania at different times on
Distance Distance
travelled travelled
by Feroz by Sania
(km) (km)
0 0
1.0 0.8
1.9 1.6
2.8 2.5
3.6 3.0
- 3.6

B:25 am

. Flot

molions on

the distanece-time graph for their
the =ame scale and

interpret.

nest
E:

b

Moy

10118

What is of the
distance-time graphs jor uniform
and non-urfform motion of an
abject?

What can you say about the
motion of an cebject whose
distance-tirme graph (s a straight
line parallel to the time axis?
What can you say about the
moation of an object if its speed
time graph is a siraight line
parallel Lo (he [ime axis?

What is the quantity which is
measured by the area occupierd

the nature

below the velocity-time graph?

8.5 Equations of Motion by
Graphical Method

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:

v =1+ at (8.5)
s =ul+ L g? (8.6)
Z2as=0p7-u? (B.7)

where w is the inital velocity of the object
which moves with uniform acceleratdon a for
time ¢, v is the final velocity, and s 1s the
distance (ravelled by the objecl in lime £
Eqg. (8.5) describes the velocity-time relation
and Eqg. (8.6) represents the position-thue
relation. Eq. (8.7), which represenis the
relation between the posilion and the velocity,
can be obtained from Egs. (8.5) and (8.6) by
climinating t. These three equations can be
derived by graphical method.

8.5.1 EQUATION FOR VELOCITY-TIME
RELATION

Consider the velocity-time graph of an object
that moves under uniform acceleration as

T T 1 TTTTTTTT = -I ] - - ML .[. d
E : RS AEREAEES | H
-". I = 1T | 1L "
| r, 1
| PR =
I - = LA B 1 ™1
1 1
i FETT 1
E :
g
il -
ﬂ-—fﬂ 1 B = D uu
I I ; 1
1 T T
1 s -
4] C L T
Time (4]

Fig. 8.8: Velocity-time graph to obtain the equations
of motion
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shown in Fig. 8.8 [similar to Fig. 8.6, bui now
with w= ). From this graph, you can see that
initial velocity of the object is u (at point A)
and then it increases to v (at point B) in ome
t. The velocity changes al a umniform rate a.
In Fig. 8.8, the perpendicular lines BC ancd
BE are drawn from poini B en the tme and
the velocity axes respeciively, so that the
initial velocity is represented by OA. the final
velocity is represented by BC and the time
interval {is represenied by OC. BD = BC -
CD, represents ithe change in velocity in time
interval £

Let us draw AD parallel to OC. From the
graph, we observe that

BC=ED+DC=ED + DA

Substituting BC =vand OA = w

we get v =BD+u

or BD =uv-u (8.8)

From the velocity-time graph (Fig. 8.8,
the acceleration of the object is given by

Change in velocity
a —3

dme taken

B0 B

“AD  OC
Substiiuting OC = {, we gei

. BD

=T
ar BD = at
Using Eqgs. (8.8) and (8.9) we get

v=iL+al

(8.9)

8.5.2 EQUATION FOR POSITION-TIME
RELATION

Let us consider that the object has travelled
a distance s in time ¢t under uniform
aceeleration a. In Fig. 8.8, lhe dislance
travelled by the object is obtained by the area
encloged within OABC under the velociiy-time
graph AB.

Thus, the distance s travelled by the object
is given hy

s = area QABC (which is a trapezium)

= area of the rectangle OADC + area of

the iriangle ABD
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1
=GﬁKDC+E (AD x BD) (8.10}

Substtuting QA =1, OC =AD =1{and BD = at,
we get

1
sS=uxt+ 5 [t *at)

P |
or s=ut+ —at?
2

8.5.3 EQUATION FOR POSITION=VELOCITY
RELATION

From the velocity-time graph shown in

Fig. 8.8, the distance s travelled by the object

in time t, moving under uniform acceleration

o is given by the area enclosed within the

trapezium OABC under the graph. That is,
5 = area of the trapezivun OABC

_ (oa+BC)x0C
2

Substituting OA = u, BC = v and OC =,
we get

{u+u]t
2

From the velocity-time relation (Eq. 8.6),
we get

b=

(8.11)

(v-u)
a
Using Eqs. {8.11) and (8.12) we have

ftm=

(3.12]

P Rt Lo
2a

or 2assopt—i8

Example 8.5 A irain starting from rest
altains a velocily of 72 km h' in
5 minutes. Assuming that the
acceleration is uniform, find (i) the
acceleration and (1i) the distance
travelled by the train for attaining this
velocity.
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Solution:
We have been given
u=0:v=72kmh?'=20mstand
t =5 minutes = 300 s.
(i) From Eq. (8.5) we know that

_(v-u])
T

a

_20ms - Oms™
300s

=L fuis E"E
15
{ii) From Eq. (8.7) we have
Z2as=0rr-1f=0v*-0
Thus,

2
v

5 —_——
2a
(20 ms™ )
2%(1/15) ms™

= 3000 m
=3 km

1
The acceleration of the train is E m 52

and the distance travelled i= 3 km.

(i) From Eq. (8.6) we have

s5=ut+ latz
2

1
=5m3“x55+‘i-x1m5‘*x{5312
=25m+12.5m

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

Ezample 8.6 A car accelerates 1._1§:|.ifm'1:nl},r
from 18 kmh to36kmh in 5 s.
Calculate {i) the acceleration and (i) the
distance covered by the car in that time.

Solution:
We are given that
u = 18kmh!=5ms?
v = 36kmh?!=10ms and
t = bs.
iy From Eq. (8.5) we have
v-1t
a=
T

- 10ms!'-5ms?
B 55
=]l ms?

Moy

Example 8.7 The brakes applicd io 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 Gme.

Solution:

We have been given
g=—6ms? ;t=2sandv=0ms".
From Eq. (8.5) we know that
v=u+af
O=u+-6ms?x2s
or u=12ms?.
From Eq. (8.6) we det

1
g=ul+ —at?
2

=(1Z2ms!)=x(25)+ % [-6Gms=]) (2 8)°

=24m-12m

=12Zm
Thus. the car will move 12 m before it
stops afier the applicaton of brakes,
Can you now appreciate why drivers
are cautioned ito maintain some
distance beiween vehicles while
avelling on the road?

uestions

1. A bus starting from rest moves
with a unjform acceleration gf
.1 m s? for 2 minutes. Find (al
the speed acquired, (b)) the
distance mravelled
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2. A frain is mavelling at a speed
of 890 km h'. Brakes are applied
so a5 to produce a uniform
acceleration of — 0.5 m 5=, 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 em 52, What will
be ils velocily 3 s afler the start?

4. A racing car has a wniform
acceleralion of 4 m =2, What
distance will it cover in 10 s after

stort?
5. A stone is thmum in a vertically
tpreard direction with a velocity

af 3 m s L. If the acceleration af the
stome during iis mption is 10m &7
in the doiwwnward directon, wiial
tixll be the height attained by the
stone and how: much time il i
take lo reach there?

8.6 Uniform Circular Motion

When the veloeity 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 .
= " .
w
3
3 c A
c 5 E
B
fen) Rectangridor frack b Hexagonal orack

fel Octagonal shaped frack  (d) A circular track

PFig. 8.9: The motion of an athlefe along closed tracks
of different shapes,
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Let us consider an example of the motion
ol a body along a closed path. Fig 8.9 (a) shows
the path of an athlete along a rectangular
rack ABCD. Let us assume that the athlete
runs at a uniform speed on the straight parts
AB, BC, CD and DA of the track. In order to
keep himsell on irack, he quickly changes
his speed at the cormners. How many times
will the athlete have to change his direction
of motion, while he completes one round? It
is clear thal to move in a reciangular irack
cnce, he has to change his direction of motion
four times.

Now, suppose instead of a rectangular
irack, the athlete is running along a
hexagonal shaped path ABCDEF, as shown
in Fig. 8.9(b). In this situation, the athleie
will have to change his direction six limes
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. 8.9(c)? Itis observed that
as the number of sides of the track increases
the athelete has to talte rns more and more
oftenn. What would happen to the shape of
the track as we go on increasing the number
of sides indefindtely? If you de 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 velocily 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 2xr . If the athlete takes
t seconds to go once around the circular path
of radius r, the speed v is given by

2ar

us—-

: (8.13]

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



Activity

8.11

Take a piece of thread and e a small
piece of sione at one of its ends. Move
the stone to describe a circular path
with constant speed by holding the
thread at the other end, as shown in
Fig. 8.10.

a velocity of constant mognitude,

Now, let the stone go by releasing the
thread.

Can you tell the directon in which the
slone moves after it is released?

By repeating the activity for a [ew times
and releasing the stone at dilferent
positions of the circular path, check
whether the direction in which the
stone moves remains the same or not.

you have
learnt

If you carefully note, on being released
the stone moves along a siraighi line
tangential to the circular path. This is
because once the stone is released, it
continues to move along the direction it has
been moving at that instant. This shows that
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 sporis meet, he/she holds the
hammer or the discus in his/her hand and
gives it a circular motion by rolating his/her
owil body. Once released in the desired
direction, the hammer or discus moves in the
direction in which it was moving at the thne
it was released. just like the piece of stone in
ihe activity described above. There are many
more familiar examples of objects moving
under uniform circular motion, such as the
motion of the moon and the earih, a satellite
in a circular orbit around the earth, a cyelist
on a circular track at constant speed
and so on.

. Motion is a change of position; it can be described in terms of
the disiance 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-unilorm motions of objecis can be shown
through graphs.
- The motion ol an objecl moving at uniform acceleration can be
described with the help of the [ollowing equations, namely
v= it at
§=utl + 14 qf?
2ds = 1r-u?

Moy 1i1




where wu is initial velocity of the object, which moves with
uniform acceleration a for time f, v is its final veloeity and s is
the distance it travelled in time 1.

' Il an object moves in a circular path with uniform speed, its
motion is called uniform cireular mortion.

I Excrcises

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

2. Joseph jogs from one end A to the other end B of a straight
300 m road in 2 minutes 30 seconds and then turns around
and jogs 100 m back to point C in another 1 minute. What are
Joseph's average speeds and velocities in jogging (a) from A to
B and (b) from A to C?

3. Abdul, while driving to school, computes the average speed for
his trip to be 20 kn h™. On his return trip along the same
route, there is less traffic and the average speed is
30 km h''. What is the average speed for Abdul's trip?

4. A motorboat starting from rest on a lake aceelerates in a straight
line al a constant rate of 3.0 m s7 [or 8.0 s. How [ar does the
boat travel during this tme?

5. Adriver ol a car travelling at 52 km h'! applies the brakes and
accelerates wiiformly in the opposite direcdon. The car stops
in 5 s. Another driver going at 3 km h! in another car applies
his brakes slowly and stops in 10 s. On the same graph paper.
plot the speed versus time graphs for the two cars. Which of
the two cars travelled farther after the brakes were applied?

6. Fig 8.11 shows the distance-time graph of three objects AB
and C. Siudy the graph and answer the following questions:

o [ R

£

distance (lkm) —
]
M

ok

I:IE
04 08 1.2 16
time (hour)—=
Fig. 8.11
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(a) Which of the three is travelling the fastest?

(b) Are all ihree ever at the same poini 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?

A ball is genily dropped from a height of 20 m. If its velocity
increases uniformly at the rate of 10 m s2, with what velocity
will it sirike the ground? After what time will it sirike the
ground?

The speed-time graph for a car is shown is Fig. 8.12.

B

F

Wi

&

B

-54

b2

o 2 4 6 B 10
‘Time (s}
Fig. 8.12

(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?

State which of the following situations are possible and give

an example lor each ol these:

{a) an object with a constant aceeleration but with zero velocity

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

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

An artificial satellite is moving in a circular orbii of radius

42250 km. Calculate its speed if it takes 24 hours to revolve

around the earth.
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Chapter 9

In the previous chapier, we described the
motion of an object along a siraight line in
terms of its pesition, velocily 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 curlosities.

For many centuries, the problem of
motion and its canses had puzzled scientisis
and philosophers. A ball on the ground, when
given a small hit, does not move [orever. Such
obsgervations suggesi that rest i the "natural
siate” of an object. This remained the beliel
uniil Galileo Galilei and Isaac Newton
developed an entirely dilferent approach 1o
undersiand motion.

- '_' |5 2

laj Thuz irolley moves along the

direction we push ir.
= " : &
¥2 g4
e A
j o= 7 i
I":I='_.‘=' 5 iz ]
ey i

fc) The hockey stick frits the ball forward

Pig. 9.1: Pushing, pulling. or hitling objects change
thetr state of motion.

DUhECHIR

ForceE AND Laws oFr MoTION

In our everyday life we observe that some
effort is required to put a stalionary object
into motion or 1o 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
concepi of [orce is based on this push, hit or
pull. Let us now ponider about a ‘force”. What
is it? In fact, no one has seen, tasited or felt a
force. However, we always sec or feel the effect
of a lorce. It can only be explained by
describing whal happens when a force is
applied to an objeci. Pushing, hiting and
pulling of objecis are all ways of bringing
objecis in motion (Fig. 9.1). They move
because we make a force act on them.

From your siudies 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 malke 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. 9.2).

Fig. 9.2: (3) A spring expands on application of force;
bl A spherical rubber boll becomes oblong
as we apply force on it



9.1 Balanced and Unbalanced
Forces

Fig. 9.3 shows a wooden block on a horizontal
table. Two sirings X and Y are ted to the two
opposite faces of the block as shown. If we
apply a force by pulling the siring 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 acis
in the direction the block moves. This
suggests thal an unbalanced force acting on
an object brings it in moton.

— —
X X

Fig. 9.3: Two forces acting on a wooden block

Whalt happens when some children iry to
push a box on a rough floor? If they push the

box with a small [orce, the box does not move
because of [riction acting in a direction
opposite to the push [Fig. 9.4(a)]. This [riction
[oree 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. 9.4(b), the children push the
box harder but the box sill 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 lorce [Fig. 9.4(c]].
There is an unbalanced force. So the box
siarls moving.

What happens when we ride a bicycle?
When we stop pedalling, the bicycle begins
to slow down. This is again because of the
friction forces acting opposite to the direction
of motion. In order to keep the bicycle moving,
we have to start pedalling again. It thus
appears that an object maintains its motion
under the conitinuous application of an
unbalanced lorce. However, it is guite
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 wnbalanced 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 imbalanced
force is applied. However, il this force is

Fusce aNp Laws of Momow
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removed completely, the object would
continue to move with the velocity it has
acquired Gl then.

9.2 First Law of Motion

By observing the moton of objecis on an
inclined plane Galileo deduced thai objects
move with a constant speed when no force
acts on them. He observed that when a marble
rolls down an inclined plane, its velocily
increases [Fig. 9.5(a)]. In the next chapter,
yvou will learn that the marble falls under the
unbalanced forece of gravity as it rolls down
and attains a definite velocity by the time it
reaches the botiom. Iis velocily decreases
when it climbs up as shown in Fig. 9.5(b).
Fig. 9.5(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 opposiie side io the same
height from which it was released. If the
inclinations of the planes on both sides are
cqual then the marble will climb the same
distance that it covered while rolling down. Il
the angle of Inclinaton of the right-side plane
were gradually decreased, then the marble
would ravel further distances ll it reaches
the original height. If the right-side plane were
ultimaitely made horizontal (that is, the slope
is reduced o zero), the marble would continue
to travel forever trying to reach the same
height that it was released from. The
unbalanced forces on the marble in this case
are zero. It thus suggests that an unbalanced
(external) force is required io change the
motion of the marble but no net force is
needed to sustain the uniform motion of the
marble. In practical siluations it is difficult
to achieve a zero unbalanced force. This is
because of the presence of the frictional force
acting opposite io the direction of motion.
Thus, in practice the marble stops after
travelling some distance. The effect of the
frictional foree may be minimised by using a
smooth marble and a smooth plane and
providing a lubricant on top of the planes.
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Fig. 8.5: (o) the dowrward motion; B the upard
rotion of a marbde on an inclined plane;
and ol on o double inclined plane.

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

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

In oiher words, all objecis resist a change
in their stafe 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.

Cerlain experiences (hal 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 ils ineriia. A sudden application
of brakes may thus cause injury to us by
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Gallleo Galilei was born
on 15 February 1564 in
Pisa, Ilaly. Galileo, right
fromn his childhood, had
Interest In mathematics
and natural philosophy.
But his father
Vincengzo Galilel wanted
him to become a medical
doclor. Accordingly,
Galileo enrolled himself
for a medical degree at the
Universily of Pisa in 1581 which he never
completed because of his real interest in
mathematics. In 1588, he wrote his first
sclentific book ‘The Little Balarnce [La
Balanciital'., in which he described
Archimedes’ method of finding the relaiive
densities (or specific gravities) of substances
using a balance. In 1589, in his series of
essays — De Moty he presenied his theories
about falling objects using an inclined plane
to slow down the rate of deseent.

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

Galileo was also a remarkable crafismen,
[1e developed a series of telescopes whose
optical performance was much better than
that of other telescopes available during those
dayva. Around 1640, he designed the first
pendulum ecloek. 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 Jupiler.
In his books ‘Discourse on Floaiing Bodies'
and 'Letiers 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.

P' . ¥k
Geililen Galile
(1564 — 1642}
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impact or collision with the panels in front.
Safety belts are worn to prevent such
accidents. Safety belis exert a force on our
body to make the forward motion slower. An
opposite experience is encouniered 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 siart
of the bus brings motion to the bus as well
as to our feet in contaci with the floor of ihe
bus. But the rest of our body opposes this
motion because of lis inerda.

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

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

Activity 9.1

= Make a pile of similar carom coins on
a table, as shown in Fig. 9.6.

. Altemapt a sharp horizontal hit at the
boltom of the pile using another carom
coin or the siriker, I the hil is slrong
enough, the boiiom coln moves out
quickly. Onece the lowesl coin is
removed, the inerta of the other coins
makes them “fall’ vertically on the table,

=

Fig. 8.6: Only the carom coin al the bottom of a
pile is removed when a fast mowing carom

coin for strifer! hits it
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Activity 9.2

*  Set a five-tupee coin on a sGff card
covering an empty glass tumbler
standing on a table as shown in
Fig, 9.7.

*  Give the card a sharp horizontal Qick
with a Anger. Il we do it fast then the
card shoois away, allowing the coin to
fall verdeally into the glass nambler due
to lis inertia.

*  Theinertia of the coin iries 1o maintain
its state of rest even when the card
flows off.

= g T
o \ by f

A e |

—

Fig. 9.7: When the card is fliclkced with the
Jinger the coln placed ouer it falls in fhe
turmbler:

Activity 9.3

- Place a water-filled numbler on a way.

+  Hold the ray and twn around as fast
88 you Can.

*  Weobserve that the water spills. Why?

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

9.3 Inertia and Mass

All the examples and activiies given so far
illustrate that there is a resistance offered by
an object to change its state of motion. If it is
atrest it tends to remain at rest; ifit is moving
it tends to keep moving. This property of an
object is called its ineriia. Do all bodies have
the same ineriia? We know that il is easier Lo
push an empty box than a box [ull of books.
Simdlarly, 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 9.2, instead of a
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five-rupees coin il we use a one-rupee coin, we
find that a lesser [orce is required to perform
the actvity. A forece that is just enough w0
canse a small cart to pick up a large velocity
will produce a negligible change in the moltion
of a train. This is because, in comparison Lo
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. Quantiiatively, 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 inertla,

uestions

1. Which of the following las more
inertia: (a} a rubber ball and a
siore of lhe same size? (bl a
bicycle and a train? (o) a five
rigpees coin and a one-rupee coin?

2. In the following example, fry to
identify the nurmber of times the
velocity of the ball changes:

“A Jootball player Ideks o football
o another player of his teant who
kicks the football towards the
goal, The goalkeeper of the
opposite team collects the football
and kicks il towards a player af
his o team”™.

Also identify the agent supplying
the force in each case.

3. Explain why some of the leaves
may get detached from a tree |f
e pigorously shake its broneh.

4, Why do you fall in the forivard
direction when a mouving bus
brakes to a stop and fall
bachwards when it accelerales
[from rest?

9.4 Second Law of Motion

The first law of motion indicates that when
an unbalanced external foree acts on an
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object, 1is 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 atteniion when parked along a roadside.
But a moving truck, even at speeds as low as
5m 51, may kill a person standing in its path.
A small mass, such as a bullet may il a
person when fired from a gun. Thesze
observations suggesi 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
waords, there appears to exist some quantity
of importance that combines the object's
mass and its velocity, One such property
called momenium was iniroduced by Newlon.
The momentum, p of an ohject is defined as
the product of ils mass, m and velocity, 1.
That is,

(9.1)

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

Let us consider a sitmaton in which a car
with a dead battery is to be pushed along a
siraight road to give it a speed of 1 m s,
which is sufficient to siart its engine. If one
or two persons give a sudden push
{unbalanced force) to it. it hardly starts. But
a coniinuous push over some time results in
a gradual acceleration of the car fo this speed.
It means that the change of momentum of
the car is not only determined by the
magnitude of the foree but also by the time
during which the force is exerted. It may then
also be concluded that the force necessary Lo

p=mv
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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.

9.4.1 MATHEMATICAL FORMULATION OF
SECOND LAW OF MOTION

Suppose an object of mass, mis moving along
a siraight line with an initial velocity, w. ILis
uniformly accelerated to velocity, v in time, {
by the application of a constani force, F
throughout the time, t The initial and final
momentum of the object will be, p, = nmu and
p, = mu respectively.

The change in mormentum e Pa—P

oo T — Tk
oo T (o — 1.

mox(u—u)
t

The rate of change of momentum =

Or, the applied force,

Fo m (e - )
t
Jem =
F=- x_FJ = (9.2)
= kma (9.3)

Here a | = (v — u)/t] is the acceleration,
which is the rate of change of velocity. The
guantity, k is 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, k
becomes one, For this, one unit of force is
defined as the amount thal produces an
acceleration of 1 m 52 in an object of 1 kg
mass. That is,

1 unit of force = ke x (1 kg) = (1 m s3).
Thus, the value of kbecomes 1. From Eg. (9.3)
F=ma (9.4)
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 [ast moving cricket ball,
a fielder in the ground gradually pulls his
hands backwards with the moving ball? In
doing so, the fielder increases the tme during
which the high wvelocity of the moving ball
decreases to zero. Thus, the acceleration of
ihe ball is decreased and therefore the impact
of caiching the [asi moving ball (Fig. 9.8) is
also reduced. If the ball is siopped suddenly
then iis high velocity decreases to zero in a
very shorl inierval of time. Thus, the raie of
change of momentum of the ball will be large.
Therefore. a large force would have to be
applied for helding the caich that may hurt
the palm of the fielder. In a high jump athletic
event, the athleies are made to fall either on
a cushioned bed or on a sand bed. This is 1o
increase the time of the athlete’s [all to siop
after making the jump. This decreases the
rate of change of momentum and hence the
force. Try to ponder how a karate player
breaks a slab of ice with a single blow,

Fig. 8.8: A fielder pulls his hands gradually with the
rmoving ball while holding a catoh.
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The first law of motion can be
mathemartically siated from the mathematical
expression for the second law ol motion. Eqg.
(9.4]) is

= m
mredn —11)

i

ar FiL = mu— mu

or = {9.5)

That is, when F= 0, v = u for whatever time,
t is taken, This means that the object will
continue moving with uniform velocity, w©
throughout the time. & Il wis zero then vwill
also be zero. That is, the object will remain
af rest.

Example 9.1 A consiant force acts on an
object of mass 5 kg for a duration of
2 s. It increases the objeci's velocity
from 3 m st ito 7 m s Find the
magnitude of the applied force. Now, if
the force was applied for a duration of
b &, what would be the final velocity of
the object?

Solution:

We have been given that u=3 m s!
andv=Tms.L {=2sand m =5 kg.
From Eq. (9.5) we have,

miv—1i)
i

Substitution of values in this relation
gives

F=5kg("ms'-3ms!)/25=10N.

Now. il this [orce is applied for a
duration of 5= (i =5 5], (hen the final
velocity can be calculated by rewriting
Eq. (9.5) as

Fi
B=U-—
m
On substituting the values of w. E m
and 1, we get the final velocity,
v=13m s’

SCENGE



Example 9.2 Which would require a
greater force — accelerating a 2 kg mass
at5ms?ora4dkd massat 2 ms2?

Solation:

From Eq. (9.4), we have F = ma.

Here we have m, =2 kg; a, = 5 m g*
and m, =4 kg; a,= 2 m s2,

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

Thus, accelerating a 2 kg mass at
5 m 5 would require a greater force,

Solution:

From Eq. (9.4) we have m, = F/a; and
m, = F/a_. Here, a, = 10 m s2:
a,=20ms?and F=5N.

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

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

m = 0.50 kg + 0.25 kg = 0.75 kg,

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

Example 9.3 A motorcar is moving with a
velocity of 108 km/h and it takes 4 s 1o
stop after the brakes are applied.
Calculale the [orce exerted by the
brakes on the motorcar il ils mass along
with the passengers is 1000 kg.

Solution:

The initial velocity of the moiercar
u= 108 km/h
= 108 % 1000 m/(60 x 60 s)

=30 m st
and the final velocity of the motorcar
v=0mslL

The lotal mass of the motorcar along
with its passengers = 1000 kg and the
tme taken io stop the motorcar, =4 &,
From Eq. (9.5) we have the magnitude
of the force (F) applied by the brakes as
mifv —ul/t
Om substtuting the values, we get
F=1000kg= (0-30)msi/ds

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

Example 9.4 A force of 5 N gives a mass
ry,, an acceleration of 10 m =2 and a
mass m,, an acceleration of 20 m s2.
What acceleration would it give if both

the masses were ted together?
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Example 9.5 The velocity-time graph of a
ball of mass 20 g moving along a
siraight line on a long table is given in

Fig. 9.9.

25
= ap 4
15
10

Velocity (em/s)—

Fig. 9.9

How much force does the table exert
on the ball to bring it to rest?

Solution:

The initial velocity of the ball is 20 ecm s
Due to the frictional force exeried by the
table, the velocity of the ball decreases
down to zero in 10 5. Thus, u=20cm s™;
v=0cmstand t = 10 s, Since the
velocity-time graph is a straight line, itis
clear that the ball moves with a constant
acceleration. The acceleration ais
b3

t
=Demel-20cm s /10 s
= 2cms?2=-002ms2

=
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The [orce exeried on the ball Fis,

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

The negative sign implies that the

frictional force excrted by the table is

opposite to the directon of moilon of

the ball,

9.5 Third Law of Motion

The first two laws of motion tell us how an
applied force changes the motion and provide
nus 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
ont the same object. In the game of football
somelimes 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 [orces are also known as action and
reaction forces.

Let us consider two spring balances
connected together as shown in Fig. 9.10. The
fixed end of balance B is attached with a rigid
supporti, like a wall. When a [orce is applied
through the free end of spring balance A, itis
observed that both the spring balances show
the zame 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 exeried by ihe balance B on
balance A. Any of these two torces 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 reactdon. However, It must be
remermbered that the action and reaction
always act on two different objects,
simultaneously.
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Fig. 8.10: Action and reaction forces are equal and
opposite,

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

It is important to note that even though
the actlon 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 dilferent
cbject that may have a different mass.

When a gun is fired, it exerts a forward
force on the bullei. The bullel exeris an equal
and opposite force on the gun. This results in
the recoil of the gun (Fig. 9.11). 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 algo be illusirated when a sailor
jumps out of a rowing boat. As the sailor
Jumps forward. the force on the boat moves it
backwards (Fig. 9.12).

Accelerating force
on llrhe bullet

Recoil foice
=¥ 5 Lhe gun

Fig. 8.11: A forard force on the bullet and recoil of
the gumn.
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Fig. 8.12: As the saflor jumps (n forward direction,
the boat moves backusards,

Activity 9.4

. Request two children to stand on two
separale carls ag shown in Fig. 9.13.

*  (Give them a bag full of sand or some
other heavy object, Ask them to play a
game of caich with the bag.

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

=  You can paint a white line on
cartwheels to observe the motion of the
two caris when the children throw the
bag towards each other,

ﬁ:'ﬂ. 4 Eh
- =

i

B
|

|

=
T B

Fig. 9.13

Now, place two children on one cart and
one on another cart. The second law of motion
can be seen, as this arrangement would show
dilfereni acceleraiions for the same lorce.

Fusce aNp Laws of Momow

The cart shown in this acdvity can be
constructed by using a 12 mm or 18 mum thick
plywood board of about 50 cm x 100 cm with
two pairs of hard ball-bearing wheels (skate
wheels are good to use). Skateboards are not
asg effeciive because it is difficult to maintain
siraight-line motion.

9.6 Conservation of Momentum

Suppose two objects (two balls A and B, =say)
of masses m, and m, are travelling in the same
direction along a siraight line at different
velocitles w, and w,, respectively [Fig. 9.14(a)].
And there are no other external unbalanced
forces acting on them. Let u, > u, and the
two balls collide with each other as shown in
Fig. 9.14{b). During collision which lasis [or
atime t, the ball A exerts a foree F,; on ball B
and the ball B exerts a force F,, on ball A.
Suppose v, and v, are the velocities of the
two balls A and B after the collision,
respectively [Fig. 9.14(c)].

M % —» | A B
% u, k:c— U L \

before colliston Fm‘—h-‘_ s
ial i
| TR RN ] IS —.
i i N ! Ik,
| S
after collision

sl

Fig. 9.14: Conservation gf momentum in collision of
tiwo balls.

From Eq. (9.1), the momenta (plural of

momentum)] of ball A before and after the
collision are mi, and m.u,. respectvely, The
rate of change of ils momentum (or F,;)

) ) (U, —ir,)
during the collision will be mMy— P

Similarly, the rate of change of momentum of
ball B (= Fm] during the collision will be
Eug = ugl
m e § —
Bt
According to the third law of motion.
the force F,, exerted by ball A on ball B

A8
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and the foree F,, exerted by the ball B on ball
A must be equal and opposite to each other.

Theretore,

F.==Fy (9.6)
ar m, (L ; ) _— (vg ;“aj
This gives,

(9.7)

Since (mu, +m i) is the total momentum
of the two balls A and B before the collizion
and (m,u, + mou)) is their total moemenium
after the collision, from Eq. [9.7) we observe
that the total momenium of the two balls
remains unchanged or conserved provided no
other exiernal force acts.

As a resull of this ideal collision
experiment, we say that the sum of momenta
of the two cbjects before collision is equal o
the sum of momenta afier the collision
provided there is no external unbalanced
force aciting on them. This is known as the
law of conservation of momentum. This
slalement can alternatively be given as the
total momentum of the two objecis is
unchanged or conserved by the collision.

Activity 9.5

. Take a big rubber balloon and inflate
it fully, Tie its neck nsing a thread. Also
uzing adhestve tape, fix a straw on the
surface of this balloon.

+  Pass a thread through the straw and
hold cne end of the thread in your hand
or fix it on the wall,

*  Ask your friend 1o hold the other end
of the thread or fix 1t on a wall at soroe
distance. This arrangement is shown
in Fig. 9.15.

. Now remove the thread tied on the neck
of balloon. Lel the air escape from the
moutih of the balloon,

*  Observe the direction in which the

MLy + Miglly, = M, + il

SIraw TNoves.
Straw
—_—
~
=
—
Alr Balloome
Fig. 9.15
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Activity

9.6

Take a tesi tube of good gualilty glass
material and put a small amount of
water in it. Place a stop cork at the
mouth of it

Mow suspend the test tube horlzontally
by two sirings or wires as shown in
Fig. 9.186.

Heat the test tube with a burner until
warter vaporises and the cork blows out,
Observe that the fest tube recolls in
the direction opposite to the direction
of the cork.

Fig. 9.16

Also, observe the difference in the
veloclty the cork appears to have and
that of the recoiling test tube,

Example 9.6 A bullet of mass 20 ¢ i=

horizontally fired with a velocity
150 m s!lrom a pisiol of mass 2 kg.
What is the recoil velocity ol the pisial?

Solution:

We have the mass of bullet,
m, =20 g (= 0.02 kg) and the mass of
the pistol, m, =2 kg: initial velocities of
the bullet (u)) and pistol () = O,
respectvely. The final velocity of the
bullet, v, =+ 150 m s'. The direction
of bullet is taken from left to right
(positive, by convention, Fig. 9.17). Let
v be the recoil velociiy of the pisiol.

SCENGE



Total momenta ol the pisiol and bullet
belore the fire, when the gun is at rest
= (2+002) kgx0ms!

= Okgmst!
Toial momentia of the pistol and bullel
alter it is fired

=0.02 kg » (+ 150 m &)

+2kgxvms?

=3+2y kgms’
According to the law of conservation of
momentum
Total momenta after the fire = Total
momenta before the fire

3+ 2u=0

= v ==-15mst
Negative sign indicates that the
direction in which the pistol would
recoil is opposite to that of bullet, that
is, right to left.

Iefore firing
F——————
—_—
= i
F-—y 2T firing
= v 150 m;a
(1) ; e
= 208
&= 11
B

Example 9.7 A girl of mass 40 kg jumps

with a horizontal velocity of 5m s onto
a stationary cart with f{rictionlezs
wheels. The mass of the cart is 3 ka.
What is her velocity as the cart siaris
moving? Assume that there is no
external unbalanced force working in
the horizontal direction.

Solution:

Let v be the velocity of the girl on the
cart as the cart starts moving.

The total momenta of the girl and cart
before the interaction

40kgx5ms!+3kgx0ms!
= 200kgm s
Total momenta after the interaction
[0+ 3) kg xvms?
= 43 vkgm sl

According 1o the law ol conservation of
momentum, the total momentum is
conserved during the interaction.
That is,

43 v
=

200
200/43 =+465msl

The girl on cart would move with a
velocity of 4.65 m ! in the direction in
which the girl jumped (Fig. 9.18].

fa)

fla}

Fig. 9.18: The girl fumps onto the e,
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Example 9.8 Two hockey players of

opposite teams, while trying to hit a
hockey ball on the ground collide and
immediately become eniangled. One
has a mass of 60 kg and was moving
with a velocity 5.0 m s while the other
has a mass of 55 kg and was moving
faster with a velocity 6.0 m s towards
ihe firsi player. In which direction and
with what velociity will they move alter
they become entangled? Assume that
the {rictional force acting between the
leet of ihe two players and ground is
negligible.

Solution:

it
o o

kg & ' Sms—» £—6Gms’

fa)

If v is the velocity of the two entangled
playvers afier the collision, the ioial
momentum then
(m, + m,) x v
(60 + BB) kg x vm sl
115 xvkgm st
Equating the momenta of the system
before and after collision, in accordance
with the law ol conservaiion of
momenium, we get

v = —30/1156

= -0.26ms%

Thus, the two entangled players would
move with velocity 0.26 m 7' from right
to left. that is. in the direction the
second player was moeving before
the collision.

Inm

Fig. 9.19: A collision of two hocleey players: (o) before collision and (b} after collision.

Let the first player be moving from left
to right. By convention left to right is
taken as the positive direction and thus
right e lefi is the negative direction (Fig.
9.19). I symbols mand v represent the
mass and initial velocity of the two
players, respectively. Subscripis 1 and
2 in these physical quantities refer to
the two hockey players. Thus,

m,=60kg u =+5ma’; and

m,=566kg u=-6mesl.
The total momenitum of the two players
before the collision

= B0kgx(+5mst)+

55 kg x (-6 ms?)
= -30kgms!
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unestions

1. If action is always equal to the
reaction, expiain how a horse can
pull & cart.

2, Explain, why is it difficud! for a
fireman (o hold a hose, which
ejects lorge amounts of waler at
a high velocity.

3. Fromarifle of mass 4 kg, a bullel
of mass 50 g is fired with an
inttial velocity of 35 m s-1.
Calculate the initial recodl velocity
af the rifle.



4. Two objects of masses 100 g and They collide and after the
200 g are moving along the same collision. the first ohject moves ai
line and direction with velocilies a velocily of 1.67 m =, Delermine
of 2ms and | m 5%, respectively the velocity of the second object.

CONSERVATION LAWS

All conservation laws such as conservation of momentum, energy. angular momentum,
charge ete. are considered to be fundamental laws in physies. These are based on
observations and experiments. It is important to remember that a conservation law cannot
be proved. It ¢an be verified, or disproved, by experiments. An experiment whose resuli is
in conformity with the law verifies or substantiates the law; it does not prove the law. On
the other hand, a single experiment whose result goes against the law is enough to disprove
it.

The law of conservaiion of momentum has been deduced from large number of
observations and experiments, This law was [ormulated nearly three centuries ago. It is
interesting to note that not a single situation has been realised so [ar, which coniradicts
this law. Several experiences of every-day life can be explained on the basis of the law of
conservation of momentuam.

What
you have
learnt

. First law of motion: An object continues to be in a staie ol 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 proporiional to the applied unbalanced force in the
direction of ihe force.

+ The SI unit of force is kg m s2. This is also known as newlon
and represented by the symbol N. A force of one newton
produces an acceleration of 1 m s on an object of mass 1 kg,

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

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

. In an isolated system (where there is no external force), the
total momentum remains conserved.
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o Exercises

10.

11.
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An objecl experiences a nel zero external unbalanced lorce. Is
it possible for the object to be travelling with a non-zero velocity?
If yes, state the condilions thal musil be placed on the
magnitude and direcdon of the velocity. I no, provide a reason.
When a carpet is beaten with a stick, dust comes out of it.
Explain.

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

Abatsman hits a ericket ball which then rolls on a level ground.
Aliter covering a short distance, the ball comes o resi. The ball
slows o a stop because

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

(b) velocity is proportional io the force exeried on the ball.

(c) there is a force on the ball opposing the motion.

{d) there is no unbalanced force on the ball, so the ball would

want to come 1o rest.

A truck starts from rest and rolls down a hill with a constant
acceleration, It travels a distance of 400 m in 20 s. Find its
acceleration. Find the force acting on it if its mass is
7 tonnes (Hint: 1 tonne = 1000 kg.)
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 alter travelling
a distanice of 50 m. What is the force of friction beiween 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 wrack offers a friction force of 5000 N, then calculate:

(a) 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 vehiele is 1o
be stopped with a negative acceleration of 1.7 m s7?

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

(a) (mu)? b) nmv? (c) ¥ o (d) mu

Using a horizonial 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?

Twao objects, each of mass 1.5 kg, are moving in the same
straight line but in opposite directions. The velocity of each
object is 2.5 m &' before the collision during which they
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12.

14.

15.

16.

17,

18.

stick together. What will be the velocity of the combined
object after collision?

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

A hockey ball ol mass 200 g travelling at 10 m s is siruck by
a hockey stick so as 1o return it along iis original path with a
velocity at 5 m s Caleulate the magnitude of change of
momentum occurred in the motion of the hockey ball by the
force applied by the hockey stick.

A bullet of mass 10 g travelling horizontally with a velocity of
150 m s strikes a stationary wooden block and comes to rest
in 0,03 s, Calculate the distance of penetration of the bullet
into the block. Also calculate the magnitude of the force exerted
by the wooden block on the bullet.

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

An object of mass 100 kg is accelerated uniformly from a velocity
of 5m st io 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 situaton. 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 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 il it falls [rom a height of 80 cin? Take its downward
acceleration to be 10 m s=.
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Exercises

The following is the distance-time table of an object in motion:
Time in seconds Distance in meires
0 0

1

8
27

64
125
216
343

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

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

Two persons manage to push a motorcar of mass 1200 kg ata
uniform velocity along a level road. The same motlorcar 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 thai all persons push the motlorcar with the same
muscular effort.)

A hammer of mass 500 g, moving at 50 m 57, 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 80 kan/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.

~1 O U o WD
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Chapter 10

In Chapters 8 and 9. we have learnt about
the motion of objects and force as the cause
of motlon. We have learnt that a force is
needed to change the speed or the direction
of motion ol an object. We always observe that
an object dropped from a height falls towards
the earth. We know that all the planels go
around ihe 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 {loat in liquids.

10.1 Gravitation

We know that the moon goes around the
carth. An object when thrown upwards,
reaches a certain height and then falls
downiwards. It is said that when Newton was
sitting under a iree, an apple fell on him. The
fall of ihe apple made Newlon starl thinking.
He thought that: if the earth can atiract 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 iis
orbit, the moon falls towards the earth.
insiead of going ofl in a siraighi line. So, it
must be atiracted by the earth. But we do
not really see the moon falling towards the
earth.
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Let us try io understand the motion of
the moon by recalling actvity 8.11.

Activity 10.1

*  Take a plece of thread.

L Tie a small stome at one end. Hold the
other end of the thread and whirl it
round, as shown in Fig. 10.1.

Note the motion of the stone,
Release the thread.

*  Apgain. nole the direction of motion of

the stone,

Fig. 10.1: A stone describing a clreudar path with a
velocify of constant magnifide.

Before ithe thread is released. the stone
moves in a circular path with a ceriain speed
and changes direciion 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 ihe cenire.
This force is called the centripetal (meaning
‘centre-seeking’) force. In the absence of this



lorce, the stone [lies off along a siraight line.
This siraight line will be a langent to ithe
circular path.

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

point B.

o

The motion of the moon around the earth
is due to the ceniripetal force. The centripetal
[orce 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 [alling apple is atiracted
towards the earth. Does the apple aiiraci the
carth? If so, we do not see the earth moving
towards an apple. Why?

According to the third law of motion, the
apple does ailract the earth. Bul according
to the second law of motion, for a given force,
acceleration I8 Inversely proportional to the
mass of an object [Eq. (9.4)]. The mass of an
apple is negligibly small compared to that of
the earth. So, we do not see the earth moving
towards the apple, Extend the same argumnent
for why the earth does not move towards the
Moo,

In our selar 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 atiract an apple and the moon, but all
objects in the universe attract each other. This
[orce ol attraction between objects is called
the gravitational force.
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10.1.1 UNIVERSAL LAW OF GRAVITATION

Every objeci in the universe atiracts 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. 10.2: The gravitational force betiween fwo
uniiorm objects is direcled along the line

Joining thelr centres.

Let two objects A and B of masses M and
mlie at a distance d from each other as shown
in Fig. 10.2. Let the lorce of atiraction beitween
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,

Fec M xm (10.1)
And the force between two objects is inversely
proportional to the square of the distance
between them, that is,

1
Free Frl (10.2)

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

Mwxm
L o) dz [l{:}‘s}
M X m
or, F=G 2 (10.4])

where G is the constant of proportienality and

is called the universal gravitation constant.

By multiplying crosswise, Eq. (10.4) gives
Fxdi=GM=xm

SCENGE



IsaacNewtonwashborn
in Woolsthorpe near
Grantham, England.
He i3 generally
regarded as the most
original and
influential theorist in
the history of science.
He was born in a poor
farming family, Buthe
was noi good at
farming. He was sent
to study at Cambridge
University in 1661, In
1665 a plague broke
out in Cambridge and so Newton took a year
off. It was during this year that the incident of
the apple falling on him is said to have
occurred. This incldent prompied Newton io
explore the possibility of conneciing gravity
with the force that kepl the moon in its orbit.
This led him Lo the universal law of
gravitation. [tisremarkable thati many great
scientsts before him knew of gravity but failed
1o realise it.

Newton formulated the well-known laws of
motion. He worked on theories of light and
colour. He designied an astronomical lelescope
Lo carry oul astronomical observalions.
Newton was also a great mathematician. He
invented anewbranch ofmathematics, called
calculus. He used it to prove that for objects
outside a sphere of uniform density, the sphere
behaves as if the whole of its mass is
concentrated al its centre. Newton
transformed the structure of physical
science with his three laws of moton and the
universal law of gravitation. As the keystone
of the scientific revoluton of the seventeenth
century, Newton's work combined the
coniributions of Copernicus, Kepler, Galileo,
and others into a new powerful synthesis.

It is remarkable that though the
gravitational theery could not be verified at
that time, there was hardly ammy doubt about
its correciness. Thisisbecause Newton based
his theory on sound scientific reasoning and
backed it with mathematics. This made the
theory simple anid elegant. These qualitiesare
now recognised as essential requiremenisola
good scientific theory.

(Te42 - 1727}

CIRAVTTATTCRN

How did Newton guess the
inverse-square rule?

There has always been a great inierest

In the motion of planets. By the 16ih

century, a loi of daia on the motion of

planets had been collected by many
astronomers. Based on these data

Johannes Kepler derlved three laws,

which govern the molion of planeis.

These are called Kepler's laws, These are:

1. The orbit of a planet Is an ellipse with
the Sun at one of Lhe foci, as shown in
the figure given below. In this figure O
is the position of the Sun.

2. The line joining the planet and the Sun
sweep equal areas in equal intervals
of time. Thus, if the time of travel from
Ato B is the same as that from C o D,
ihen the arcas OAB and OCD are
equal.

3. The cube of the mean distance of a
planet [rom the Sun is proportional to
the square of ils orbital period T. Or,
/T2 = constant,

It is important to note that Kepler
could not give a theory to explain
the motion of planets. It was Newton
who showed that the cause of the
planetary motion is the gravitatonal
foree that the Sun exerts on them, Newlon
used the third law c
of Kepler io D
calciulate the
gravitational force B
of attraction. The
gravitational force A
of the earth is
weakened by distance. A simple arguinent
goes like this. We can assume that the
planetary orbiis are circular, Suppose the
orbital velocity is v and the radius of the
orbit is r. Then the force acting on an
orbiting planet is given by Fect?/1

If T'denotes the period, then v= 2ar/T.
so that v e /T2

We can rewrite this as v o [(1/1 %
( r*/T%). Since r*/T%1s constant by Kepler's
third law, we have 1¥ o 1/r Combining
this with Fec 0%/ . we get. Fec 1/ 12
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2

Fd
Mxm

The SI unit of G can be obtained by
subsiitutng the units of force, distance and
mass in Eq. (10.5) as N m? kg2,

The value of G was found out by
Henry Cavendish (1731 - 1810) by using a
sensitive balance. The accepled value of G is
6.673 x 107 N m? kg2,

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

or G=

(10.5)

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 1is inversely
proportional to the square of d
means, for example, that if d geis
bigger by a factor of 6, F becomes

2
=
o
=
e
4
=
=
e
e

1
26 limes smaller,

i

Example 10.1 The mass of the earth is
6 x 107 kg and that of the moon is
7.4 % 102 kg. If the distance between the
earth and the moon is 3.84x10° km,
caleulaie the force exeried by the earth on
the moon. (Take G=6.7 X 10" Nm? kg7

Solution:

The mass of the earth, M=6x 10# kg
The mass of the moon,

m=7.4x 107 kg
The distance between the earth and the

Moo,
d = 3.84% 10°km
= 3,84 % 10°% 1000 m
= 3.84x10°m
G= 6.7% 101N m?kg?
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From Eq. (10.4], the force exerted by the
carth on the moon is

CB6.7x10 M Nm® kg® x6x10™ kgx7.4x10% kg
13.84 %105 mJ®

=2.02 »x 102N,

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

nestions

1. State the universal law of
ool cafton,

2, Write the formula to find the
magnitude of the growvitotionol
force between the earth and an
object on the surface of the earth.

12.1.2 IMPORTANCE OF THE UNIVERSAL
LAW OF GRAVITATION

The universal law of gravitation successfully
explained several phenomena which were
believed to be unconnected:
(i) the force that binds us 1o the earth;
[lil the moton of the moon around the

earth;
(iif) the motion of planets around the Sun;
and
[iv) the fides due to the moon and the Sun.
10.2 Free Fall
Let us try to understand the meaning of free
{all by performing this aciivity.
Activity 10.2

* Take a stone,

*  Throw it upwards.

* It reaches a ceriain height and then it
starts falling down.

We have learni that the earth atiracis
objecis itowards it. This is due to the
gravitational force. Whenever objects fall
towards the earth under this force alone, we
say that the objects are in free fall. Is there any
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change in the velociiy of [alling objects? While
[alling, there is no change in the direction ol
motion of the objects. But due to the eartli's
attraction, there will be a change in the
magnitude of the velocity. Any change in
veloclty Invelves acceleratdon. Whenever an
objeci falls towards the earth, an acceleration
is involved. This acceleration is due to the
earth’'s gravitational force. Therefore, this
acceleration is called the acceleration due to
the gravitational force of the earth [or
acceleration due to gravity). It is denoted by
g. The unit of g is the same as that of
acceleration, that is, m &%

We know [rom ihe second law of motion
that force is the product of mass and
acceleration. Let the mass of the sione in
actvily 10.2 be m. We already know that there
is acceleration involved in [alling objects due
io the gravitational lorce and is denoted by g.
Therefore ihe magnitude of the gravitational
force F will be equal to the product of mass
and acceleration due to the gravitational
force, thar is,

F=mg (10.6)
From Eqgs. (10.4) and (10.6) we have
M =xm
myg =G 5
d
< M
or g=aG s (10.7)

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 disiance d in Eq. (10.7) will be
equal to R, the radius of the earth. Thus, for
objecis on or near the surface ol ithe eartih,

R :m (10.8)
R
g=0G il (10.9)
R

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

Eq. (10.7).

1C.2.1 TO CALCULATE THE VALUE OF ¢

To calculate the value of g, we should put
the values of G, M and R in Eq. (10.9),
namely, universal graviiational consiant,
G =6.7 x 107" N m® kg*, mass of the earth,
M =6 = 10" kg, and radius of the earth,
R=6.4x10° m.

M
g:G s

z

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

=8.8m s%,

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

12.2.2 MoOTION OF OBJECTS UNDER THE
INFLUENCE OF GRAVITATIONAL
FORCE OF THE EARTH

Let us de an aciivity to undersiand whether
all objects hollow or solid, big or small, will
fall from a height at the same rate.

Activity 10.3

. Take a sheel of paper and a stone. Drop
them simultaneously from the firsi loor
of a building. Observe whether both of
them reach the ground simultaneonsly.

. We =ee that paper reaches the ground
little later than the stone. This happens
because of air resistance. The air offers
resistance due Lo [Fiction Lo the molion
of the falling objects. The resistance
olfered by air to the paper is more than
the resistance offered to the stone. If
we do the experitnent in a glass jar from
which air has been sucked out, the
paper and the stone would fall at the
SAME Tare,
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We know that an object experiences
acceleration during free fall. From Eq. (10.9),
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 constani near the earth, all the
equations for the uniformly accelerated
motion of objects become wvalid with
acceleration areplaced by g (see section 8.5).
The equations are:

p=1+at (10.10)
1

szut+5ai3 (10.11)

w =12+ 2as (10.12)

where u and v are the initial and final
velocities and s Is the distance covered in
tme, Lt

In applyving these equations, we will take
acceleration, ato be positve when it 1s in the
direction of the welocity, that is, in the
direction o motion. The acceleration. a will
be taken as negative when It opposes the
motion,

Example 10.2 A car [alls off a ledge and
drops to the ground in 0.5 s. Let
g = 10 m 572 (for simplifying the
calculations).
{i) What is its speed on striking the
ground?
(i} What is its average speed during the
0.5 s?
(iii) How high is the ledge from the
ground?

Solution:

Tirme, t= ¥ gecond

Initial velocity, u=0m s

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

{downward)
(i) speed v o= at
v = 10ms2t=x0.5s
= bmsg!
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ttu
2
= Dms™*5ms")/2
= 2.5ms"
(i1} distance travelled, s=% af
Vo w 10 m &2 = (0.5 &)
w10 ms?x 025 s

(i) average speed=

1.25 m

Thus,

{i} its speed on siriking the ground

=5ms!

(ii} its average speed during the 0.5 s
=325ms?

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

Example 10.3 An object is thrown
vertically upwards and rises to a height
of 10 m. Calculate (i) the velocity with
which the objeci was thrown upwards
and (i) the time taken by the object 1o
reach the highest point,

Solution:

Dstance travelled, s= 10m
Final velocity, v=0m s!
Acceleration due to gravity, g=92.8 m s*
Acceleration of the ohject, a=-9.8ms=
(upward motion)
[ v*=i2+32as
O= n?+2x(-9.8ms%x 10m
~-ul=-2x 9.8x 10 m*s?

u= 196 ms’
u=1l4m g!

(1) u=u+at
O=1l4msl-98msTxt
t=1.43 5.

Thus.

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

{ify Time taken,t= 1.43 s.

uestions

1. Whal do you mean by free fall?
2, Whal do you mean by acceleration
due (o graiiy?
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1C.3 Mass

We have learnt in the previous chapter that the
mass of an object is the measure of its inertia
{sectiont 9.3). We have alzo learni that greater
the mass, the greateris (he inertia. IL remains
the same whether the object is on the earth,
the moon or even in oufer space. Thus, the
mass ol an object is constant and does nol
change from place to place.

10.4 Weight

We know that the earth attracts every object
with a certain [orce 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 atiracted towards

the earth.
We know that

F=mxa, (10.13)
thaiis,

F=mxg. (10.14)

The force of aitraction of the earth on an
object is kmown as the weight of the object. It
is denoted by W, Substiuting the same in Eq.
(10.14), we have

W=mxg (10.15)

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

We have learnt that the value of g is
constant at a given place. Therefore at a given
place, the weight of an object is directly
proportional to the mass. say m, of the object.
thatis, W e m. It is due to this reason that at
a given place, we can use the weight of an
object as a measure of 1ts mass. The mass of
an objecl 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.

10.4.1 WEIGHT OF AN OBJECT ON

THE MOON

We have learni that the weight of an object on
the earth is the force with which the earth
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attracts the object. In the same way, the weight
of an object on the moon is the force with
which the moon atiracts that abject. The mass
of the moon is less than that of the earth. Due
to this the moeon exerts lesser [orce of atiraciion
on objects.

Let the mass of an object be ni Let its
weight on the moon be W . Let the mass of
the moon be M_ and its radius be R_.

By applving the universal law ol
gravitation, the weight ol the object on the
moon will be

W, :Gmem

(10.16})

Let the weight of the same object on the
carth be W_. The mass of the earth is M and
its radius is R.

Table 10.1
Celestial Mass (kg)
body
Earth 5.98 x 10% 6.37 x 108
Moon 7.36 X 10 1.74 X 10"

From Eqs. (10.9) and (10.15) we have,

(10.17)

Substituting the values from Table 10.1 in
Eqs. (10.16) and (10.17], we get

7.36x10™kg xm

W, =G .
{1.?4x105m)

W, =2.431x10°°G x m (10.18a)

and W, =1.474 x 101G x m (10.18b)

Dividing Eq. (10.18a) by Eq. (10.18b), we gei
W, 2.431x10"

e

W, 1.474x10"

W, 1
—m— ().165 = —
or w °*%

(10.19)

Weight of the object onthemoon _ 1
Weight of the object on the earth 6

Weight of the object on the moon
= [1/86) x its weighl on the earth.
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Example 10.4 Mass of an object is 10 kg.
What is its weight on the earth?

Solution:

Mass, m= 10 kg

Acceleration due to gravily, g=9.8 m s*
W=m=xg
W=10kgx98msi=98N

Thus, the weight of the object is 98 N,

Example 10.5 An object welghis 10 N when
measured on the surface of the earth,
What would be iis weight when
measured on the surface of the moon?

Solution:

We lknow,
Weight of object on the moon
={1/86) x its weight on the earth.
That is,
W, 10

W=_F='._‘
"B EN

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

nestions
[. What are the differences betireen
the mass of an object and its
teight?
2. Whyis the weight of an object on

the mnon =™ ils weighl on the

earth?

10.5 Thrust and Pressure

Have yvou 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 tvres? Why cuiiing tools have
sharp edges? In order to address these
questions and understand the phenomena
Involved, it helps fo Iniroduce the concepis

13s

of the net force in a particular direction (thruast)
and the lorce per unit area (pressure) acting
on the object concerned,

Let us try Lo undersiand 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 10.3. To do
this task you will have to press drawing pins
with your thwmnb. You apply a force on the
surface area of the head of the pin. This force
is directed perpendicular to the surface arca
of the board. This force acis on a smaller arca
at the tip of the pin.

Fig. 10.3: To fix a poster, droviing ping are pressed
with the thumb perpendicelar to the board,

Situation 2: You siand on leose sand, Your
feet go deep into the sand. Now, lie down on
the sand. You will find that yvour body will not
go that deep in the sand. In both cases the
force exerted on the sand is the weight of your
body.
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You have learnt that weight is the [orce
acting vertically downwards. Here the force
is acting perpendicular to the surface of the
sand. The force aciing on an object
perpendicular to the surtace is called thrust.

When you siand on loose sand, the [orce,
that is, the weight of your body is acting on
an area equal 1o area of your feet. When vou
lie down. the same force acts on an area equal
o the conlact area of your wheole body, which
is larger than the area of vour 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
arca is called pressure. Thus,

thrust
area

Substituting the S unit of thrust and area in
Eq. {10.20), we get the SI unit of pressure as
N/m® or N m™=.

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

Let us consider a mumerical example o
understand the effects of thrust acling on
different areas.

Pressure= (10.20)

Example 10.6 A block ol wood is kept on a
tabletop. The mass of wooden blockis 5
kg and its dimensions are 40 cm x 20
cm ¥ 10 eni. Find the pressure exeried

5
2
£
A
. G BN
20 ¢ & 40 cm
el fb!
Fig. 10.4
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by ihe wooden block on the table top il
it is made 10 lie on the table top with iis
sides of dimensions (a) 20 em x 10 em
and [b) 40 em x 20 cm.

Solution:

The mass of the wooden block = 5 kg
The dimensions

=40 cm x 20 cm = 10 em
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 slde = length x breadih
20 cm = 10 cm

= 200 cm® = 0.02 m?
From Eq. (10.20),

49N
Pressure = 0.02 1%

It

= 2450 N m=.
When the block lies on its side of
dimensions 40 cm % 20 cm, it exeris
the same thrust,
Area= lengih x breadth
= 40 ¢m x 20 ¢
= 200 cm® = 0.08 m?
From Eq. (10.20),
49N
0.08m*
= 5125 Nm*?
The pressure exerted by the side 20 cm

% 10 cm is 2450 N m? and by the side
40 cm x 20 cm is 612.5 N m=,

Pressimre =

Thus. the same force acting on a smaller
area exeris 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 loundaiions.

10.5.1 PRESSURE IN FLUIDS

All liquids and gases are fluids. A solid exeris
pressure on a surface due io 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.

10.5.2 Buoyancy

Have you ever had a swim in a pool and lelt
lighter? Have you ever drawn water from a
well and [elt thatl the bucket of waler is heavier
when it is oul of the water? Have you ever
wondered why a ship made of iron and sieel
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 consideratdon. Let us
undersiand the meaning ol buoyancy by
doing an activity.

Activity 10.4

*  Take an emply plastic bolile, Close the
mouth of the bottle with an airtight
stopper. Put it in a bucket lilled with
water, You see thai the botte floais,

*  Push the bottle inie the water. You feel
an upward push. Try to push it lurther
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 lorce
exerted by the water goes on increasing
as the bottle {s pushed deeper il it is
completely immersed.

*  Neow, release the botile. [t bounces
back to the surface.

*  Does the force due to the gravitatonal
attraction of the earth act on this
boitle? If so, why doesn’t the bottle stay
immersed in waler after it is released?
How can vou immerse the bottle in
water?

The force due to the gravitational
attraction of the earth acts on the bottle in
the downward direclion. So lhe botile is
pulled downwards, Bul the waler 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
atiraction of the earth. When the bottle is
immersed. the upward force exeried by the
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water on the botile is greater than its weight.
Therefore it rises up when released.

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

The upward force exerted by the waler on
the botie 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 Quid,

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

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

Activity 10.5

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

. Observe whal happens.

The nail sinks. The force due to the
gravitational atiraction of the earth on the
iron nail pulls it downwards. There is an
upthrust of water on the nail, which pushes
it upwards. Bui the downward force aciing
on the nail is greater than the upthrust of
water on the nail. So it sinks (Fig. 10.5).

N
.
|
S —

Fig. 10.6: An tron ned] sindes and a cork floats when
placed on the surface of water

SCENGE



Activity 10.6

- Take a bealeer filled with water,

®*  Talke a piece of cork and an iron nail of
equal mass.
Place ithem on the surface of water.
Observe what happens,

The cork {loais 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 velume. The
density of cork is less than the density of
water. This means that the upthmst of water
on the cork is greater than the weight of the
cork. So it floats (Fig. 10.5).

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

Therelore ohjecis 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 ligquid.

uestions

1. Why is it difficuldt to hold a schaaol
hiag having a strop moade of a thin
and sirong siring?

Z, What do youwmean by buoyancy?

3. Why does an obfect float or sink
when placed on the surjace af
wetter?

12.6 Archimedes’ Principle
Activity 10.7

. Take a piece of stone and te it to one
end of a rubber siring or a spring
balance.

. Suspend the stone by holding the
balance or the siring as shown in
Fig. 10.6 (a).

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

*  Now, slowly dip the stone in the water
in a contalner as shown in

Fig. 10.6 (b).

CIRAVTTATION

fel

Fig. 10.6: fa] Observe the elongation of the rubber
string due to the weight of a plece of stone
suspended from it in air (b] The elongation
decreases as the stone is imniersed
in water,

. Observe what happens o clongation
of the string or the reading on the
balance.

You will find that the elongalion 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 dets fully immersed in the water.
What do vou Infer from the decrease in the
extension of the siring or the reading ol the
spring balance?

We know that the elongation produced in
the siring 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 exeried by water iz
known as the force of buoyancy.

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

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 siring was
not observed in actvity 10.7, as the stone was
fully immersed in water?

Archimedes was a Greek
scientist. He discovered the
principle, subseqguently
named after him,. after
| noticing that the water in a
| bathtub overflowed when he

stepped into it. He ran
through the streeis shouting
*Eureka!”, which means “[
have got it", This knowledge helped him to
determine the purity of the gold in the crown
made for the king.

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
with Roman army.

10.7 Relative Density

As you know, the densily of a substance is
defined as mass of a unit volume. The unit of
density is kilogram per metre cube (kg m™).
The density of a given substance, under
specified conditions, remains the same.
Therefore the density of a subsiance is one
of its characteristic properties. It is different
for different substances. For example, the
density of gold is 19300 kg m* while that of
water is 1000 kg m®. The density of a given
sample of a substance can help us to
deiermine its purity.

It is often convenient to express density
of a subsiance in comparison with that of
waler. The relaiive density of a subsiance is
the ratio of iis density o that of water:

Density of a substance
Density of water

Relative density =

Since the relatlive density 1s a ratio of
similar quanlilies, il has no unit.

Archimedes' principle has many
applications. It is used in designing ships and
submarines. Laciometers, which are used 1o
determine the purity of a sample of milk and
hydrometers used [or determining density of
liquids. are based on this principle.

nestions

1. You find your mass to be 42 kg
on a weighing machine, Is gu:r;'
meass mare or less than 42 kg?

2. You have a bag of cotton arndd an
iron bar, each indicafing a mass

af 100 kg when measured on a
Leeighing machine, In realily, one
s heavier than othern Can you
say which one is heavier
aned by ?
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Example 10.7 Relative density of silver is
10.8. The density of warer is 109 kg mr?,
What iz the density of silver in SI unit?

Solution:
Relative density of silver = 10.8
Relative density

Density of silver
= Density of water

Denslty of silver
= Relative density of silver

x density of water

=10.8% 10°f kg m®,
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What
you have
learnt

The law of gravilation slales that the [orce of attraclion belween
any two objecis is proportional 1o the product of their masses
and inversely proportional to the square of the distance between
them. The law applies 1o 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 gravily decreases with allitude. It also varies
on the surface of the earth, decreasing from poles to the
equator.

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

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

The weight may vary [rom place 1o place but the mass stays
constant.

All objects experience a force of buoyaney when they are
immersed in a fhaid.

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

Exercises

1.

2,

How does the force of gravitation between two objects change
when the disiance between them is reduced to hall ?
Gravitational force acts on all objecis in proportion to their
masses. Why then, a heavy object does not {all faster than a
light object?

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

The earth and the moon are atiracted io 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 atiracts the carth, why does the earth not move
towards the moon?
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o

10,

11.

12,

13,

14.

15.

16.

17.

18,

What happens to the force between two objects, if

{i) the mass of one object is doubled?

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

What is the Importance of undversal law of graviiation?

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 instriction
of one of his friends. He hands over the same when he meets
him at the equator. Will the [riend agree with the weight of gold
bought? If not, why? [Hint: The value of g is greater at the
poles than at the equator.]

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

1
Gravitational force on the surface of the moon is only g as

strong as gravitational force on the earth. What is the weight
in newtons of a 10 kg object on the moon and on the earth?
A ball is thrown vertically upwards with a velocity of 49 m/s.
Calculate

(i) the maximum height to which il rises,

(i) the total time it takes to return to the surface of the earth.
A stone is released from the top of a tower of height 19.6 m.
Calculate its final velocity just before touching the ground.
A stone is thrown vertically upward with an initial velocity of
40 m/s. Taking g = 10 m/s*, find the maximum height reached
by the stone. What is the net displacement and the total
distance covered by the sione?
Calculate the force ol gravitation between the earth and the
Sun, given that the mass of the earth = 6 ¥ 102 kg and of the
Sun = 2 x 10* kg. The average distance between the two is
1.5 % 10" m.
A stone is allowed to fall from the top of a tower 100 m high
and at the same tme another sione is projected vertically
upwards from the ground with a velocity of 25 m/s. Calculate
when and where the two stones will meet.
A ball thrown up vertically retums 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.

SCENGE
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19.

20.

21.

22.

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 surlace of water?

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

The volume of a 500 g sealed packet is 350 cm?. Will the packet
float or sink in water il the density of water is 1 g em3? What
will be the mass of the water displaced by this packet?
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DEEACHT 1

WoRK AND ENERGY

In the previous few chapters we have talked
about ways of describing the motion of
objects, the cause ol motion and gravitation.
Another concept that helps 1s understand and
interpret many natural phenomena is ‘work’.
Closely related to work are energy and power.
Ini this chapter we shall study these concepts.

All living beings need food. Living beings
have to perform several basic acilvitics {o
survive. We call such activities 'life processes’.
The energy for these processes comes from
food. We need energy for other actvities like
playing, singing, reading. writing. thinking,
jumping, eyveling and runming. Activities that
are sirenuous require more energy.

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

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

11.1 Work

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

11.1.1 NoT MucH “WORK' IN SPITE OF
WORKING HARD!

Kamali is preparing [or examinations. She
spends lot of time in studies. She reads books,

draws diagrams. organises her thoughts,
collects question papers. atiends classes,
discusses problems with her friends, and
performs experiments. She expends a lot of
energy on these activities. In common
parlance, she is ‘working hard'. All this "hard
work’ may involve very litile ‘work’ if we go by
the scientific definition of work.

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

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

You climb up the sicps of a siaircase and
reach the second floor of a building just {o
see the landscape from there. You may cven
climb up a tall tree. Ifwe apply the scientific
definitdon. these activities involve a lot of work.

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

Activity 11.1

* We have discussed In the above
paragraphs a number of activities
which we normally consider to be worl




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

(i} What is the work being done on?
(ii} What is happening to ithe object?
(iii) Who (what) is doing the work?

11.1.2 SCIENTIFIC CONCEPTION OF WORK

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

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

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

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

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

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

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

Activity i

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

. List them.

*  Discuss with your friends whether
work is being done in each situaition.
Trv to reason out your response.
IFwork i done, which is the foree acting
on the object?

*  What ig the object on which the work
is dome?

. What happens fo the object on which
work is done?

Womk ann Fxepoy

Activity 11.3

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

*  Alsothink of situations when an object
gets displaced in the absence of a force
acting on it

=  List all the situaticns that you can
think of for each.

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

11.1.3 WORK DONE BY A CONSTANT FORCE

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

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

displacement.
Work done = force x displacement
W =Fs (11.1)

i L
.3 & >

F

lw

Fig. 11.1

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

InEq. (11.1),if F=1 Nand s= 1 m then
the work done by the force will be 1 N m.
Here the unit of work is newton metre (N m)
or joule (J}. Thus 1J is the amount of work
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done on an object when a force of 1 N
displaces it by 1 m along the line of action of
the foree.

Look at Eq. (11.1) carefully. What is the
work done when the force on the object is
zero? What would be the work done when
the displacement of the objeci is zero? Heler
to the conditions that are to be satisfied to
say that work is done.

Example 11.1 A [orce ol 5 N is acling on an
object. The object is displaced through
2 m in the direction of the force (Fig.
11.2). If the force acts on the object all
through the displacement, then work
doneisbN=x2m =10Nmor 10J.

L
=

< 2m

sv—s [ —

Fig. 11.2

nestion

1. A force of 7 N acis on an abject.
The displucement s, sayy S m. in
the direction of the Jforce
{Fig. 11.3). Let us take it that the
Jorce acls on the object through
the displacement. Whe (s the
woark done n this case?

dm >

s )

Fig. 11.3

Consider another situation in which the
foree and the displacement are in the same
direction: a baby pulling a toy car parallel to
the ground. as shown in Fig. 11.4, The baby
has exerted a force in the direction of
displacemenl of the car. In this situalion, the
work done will be equal to the product of the
force and displacement. In such situations,
the work done by the force is taken as positive.
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Fig. 11.4

Consider a sitnation in which an ohject is
moving with a uniform velocity aleng a
particular direciijon. Now a retarding [orce, F,
is applied in the opposiic direction, That is,
the angle between the two directions is 180°,
Let the object stop after a displacement s. In
such a situation. the work done by the force,
F is taken as negalive and denoted by the
minus sign. The work done by the force is
' [—=s) or [-Fx ),

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

Activity 11.4

*  Lift an object up. Work is done by the
foree exerted by you on the object. The
objeci moves upwards. The force you
exerted is in the direction of
displacement. However, there 15 the
force of gravity acting on the object.

*+  Which one of these forces is doing
positive work?

*  Which one is doing negative work?

s  (iive reasons.

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

Example 11.2 A porier lifts a luggage of 15
kg from the ground and puts it on his
head 1.5 m above the ground. Calculate
the work done by him on the lnggage.

Solution:
Mass of luggage, m = 15 kg and
displacement, s = 1.5 m.
SCIENGE



Worlkdone, W = Fxs=mgxs
= 15kix10ms?x1.5m
= 225kgms*m
= 225 Nm= 225
Work done is 225 .J.
nestions
1, When do we say that work is
done?

b

Write an expression for the worlk
done when a force is acting on
an object in the dircction of ils
displacement.

3. Define 1.J of work.

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

112 Energy

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

11.5

s  Afewsources of energy are listed above.
There are many other sources of
energy. List them.

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

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

Activity

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

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

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

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

11.2.1 FORMS OF ENERGY

Luckily the world we live in provides energy
in many different forms. The various forms
include mechanical energy [poienial energy
+ kinetic energy), heat energy. chemical
energy, electrical energy and light energy.

Think it over |

How do you know that some entity is a
form of energy? Discuss with your friends
and teachers,
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James Prescotlt Joule
{1818 - 1884)

James Prescott
Joule was an
coutstanding
Britsh physicist.
He is best known
for his research in
cleciricity and
thermodynamics,
Amongst other
things, he
formulated a law
for the heating
effect of electric
current. He also

verified experimentally the law of
conservation of energy and discovered
the value of the mechanical equivalent
of heat. The unit of energy and work
called joule, is named after him.

11.2.2 KINETIC ENERGY

Activity

. & 8 &

Activity

11.6

Take a heavv ball. Drop it on a thick
bed of sand. A wet bed of sand would
be Belter. Drop the ball en the sand
bed from height of aboul 25 cm, The
ball creates a depression.,

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

Ensure that all the depressions are
distinetly visible.

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

Compare their depths.

Which one of them is deéepest?

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

Discuss and analyse.

13.7

Set up the apparatus as shown in
Fig. 11.5.

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

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

160

Fig. 11.5

*  The rolley moves forward and hits the
wooden block.

. Fix a siop on the table in such =«
manner that the rolley siops after
hitiing the block. The block gets
displaced.

. Note down the displacement of the
block. Thiz means work iz done on the
black by the wolley as the block has
gained energy.

From where does this energy come?
Repeal this actvity by inereasing the
mass on the pan. In which case is the
displacement more?

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

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

A falling coconul, a speeding car, a rolling
stone, a flying aircraft, flowing water, blowing
wind, a running athlete ete. possess kinetic
energy. Inshort, kinetic energy is the energy
possessed by an object due Lo its motion. The
kinetie energy of an object increases with its
speed.

How much energy is possessed by a
moving body by virtue of its motion? By
definition, we say that the kinetic energy ol a
body moving with a certain velocity is equal io
the work done on it to make it acquire that
velocity.

SCENGE



Let us now express the kinetic energy of
an object in the form ol an equation. Consider
an cbject of mass, m moving with a uniform
velocity, w. Let it now be displaced through a
distance s when a constant lorce, Facts on it
in the direction of iis displacement. From
Eq. (11.1), the work done, Wis F's. The work
done on the objecl will cause a change in ils
velocity. Let its velocity change from w to w.
Lel a be the acceleration produced.

In section 8.5, we studied three equatdons
of motion. The relation connecting the indtial
velocily (1) and final velocity (v) of an object
moving with a uniform acceleration a. and
the displacement, sis

F-1wr=2as (8.7)
This gives
v eu?
E=- 20 (11.2)

From seclion 9.4, we know F = m a. Thus,
using (Eq. 11.2) in Eq. (11.1). we can write
the work done by the force, Fas

2 &
it )

2t

W=max

Or

W=~;-m[u= —uz} (11.3)

If the object is starting from Its statlonary
posilion, thal is, u= 0, then

W=%m v (11.4)
It is clear that the work done is equal o the
change in the kinetic energy of an object.

1
If u=0, the work done will be Em v?,

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

1
E,=om w2 (11.5)

Example 11.3 An object of mass 15 kg is
moving with a uniform velocity of -+
m s'. What is the kinetic energy
possessed by ihe object?
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Solution:
Mass of the object, m = 15 kg, velocity
of the object. v =4 m &
From Eq. (11.5),

E, =S
2

»15kgxdmslx4dms?

b | =

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

Example 11.4 What {s the work to be done
to increase the velocity of a car from
30 Ikm h? to 60 km ho? if the mass of
the car is 1500 kg?

Solution:

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

30 1000m
= 60x860s
=25/3msL
Similarly, the final velocity of the car,
v =60 lm h*
=50/3mst

Therefore, the inital kinetie energy of
the car,

=

et - |
E. =—mu

B [ B

x 1500 kg % (25/3 m 512
=156250/3 4,
The final kinetic energy of the car,

1
E .= 5 x1500kg=x(50/3 m &)

o2
=625000/3J.
Thus, the work done = Change in
kinetic energy
= E,-E,
= 156250 J.
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nestions
1. What is the lkinetic energy of an
object?
2. Wrile an expression for the kinetic
energy of an object,
3. The kinetic energy of an object of

nuiss, m moving with a velociiy
af 5 s (5 25 J. What will be iis
Iinetic energy when its velocify
is doubled? What will be iis
kinetic energy when its velocity
is (ncreased three Hmes?

11.2.3 POTENTIAL ENERGY

Activity 11.8

Take a rubber band.

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

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

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

How did it acguire energy when
sireiched?

Activity 11.9

Take a slinky as shown below.

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

Whal happened?

How did the slinky acquire energy when
sireiched?

Wouild the slinky acquire energy when
it is compressed?

Activity 11.10

*« & & " ®

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

Did it move?

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

How can vou test this?
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Activity 11.11

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

*  This implies that it has acquired some
energy, Il raised to a greater height it
can do more work and henee possesses
more energy.

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

In the above situations, the energy gets
stored due to the work done on the object.
The energy iransferred to an object is siored
as potentlal energy i it is net used to cause a
change in the velociiy or speed of the object.

You transfer energy when you sireich a
rubber band. The energy iransferred to the
band isits polential energy. You do work while
winding the key ol a toy car. The energy
wransferred to the spring Inside is stored as
potential energy. The potential energy
possessed by the object is the energy present
in it by virtue of its position or configuration.

Activity 11.12

. Take a bamboo stick and malke a bow
as shown in Fig. 11.6.

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

«  Now siretch the siring and release the
AITOW,

+  Notice the arrow flying off the bow.
Notice the change in the shape of the
biow,

*  The poieniial energy stored in the bow
due to the change of shape is thus used
in the form of kineiic energy in
throwing off the arrow,

Fig.11.6: An arrow and the stretched string
on the bow,



11.2.4 POTENTIAL ENERGY OF AN OBJECT
AT A HEIGHT

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

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

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

at a height.

[
mﬁ’rrmgﬂﬂmmmf Ground

Fig. 11.7

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

work done, W = foree x displacement

=mgxh
= rngh

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

E_=mgh (11.7)
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N
The poiential energy of an object at

a height depends on the ground level
or the zero level you choose. An
obiect in a given position can have a
certain potential energy with respect
to one level and a different value of
potential energy with respect to
another level.

=
o
=
—
:‘
=
(5]
=
o
—
-

It is uselul 10 noie that the work done by
gravity depends on the difference in vertical
heights of the initial and final positions of
the object and not on the path along which
ihe object is moved. Fig. 11.8 shows a case
where a block is ralsed from position A to B
by taking two different paths. Let the height
AB = h. In both the situations the work done
on the ohject i= mgh.

2 7
Rl s
i
Bath 1
b 4 A Path 2
L
% 2
val a
Fig. 11.8

Example 11.5 Find the energy possessed
by an object of mass 10 kg when it is at
a height of 6 m above the ground. Given,

g=9.8ms?

Solution:

Mass of the object, m = 10 kg,
displacement [height), h = 6 m, and
acceleration due to gravity, g=9.8m 2,
Potential energy = mgh

= 10kg=x98ms?=x6m

= B88d.
The potential energy is H38 J.
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Example 11.6 An object of mass 12 kg is
at a certain height above the ground.
If the poteniial energy of the object is
480 J, [ind the height at which the
object i3 with respect o the ground.
Given, g= 10 m 52,

Solution:

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

E = nagh
480 J = 12 kgx 10m s?xh
480 J

h= m =4 1m.
The cbject is at the height of 4 m.

11.25 ARE VARIOUS ENERGY FORMS
INTERCONVERTIBLE?

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

Activity

5it in small groups,

Discuss the various ways of energy

conversion in nature,

s«  Discuss following questions in yvour

group:

() How do green plants produce food?

(b} Where do they get their energy from?

[c) Why does the air move Tom place
to place?

[d) How are fuels, such as coal and
peiroleum formed?

(e} What Kinds of energy conversions
sustain the water cycle?

Activity 11.14

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

* DMake a Hst of such activities and
Badgets.

* Ideniily in each actlivity/gadget the
kind of energy conversion that takes
place.

11.13
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11.2.6 LAW OF CONSERVATION OF ENERGY

In aciivities 11.13 and 11.14. we learnt that
the form of energy can be changed rom one
form to another. What happens 1o ihe total
energy of a system during or after the process?
Whenever energy geis transformed. the total
cnergy remains unchanged. This is the law of
conservadon of energy. According to this law,
energy can only be converted from one form
to another; it can neither be created or
destroyed. The total energy before and after
the ransfomation remains the same, The law
of conservation of energy is valid in
all situations and [or all kinds of
transformartions.

Consider a simple example. Let an object
of mass, mbe made to fall freely froma  heighr,
v At the start, the potential energy is mgh and
kinetic energy is zero. Why is the kinetic
energy zero? It is zero because its velocily is
zero, The total energy of the object is thus mgh.
As it falls, its potential energy will change into
kinetic energy. If vis the velocity of the object
at a givenl instant, the kinetic energy would be
Lam#, As the fall of the object continues, the
potential energy would decrease while the
kinetic energy would increase. When the object
is about to reach the ground, h= 0 and vwill
be the highest. Therelore, the kinetic energy
would be the largest and potential energy the
least. However, the sum of the potential energy
and kinetic energy of the object would be the
same at all poinis. That is,
potential energy + kinetic energy = constant

or
1 2 o
mgh + 5 nw*= consiant.

(11.7)

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

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

SCENGE



Activity 11.15

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

Height at |Potential Kinetic
which object | energy energy
is located [Epl: mgh) ((E,_= m?/2)
m J
4
a
2
1
Jusi above
the ground

*  TFor simplifving the calenlations. take
the value of gas 10 m s,

Think it over !
What would have happened if nature had
not allowed the transformation of energy?
There is a view that life could not have
been possible withoutl iransformation of
enecrgy. Do you agree with this?

11.3 Rate of Doing Work

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

Activity 11.16

. Consider two children, say A and B.
Let us say they weigh the same. Both
slart climbing up a rope scparately.
Both reach a helght of 8 m. Let us say
A takes 15 s while B takes 20 5 to
accomplish the task.

=  What is the work done by each?

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

*  Who has done more work in a given
tme, say in 1 =7

Womk anp Exepoy

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

Power = work /dme
g
or = .
L

The unit of pewer is wait [in honour of
James Watt (1736 — 1819)] having the symbol
W. 1 watt is the power of an agent, which
does work at the raie ol 1 joule per second.
We can also say that power is 1 W when the
rate of consumpten of energyis 1.J s

1 waii=1 joule/second or T W =1.J g7
We express larger rates of energy transfer in
kilowatts (KW).

(11.8)

1 kilowati = 1000 waiis
1 KW = 1000W
1 KW 1000 J =1,

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

Example 11.7 Two girls, each of weight 400
N elimb up a rope through a height of 8
m. We name one of the girls A and the
other B. Girl A takes 20 s while B takes
50 s to accomplish this task. What is the
power expended by each girl?
Solution:

(I} Power expended by gir] A:
Weight of the girl, nig =400 N
Displacement (height], h=8m

155




Time taken, (=20 s
From Eq. (11.8),

Work done/time taken

mgh
L

]

Power, P

400 N X 8m
205
= 160 W.

(i) Power expended by girl B:
Weight of the girl, mg=400N
Displacement (height), h=8m
Time taken, i=50s

mgh
[

400N =8 m
- B0=

Power, P =

= 64 W.

Power expended by girl A is 160 'W.
Power expended by girl B is 64 W,

Example 11.8 A boy of mass 50 kg runs

up a stalrcase of 45 steps in 9 5. I the
height of each step is 15 em, find his
power. Take g= 10m s

Soluation:

Weight of the boy,
mg=50kgx 10ms? =500N
Height of the slaircase,
h=45%15/100 m = 6.75m
Time taken to climb, t=9 a
From Eq. {11.8),
power, P= Work done/time taken
mgh
t

B0 N ®x6.75m
9s

375 W,
Power i 3756 W.

nestions
. What is power?
2. Define I wait of power.
3. A lamp consumes 1000 J aof

electrical energy in 105, What is
its power?
4, Define average power.

113.1 COMMERCIAL UNIT OF ENERGY

The unit joule is too small and hence is
inconvenienl lo express large quantities of
energy. We use a bigger unit of energy called
kilowatt hour (KW h).

What is 1 kW h? Let us say we have a
machine that uses 1000 J of energy every
second. Il this machine is used continuously
for one hour, it will consume 1 KW h of energy.
Thus. 1 KW h is the energy used in one hour
at the raie of 1000 J g7 (or 1 KW).

1EWh = 1kWxlh
= 1000 W x 3800 s
= 3600000 J
1kWh = 3.6x 10°4.

The energy used in households. indusiries
and commercial establishments are usually
expressed in kilowatt hour. For example,
clecirical energy used during a month is
expressed in terms of 'units’. Here, 1 "unit’
means 1 kilowatit hour.

Example 11.9 An eleciric bulb of 60 W is
used [or 6 h per day. Calculate the "units’
of energy consumed in one day by the

bulb.
Solution:
Power of electric bulbh = 60W
= 0.06 kW.
Time used, t = 6 h

Energy = power x time taken

= 0.06KWx6h

= 0.36 KW h

= 0,36 "units’,
The energy consumed by the bulb is
0.36 ‘units”.
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Activity

11.17

Take a close lock at the electric meter
installed in your house. Observe its
features closely.

Take the readings of the meter each
day al 6.30 am and 6.30 pm.

Do ihis activity for aboul a weeld.
How many 'units’ are consumed
during day dme?

How many "uniis’ are used during night?

Tabulatle your observations.

Draw inferences from the data.
Compare vour observations with
the deiails given in the monthly
elecmicity bill (One can also estimate
the eleciricity to be consumed by
specific appliances by tabulating their
known wattages and hours ol
operation).

e What
you have

learnt

. Work done on an object is defined as the magnitude of the
force multiplied by the distance moved by the object in the
direction of the applied force. The unit of work is joule:
1 joule = 1 newlon x 1 melre.

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

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

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

1
1 has a kinetic energy of E"m’g

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

- According to the law of conservation of energy, energy can
only be ransformed [rom one lorm to another; il can neither
be created nor destroyed. The total energy before and afier
the transformation always remains constani.

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

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

. The energy used in one hour at the rate of 1kW is called 1 kW h.
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Look ai the activitles listed below. Reason oui wheiher or
not work is done in the light of your understanding of the
term ‘work’.

. Suma is swimming in a pond.

. A donkey is carrying a load on its back.

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

. A green plant is carrying out photosynthesis.

. An engine is pulling a train.

. Food grains are geiting dried in the sun.

. A sailboat is moving due 1o wind energy.

An object thrown at a certain angle to the ground moves in a
curved path and falls back to the ground. The initial and the

final points of the path of the object lie on the same horizonial
line. What is the work done by the force of gravity on the object?

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

Certain force acting on a 20 kg mass changes ils velocity [rom
5mstio2mst Caleulate the work done by the force.

. Amassof 10 kgis at a point A on a table. It is moved to a point

B. If the line joining A and B is horizontal, what is the work
done on the object by the gravitational force? Explain your
ANSWET,

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

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

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

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

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

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

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

SCENGE
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18.

14,

15.

16.

17.

18.

19.

20.

21,

A person holds a bundle of hay over his head for 30 minutes
and gets tired. Has he done some work or not? Justify your
answer,

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

Niustrate the law of conservation of energy by discussing the
energy changes which occur when we draw a pendulum
bob to one side and allow it fo oscillate. Why does the bob
eventually come to resi? Whal happens lo ils energy
eveniually? Is ii a violatlon of the law of conservailon of
energy?

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

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

In each of the following a force, F is acting on an object of
mass, m. The direction of displacement is from west 1o east
shown by the longer arrow. Observe the diagrams carefully
and state whether the work done by the force is negative,
positive or zero.

& e ‘e

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

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

A freely falling object eventually stops on reaching the
ground. What happenes to its kinetic energy?
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Chapter 12

Everyday we hear sounds [rom various
sources like humans. birds, bells, machines,
vehicles, televisions, radios ete. Sound is a
form of energy which produces a sensation
of hearing in our ears. There are also other
[orms of energy like mechanical energy, light
energy, etc. We have talked about mechanical
energy in the previous chapiers. You have
been taught about conservation of energy.
which states that we can neither create nor
destroy energy. We can just change it from
one form to another. When you elap, a sound
iz produced, Can you produce sound withoui
utilising your energy? Which form of energy
did you use to produce sound? In this
chapter we are going to learn how sound is
produced and how it is transmitted through
a medium and received by our ears.

12.1 Production of Sound

Activity %

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

* Do you hear any sound?

. Touch one of the prongs of the vibrating
tuning forle with yvour finger arud share
your experience with your friends.

*  Now, suspend a table tennis ball or a
small plastic ball by a thread from a
support [Takke a big needle and a
thread, pul a knol at one end of the
thread, and then with the help of the
needle pass the thread through the
balll. Touch the ball gently with the
prong of a wibrating taning
fork (Fig. 12.1).

*  Observe what happens and discuss
with vour friends.

Q9RICHII

Sounp

."-I *

—
Vibrating tuning fork

Fig. 12.1: Vibrating tuning fork jusi touching the
suspended table tennis ball,

———— Tahile termiz ball

Activity 12.2

*  Fill water in a beaker or a glass up 1o
the brim. Genily louch the waler surface
with one of the prongs of the vibrating
tuning fork. as shown in Fig. 12.2.

¢  Next dip the prongs of the vibrating
tuning fork in water, as shownm in Fig.

12.3.
. Obsgerve what happens in both the
cases,
. Discuss with vour friends why this
happens.
T ~Vibratmg tuning fork
L—_'=n:u=-—_

Fig. 12.2: One of the prongs of the vibraling luning
Jork touching the water surface.



Fig. 12.3: Both the prongs of the vibrating tuning forlc
dipped in walern

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

In the above activitles we have produced
sound by striking the tuning fork. We can
also produce sound by plucking, scratching.
rubbing, blowing or shaking different objects.
As per the above aclivities whai do we do Lo
the objects? We set the objects vibraling and
produce sound. Vibration means a kind of
rapid to and fro motion of an object. The
sound of the human voice is produced due
to vibrations in the vocal cords. When a bird
[Naps ils wings, do you hear any sound? Think
how the buzzing sound accompanying a bee
is produced. A siretched rubber band when

plucked vibrates and produces sound. I you
have never done this, ihen do it and observe
the vibration of the stretched rubber band.

Activity 123

s  Male a list of different types of musical
Instruments and discuss with your
[riends which pari of the instrument
vibrates to produce sound.

12.2 Propagation of Sound

Sound is produced by vibrating objecis. The
matter or substance through which sound
is transmitied is called a medium. It can be
golid, liquid or gas. Sound moves ithrough a
medium from the point of generation to the
listener, When an object vibrates, it sets the
particles of the medium around it vibrating.
The pariicles do noi travel all the way [fom
the wibrating object to the ear. A particle of
the medium in contact with the vibrating
object is first displaced [rom its equilibrium
position. It then exerts a lorce on the adjacent
particle. As a result of which the adjacent
particle gets displaced from its position of
rest. After displacing the adjacent particle the
first particle comes back to its original
position. This process continues in the
medium tll the sound reaches vour ear. The
disturbance created by a source of sound in

Mirror Piese

Can sound make a light spot dance?

Take a tin-can. Remove both ends to make it a hollow cylinder. Take a balloon and stretch it
over the can, then wrap a mubber band around the balloon. Take a small piece of mirror. Use
a drop of glue to stlck the piece of mirror to the balloon. Allow the light through a slit to fall on
the mirror. After reflection the light spot is seen on the wall, as shown in Fig. 12.4. Talk or
shout directly into the open end of the can and observe the dancing light spot on the wall.
Discuss with your friends what makes the light spot dance.

Fig. 12.4: A beam of Tight from a light sotirce is riade to fall on a midrmor: The reflected Tight is_falling on the wall,

Source of Hght

Soump
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the medium travels through the medium and
not the particles of the medium.

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

Air is the most common medium through
which sound travels. When a vibrating object
moves forward, it pushes and compresses the
air in front of it creating a region of high
pressure. This region is called a compression
(C], as shown in Fig. 12.5. This compression
starts to move away [rom the vibrating object.
When the vibrating object moves backwards,
it creates a region of low pressure called
rarcfaction (R), as shown in Fig. 12.5. As the
object moves back and [orth rapidly, a series
of compressions and rarefactions is created
in the air. These make the sound wave that
propagates through the medium.
Compression is the region of high pressure
and rarefaction is the region of low pressure.
Pressure is related to the namber of particles
ol a medinm in a given volume. More density
of the particles in the medium gives more
pressure and vice versa, Thus, propagation
of sound can be visualised as propagation of
density variations or pressure varialions in
the medium.

Fig. 12.5: A pibrating object creating a series of
compressions (C) and rarefactions (] in
the mediim.

182

nestion

I. How doesthe sound produced by
a vibrating object in a medinm
reach your ear?

12.2.1 SOUND NEEDS A MEDIUM TO TRAVEL

Sound is a mechanical wave and needs a
material mediwm like air, water, steel elc. for
its propagation. It eannot travel through
vacuum, which can be demonsirated by the
following experiment.

Take an electric bell and an airtight glass
bell jar. The electric bell is suspended inside
the airtight bell jar. The bell jar is connected
fo a vacuum pump, as shown in Fig. 12.6. If
yvou press the switch yvou will be able to hear
the bell. Now start the vacuum pump. When
the air in the jar is pumped out gradually,
the sound becomes fainter, although the
same cuurent is passing through the bell.
After some time when less air is left inside
the bell jar you will hear a very fecble sound.
What will happen il the air is removed
completely? Will vou still be able to hear the
sound of the bell?

—‘*—".‘r T eleciric connection
L St
------------ Caork
------- Bl jar
------- Electronic bell
E - - |
“— To WACUE P

Fig. 12.6: Bell jar experiment showing sourd cannot
trawvel in paectm
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nestions

1. Explain how sound is produced
by your school bell,

2. Why are sound waves called

mechanical waves?

Suppose you and your friend are

afn the moor. Will you be able to

héar any sound produced by

yerer friend?

12.2.2 SOUND WAVES ARE LONGITUDINAL
WAVES

Activity 12.4

. Take a slinky. Ask your riend (o hold
one end. You hold the other end.

New stretch the slinky as shown in
Fig. 12.7 {a). Then give it a sharp push
towards your friend.

L What do vou notice? If you move your
hand pushing and pulling the slinlky
alternatively, what will you observe?

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

E € R C

R C R €

ibj
Fig. 12.7: Longgitudingl wase e a slinky.

The regions where the coils become closer
are called compressions (C) and the regions
where the coils are further apart are called
rarefactions (R). As we already know, sound
propagates in the medium as a series of
compressions and rarefactions. Now, we can
compare the propagation of disturbance in a
slinky with the sound propagation in the
medium. These waves are called longitudinal
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waves. In these waves the individual particles
of the rnedinm move in a direction parallel to
the direction of propagation of the
disturbance. The particles do not move from
one place to another but they simply oscillate
back and forth about their posiiion of resi.
This is exactly how a sound wave propagaies,
hence sound waves are longitudinal waves.
There is also another wype of wave. called
a transverse wave. In a iransverse wave
particles do not oscillate along the direction
of wave propagaiion but oscillate up and down
aboul their mean position as the wave (ravels.
Thus, a transverse wave is the one in which
the individual particles of the medium move
about their mean positions in a direction
perpendicular to the direction of wave
propagation. When we drop a pebble in a
pond, the waves you see on the water surface
is an example of transverse wave. Light is a
transverse wave but for light. the oscillations
are not of the medium particles or thelr
pressure or density — it is not a mechanical
wave. You will come to know more about
Iransverse waves in higher classes.

12.2.3 CHARACTERISTICS OF A SOUND

WAVE
We can describe a sound wave by iis
* frequency
* amplitnde and
*  speed.

A sound wave in graphic form is shown
in Fig. 12.8(c). which represents how density
and pressure change when the sound wave
moves in the medium. The density as well as
the pressure of the medium at a given time
varies with distance, above and below the
average value of density and pressure.
Fig. 12.8(a) and Fig. 12.8(b) represent the
density and pressure variations, respectively,
as a1 sound wave propagales in the medium.

Compressions are the regions where
particles are crowded Llogelther and
represented by the upper portion of the curve
in Fig, 12.8{c]. The peak represents the region
of maximum compression. Thus,
compressions are regions where density as
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Density varialions
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Density

| Pressure variations
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Or presslre
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Fig. 12.8: Sound propagates as density or pressure variations as shown in faf and (@), (o) represents
graphically the density and pressure variations,

well as pressure is high. Rarefactions are the
reglons of low pressure where particles are
spread apart and are represented by the
valley, that is, the lower portion of the curve
in Fig. 12.8(c). A peak is called the crest and a
valley is called the trough of a wave,

The distance between two consecufive
compressions (C) or two consecutive
rarefactions (R) is called the wavelength, as
shown in Fig. 12.8(c), The wavelength is
usually represented by A (Greek letier
lambda). Iis 81 unit is melre (m).

Heinrich Rudolph Hertz
was born on 22 February
1857 in Hamburg,
Germany and educated at
the University of Berlin. He
conlirmed J.C. Maxwell's
electromagnetic theory by
his experiments. He laid the

H.R.Hertz  faundation for fulure
development of radio, telephone, telegraph

and even television. He also discovered the
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photoeleciric effeci which was later
explained by Alberi Einstein. The SI unit of
frecquiency was named as herz in his honour.

Frequency tells us how frequently an event
occurs, Suppose you are beating a drum. How
many times you are beating the dram in unit
time is called the fequency of your bealing
the drum. We know that when sound is
propagated through a medium, the density
of the medium oscillates between a maximum
value and a minimum value. The change in
density [rom the maximum wvalue o the
minimum value, then again Lo the maximum
value, makes one complete oscillation. The
number of such oscillations per umnit time is
the frequency of the sound wave. If we can
couni the number ol the compressions or
rarefaciions thai cross us per unil tme, we
will get the requency of the sound wave. ILis
usually represented by v (Greek leiter. mu). Iis
=1 unil is heriz (symbol, Hz).

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

p=—=
l1_|.

A violin and a Ouie may boih be played
at the same time in an orchestra. Both
sounds travel through the same medium,
thart is, air and arrive at our ear at the same
time. Both sounds (ravel al the same speed
irrespective of the source. Bul the sounds
we receive are different. This iz due to the
different characteristics associated with the
sound. Pitch is one of the characteristics.

How the brain interprets the frequency of
an emitted sound is called its pitch, The [aster
the vibration of the source, the higher is
the frequency and the higher is the pitch,
as shown in Fig. 12.9. Thus, a high pitch
sound corresponds to more number of
compressions and rarefaclions passing a
fixed point per unit time.

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

Waue
dfsturbence

LA A
A S

Wave shape for a low pitched sound

Wane
disturbeince

Time

Waouve shape for a high pilched sound

Fig. 12.9: Lowe pitch sound has low frequency arned
high pitch gf sound has high frequency.
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The magnitude of the maximum
disturbance in the medium on either side of
the mean value is called the amplitude of the
wawve. It is usually represented by the letter A.
as shown in Fig. 12.8[c). For sound iis unil
will be that of density or pressure.

The loudness or soliness of a sound is
determined basically by its amplitude. The
amplitude of the sound wave depends upon
the force with which an object is made to
vibrate. If we strike a table lightly. we hear a
soft sound because we produce a sound wave
of less energy (amplitade). If we hit the table
hard we hear a louder sound. Can you tell
why? A sound wave spreads out [rom its
source. As it moves away from the source its
amplitude as well as its loudness decreases.
Louder sound can travel a larger distance as
it is associated with higher energy. Fig. 12.10
shows the wave shapes of a loud and a soll
sound of the same frequency.

Weine
disturbance

e ..
T\ \

Soft sound

Wiane
disiurbanre

FAWAWAR
IRVAVA

Lotider sotod

Fig. 12.10: Soft sound hos small amplitude and
louider sound has large amplitude,

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

nestions

1. Which wave property deterrines
fal loudness, (b) pitch?

2. Guess which sound has a higher
pitch: guitar ar car hormn?

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

We know,
speed, v = distance / fime
b
T

Here A is the wavelength of the sound wave.
[t is the distance travelled by the sound wave
in one time period (1) of the wave. Thus.

e L =)
D=k - T

or p=av
That is, speed = wavelength x frequency.
The speed of sound remains almost the
same for all requencies in a given medium
under the same physical conditons,

Example 12.1 A sound wave has a
frequency of 2 kllz and wave length
35 em. How long will it take to travel
1.5 km?

Solution:

Given,
Frequency, v = 2 kHz = 2000 Hz
Wavelength, A =35 cm = 0.35 m
We know that speed, v of the wave
= wavelength x requency
u=Av
= (0.35m x 2000 Hz = 700 m /=
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The time taken by the wave 1o iravel a
distance, dofl 1.5 km is

d 1.5%1000m 15
=—s————— =g =21s
W T00ms 7
Thus sound will take 2.1 3 to iravel a

distance of 1.5 km.

nestions

1. What are wavelength, frequency,
time period and amplilude of a
soumiel wave?

2. How are the wauvelength and
frequency of a sound wave
related to ils speed?

3. Calculate the wavelength of a
sound eave whose frequency is
220 Hz and speed is 440 m/s in
a giver mecditom.

4. A person is listening to a tone af
500 Hz sifting at o distance of
450 m from the source of the
sourid. What is the time interval
beliveen sUccessive Cormpressions
from the source?

The amount of sound energy passing each
second through unit area is called the
Intensity of sound. We sometimes use the
terms “loudness” and Cintensity”
interchangeably, butl they are nol the same.
Loudness is a measure of the response of the
ear to the sound. Even when two sounds are
of equal intensity, we may hear one as louder
than the other simply because our ear deiecis
it better.

nestion

1. Distinguish between loudness
and intensily of sowund.

12.2.4 SPEED OF SOUND IN DIFFERENT
MEDIA

Sound propagates through a medium at a
finiie speed. The sound of a thunder is heard
a liule later than the flash of light is seen.
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So, we can make oul that sound travels with
a speed which is much less than the speed of
light. The speed of sound depends on the
properties of the medium through which it
travels. You will learn about this dependence
in higher classes. The speed of sound in a
medium depends on temperature of the
medium, The speed of sound decreases when
we go from solid lo gaseous slate. In any
medium as we increase the temperature, the
speed of sound increases. For example, the
speed of sound in airis 331 m s ! ai 02C and
344 m s al 22 °C. The speeds of sound at a
particular temperature in various media are
listed in Table 12.1. You need not memorise
ithe values.

Table 12.1: Speed of sound in

different media at 25 °C
Substance Speed in m/s
Solids  Aluminium 6420
Nickel 6040
Steel 5960
Tron 5950
Brass 4700
Glass (Flint) 3980
Ligquids Waier (Sea) 1531
Water (distdlled) 1498
Ethanol 1207
Methanol 1103
Gases  Hydrogen 1284
Helium 965
Adr 3486
Oxygen 316
Sulphur diexide 213
nestion
L. In which of the three media, mir,
wetter or tron, does sound trope!
the fastest al a particular
lemperaiurey’
Soum

Sonic boom: Whien the speed of any object
exceeds the speed of sound it is said 1o be
travelling at supersonic speed. Bullets, jel
aircralis elc. ofien wravel al supersonic
speeds. When a sound, producing source
moves with a speed higher than that of
sound, it produces shock waves in air.
These shock waves carry a large amount
of energy. The air pressure variation
associated with this type of shock waves
produces a very sharp and loud sound
called the “sonic boom”. The shock waves
produced by a supersonic aircrafi have
enough energy 1o shatier window glass and
even damage buildings.

12.3 Reflection of Sound

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

Activity 12.5

*  Take two identical pipes, as shown in
Fig. 12.11. You can make the pipes
using chart paper. The length of the
pipes should be sulficiently long
as showr,

*  Arrange them on a table near a wall,

*  Keep aclock near the open end of one
of the pipes and try io hear the sound
of the clock through the other pipe.

*  Adjust the posilion of the pipes so
that you can best hear the sound of
the clock.

=  Now, measure ihe angles of incidence
and refleciion and see the
relaticnship between the angles.

*  Lift the pipe on the right vertically
to a small helght and observe
what happens.

o place of a clock, a mobile phone
on vibrating mode may also be used.)
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Fig. 12.11: Reflection af sound

12.3.1 EcHoO

If we shout or clap near a suitable reflecting
object such as a tall building or a4 mountain,
we will hear the same sound again a litle
later. This sound which we hear is called an
echo. The sensation of sound persists in our
brain for about 0.1 s. To hear a distinct echo
the time interval between the original sound
and the reflected one must be at least 0.1s,
If we take the speed of sound to be 344 m/s
at a given temperature, say at 22 °C in air,
the sound must go to the obsiacle and reach
back the ear of the listener on refllection alter
0.1s. Hence, the total distance covered by ilie
sound from the point of generaton to the
reflecting surface and back should be at least
(344 m/s) x 0.1 5 = 34.4 m. Thus, for hearing
distinct echoes, the minimum distance of the
obsiacle from the source ol sound must be
half of this distance, that is, 17.2 m. This
distance will change with the temperature of
air. Echoes may be heard more than once
due to suceessive or multiple refllections. The
rolling of thunder is due to the successive
reflections of the sound from a number of
reflecting surfaces, such as the clouds and
the land.

12.3.2 REVERBERATION

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

Example 12.2 A person clapped his hands
near a cliff and heard the echio afier 2.s.
What is the distance of the clill from the
person if the speed of the sound, v is
taken as 346 m 517

Solution:

Griven,
Speed of sound, v= 346 m 5!
Time taken for hearing the echo,
t=2s
Distance wavelled by the sound
suxt=346ms'x22=692m
In 2 = sound has to travel twice the
distance between the cliff and the
person. Hence, the distance belween
the chifl and the person
=692m/2 =346 m.

nestion

I. An echo (s heard in 3 5, What s
the distance of the reflecling
surface from the source, given
that the specd of sound is
342 m s'7 ‘

12.3.3 UsEs OF MULTIPLE REFLECTION
OF SOUND

. Megaphones or loudhailers, horns,
musical insoruments such as rumpets
and shehanais, are all designed to
send sound in a particular direction
without spreading it in all directions,
as shown in Fig 12.12.
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soundboard may be placed behind the
stage so that the sound, after reflecting
from the sound board, spreads evenly
across the width of the hall (Fig 12.15).

Homm

Fig 12.12: A megaphone and a horn. Fig. 12.14: Curved celling of a conference hall.

In these instruments, a tube followed
by a conical opening reflects sound
successively to guide most of the sound "/
waves from the source in the forward
direction towards the audience.

Stethoscope is a medical instrument {\Q\
used for listening to sounds produced i
within the body. mainly in the heart or

lungs. In stethoscopes the sound of the Souree of sound
patient’s heartbeat reaches the doctor's '

ears by multiple reflection of sound. as
shown in Fig. 12.13, W

\

Fig. 12.15: Sournl board used in a blg hall,

L

w

W

W

W

nestion

1. Why are the ceilings of concert
halls curved?

Fig.12.13: Stethoscope

Generally the ceilings of concert halls, .
conference halls and cinema halls are 124 Rﬂﬂgﬂ of Heanng

curved so that sound afier reflection  The audible range of sound for human beings
reaches all corners of the hall, asshown  extends from about 20 Hz to 20000 Hz (one
in Fig 12.14. Sometimes a curved Hz = one cycle/s). Children under the age of
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five and some animals, such as dogs can hear
up to 25 kHz (1 kHz = 1000 Hz). As people
grow older their ears become less sensitive to
higher [requencies. Sounds of frequencies
below 20 Hz are called infrasonic sound or
infrasound. If we could hear infrasound we
would hear the vibrations of a pendulum just
as we hear the vibrations of the wings of a
bee. Rhinoceroses communicate using
infrasound of frequency as low as 5 llz.
Whales and elephants produce sound in the
infrasound range. [t is observed that some
animals get disiurbed belore earthguakes.
Earthquakes produce low-[requency
infrasound before the main shock waves
begin which possibly alert the animals.
Frequencies higher than 20 kHz are called
ultrasonic sound or ultrasound. Ultrasound
is produced by animals such as dolphins,
bats and porpolses. Moihs of certain families
have very sensitive hearing equipment. These
moths can hear the high frequency squeaks
of the bat and know when a bat is Qying
nearby, and are able {o escape capture, Ratis
also play games by producing ultrasound.

Hearing Aid: People with hearing loss may
need a hearing aid, A hearing aid is an
electronic. battery operated device. The
hearing aid receives sound through a
microphone. The microphone converts the
sound waves to electrical signals. These
electrical signals are amplified by an
amplifier. The amplified electrical signals
are given Lo a speaker of the hearing aid.
The speaker converis the amplified
electrical signal 1o sound and sends to the

ear for clear hearing.

nestions

I. What is the audible range of ihe
average fugnan ear?

2. What is the range of frequencies
associated with
(al Infrasound?
(b} Ultrasourud?
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12.5 Applications of Ultrasound

Ultraspunds are high frequency waves.
Ultrasounds are able to travel along well-
defined paihs even in the presence of
obstacles. Ultrasounds are used extensively
in indusiries and for medical purposes.
=  Ulirasound iz generally used to clean
parts located in hard-to-reach places,
for example, spiral tube, odd shaped
parts, electronic components etc.
Objects 1o be cleaned are placed in a
cleaning solution and ultrasonic
waves are sent into the soludon. Due
to the high frequency, the particles of
dust, grease and dirt get detached and
drop out. The objects thus get
thoroughly cleaned.
¢« TUlirasounds can be used to detect
cracks and flaws in metal blocks.
Metallic components are generally
used in construction of big struciures
like buildings, bridges. machines and
also scientific equipment. The cracks
or holes inside the metal blocks, which
are invisible from outside reduces the
sirength of the structure, Ultrasonic
waves are allowed to pass through the
metal block and detectors are used to
detect the transmitted waves. If there
is even a small defect, the ultrasound
gets reflected back indicating the
prezence of ithe flaw or defect, as shown

in Fig. 12.16.
Defect or faw

. . i'_l_
o= I p
g e 5 I J E
5 # 4 ) E::E
E>q——e] E
== > i_l'_

3 —__ I

Metal Block

Fig 12.16: Ultrasound is reflected back from the
defective localions inside a metal blogk,
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Ordinary sound of longer wavelengths
cannot be used for such purpose as it will
bend around the corners of ithe defective
location and enter the detector.

*  Ulirasonic waves are made to reflect
[rom various parts of the heart and
form the Image of the heart. This iech-
nique is called ‘echocardiography’.

*  Tlirasound scanner is an instrument
which uses ultrasonic waves for
getling images of internal organs of
the human body. A doctor may image
the patient’s organs such as the liver,
gall bladder, uterus, kidney, eic. It
helps the doctor to detect
abnormalities, such as stones in the
gall bladder and kidney or tumours
in different organs. In this technique
the ulirasenic waves travel through
the tissues of the body and get
reflected [rom a region where there is
a change of tissue density. These
waves are then converied into
elecirical signals that are used 1o
generate images of the organ. These
images are then displayed on a
monitor or printed on a film. This
technique is called "‘ultrasonography’.
Ultrasonography is also used for
examination of the [oeius during
pregnancy to detect congenial defects
and growth abnormalities.

¢ Ulrascund may be employed to break
small ‘stones’ formed in the kidneys
into fine grains. These grains later get
[lushed out with urine.

12.5.1S0NAR

The acronym SONAR stands for SOund
Navigation And Ranging. Sonar is a device
that uses ulirasonic waves to measure the
distance, direction and speed of underwater
objecis. How does ihe sonar work? Sonar
consists of a lransmiller and a detector and is
installed in a boat or a ship, as shown in Fig.
12.17.

Soump

Eonat [o7 shup]
- Water surface
= Detector
- Transoutier
- Sea bed
S S o NS
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e e

Fig.12.17: Ultrasound sent by the transmitter and
received by the delecton

The transmitter produces and transmiis
ultrasenic waves. These waves travel through
water and afier siriking the object on the
scabed, get reflected back and are sensed
by the detector. The deiector couverts the
ullrasenic waves into electrical signals which
are appropriately interpreied. The distance
of the object that reflected the sound wave
can be caleulated by knowing the speed of
sound in water and the time interval between
iransmission ‘and reception of the
ulrasound. Let the time interval between
transmission and reception of ultrasound
signal be t and the speed of sound through
geawater be v The total distance, 2d travelled
by the ultrasound is then, 2d =vx i

The above method iz called echo-ranging,
The sonar technique is used to determine the
depth of the sea and 1o locate underwater
hills, valleys, submarine, icebergs, sunken
ship etc.

Example 12.3 A ship sends out ultrasound
that returns from the seabed and is
detected afier 3.42 s. If the speed of
ultrasound through seawater is
1531 m/s. what is the distance of the
seabed from the ship?

Solution:

Given,
Time between transmission and
detection, t= 3.42 s.
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Speed of ultrasound in sea water,
v =163l m/s
Distance iravelled by the ultrasound
= 2 x depth of the sea = 2d
where d is the depth of the sea.
2d = speed of sound x time
= 1631l m/s x 3.42 5 = 5236 m
d = 5236 m/2 = 2618 m.
Thus, the distance of the seabed from
the ship is 2618 m or 2.62 km.

nestion

1. A subrnarire emifs o sonar pulse,

which returns from an
wnderwerater cliff in 1.02 s, If the
speed of sound in sclt wealer s
1531 m/s, how far away is the
eliff?

As mentioned earlier, bats search oui prey
and fly in dark night by emitting and
detecting reflectlons of ultrasonic waves. The
high-pitched ultrasonic squeaks of the bal
are reflected from the cbstacles or prey and
returned to bat’s ear, as shown in Fig. 12.18.
The nature of reflections tells the bat where
the obstacle or prey is and what it is like.
Porpoises also use ultrasound for navigation
and location of food in the dark.

Fig. 12.18: Ulrasound is emitted by a bat and it is
reflected back bu the prey or an obstacle,
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12,6 Structure of Human Ear

How do we hear? We are able to hear with
the help of an extremely sensitive device
called the ear. It allows us to convert pressure
variations in air with audible frequencies into
clectric signals that travel to the brain via the
auditory nerve. The auditory aspect of human
ear is discussed below.

Pirma

Hanumier

Anavil

Stimup

Crral witlowr
—— MAuclitory nemve

Cochles

Tymparnie membrane

oT eardroom

\ Auditory canal
\— Fustachian tulse

| | — |
Outber ear Middle Inner

°ar L2 Ing

Fig. 12.19: Auditory parts of hunion ear

The ouler ear is called 'pinna’. It collects
the sound from the surrcundings. The
collected sound passes through the audiiory
canal. At the end of the auditory canal there
is a thin membrane called the ear drum or
tympanic membrane. When a compression
of the medium reaches the eardrum ihe
pressure on the outside of the membrane
Increases and forces the eardrmum inward.
Similarly, the eardmum moves outward when
a rarefaction reaches it. In this way the
cardrum vibrates. The vibrations are
amplified several times by three bones (the
hammer, anvil and stirrup) in the middle ear.
The middle ear fransmits the amplified
pressure variations received from the sound
wave lo the inner ear. In the inner ear, the
pressure variatons are tumed into elecirical
signals by the cochlea. These elecirical signals
are sent to the brain via the auditory nerve,
and the brain interprets them as sound.
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What
you have
learnt

Sound s produced due 1o vibration of different objecis.

Sound travels as a longlitundinal wave through a material

medium.

Sound travels as successive compressions and rarefactions in

the medium.

In sound propagalion, it is the energy of the sound that travels

and not the particles of the medium.

Sound cannet travel in vacuum.

The change in density from one maximum value to the

minimum value and again to the maximum value makes one

complete oscillation.

The distance between two consecutive compressions or two

consecutive rarefactions is called the wavelength, A.

The time taken by the wave lor one complete oscillation of the

density or pressure of the medium is called the lime period. T.

The mumber of complete oscillations per unit time is called the
1

frequency {v). ¥v= T

The speed v, frequency v, and wavelength A, of sound are related

by the equation, v = Av.

The speed of sound depends primarily on the nature and the

temperature of the transmitting medium.

The law of reflection of sound states that the directions in which

the sound is incident and reflected make equal angles with

the normal to the reflecting surface at the point of incidence

and the three lie In the same plane.

For hearing a distnet sound, the time interval between the

original sound and the reflected one must be at least 0.1 s,

The persistence of sound in an auditorium is the result of

repeated reflections of sound and is called reverberation.

Sound properties such as pitch, loudness and quality are

determined by the corresponding wave properties.

Loudness is a physiological response of the ear to the

intensity of sound.

The amount of sound energy passing each second through

unit area is called the intensity of sound.

The audible range of hearing for average human beings is
in the frequency range of 20 Hz - 20 kHz.
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Sound waves with frequencies below the audible range are
termed “infrasonic” and those above the audible range are
termed "nltrasonic”.

Ultrasound has many medical and industrial applications.
The SONAR technique is used to determine the depih of the

sea and to locaie under water hills. valleys, submarines.
icebergs, sunken ships etc.

e Exercises
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10.

11.

12,
13.

14.

What is sound and how is it produced?

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

Cite an experiment lo show that sound needs a material
medium for its propagation.

Why is sound wave called a longitudinal wave?

Which characteristic of the sound helps you to identify your
friend by his voice while sitting with others in a dark room?
Flash and thunder are produced simultaneously, But thunder
is heard a few seconds after the flash is seen, why?

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

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

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

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

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

Give two practical applications of reflection of sound waves.
A stone is dropped from the top of a tower 500 m high into a
pond of water at the base of the tower. When is the splash
heard at the top? Given. g = 10 m s* and speed of sound =
340 m s

A sound wave travels at a speed of 339 m s°L. If its
wavelength is 1.5 cm. what is the frequency of the wave?
Will it be audible?
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15.
16.
17
18.
19,
20.

21.

22.

What is reverberation? How can it be reduced?

Whal is loudness of sound? Whal [actors does il depend on?
Explain hew bats use ultrasound to caich a prey.

How is ultrasound used for cleaning?

Explain the working and application of a sonar.

A sonar device on a submarine sends out a signal and receives
an echo 5 s later. Caleulate the speed of sound in water if the
distance of the objecl [rom the submarine is 3625 m.

Explain how defecis in a metal block can be detected using
ulirasound.

Explain how the human ear works.
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Chapter 13

Way Do WE FaLL ILL?

Activity 13.1

=  We have all heard of the earthquakes in
Latur, Bhuj, Kashmir ele. or the cyclones
Lhal lashed the coaslal regions. Think
of as many dillerenl ways as possible in
which people’s health would be affecled
by such a disaster il il ook place in our
neighbourhood.

- How many of these ways we can think of
are evenls that would occur when Lhe
disastler is aclually happening?

. How many ol these health-related evenls
would happen long aller the aclual
disasler, bul would still be because of the
disasler?

*+  Why would one eflecl on health fall inlo
the [irst group, and why would another
[all into the second group?

When we do this exercise, we realise that
health and disease in human communities
are very complex issues, with many
interconnected causes. We also realise that
the ideas of what *health’ and ‘disease’ mean
are themselves very complicated. When we
ask what causes diseases and how we prevent
them, we have to begin by asking what these
notions mean.

We have seen that cells are the basic units
of organisms. Cells are made ol a variety of
chemical substances—proteins, carbo-hydrates,
fats or lipids, and so on. Cell is a dynamic place.
Something or the other is always happening
inside them. Complex reactions and repair goes
on inside cells. New cells are being made. In
our organs or tissues, there are various
specialised activities going on— the heart is
beating, the lungs are breathing, the kidney
is filtering urine, the brain is thinking.

All these activities are interconnected. For
example, if the kidneys are not filtering urine,

poisonous substances will accumulate. Under
such conditions, the brain will not be able to
think properly. For all these interconnected
activities, energy and raw material are needed.
FFood is a necessity for cell and tissue functions.
Anything that prevents proper functioning of
cells and tissues will lead to a lack of proper
activity of the body.

It is in this contexl that we will look at the
notions of health and disease.

13.1 Health and its Failure

13.1.1 THE SIGNIFICANCE OF “HEALTH

We have heard the word ‘health’ used quite
frequently. We use il ourselves as well, when
we say Lhings like ‘my grandmother’s health
is not good'. Our teachers use it when they
scold us saying “this is not a healthy attitude’.
What does the word “health’ mean?

If we think about it, we realise that it
always implies the idea of ‘being well'. We can
think of this well-being as effective
functioning. For our grandmothers, being able
to go out to the market or to visit neighbours
is ‘being well', and not being able to do such
things is ‘poor health’. Being interested in
following the teaching in the classroom so that
we can understand the world is a ‘healthy
attitude’; while not being interested is
considered the opposite. Tlealth' is therefore a
state ol being well enough to unction well
physically, mentally and socially.

13.1.2 PERSONAL AND COMMUNITY ISSUES
BOTH MATTER FOR HEALTH

Il health means a state of physical, mental and
social well-being, it cannot be something that



each one of us can achieve entirely on our own.
The health of all organisms will depend on
their surroundings or their environment. The
environment Includes the physieal
environment. So, for example, health is at risk
in a eyclone in many ways.

Human beings live in societies. Our social
environment, therefore, is an important factor
in our individual health. We live in villages,
towns or cities. In such places, even our
physical environment is decided by our social
environment.

Consider what would happen if no agency
is ensuring that garbage is collecled and
disposed. What would happen if no one takes
responsibility for clearing the drains and
ensuring that water does not collect in the
sireets or open spaces?

So, il there is a greal deal ol garbage
thrown in our streets, or if there is open drain-
waler lying stagnant around where we live,
the possibility of poor health increases.
Therefore, public cleanliness is important for
individual health.

Activity 13.2

- Find oul whal provisions are made by
your loeal authorily [panchayal/
mumnicipal corporation) for the supply
of clean drinking waler.

- Are all the people in your locality able
Lo access Lhis?

13.3

- Find oul how your local authority
manages Lthe solid waste generated in
your neighbourhood.

- Are these measures adegquate?

- Il not, what improvements would you
suggesL?

- What could your family do o reduce
the amounl of solid wasle generaled
during a day/wecek?

We need [ood to be healthy, and this food
will have to be earned by doing work. For this,
the opporiunity to de work has to be available.

We need to be happy in order to be truly
healthy. and if we mistreal each other and are
afraid of each other, we cannol be happy or

Activity

Wiy Do We Fawi, Lie?

healthy. Social equality and harmony are
therefore necessary for individual health. We
can think of many other such examples of
connections between community issues and
individual health.
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13.1.3 DISTINCTIONS BETWEEN “HEALTHY
AND ‘DISEASE-FREE’

If this is what we mean by ‘health’, what do we
mean by ‘disease'? The word is actually self-
explanatory — we can think of it as ‘disease’ -
disturbed ease. Disease. in other words,
literally means being uncomfortable. [owever,
the word is used in a more limited meaning.
We talk of disease when we can find a specific
and particular cause for discomfort. This does
not mean that we have to know the absolute
final cause; we can say thal someone is
suffering from diarrhoea without knowing
exactly what has caused the loose motions.

We can now easily see that il is possible to
be in poor health without actually suffering
from a particular disease. Simply not being
diseased is not the same as being healthy.
‘Good health’ for a dancer may mean being
able to stretch his body into difficult but
graceful positions. On the other hand. good
health for a musician may mean having enough
breathing capacity in his/her hings to conirol
the notes from his/her flute. To have the
opportunity to realise the unique potential in
all of us is also necessary for real health.
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S0, we can be in poor health without there
being a simple cause in the form of an
identifiable disease. This is the reason why,
when we think about health, we think about
societies and communities. On the other
hand, when we think about disease, we think
about individual sufferers.

uestions

1. State any tiwo conditions essential
for good health.

2. State any hwo conditions essential
for being free of disease.

3. Are the answers to the above
questions necessarily the same or
different? Why?

13.2 Disease and Its Causes

13.2.1 WHAT DOES DISEASE LOOK LIKE?

Let us now think a little more about
diseases. In the first place. how do we know
that there is a disease? In other words, how
do we know that there is something wrong
with the body? There are many tissues in
the body, as we have seen in Chapter B.
These tissues make up physiological
sysiems or organ systems that carry out
body functions. Each of the organ systems
has specific organs as its parts, and it has
particular functions. So, the digestive
sysiem has the stomach and intestines, and
it helps to digest food taken in from outside
the body. The musculoskeletal sysiem,
which is made up of bones and muscles,
holds the body parts together and helps the
body move.

When there is a disease, either the
functioning of one or more systems of the body
will change for the worse. These changes give
rise to symptoms and signs of disease.
Symptoms of disease are the things we feel as
being ‘wrong’. So we have a headache, we have
cough, we have loose motions, we have a
wound with pus; these are all symptoms.
These indicate that there may be a disease, but
they don't indicate what the disease is. For
example, a headache may mean just
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examination stress or, very rarely, il may
mean meningitis, or any one of a dozen
different diseases.

Signs of disease are what physicians will
look for on the basis of the symptoms. Signs
will give a little more definite indication of the
presence of a particular disease. Physicians will
also gel laboratory tests done to pinpeint the
disease further.

13.2.2 ACUTE AND CHRONIC DISEASES

The manifestations of disease will be different
depending on a number of factors. Some
diseases last [or only very short periods of time,
and these are called acute diseases. We all know
from experience that the common cold lasts
only a few days. Other ailments can last fora
long time, even as much as a lifetime, and are
called chronic diseases. An example is the
infection causing elephantiasis, which is very
common in some parts of India.

Activity 13.4

=  Survey your neighbourhood Lo ind oul:

(1) how many people suflered [rom
acule diseases during the last
three months,

(2) how many people developed
chronie discases during this same
period,

{3) and [linally, the Lotal number of
people suffering [rom chronic
diseases in your neighbourhood.

. Are the answers lo gquestions (1) and
[2) dillerent?

L Are the answers lo guestions (2) and
(3) dillerent?

- Whal do you Lhink could be the
reason for these differences? Whal do
yvou think would be the effect of these
dilferences on the general health of
Lthe population?

13.2.3 CHRONIC DISEASES AND POOR
HEALTIH

Acute and chronic diseases have different
effects on our health. Any disease that causes
poor lunctioning of some part of the body will
affect our health. This is because all functions
of the body are necessary for being healthy.



But an acute disease, which is over very soomn,
will not have time to cause major effects on
general health, while a chronic disease will do
s0.

As an example, think about a cough and
cold, which all of us have from time to time.
Most ol us get better and become well within a
week or so. And there are no lasting effects on
our health. But if we get infected with a chronic
disease such as tuberculosis of the lungs, then
being ill over the years does make us lose
weight and feel tired all the time.

We may not go to school for a few days il
we have an acute disease. But a chronic
disease will make it difficult for us to follow
what is being taught in school and reduce our
ability to learn. In other words, we are likely
to have prolonged general poor health if we
have a chronic disease. Chronic diseases
therefore, have very drastic long-term effects
on people’s health as compared to acute
diseases.

13.2.4 CAUSES OF DISEASES

What causes disease? When we think about
causes of diseases, we must remember that
there are many levels of such causes. Let us
look at an example. If there is a baby suffering
from loose motions, we can say that the cause
of the loose motions is probably an infection.

But the next question is — where did the
infection come from? Suppose we find that the
infection came through unclean drinking
water. Bul many babies must have had this
unclean drinking water. So, why is it that one
baby developed loose motions when the other
babies did not?

One reason might be that this baby is not
healthy. As a result, it might be more likely to
have disease when exposed to risk, whereas
healthier babies would not. Why is the baby
nol healthy? Perhaps because it is not well
nourished and does not get enough food. So,
lack of good nourishment becomes a second
cause of the disease. Further, why is the baby
not well nourished? Perhaps because it is rom
a household which is poor.

It is also possible that the baby has some
genetic difference that makes it more likely to
suffer from loose motions when exposed to a
pathogen. Without the pathogen, the genetic
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difference or the poor nourishment alone
would not lead to loose motions. But they do
become contributory causes of the disease.

Why was there no clean drinking water for
the baby? Perhaps because the public services
are poor where the baby's family lives. So,
poverty or lack of public services become third
cause of the baby's disease.

It will now be obvious that all diseases will
have immediate causes and coniributory
causes. Also, most diseases will have many
causes, rather than one single cause.

13.2.5 INFECTIOUS AND NON-INFECTIOUS
CAUSES

As we have seen, it is important to keep public
health and community health factors in mind
when we think about causes of diseases. We
can take that approach a little further. It is
useful to think of the immediaile causes of
disease as belonging to two distinet types. One
group of causes is the infectious agents,
mostly microbes or micro-organisms.
Diseases where microbes are the immediate
causes are called infectious diseases. This is
because the microbes can spread in the
community, and the diseases they cause will
spread with them.

1. Do all diseases spread to people
coming in contact with a sick person?

2. What are the diseases that are not
spreading?

3. llow would a person develop those
diseases that don't spread by contact
with a sick person?

On the other hand, there are also diseases
that are not caused by infectious agents. Their
causes vary, but they are not external causes
like microbes that can spread in the
community. Instead, these are mostly internal,
non-infectious causes.

For example, some cancers are caused by
genetic abnormalities. High blood pressure can
be caused by excessive welght and lack of
exercise. Similarly, diabetes is not infectious.
You can think of many other diseases where
the immediate causes will not be infectious.
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Peptic ulcers and the Nobel prize

For many years, everybody used to think
that peptic ulecers, which cause acidity-

related pain and bleeding in the stomach
and duodenum, were because of lifestyle
reasons. Everybody thought that a stressful
life led to a lot of acid secretion in the
stomach, and eventually caused peptic
ulcers.

Then two Australians made a discovery
that a bacterium, Helicobacter pylori, was
responsible for peptic ulcers. Robin Warren
{(born 1937). a pathologist from Perth.
Australia, saw these small curved bacteria
in the lower part of the stomach in many
patients. e noticed that signs of
inflammation were always present around
these bacteria, Barry Marshall (born 1951),
a young clinical fellow, became interested
in Warren's findings and succeeded in
cultivating the bacteria from these sources.

In treatment studies, Marshall and
Warren showed that patients could be cured
of peptic ulcer only when the bacteria were
killed off from the stomach. Thanks to this
pioneering discovery by Marshall and
Warren, peptic ulcer disease is no longer a
chronic, frequently disabling condition, but
a disease that can be cured by a short
period of treatment with antibiotics.

For this achievement, Marshall and

Warren (seen in the picture) received the
Nobel prize for physiology and medicine in
2005.

The ways in which diseases spread, and
the ways in which they can be treated and
prevented at the community level would be
different for different diseases. This would
depend a lot on whether the immediate causes
are infectious or non-infectious.

uestions

1. List any three reasons whiy you
would think that you are sick and
ought to see a doctor. [f only one
of these symptoms Lere present,
would you still go to the doctor?
Why or why noi?

2. In which of the jollowing case do
you think the long-term effecis on
your health are likely to be most
unpleasant?

s if you get jaumndice,

s if you get lice,

s if you get acne.
Why?

13.3 Infectious Diseases

13.3.1 INFECTIOUS AGENTS

We have seen that the entire diversity seenin
the living world can be classified into a few
groups. This classification is based on
common characteristics between different
organisms. Organisms that can cause disease
are found in a wide range of such categories
of classification. Some of them are viruses,
some are bacteria, some are lungi, some are
single-celled animals or prolozoans (Fig. 13.1).
Some diseases are also caused by
multicellular organisms, such as worms of
different kinds.
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Fig. 13.1{a): Picture of SARS vinises coming oul (see
armows for examples) of the surface of
an infected cell. The white seale line
represents 500 nonometres, which is
half @ micremetre, which is one-
thousandth of a millimetre. The scale line
gives us an idea of how small the things
we are looking at are.

Courtesy: Emerging Infectious
Deseases, ajournal of CODE, LS.

Fig. 13.1[d): Pirture of Leishmania, the protozoan
organism that causes kala-azar The
organisms are oval-shaped, and each
has one long whip-like structune. One
organism (arrow) is dividing. while a cell
af the immune system [lower right) hos
gripped on the tiwo whips of the dividing
organism and is sending cell processes
up to eat up the organism. The immune
cell is about ten micrometres in diometer

Fig. 13.1{b): Picture of staphylococel, the bacteria
which can cause acne. The scale of the
image is indicated by the line at top lefi.
which is 5 micrometres long.

Fig. 13.1fc): Picture of Trypanosoma, the protozoan
organism responsible for sleeping
sickness. The organism is lying next to Fig. 13.1{e): Picture of an adult roundworm (Ascaris

a saurer-shaped red blood cell o give lyumbricoides) from the small intestine. The
an idea of the seale. ruler nexd to it shows jour centimetres to
Copyright: Oregon Health and Science give us an idea of the scale.

University. LS.
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Common examples of diseases caused by
viruses are the common cold, influenza,
dengue fever and AIDS. Diseases like typhoid
fever, cholera, tuberculosis and anthrax are
caused by bacteria. Many common skin
infections are caused by different kinds of
fungi. Protozoan microbes cause many
[amiliar diseases. such as malaria and kala-
azar. All of us have also come across intestinal
worm infections, as well as diseases like
elephantiasis caused by diffferent species of
WOrmis.

Why is it important that we think of these
categories of infectious agents? The answer
is that these categories are important factors
in deciding what kind of treatment to use.
Members of each one of these groups —
viruses, bacteria, and so on - have many
biological characteristics in common.

Ml viruses, for example, live inside host
cells, whereas bacteria very rarely do. Viruses,
bacteria and fungi multiply very quickly, while
worms multiply very slowly in comparison.
Taxonomically, all bacteria are closely related
to each other than to viruses and vice versa.
This means that many important life
processes are similar in the bacteria group
but are not shared with the virus group. Asa
resull, drugs that block one of these life
processes in one member of the group is likely
Lo be elfective against many other members
of the group. But the same drug will not work
against a microbe belonging to a different
group.

As an example, let us take antibiotics. They
commonly block biochemical pathwavs
important for bacteria. Many bacteria, for
example, make a cell-wall to protect
themselves. The antibiotic penicillin blocks
the bacterial processes that build the cell-
wall. As a result, the growing bacteria become
unable to make cell-walls, and die easily.
Human cells don't make a cell-wall anyway,
so penicillin cannot have such an effect on us.
Penicillin will have this effect on any bacteria
that use such processes [or making cell-walls.

Similarly, many antibiotics work against many
species of bacteria rather than simply working

against one.
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But viruses do notl use these pathways at
all, and that is the reason why antibiotics do
not work against viral infections. If we have a
common cold, taking antibiotics does not
reduce Lhe severity or the duration of the
disease. lHowever, if we also get a bacterial
infection along with the viral cold, taking
antibiotics will help. Even then, the antibiotic
will work only against the bacterial part of the
infection. not the viral infection.

13.5

= Find oul how many ol you in your
class had cold/cough /lever recently.

=  How long did the illness lasi?

=  How many of you look anlibioties (ask
your parenis il you had antlibiolics)?

= How long were those who Look
aniibiotics ill?

= How long were those who didn't lake
aniibiotics ill?

= Is there a difference between these bwo
groups?

= Il yes, why? Il nol, why nol?

Activity

13.3.2 MEANS OF SPREAD

How do infectious diseases spread? Many
microbial agents can commonly move from an
affected person to someone else in a
variety of ways. In other words, they can be
‘communicated’, and so are also called
communicable diseases.

Such disease-causing microbes can spread
through the air. This occurs through the little
droplets thrown out by an infected person who
sneezes or coughs (Fig. 13.2). Someone
standing close by can breathe in these
droplets, and the microbes get a chance to
start a new infection. Examples of such
diseases spread through the air are the
common cold, coronavirus disease
(COVID-19), pneumonia and tuberculosis.

We all have had the experience of sitting
near someone suffering from a cold and
catching it ourselves. Obviously, the more
crowded our living conditions are, the more
likely it is that such airborne diseases will
spread.
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Fig. 13.2: Air-transmitied diseases are casier io
catch the closer we are to the infected
person. However, in closed areas, the
droplet nuclei recirculate and pose a risk
to everybody. Overcrowded and poorly
ventilated housing is thercfore a major
Jactor in the spread of airborne discases.

Diseases can also be spread through
water. This oceurs if the exereta from someone
suffering from an infectious gut disease, such
as cholera, get mixed with the drinking water
used by people living nearby. The cholera-
causing microbes will enter a healthy person
through the water they drink and cause
disease in them. Such diseases are much more
likely to spread in the absence of safe supplies
of drinking water.

The sexual act is one of the closest physical
contact two people can have with each other.
Not surprisingly, there are microbial infections
such as syphilis or AIDS that are transmitted

Direct
s, S

P i
i By air T

@ ~
o s nil
1‘%] “-—-.\ Sl

' — Eﬂr
el )|
“d?bdjﬂqﬂimw

'Rabid animal

L

I

Fig. 13.3:Common methods of transmission of
diseases.
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by sexual contact from one partner to the
other. However, such sexually transmitted
diseases are not spread by casual physical
contact. Casual physical contacts include
handshakes or hugs or sports, like wrestling,
or by any of the other ways in which we touch
each other socially. Other than the sexual
contact, the virus causing AIDS (11IV]) can also
spread through blood-to-blood contaet with
infected people or from an infected mother to
her baby during pregnancy or through breast
feeding.

We live In an environment that is full of
many other creatures apart from us. It is
inevitable that many diseases will be
transmitted by other animals. These animals
carry the infecting agenis from a sick person
to another potential host. These animals are
thus the intermediaries and are called vectors.
The commonest vectors we all know are
mosquitoes. In many species of mosquitoes,
the females need highly nutritious food in the
form of blood in order to be able to lay mature
eggs, Mosquitoes feed on many warm-blooded
animals, including us. In this way, they can
transfer diseases from person to person
(Fig. 13.3).

13.3.3 ORGAN-SPECIFIC AND TISSUE-
SPECIFIC MANIFESTATIONS

The disease-causing microbes enter the body
through these different means. Where do they
go then? The body is very large when
compared to the microbes. So there are many
possible places, organs or tissues, where they
could go. Do all microbes go to the same tissue
or organ, or do they go to different ones?

Different species of microbes seem (o have
evolved to home in on different parts of the
body. In part, this selection is connected io
their point of entry. If they enter from the air
via the nose, they are likely to go to the lungs.
This is seen in the bacteria causing
tuberculosis. Il they enter through the mouth,
they can stay in the gut lining like typhoid-
causing bacteria. Or they can go to the liver,
like the viruses that cause jaundice.

Bul this needn't always be the case. An
infection like HIV, that comes into the body
via the sexual organs, will spread to lymph
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nodes all over the body. Malaria-causing
microbes, entering through a mosquito bite,
will go to the liver, and then to the red blood
cells. The virus causing Japanese encephalitis,
or brain fever, will similarly enter through a
mosquito bite. But it goes on to infect the brain.

The signs and symptoms of a disease will
thus depend on the tissue or organ which the
microbe targets. If the lungs are the targets,
then symptoms will be cough and
breathlessness. If the liver is targeted, there will
be jaundice. If the brain is the target, we will
observe headaches, vomiting, fits or
unconsciousness. We can imagine what the
symptoms and signs of an infection will be il
we know what the target tissue or organ is,
and the functions that are carried out by this
tissue or organ.

In addition to these tissue-specific effects
of infectious disease, there will be other common
effects too. Most of these common effects depend
on the [act that the body's immune system is
activated in response to infecton. An active
immune system recruits many cells to the
affected Lissue to kill off the disease-causing
microbes. This recruiiment process is called
inflammation. As a part of this process, there
are local effects such as swelling and pain, and
general effects such as fever.

In some cases, the tissue-specificity of the
infection leads to very general-seeming effects.
For example. in HIV infection, the virus goes
to the immune system and damages its
hunetion. Thus, many of the effects of [HIIV-AIDS
are because the body can no longer fight off
the many minor infections that we [ace
everyday. Instead, every small cold can become
pneumonia. Similarly, a minor gut infection
can produce major diarrhoea with blood loss.
Ultimately, it is these other infections that kill
people suffering from HIV-AIDS.

It is also important to remember that the
severity of disease manifestations depend on
the number of microbes in the body. If the
number of microbes is very small, the disease
manifestations may be minor or unnoticed.
But il the number is of the same microbe large,
the disease can be severe enough to be life-
threatening. The immune system is a major
factor that determines the number of microbes
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surviving in the body. We shall look into this
aspect a little later in the chapter.

13.3.4 PRINCIPLES OF TREATMENT

What are the steps talken by your family when
you fall sick? Have you ever thought why you
sometimes feel better if you sleep for some time?
When does the treatment involve medicines?

Based on what we have learnt so far. it
would appear that there are two ways to treat
an infectious disease. One would be to reduce
the effects ol the disease and the other io kill
the cause of the disease. For the first, we can
provide treatment that will reduce the
symptoms. The symptoms are usually
because of inflammation. For example, we can
take medicines that bring down fever, reduce
pain or loose motions. We can take bed rest so
that we can conserve our energy. This will
enable us to have more of it available to focus
on healing.

But this kind of symptom-directed
treatment by itself will not make the infecting
microbe go away and the disease will not be
cured. For that, we need to be able to kill off
the microbes.

How do we kill microbes? One way is to
use medicines that kill microbes. We have seen
earlier that miecrobes can be classified into
different categories. They are viruses, bacteria,
fungi or protozoa. Each of these groups of
organisms will have some essential
biochemical life process which is peculiar to
that group and not shared with the other
groups. These processes may be pathways for
the synthesis of new substances or respiration.

These pathways will not be used by us
either. For example, our cells may make new
subslances by a mechanism different from that
used by bacteria. We have to find a drug that
blocks the bacterial synthesis pathway without
affecting our own. This is what is achieved by
the antibiotics that we are all familiar with.
Similarly, there are drugs that kill protozoa
such as the malarial parasite.

One reason why making anti-viral
medicines is harder than making anti-
bacterial medicines is that viruses have few
biochemical mechanisms of their own. They



enter our cells and use our machinery for their
life processes. This means thal there are
relatively few virus-specific targels to aim al.
Despite this limitation, there are now effective
anti-viral drugs, for example, the drugs that
keep HIV infection under control.

13.3.5 PRINCIPLES OF PREVENTION

All of what we have talked about so far deals
with how to get rid of an infection in someone
who has the disease. But there are three
limitations of this approach to dealing with
infectious disease. The [irst is that once
someone has a disease, their body functions
are damaged and may never recover
completely. The second is that treatment will
take time, which means thal someone
suffering from a disease is likely Lo be
bedridden for some ime even il we can give
proper treatment. The third is that the person
suffering from an infectious disease can serve
as the source from where the infection may
spread to other people. This leads to the
multiplication of the above difficulties. It is
because of such reasons that prevention of
diseases is better than their cure.

IHow can we prevent diseases? There are
two ways. one general and one specific to each
disease. The general ways ol preventing
infections mostly relate to preventing
exposure. How can we preveni exposure to
infectious microbes?

Ifwe look at the means of their spreading,
we can gel some easy answers. For airborne
microbes and those carried by droplets, we can
prevent exposure by providing living
conditions that are not overcrowded,
maintaining appropriate physical distance,
wearing appropriate masks, practising hand
hygiene, etc. For water-borne microbes, we can
prevent exposure by providing safe drinking
water. This can be done by treating the water
to kill any microbial contamination. For
vector-borne infections, we can provide clean
environments. This would not, for example,
allow mosquito breeding. In other words,
public hygiene is one basic key to the
prevention of infectious diseases.

In addition to these issues that relate to
the environment, there are some other general
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principles to prevent infectious diseases. To
appreciate those principles, let us ask a
question we have not looked at so far. Normally,
we are faced with infections everyday. If
someone is suffering from a cold and cough in
the class, it is likely that the children sitting
around will be exposed to the infection. But
all of them do not actually suffer from the
disease. Why not?

This is because the immune system of our
body is normally fighting off microbes. We have
cells that specialise in killing infecting
microbes. These cells go into action each time
infecting microbes enter the body. If they are
successful, we do not actually come down with
any disease. The immune cells manage to kill
off the infection long before it assumes major
proportions. As we noted earlier, if the number
of the infecting microbes is controlled, the
manilestations of disease will be minor. In other
words, becoming exposed to or infected with
an infectious microbe does not necessarily
mean developing noticeable disease.

So, one way of looking at severe infectious
diseases is that it represents a lack of success
of the immune system. The lunctioning of the
immune system, like any other system in our
body, will not be good if proper and sufficient
nourishmeni and food is not available.
Therefore, the second basic principle of
prevention of infectious disease is the
availability of proper and sufficient food for
EVETYONE.

13.6

. Conducl a survey in your loeality.
Talk Lo len [amilies who are well-oll
and len who are very poor [in your
eslimalion). Bolh sels ol lamilies
should have children who are below
five years of age. Measure the heighls
of these children. Draw a graph of the
height ol each child againsl ils age
for both sels of families.

= Is there a dillerence belween Lhe
groups? I yes, why?

= If there is no difference, do you Lthink
thal your [indings mean Lhal being
well-oll or poor does nol maller for
health?

Activity
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These are the general ways of preventing
infections. What are the specific ways? They
relate to a peculiar properiy of the immune
system that usually fights off microbial
infections. Let us cite an example to try and
understand this property.

These days. there is no smallpox anywhere
in the world. But as recently as a hundred
yvears ago, smallpox epidemics were not at all
uncommon. In such an epidemie, people used
to be very afraid of coming near someone
sullering from the disease since they were
afraid of catching the disease.

However, there was one group of people
who did not have this fear. These people would
provide nursing care for the victims of
smallpox. This was a group of people who had
had smallpox earlier and survived it, although
with a loi of scarring. In other words, if you
had smallpox once, there was no chance of
sullering from it again. So, having the disease

Immunisation

Traditional Indian and Chinese medicinal
systems sometimes deliberately rubbed the
skin crusts from smallpox victims into the
skin of healthy people. They thus hoped to
induce a mild form of smallpex that would
create resistanece against the disease.
Famously, two centuries ago, an English
physician named Edward Jenner, realised
| that milkmaids
who had had
cowpox did not
cateh smallpox
jY even during
epidemics.
Cowpox is a very
mild disease.
Jenner tried
deliberately giving
cowpox to people
(as he can be seen
“doing in the
picture). and found that they were now
resistant to smallpex. This was because the
smallpox virus is closely related to the
cowpox virus. ‘Cow’ is ‘'vacea’ in Latin, and
cowpox is ‘vaccinia’. From these roots, the
word ‘vaccination’ has come into our usage.
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once was a means of preventing subsequent
attacks of the same disease.

This happens because when the immune
system first sees an infectious microbe, it
responds against it and then remembers it
specifically. So the next time that particular
microbe, or its close relatives enter the body,
the immune system responds with even greater
vigour, This eliminates the infection even more
guickly than the first time around. This is the
basis of the principle of immunisation.

We can now see that, as a general principle,
we can ‘fool’ the immune system inio
developing a memory for a particular infection
by putting something, that mimics the microbe
we want to vaccinate against, into the body.
This does not actually cause the disease but
this would prevent any subsequent exposure
to the infecting microbe from turning into
actual disease.

Many such vaccines are now available [or
preventing a whole range of infectious diseases,
and provide a disease-specific means of
prevention. There are vaceines against tetanus,
diphtheria. whooping cough, measles. polio
and many others. These form the public health
programme of childhood immunisation for
preventing infectious diseases.

Of course, such a programme can be
useful only if such health measures are
available to all children. Can yvou think of
reasons why this should be so?

Some hepatitis viruses, which cause

jaundice, are transmitted through waler. There

is a vaccine for one of them, hepatitis A, in the
market. But the majority of children in many
parts of India are already immune to hepatitis
A by the time they are five years old. This is
because they are exposed to the virus through
water. Under these circumstances, would you
take the vaccine?

13.7

- Rabies virus is spread by the bile of
inlected dogs and olher animals. There
are anli-rabies vaccines for both humans
and animals. Find oul the plan of your
local authorily lor the conlrol of rabies
in your ncighbourhood. Are these
measures adeguale? If nol, whal
improvernenls would you suggest?

Activity

Seipie



uestions
1. Why are we normally advised to take bland and nourishing food when we are sick?

2. What are the different means by which infecticus diseases are spread?

3. What precautions can you take in yowr school to reduce the incidence of infecfious
diseases?

4. What is immunisation?

5. What are the immunisation programmes available ai the nearesi health cenire in

your locality? Which of these diseases are the major health problems in your area?

you have
learnt

. Health is a slate of physical, mental and social well-being.
. The health of an individual is dependent on his/her physical
surroundings and his/her economic status.

. Diseases are classified as acute or chronic, depending on
their duration.

- Disease may be due to infecltious or non-inlectious causes.
. Infectious agents belong Lo different categories of organisms
and may be unicellular and microscopic or multicellular.

. The calegory to which a disease-causing organism belongs

decides the type of treatmenL

. Infectious agents are spread through air, water, physical
coniacl or veclors.

. Prevention of disease is more desirable than its successhuil
lreatment.

. Infectious diseases can be prevented by public health hygiene
measures that reduce exposure (o infectious agents.

. Infeclious diseases can also be prevented by using
immunisation.
a Eflective prevention of infeclious diseases in the community

requires thal everyone should have access lo public hygiene
and immunisation.

Exercises

1. How many times did you [all ill in the last one year? What
were Lthe illnesses?

(a) Think of one change you could make in your habits in
order Lo avoid any of/most of the above illnesses.
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(b) Think of one change you would wish for in your
surroundings in order to avoid any of/most of the above
illnesses.

A doctor/nurse/health-worker is exposed (o more sick people
than others in the community. Find oul how she/he avoids
getting sick hersell/himsell.

Conducl a survey in your neighbourhood (o find out what
the three mosl common diseases are. Suggesl Lhree steps
that could be taken by your local authorities to bring down
the incidence of these diseases.

A baby is not able to lell her/his caretakers that she/he is
sick. What would help us Lo find out

[a) thal the baby is sick?
(b) whal is the sickness?

Under which of the following conditions is a person most likely
to fall sick?

{a) when she is recovering from malaria.

(b) when she has recovered [rom malaria and is taking care of
someone suflering from chicken-pox.

(¢) when she is on a four-day fast after recovering Irom
malaria and is taking care of someone suflering [rom
chicken-pox.

Why?

Under which of the following conditions are you most likely

to fall sick?

{a) when you are taking examinations.

(b) when you have (ravelled by bus and train for two days.

{¢) when your friend is suffering from measles.

Why?



Chapter 14

Our planet, Earth is the only one on which
life, as we know it, exists. Life on Earth is
dependent on many faciors. Mosi life-forms
we know need an ambient temperature,
water, and lood. The resources available on
the Earth and the energy from the Sun are
necessary to meet the basic requirements of
all life-forms on the Earil.

What are these resources on the Earth?

These are the land, the water and the air.
The outer crust of the Earth is called the
lithosphere, Water covers 75% of the Earth's
surface. It is alse found underground. These
comprise the hydrosphere. The air that covers
the whole of the Earth like a blanket, is called
the atmosphere. Living things are found
where these three exist. This life-supporting
zone ol the Earth where the atmosphere, the
hydrosphere and the lithosphere interact and
make lile possible, is known as the biosphere.

Living things constitute the biotic
component of the biosphere. The air, the
water and the soil form the non-living or
abioiic component of the biosphere. Lel us
study these abiotic components in detail in
order to understand their role in sustaining
life on Earth.

14.1 The Breath of Life: Air

We have already talked about the composition
of air in the first chapier. It is a mixiture of
many gases like nilrogen, oxygen, carbon
dioxide and water vapour. It is Interesting 1o
note thai even the compositon of air Is the
result of life on Earth. In planets such as
Venus and Mars, where no life is known 1o
exist. the major component of the atmosphere
is found to be carbon dioxide. In fact, carbon
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dioxide constitutes up to 95-97% of the
atmosphere on Venus and Mars.

Eukarvotic cells and many prokaryotic
cells, discussed in Chapter 5, need oxygen to
break down glucose molecules and get energy
for their activities. This results in the
production of carbon dioxide. Another process
which resulis in the consumpiion ol oxygen
and the concomitant production of carbon
dioxide is combustion. This includes not just
human activities, which burn fuels to get
energy, but also forest fires.

Despite this, the percentage of carbon
dioxide in our almosphere is a mere raction
of a percent because carbon dioxide is “fixed’
in two ways: (i) Green planis converi carbon
dioxide into glucose in the presence of
Sunlight and (i) many marine animals use
carbonates dissolved in sea-water to make
their shells.

14.1.1 THE ROLE OF THE ATMOSPHERE
IN CLIMATE CONTROL

We have talked of the atmosphere covering the
Earth, like a blanket, We lmow that air iz a
bad conductor of heat. The atmosphere keeps
the average temperature of the Earth fairly
steady during the day and even during the
course of the whole year. The atmosphere
prevents the sudden increase in temperature
during the daylight hours. And during the
night, it slows down the escape of heat into
outer space. Think of the moon, which is
about the same distance from the Sun that
the Earth is. Despiie that, on the surface of
the moon, with no atmosphere, the
temperature ranges from -190° C to 110% C.



Activity 14.1

L Meazure the temperature of the
following |
Take (1] a beaker full of water, (i) a
bealker full of seil /sand and (i) a closed
botile containing a thermometer. Keep
them in bright Sunlight for three hours.
Now measure the temnperature of all 3
veszels. Also, take the temperaiure
reading in shade at the same dme.

Now answer

1. Is the temperdture readinig more In
activity i) or [{i?
2. Based on the above finding, which

would become hot faster - the land or
the sea?

3. Is the thermomeler reading of (he
temperature of alr fin shadel the same
cs the temperaiure of sond or water?
What do you think is the reason for
this? And why does the temperature
hauve to be measured in the shade?

4. s the temperature of air in the closed
glass vessel/bottle the same as the
temperature taken in open air? { Wihat
do you think is the reason for this?
(ii} Do we ever come across this
phenomenon in daily life?

As we have seen above, sand and water
do not hieal up at the same rate. What do you
think will be their rates of cooling? Can we
think of an experiment to test the prediction?

14.1.2 THE MOVEMENT OF ATR: WINDS

We have all felt the relief brought by cool
evening breezes alter a hot day. And
sometimes, we are lucky enough to get rains
after some days of really hot weather. What
causes the movement of air, and what decides
whether this movement will be in the form of
a gentle breeze, a strong wind or a terrible
storm? What brings us the welcome rains?
All these phenomena are the result of
changes that take place in our aimosphere
due to the heating of air and the formation of
water vapour. Water vapour is lormed due 1o
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the heaiing of water bodies and the aciivities
of living organisms. The atmosphere can be
heated from below by the radiation that is
reflected back or re-radiated by the land or
water bodies. On being heated, convection
currenis are sel up in the air. In order Lo gain
gsome undersitanding of the nature of
convection currenis, let us perform the

following activity:
Activity 14.2

*  Place a candle in a beaker or wide-
mouthed bottle and light it Light an
incense siick and talke it to the mouth
of the above bottle (Figure 14.1).

#+  Which way does the smoke {low when
the incense stick is kept near the edge
of the mouth?

*  Which way does the smolke [low when
the incense stick is kept a little above
the candle?

. Which way does the smoke low when
ihe incense stick is kept in other

regions?
!
&

Fig. 14.1; Air currenits being caused by the uneven
heating qf air.

The patterns revealed by the smoke show
us Lhe directions in which hoi and cold air
move. In a similar manner, when air 1s heated
by radiaton from the heated land or water, it
rises. Bui since land geis heated faster than
water, the air over land would also be heated
faster than the air over water bodies.

So, if we look at the situation in coastal
regions during the day, the air above the land

SCENGE



gels heated [aster and siarls rising. As this
air rises, a region of low pressure is created
and air over the sea moves into this arca of
low pressure. The movement of air from one
reglon to the other creates winds. During the
day. the direction of the wind would be [rom
the sea to the land.

At night, both land and sea start to cool.
Since waier cools down slower than the land,
the air above water would be warmer than
the air above land.

Om the basis of the above discussion, what
can you say about

1. the appearance of areas of low and
high pressure in coaslal areas al night?

2. the direction in which air would flow
ai night in coastal arcas?

Similarly. all the movements of air
resulting in diverse atmospheric phenomena
are caused by the uneven heating of the
atmosphere in different regions ol the Earth.
But various other [aciors also influence these
winds — the rofation of the Earth and the
presence of mountain ranges in the paths of
the wind are a couple of these factors. We
will not go into these factors in detail in this
chapter, but think about this: how do the
presence of the Himalayas change the flow of
a wind blowing from Allahabad towards the
north?

14.13 RamN

Let us go back now to the question of how
clouds are formed and bring us rain. We could
start by doing a simple experiment which
demonsirates some of the factors influencing
these climatic changes,

Activity 14.3

*  Take an empiy bottle of the sort in
which boifled water is sold, Pour about
5-10 mL of waler into it and close the
botile fightly. Shake it well or leave it
ouf in the Sun for ten minutes. This
causes the air in the botile to be
saturated with water vapour.

= Now, take alighted incense stick, Open
the cap of the bottle and allow some of
the smoke [rom the incense stick to
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enier the botile, Quickly close the botile
once more, Make sure that the cap is
fitting tightly, Press the bottle hard
between your hands and erash it as
much as possible. Wail for a [ew
seconds and release the botile. Again
press the bottle as hard as you can.

Now answer

1. When did you observe that the air
inside seemed (o become ‘foggy’™?
2. When does this fog disappear?

When fs the pressure inside the botile
higher?

W

4. Is the ‘fog’ observed when the pressure

in the bottle is high or when it is low?

What is the need for smoke particles

inside the holile for this experiment?

6. What might happen if you do the
experiment without the smolee from (he
incense stick? Now try it and checle if
the prediction was correct, What rmight
be happening in the above experiment
in the absence of smoke particles?

th

The above experiment replicates, on a very
small scale, what happens when air with a
very high content of waler vapour goes [rom
a region of high pressure to a region of low
Pressure ar vice versa.

When waler bodies are heated during the
day, a large amount of water evaporates and
goes into the air. Some amount of water
vapour also gel into the atmosphiere because
of various biological activities, This air also
gets heated, The hot air rises up carrying the
waler vapour with it. As the air rises, it
expands and cools. This cooling causes the
water vapour in the air to condense in the
form of tiny droplets. This condensation of
walter is [acilitated il some particles could aci
as the ‘nucleus’ for these drops to form
around. Normally dust and other suspended
particles in the air perform this funciion.

Ongce the water dropleis are formed, they
grow bigger by the ‘condensation’ of these
water droplets. When the drops have grown
big and heavy, they fall down in the form of

rain. Sometimes, when the temperaiure of air
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is low enough, precipilation may occur in the
form of snow, sleet or hail.

Rainfall patterns are decided by the
prevailing wind patterns. In large parts of
India, rains are mostly brought by the south-
west or north-cast monsoons. We have also
heard weather reports that say 'depressions’
in the Bay of Bengal have caused rains in
some areas (Figure 14.2).

Flg. 14.2; Satellite picture showing clouds over Indic,

Activity 14.4

Collect information from newspapers
or weather reports on televiston about
rainfall patterns across the country.
Also find out how to consouct a rain-
gange and malke one. What precautlons
are necessary in order to get reliable
data [rom this rain-gauge? Now answer
e [ollowing questions :

In which month did your city/town,/
village get the maximum rainfali?

=  In which month did your state/unlon

territory gel the maximum rainfall?

=  [srain always accompanied by thunder
and lghtming? If not, in which season
do you gei more of thunder and
lghining with the rain?

Activity 14.5

. Find out more about monsoons and
cyclones from the library. Try and find
oul the rainiall patiern of any other
couniry. Is the monsoon responsible for
rains the world over?

-
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14.1.4 AR POLLUTION

We keep hearing of the increasing levels of
oxides of nitrogen and sulphur in the news.
People oltent bemoan the [act that the quality
of air has gone down since their childhood.
How is the quality of air affected and how
does this change in quality affect us and other
life forms?

The lossil [uels like coal and peiroleum
contain small amounts of nitrogen and
sulphur, When these fucls are bumnt, nitrogen
and sulphur too are burnt and this produces
different oxides of nitrogen and sulphur. Not
only is the inhalation ol these gases
dangerous. they also dissolve in rain lo give
rise to acid rain. The combustion of fossil fuels
also increases the amount of suspended
particles in air. These suspended particles
could be unburnt carbon particles or
substances called hydrocarbons. Presence of
high levels of all these pollutants causc
visibility to be lowered, especially in cold
weather when water also condenses out of
air. This is known as smog and is a visible
indication of air pollution. Studies have
shown that regularly breathing air that
coniaing any of these subsiances increases
the incidence of allergies, cancer and heart
diseases. An increase in the content of these
harmful subsiances in air is called air
polluiion.

Fig. 14.3: Lichen



Activity 14.6

*  Organisms called lichens are found to
be very sensitive lo the levels of
contaminants like sulphur diozide in
the air. As discussed earlier in seciion
7.3.3, Uchens can be cormmonly found
growing on the barks of trees as a thin
greenish-white crust. See if you can
find lichen growing on the trees in yvour
localicy,

=  Compare ihe lichen on frees near busy
roads and trees some distance away,

. Omn the trees near roads, compare the
incidence of lichen on the side [acing
the road and on the side away from the
road.

What can yvou say about the levels of
polluting subsiances near roads and away
from roads on the basis of your findings
above?

nestions

1. How is our atmosphere different

Jrom the atmospheres on Venus

and Mars?

How does the atmosphere acl as

i blanket?

3. What causes wincds?

4. How are clouds formed?

6. List agny three human activities
that youw think would lead to oir
polluttion,

14.2 Water: A Wonder Liquid

Water occupies a very large area of the Earth's
surface and is also found underground. Some
amount of waier exists in the lorm ol water
vapour in the atmosphere. Mosi of the water
on Earth's surface 13 found in seas and oceans
and is saline. Fresh water is found frozen in
the ice-caps at the two poles and on snow-
covered mountains, The underground water
and the water in rivers, lakes and pouds is
also fresh. However, the availability of fresh
water varies from place to place. Practically
every summer, most places have to face a
shortage of water. And in rural areas, where
water supply sysiems have not been installed.
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people are forced to spend considerable
amounts of time in fetching water rom far-
EIW'EI}F S0Urces.

Activity 14.7

s  Many municipal corporatons are trying
water-harvesting technigues to
improve the availability of water.

*  Find out what ithese techniques are and
how they would increase the warter that
is available for use.

But why is water so necessary? And do
all organisms require water? All cellular
processes take place in a water medium. All
the reactions that take place within our body
and within the cells occecur between
substances that are dissolved in water.
Substances are also transported {rom one
part of the body to the othier In a dissolved
form. Henee, organdsus need to maintain the
level of water within their bodies in order to
stay alive. Terrestrial life-forms require fresh
water for this because their bodies cannol
tolerate or get rid of the high amounts of
cdissolved salis in saline water. Thus, water
sources need to be easily accessible for
animals and plants to swrvive on land.

Activity 14.8

=  Select a small area (zay, 1 m®) near a
water-body, it may be a river, stream,
lake or pond. Count the number of
different animals and plants in this
area. Also, check the number of
individuals of each type or species.

= Compare this with the number of
individuals (both andmals and plants)
found in an area of the same size in a
dry, rocky region.

. I= the variety of plant and animal lHfe
the same in both these areas?

Activity 14.9

s Select and mark out 2 small area (about
1 m?} in some unused land in or near
your school,

* Az in (he above aciivity., counl the
nuimnber ol dilferent animals and plants
in this area and the number of
individuals of each species.
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*  Remember 1o do thisin the same place
twice in a year, once during summer
or the dry season and once afier it has
rained,

Now answer

Were the numbers sinudlar both times?

[
[

2. In which season did you find more
variety of plants and animals?

3. In which season did you find more
number of ndividuals of each variety?

After compiling the results of the above
two activities, think if there is any relationship
between the amount of available water and
the number and variety of plants and animals
that can live in a given area. If there is a
relationship. where do you think you would
find a grealer variely and abundance of life -
in a region that receives 5 e of rainfall in a
year or a region that receives 200 cm of
rainfall in a year? Find the map showing
rainfall patterns in the atlas and predict
which States in India would have the
maximum biodiversity and whicl would have
the least. Can we think of any way of checking
whether the prediction is correct?

The availability of water decides not only
the number of individuals of each species that
are able Lo survive in a particular area, but it
also decides the diversity of life there. Of
course, the avallability of water is not the only
factor that decides the sustainability of life
in a region. Other factors like the temperature
and nature of soil also maitter. But water is
one of the major resources which determine
life on land.

14.2.1 WATER POLLUTION

Water dissalves the [eriilisers and pesiicides
that we use on our farms. So some percentage
of these substances are washed into the water
bodies, Sewage from our towns and cities and
the waste from factories are also dumped into
rivers or lakes. Specific mdusiries also use
water for cooling in various operations and
later remurn this hot water to water-bodies.
Another manner in which the temperature of
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the water in rivers can be affected is when water
Is released from dams. The water inside the
deep reservoir would be colder than the water
at the surface which gets heated by the Sun.
All this can affect the life-forms thal are
found in these waler bodies in various ways.
It can encourage the growih of some life-forms
and harm some other life-forms. This affects
the balance between various crganisms which
had been established in that system. So we
use the term water-pollution to cover the
[ollowing eflects:

1. The addition of undesirable
substances to water-bodies. These
substances could be the fertilisers and
pesiicides used in larming or they
could be poisonous substances, like
mercury salts which are used by
paper-industries. These could also be
disease-cansing organisms. like the
bacteria which cause cholera.

2. The removal of desirable substances
from water-bodies. Dissolved oxygen
iz used by the animals and plants that
live in water. Any change that reduces
the amount of this dissolved oxygen
would adversely affect these aquatic
organisms. Other nuirients could also
be depleted from the water bodies.

3. A change in remperature. Agquatic
organisms are used lo a cerlain range
of temperature in the waler-body
where they live, and a sudden marked
change in this temperature would be
dangerous for them or affect their
breeding. The eggs and larvae of
various animals are particularly
suscepiible to temperature changes.

nestions

1. Why do organisms need water?

2. What is the major source of fresh
water in the city/town/village
Lrhere you loe?

3. Do you know of any activity
witich may be polluting this water
soitrce?

SCENGE



14.3 Mineral Riches in the Soil

Soil is an important resource that decides the
diversity of life In an area. But what ls the
zoil and how is it formed? The outermost layer
of our Earih is called the crust and the
minerals found in this layer supply a variety
of nutrients to life-forras. But these minerals
will not be available to the organisms if the
minerals are bound up in huge rocks. Over
long periods of time, thousands and millions
of vears, the rocks at or near the surface of
the Earth are broken deown by various
physical. chemical and some biclogical
processes. The end product of this breaking
down is the fine parteles of seil. But what
are the factors or processes that make soil?

« The Sun: The Sun heais up rocks
during the day so that they expancd.
Al night, these rocks cool down and
contract. Since all parts of the rock
do nol expand and coniract at the
same rale, this results in the
formation of cracks and ultimately the
huge rocks break up into smaller
pieces.

«  Water: Water helps in the formation
of soil in two ways. One, water could
get into the cracks in the rocks formed
due to uneven heating by the Sun. If
this water later freezes, it would cause
the cracks to widen. Can you think
why this should be s0? Two, lowing
waler wears away even hard rock over
long periods of time, Fast flowing water
often carries big and small particles
of rock downstream. These rocks rub
against other rocls and the resultant
abrasion causes the rocks to wear
down into smaller and smaller
partcles, The water then takes these
particles along with it and deposits it
further down iis path. Seil is thus
found in places far away from iis
parent-rock.

*  Wind: In a process similar io the way
in which water rubs against rocks and
wears them down, strong winds also
erode rocks down. The wind also
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carries sand from one place to the
other like water does.

* Living organisms also influence the
formation of soll. The lichen that we
read about carlier, also grows on the
surface of rocks. While growing, they
release certain substances that cause
the rock surface to powder down and
form a thin layer of soil. Other small
plants like moss, are able to grow on
this surface now and they cause the
rock to break up further. The roots of
big trees sometimes go into cracks in
ihe rocks and as ihe roois grow bigger,
the crack is forced bigger.

Activity 14.10

*  Take sorme soll and put it Into a bealer
containing water. The waler should be
at least five times the amonnc of =6il
taken. Stir the soil and water vigorously
and allow the soil to settle down.
Observe after some time.
I= the soil at the bottom of the bealer
homogenous or have layers formed?
If layers have formed, how is one layer
different from another?
Is there anything floating on the
surface of the water?
= Do you think some subsiances would
have dissobved in the waier? How would
vou check?

-

As you have seen, soil is a mixture. It
coniains small particles of rock (of different
sizes). It also contains bits of decayed living
organisms which is called humus. In addition,
soil also contains various forms of
microscopic life. The type of soil is decided
by the average size of particles found in it
and the quality of the soil is decided by the
amount of humus and the microscopic
organisms found in it. Humus is a major
factor in deciding the soil struciure because
it causes the soil to become more porous and
allows water and air to penetrate deep
underground. The mineral nutrients that are
found in a particular soil depends on the
rocks it was formed from. The nutrient
content of a soil, the amount of humus
present in it and the depth of the soil are
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some of ithe [actors that decide which plants
will thrive on that soil. Thus, the topmost
layver of the soil that contains humus and
living organisms in addition to the soil
particles is called the topsecil. The quality of
the topsoil is an important factor that decides
biodiversity in that area.

Modern farming practices involve the use
of large amounts of fertlizers and pesicides.
Use of these substances over long periods of
ime can destroy the soil soucture by killing
the soil micro-organisms that recycle
nuitrients in the soil. It also kills the
Earthworms which are instrumental in
making ithe rich humus. Fertile soil can
quickly be turned barren if sustainable
practices are not followed. Removal of useful
components from the soil and addition of
other substances, which adversely affect the
fertility of the soil and kill the diversity of
organisms that live In it, is called soll pollution.

The soil ihat we see today in one place
has been created over a very long period of
iime. However, some ol the [actors thal
created the soil in the first place and brought
the soil to that place may be responsible for
the removal of the soil ioo. The [ine particles
of soil may be carried away by flowing water
or wind, If all the soil gets washed away and
the rocks underneath are exposed, we have
lost a valuable resource because very litile
will grow on the rocls,

Activity 14.11

*  Take two identical trays and fill them
with soil. Flant mustard or green gram
or paddy in one of the trays and water
both the trays regularly for a few days,
till the 6rst iray is covered by plant
growth. Now, tlt both the trays and fix
them in that position, Make sure that
both the trays are tlted at the same
angle, Pour equal amount of water
genitly om both trays such that the water
flows out of the trays (Fig. 14.4).

*  Siudy the amount of soll that 1s carried
out of the rays. Is the amount the
same in both the frays?

. Now pour equal amounts of water on
both the trays [rom a height. Pour three
or four Hmes the amount that you
poured earller.
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«  Study the amount of soil thart is
carried out of the trays now. Is the
amount the same in both the trays?

. Is the amount of sedl thai is carried out
mere or less or equal o the amount

washed out earlier?

3

Fig. 14.4: Effect of lowwing water on the top-sofl

The roots of plants have an important role
in preventing =oll erosion. The large-scale
deforestation that is happening all over the
world not only destroys biodiversity, it also
leads to scil erosion. Topsoil that is bare of
vegetation, Is likely to be removed very
quickly. And this is accelerated in hilly or
mountainous regions. This process of soil
erosion is very difficult to reverse. Vegetative
cover on the ground has a role to play in the
percolation of water into the deeper
layers too.

uesiions

1. How is soil formed?
What is soil erosion?
What are the methods of
preventing or reducing soil
erosion?

b

=

14.4 Biogeochemical Cycles

A constant interaciion beitween the biotic and
abiotic components of the biosphere makes
it a dynamic. but stable system. These
interactions consist of a transfer of matter
and energy between the different components
of the biosphere. Let us look at some
processes involved In the maintenance of the
above balance.

SCENGE



14.4.1 THE WATER-CYCLE

You have seen how the water evaporates from
the waier bodies and subseguent
condensation of this water vapour leads to
rain. But we don't see the seas and oceans
drying up. So, how is the water returning to
these water bodies? The whole process in
which water evaporates and falls on the land
as rain and later lows back inio the sea via
rivers iz known as the water-evele. This cycle
is not as siraighi-forward and simple as this
statement seems to imply. All of the water
that falls on the land does not immediately
low back into the sea. Some ol it seeps into
ihe soil and becomes part of the underground
reservoir of fresh-water. Some of this
underground water finds ite way to the
surface through springs. Or we bring it to
the surface for our use through wells or tube-
wells, Water Is also used by terrestrial animals
and plants for various life-processes
(Fig. 14.5).

Evaporabon o

Fig. 14.5: Water-cycle in nofure

Let us look at another aspeci of what
happens to water during the water-cycle. As
vou lmow, water is capable of dissolving a
large number of substances, As water flows
through or over rocks containing soluble
minerals, some of them get dissolved in the
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waler. Thus rivers carry many nulrienis [rom
the land to the sea, and these are used by
the marine organisms.

14.4.2 THE NITROGEN-CYCLE

Nitrogen gas makes up 78% ol our
atmosphere and nitrogen is also a part of
many molecules essential to life like proteins,
nucleic acids (DNA and ENA] and some
vitamins. Nilrogen is [ound in other
biologically important compounds such as
alkaloids and urea too. Nitrogen Is thus an
essential nutrient for all life-forms and life
would be simple if all these life-forms could
use ithe atmospheric nitrogen directly.
However, other than a few forms ol bacteria,
life-forms are not able to convert the
comparatively inert nitrogen molecule into
forms like nitrates and nitrites which can be
taken up and used to make the required
molecules. These ‘nitrogen-fixing' bacteria
may be free-living or be assoclated with some
species of dicot plants. Most commonly, the
nitrogen-fixing bacteria are found in the roots
of legumes (generally the plants which give
us pulses) in special stuciures called root-
nodules. Other than these bacteria, the only
other manner in which the nitrogen molecule
is converted to nitrates and nitrites is by a
physical process. During lighining, the high
temperatures and pressures creaied in the
air convert nifrogen inio oxides of nifrogen.
These oxides dissolve in water to give nitric
and nitrous acids and {all on land along with
rain. These are then ulilised by various life-
forms.

What happens to the nitrogen once it is
converted into forms that can be taken up
and used to make nitrogen-containing
molecules? Planls generally take up nitrates
and niirites and convert them into amino
acids which are used to make proteins, Some
other biochemical pathways are used to make
the other complex compounds containing
nitrogen. These proteins and other complex
compounds are subsequenily consumed by
animals. Onee the andmal or the plant dies,
other bacteria in the soil convert the various
compounds of nitrogen back into nitrates and
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nitrites. A different type of bacteria converts
the nitrates and nitrites into elemental
nitrogen. Thus. there is a nitrogen-cycle in
nature in which nitrogen passes [rom its
elemental form in the atmnosphere into simple
molecules in the soill and water, which get
converted to more complex moleciiles in living
eings and back again to the simple nitrogen
molecule in the attnosphere,

14.4.3 THE CARBON-CYCLE

Carbon is found in various forms on the
Earth, It occurs in the elemental form as
diamonds and graphite. In the combined
state, it is found as carbon dioxide in the
atmosphere, as carbonate and hydrogen-
carbonaie salis in various minerals, while all
life-forms are based on carbon-conlaining
molecules like proieins, carbohydrates, fais,
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nuclejc acids and vitamins. The endoskeletons
and exoskeletons of various animals are also
formed from carbonate salts. Carbon is
incorporated into life-forms through the basic
process of photosynihesis which is performed
in the presence of Sunlight by all life-forms that
contain chlorophyll. This process converts
carbon dioxide [rom the atmosphere or
dissolved in water into glucose molecules.
These ghucose molecules are either converted
into other substances or used to provide
energy [or the synthesis of other biologically
important molecules {Fig. 14.7).

The utilisaton of glucose to provide energy
to living things involves the process of
respiration in which oxygen may or may not
be used 1o convert glucose back into carbon
dioxide. This carbon dioxide then goes back
into the atmosphere. Another process that
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Fig. 14.7: Carbon-cycle in riature

adds to the carbon dioxide in the atmosphere
is the process ol combustion where [uels are
burnt to provide energy for various needs like
heating, cooking, transportation and
industrial processes. In fact, the percentage
ol carbon dioxide in the atmosphere is said
to have doubled since the industrial
revolution when human beings siarted
burning fossil fuels on a very large scale.
Carbon. like water, is thus cycled repeatedly
through different forms by the various
physical and biclogical activities.

14.4.3 (1) THE GREENHOUSE EFFECT

Recall the reading taken by you under [iii) in
Activity 14.1. Heat is trapped by glass, and
hence Lhe femperature inside a glass
enclosure will be much higher than the
surroundings. This phenomenon was used
io create an enclosure where tropical planis

Namygpal Resolgoes

could be kept warm during the winiers in
colder climates. Such enclosures are called
greenhouses. Greenhouses have also lent their
name to an atmospheric phenomenon. Some
gases prevent the escape of heat from the
Earth. An increase in the percentage of such
gases In the atmosphere would cause the
average temperatures to increase world-wide
and this is called the greenhouse effect. Carbon
dioxide is one of the greenhouse gases. An
increase in the carbon dioxide content in the
atmosphere wonld cause more heat to be
retained by the aimosphere and lead 1o global
warming,

Activity 14.12
=  Find out whal the conseguences ol
global warming would be,

. Also, And out the names of some other
greenhouse gases,
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14.4.4 THE OXYGEN-CYCLE

Oxygen is a very abundani elemenl on our
Earth. It is found in the elemental form in
the atmosphere to the extent of 21%. It also
occurs extensively in the combined form in
the Earth's crust as well as also in the air in
the form of carbon dioxide. In the crust, it is
[ound as the oxides of most metals and
gilicon, and also as carbonate, sulphate,
nitrate and other minerals. It is also an
essential component of most biological
molecules like carbohydrates, proleins,
nucleic acids and [ats (or lpids).

But when we talk of the oxygen-cycle. we
are mainly referring to the cycle that
maintains the levels of oxygen in the
atmosphere. Oxygen from the atmosphere is
used up in three processes, namely
combusiion, respiration and in the formation
of oxides of nitrogen. Oxygen is returned to
the atmosphere in only one major process,
that is, photosynthesis. And this forms the
broad ouiline of the oxygen-cycle in naiure

(Fig. 14.8).

Atmospheric Oxygen

Organic Molesules
/ € Hig Og
Photogynithesis OXYGEN CYCLE Respiraiion
_ e,
Hyo

Fig. 14.8: Ovygen-cijcle in noature

Though we usually think of oxygen as
being necessary to life in the process of
respiration, it might be of interest to you to
learn that some forms of life, especially
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bacteria, are poisoned by elemental oxygen.
In fact, even the process of nitrogen-fixing by
bacteria does not take place in the presence
of oxygen.

14.5 Ozone Layer

Elemental oxvgen is normally found in the
form of a diatomic molecule. However, in the
upper reaches of the atmosphere, a molecule
conlaining three atoms of oxygen is found.
This would mean a formula of O, and this is
called ozone. Unlike the normal diatomic
molecule of oxygen, ozone is poisonous and
we are lucky that it is not stable nearer to
the Earth's surface. But it performs an
esseniial lunciion where it is found. It absorbs
harmful radiations from the Sun. This
prevents those harmful radiations from
reaching the surface of the Earth where they
may damage many forms of lile.

Recently it was digcovered that this ozone
layer was getting depleted. Various man-made
compounds like CFCs (carbon compounds
having both fluorine and chlorine which are
very stable and not degraded by any biological
process) were found to persist in the
atmosphere. Once they reached the ozone
layer, they would react with the ozone
molecules, This resulted in a reduction of the
ozone layer and recently they have discovered
a hole in the ozone laver above the Antartica.
It is difficult to imagine the consequences for
life on Earth if the ozone layer dwindles
further. but many people think that it would
be better nol io lake chances. These people
advoeale working towards stopping all further
damage to the ozone layer.

October
1990

October
1985

Ccinber
1980

Fig. 14.9: Satellite piciure showing the hole imagento
cologur] in the ozone layer over Antartico
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Activity 14.13 nestions

=  Find out which oither molecules are 1. What are the different states in
thought to damage the ozone layer. which water is _found during the
*  DNewspaper reports often talk aboui the water cycle?
hele in the ozone layer. o P iitio Hiiloa z
; ; : ] > 10 loggically mpeorteont
3 f;nglz]ﬁg‘;zlgﬁrdﬂiiﬁg I';]::nhlﬁj:_ compourtds that contain both
scientists think this would affect life SN STl ijfr g,
on Earih (Fig. 14.9). 3. List any three human aclivities

which would lead to an increase
in the cartran dioxide corttent of air:
What is the greenhouse effect?
5. What are the fwo forms af

oxygen found i the atmosphere?

o T

you have
learnt

- Life on Earth depends on resources like soil. water and air,
and energy from the Sun,

. Uneven heating of air over land and water-bodies causes winds.

. Evaporation of water from water-bodies and subsequent
condensalion give us rain.

. Rainfall patterns depend on the prevailing wind patterns in an
dared.

. Varlous nutrients are uscd again and again in a cyclic fashion.
This leads to a certain balance between the various components
of the biosphere.

*  Pollution of air, water and seil affect the quality of life and
harm the biodiversity.

* We need to conserve our natural resources and use them in a
sustainable manner.

Exercises

1. Why is Lthe atmosphere essential [or life?

2. Why is water essential for life?

3.  How are living organisms dependent on the soil? Are organisms
that live in water totally independent of soil as a resource?

4.  You have seen weather reports on lelevision and in newspapers.
How do you think we are able io predict the weather?
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We know that many human activities lead to increasing
levels of pollution of the air, water-bodies and soil. Do yvou
think that isolating these activities to specific and limited
areas would help in reducing pollution?

Write a note on how forests influence the quality of our air,
soll and water resources.

SCENGE



Chapter 15

We know that all living organisms need food.
Food supplies proteins, carbohydrates, fais.
vilamins and minerals, all of which we require
for body development, growih and health.
Both plants and animals are major sources
of food for us. We obtain most of this food
from agriculture and animal husbandry.

We read in newspapers that elforts are
always being made to improve production
from agriculture and animal husbandry. Why
is this necessary? Why we cannot make do
with the current levels of production?

India is a very populous couniry. Our
population is more than one billion people,
and it is stll growing. As food for this growing
population. we will soon need more than a
quarter of a billion tonmes of grain every year.
This can be done by [arming on more land.
Bul India is already intensively cullivaied. As
a result, we do not have anv major scope for
inereasing the area of land under cultivation.
Therefore, it is necessary to increase our
production efficiency lor both crops and
livestock.

Efforis 1o meet the food demand by
increasing food production have led to some
successes so far. We have had the green
revolution, which contributed to increased
food-grain production. We have also had the
white revolution, which has led to betier and
more efficient use as well as availability of milk.

However, these revolutions mean that our
natural resources are getting used more
intensively. As a result, there are more
chances of causing damage to our natural
resources io the point of destroying their
balance completely. Therefore, it is important
that we should increase [ood produclion
withoul degrading our environmenl and
disturbing the balances maintaining it

-
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IMPROVEMENT IN FooD RESOURCES

Hence, there iz a need for sustainable
practices in agriculture and animal
husbandry.

Also, simply increasing grain production
for storage in warehouses cannot solve the
problem of malnutrition and hunger. People
should have money o purchase [ood. Food
security depends on both availability of food
and access 1o it, The majority of our
populaton depends on agriculture for their
livelihood. Increasing the incomes of people
working in agriculture is therefore necessary
o combat the problem of hunger. Scientific
management praciices should be undertaken
to obtain high yields from farms. For
sustained livelihood., one should undertake
mixed [arming, intercropping, and integrated
[arming praciices, [or example, combine
agriculture with livestock/poultry /fisheries/
bee-keeping.

The quesiion thus becomes - how do we
increase the vields of crops and livestock?

15.1 Improvement in Crop Yields

Cereals such as wheat. rice, maize, millets
and sorghum provide us carbehydrate for
energy requirement. Pulses like gram (chana),
pea [matar), black gram (urad), green grain
(nwoong), pigeon pea (arhar]. lentl (masoor),
provide us with protein. And ofl seeds
including soyabean, ground nut, sesame,
castor, mustard, linseed and sunflower
provide us with necessary [aits (Fig. 15.1).
Vegetables, splees and fruits provide a range
of vitamins and minerals in addition to small
amounis of proteins, carbohydrates and fats.
In addition to these food crops, fodder crops
like berseerm. oals or sudarn grass are raised
as food for the livestock.



Fig. 15.1; Different types of crops

nestion

1. What do we gel from cereals,
pulses, fruits and vegetables?

Different crops require different climatic
conditions, temperature and photoperiods for
their growth and completion of their life cycle.
Photoperiods are related to the duration of
sunlight, Growtih of planis and flowering are
dependent on sunlight. As we all know, planis
manufaciure their food in sunlight by the
process of photosvnthesis. There are some
crops, which are grown in rainy season, called
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the kcharif season from the month of June to
October, and some of the crops are grown in
the winter season, called the rabi season from
November to April. Paddy, soyabean, pigeon
pea, maize, coiton, green gram and black
gram are kcharif crops, whereas wheat. gram,
peas, musiard, linseed are rabi crops.

In India there has been a four times
increase in the production of food grains from
1952 10 2010 with only 25% increase in the
cultivable land area. How has this increase
in production been achieved? If we think of
the practices involved in farming, we can see
thal we can divide il into three stages. The
first is the choice of seeds for planting. The
second is the nurturing of the crop plants.
The third is the protection of the growing and
harvested crops from loss. Thus, the major
groups of activities for improving crop yields
rcan be clazsified as;

¢ Crop variety improvement

Crop production improvernent

* Crop proiection management.

15.1.1 CRrOP VARIETY IMPROVEMENT

This approach depends on finding a crop
varlety that can give a good vield. Varietics or
sirains of erops can be selected by breeding
for various useful characieristics such as
disease resistance, response to fertilisers,
product quality and high yields. One way of
incorporating desirable characters into crop
varielies is by hybridisation. Hybridisalion
refers to crossing between genetically
dissimilar plants. This crossing may be
Intervarictal (between different varieties),
interspecilic (between two different species of
the same genus] or intergeneric (between
different genera). Another way of improving
the crop is by introducing a gene that would
provide the desired characteristic. This
results in genetically modified crops.

For new varieties of crops to be accepted,
it is necessary that the variely produces high
vields under dilfereni conditions thai are
found in different areas, Farmers would need
to be provided with good quality seeds of a
particular variety, that is, the seeds should
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all be-of the same variety and germinate under
the same conditions.

Cultivation praciices and crop yield are
related to weather, soil quality and availability
of water. Since weather conditions such as
drought and fleod siiuations are
unprediciable, varieties that can be grown in
diverse climatic conditions are useful.
Similarly, varieties tolerant to high soil salinity
have been developed. Some of the factors for
which variety improvement is done are:

* Higher yield: To increase the
productivity of the crop per acre.

¢ Improved gquality: Quality
considerations ol crop products vary
from crop o crop. Baking quality is
important in wheat, protein quality in
pulses, oil guality in oilseeds and
preserving quality in fruits and
vegetables.

* Biotic and abiotic resisiance; Crops
production can go down due to biotic
{diseases, insects and nematodes) and
abiotic (drought, salinity, water
logging, heat, cold and frost) stresses
under different situations. Varieties
resistant to these siresses can improve
crop production.

* Change in maturity duration: The
shorter the duration of the crop from
sowing to harvesting, the more
economical is the variety. Such short
durations allow farmers to grow
multiple rounds of crops in a vear.
Short duration also reduces the cost
of crop production. Uniform matarity
makes the harvesiing process casy
and reduces losses during harvesing.

* Wider adaptability: Developing
varieties for wider adaptability will
help in stabilising the crop production
under different environmental
conditions. One varlety can then be
grown under different climatic
conditions in different areas.

¢  Desirable agronomic characteristics:
Tallness and profuse branching are
desirable characters for fodder crops.
Dwarlness is desired in cereals, so

Ivprovesent ™ Foot Resources

that less nuirients are consumed by
these crops. Thus developing varicties
of desired agronomic characters help
give higher produciiviiy.

nestions

1. Fow do biotic and abibtic factors
affect crop production?

2. What are the desirable agronomi
characterislics Jor Crop
T 'r|l'.'1r'l".l LETTETIHS 7

15.1.2 CROP PRODUCTION MANAGEMENT

In India. as in many other agriculture-based
countries, farming ranges from small to very
large farms, Different farmers thus have more
or less land, money and access to information
and technologies. In short, it is the money or
financial conditions that allow farmers to take
up different farming practces and agriculiural
technologies. There is a correlation belween
higher inputs and yields. Thus, the farmer's
purchasing capacity for inputs decides
cropping syvstem and production practices.
Therefore, production practices can be at
different levels, They include ‘no cost’
production, ‘low cost’ production and “high
cost’ production praciices.

15.1.2 (i) NUTRIENT MANAGEMENT

Just as we need lood for development, growih
and well-being, plants also require nuirients
for growth. Nulrienls are supplied to planis
by air, water and scil. There are several
nutrients which are essential for plants. Air
supplies carbon and oxvgen, hydrogen comes
[rom water, and soil supplies the other thirieen
nutrients to plants. Amongst these, some are
required in large quantities and are therefore
called macro-nuirients, The other nuirients are
used by plants in small quantities and are
therefore called micro-nuirients (Table 15.1).
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Table 15.1: Nutrients supplied

by air, water and soil
Nutrients
Afr carbon, oxvgen
Water hydrogen, oxygen

i} Macronutrients:
nitrogen, phosphorus,
potassium, calcium,
magnesium, sulphur

(i) Micronutrients:
iron, manganese, borox,
Zine, COppET,
molybdenum, chlorine

Deficiency of these nuirients affects
physiclogical processes In plants including
reproduction. growth and susceptibility to
diseases. To increase the yield, the soil cann be
enriched by supplying these nutrients in the
form ol manure and [ertilizers.

neslions

. What are macro-nittrients and
why are they called macro-
nuirients?

2. How dog plants gel nuirients?

MANURE

Manure contains large quantities of organic
matter and also supplies small quantities of
nuirients to the soil. Manure is prepared by
the decomposition of animal excreta and plant
waste. Manure helps in enriching soil with
nuirients and organic matier and increasing
soil fertility. The bulk of organic maitter in
manure helps in improving the soil structure.
This inveolves increasing the water holding
capacity in sandy soils, In clayey soilz, the
large quantities of organic matter help in
drainage and in avoiding waier logging.

In using manure we use biclogical waste
material, which is advantageous in protecting
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our environment from excessive use of
fertilizers. Using biclogical waste material is
also a way of recycling farm waste. Based on
the kind of biological material used, manure
can be classified as:

i Compost and vermi-compost: The
process in which farm waste material
like livestock excreta (cow dung etc.),
vegetable waste, animal refuse,
domestic waste, sewagde waste, straw,
cradicated weeds eic. 1s decomposed
in pils is known as composiing. The
composi is rich in organic martter and
nuirients. Compost is also prepared
by using earthworms to hasten the
process of decomposition of plant and
animal refuse. This is called vermi-
compost.

(ii) Green manure: Prior to the sowing of
the crop seeds. some planis like sun
hemp or guar are grown and then
mulched by ploughing them into the
soil. These green plants thus turn into
green manure which helps in
enriching the seil in nitrogen and
phosphorus.

FERTILIZERS

Ferlilizers are commercially produced plant
nutrients. Ferrtilizers supply nitrogen,
phosphorus and polassium. They are used
io ensure good vegetative growih (leaves,
branches and fowers). giving rise to healthy
plants. Fertilizers are a [actor in the higher
vields of high-cost farming.

Fertilizers should be applied carefully in
terms of proper dose, time. and observing pre-
and post-application precautions for their
complete utilisadon. For example. sometimes
fertilizers gei washed away due o excessive
irrigation and are not [ully absorbed by the
planis. This excess fertilizer then leads to
water pollution.

Also, as we have seen in the previous
chapter, continuous use of fertilizers in an
area can destroy soil fertility because the
organic matter in the soil is not replenished
and micro-organisms in the soil are harmed
by the fertilizers used. Short-term benefits of
using fertilizers and long-term benefiis of
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using manure for maintaining soil fertility have
to be considered while aiming lor optimium
vields in erop production.

nestion

I. Compare the use of manure and
Sertilizers in mainiaining soil
fertilitiy.

Organic farming is a [arming system with
minimal or no use of chemicals as fertilizers,
herbicides, pesiicides eic. and wiith a
maximum input of organic manures, recycled
farm-wastes (straw and livestock excreta), use
of bio-agents such as culture of blue green
algae in preparation of biofertilizers, neem
leaves or turmeric specifically in grain storage
as bie-pesticides, with healthy cropping
systems [mixed cropping, inter-cropping and
crop rotation as discussed below in
15,1.2.(iii)]. These cropping systems are
beneficial in insect, pest and wheati conirol
besldes providing nuirients.

15.1.2 (ii) JRRIGATION

Most agriculture in India is rain-fed, that is.
ithe success ol crops in mosi areas is
dependent on timely monsoons and sufficient
rainfall spread through most of the growing
season. llence, poor monsoons cause crop
[ailure. Ensuring that the crops get waler at
the right stages during their growing season
can increase the expected yields of any crop.
Therefore, many measures are used to bring
more and more agricultural land under

irrigation.

Droughts occur because of scarcity cr\‘
frregular distribution of rains. Drought
poses a threat to rain-fed farming
areas, where farmers do not use
irrigation for crop production and
depend only on rain. Light soils have
less water retention capacity, In areas
with light soils, crops get adversely
affected by drought conditions.
Sclentists have developed some crop
varieties which can tolerate drought
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Ivprovesent ™ Foot Resources

India has a wide variety ol waler resources
and a highly varied climate. Under such
conditions, several different kinds of irrigation
sysiems are adopied to supply water to
agricultural lands depending on the kinds of
waler resources available. These include wells,
canals, rivers and tanks,

* Wells: There are two types of wells,
namely dug wells and tube wells.In a
dug well, water is collected from waier
bearing strata. Tube wells can tap
waler [rom the deeper sirata. From
these wells. water is lifted by pumps
for irrigation.

¢ (Canals: This is usually an elaborate
and extensive irrigation system. In this
sysiein canals receive water from one
or more reservoirs or from rivers. The
main canal is divided into branch
canals having ariher disaibutaries to
irrigale felds.

* River Lifi Systems: In areas where
canal flow is insufficient or irregular
due to inadequaie reservoir release,
the lift system is more radonal. Water
is directly drawn from the rivers lor
supplemeniing irrigaiion in areas
close ito rivers.

* Tanks: These are small storage
reservoirs, which intercepl and slore
the run-off of smaller catchment
areas.

Fresh initiatdves for increasing the water
available for agriculture include rainwaier
harvesting and watershed management. This
involves building small check-dams which
lead 1o an increase in ground water levels.
The check-dams stop the rainwater from
flowing away and also reduce soil erosion.

15.1.2 (iii) CROPPING PATTERNS

Different ways of growing crops can be used
to give maximum benefit.

Mixed cropping is growing two or more
crops simultaneously on the same piece of
land, for example, wheat + gram, or wheat +
mustard, or groundnut + sunflower. This
reduces risk and gives some insurance
against failure of one of the crops.
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Inter-cropping is growing two or more
crops simulianeously on the same field in a
definite pattern (Fig.15.2). A few rows of one
crop alternate with a few rows of a second
crop, for example, sovabean + maize, or finger
millet (bajra) + cowpea (lobig). The crops are
selected such that their nutrient

requirements are differeni. This ensures
maximum utilisation of the nutrients
supplied, and also prevenis pesis and
diseases from spreading to all the planis
belonging 1o one crop In a field. This way,
both crops can give beller returns.

Fig. 15.2 ; Infercropping

The growing of different crops on a piece
of land in a pre-planned succession is known
as crop rotation. Depending upon the
duration, crop rotation is done for different
crop combinations. The availability of meisture
and irrigation facilities decide the choice of the
crop to be cultivated after one harvest. If crop
rotation is done properly then two or three
crops can be grown in a year with good
harvests.

15.1.3 CROP PROTECTION MANAGEMENT

Field crops are infested by a large number of

weeds, Insect pests and diseases. If weeds and
pests are not controlled at the appropriate
time then they can damage the crops so much
that most of the crop is lost.

Weeds are unwanted plants in the
cultivated field, [or example, Xanthium
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(gokhroo), Parthenium (gajar ghas),
Cyperinus rotundus (motha). They compete
for food, space and light. Weeds take up
nutrients and reduce the growth of the crop.
Therefore, removal of weeds from cultvated
fields during the early siages of crop growih is
esseniial lor a good harvest,

Generally insect pests attack the plants
in three ways: (i) they cul the root, stem and
leaf, (ii} they suck the cell sap from various
parts of the plant, and (ili) they bore into stem
and fruils. They thus affect the health of the
crop and reduce vields.

Diseases in planis are caused by
pathogens such as bacteria, fungi and viruses.
These pathogens can be present in and
transmitied through the soil. water and air.

Weeds, insects and diseases can be
conirolled by various methods. One ol the
most commonly used methods is the use of
pesticides, which include herbicides,
insecticides and fungicides. These chemiecals
are sprayed on crop plants or used for treating
seeds and soil. However, excessive use of
these chemicals creaies problems, since they
can be poisonous to many plant and animal
species and cause environmental pollution.

Weed control methods also include
mechanical removal. Preventive methods
such as proper seed bed preparation. Hmely
sowing of crops, Intercropping and crop
rotation also help in weed control. Some other
preveniive measures against pesis are the use
of resistant varieties, and summer ploughing,
in which fields are ploughed deep in summers
to desiroy weeds and pestis.

nestion

1. Which af the fullowing conditions
will give the most benefits? Why?
o Farmers use high-quality
seeds, do not adopt
irrigattion or use fertilizers.

(b) Farmers use ordinary
seeds, adopt rrigation ancd
use feriitizer

fcl Farmers use gualiiy seeds,
adopt  (rrigation, use
fertilizer and use crop
protection medastres.



Table 15.2: Nutritional values of animal products

Animal Per cent (%) Nutrients
Products

Fat Protein Sugar Minerals
‘Milk (Cow)  3.60 4.00 4.50 0.70 87.20 Bl, B_2.. B12.D,E
Egg 12.00 13.00 % 1.00 74.00  B2,D
‘Meat 3.60 21.10 * 1.10 7420 B2, Bl2
Fish 2.50 19.00 : 1.30 77.20  Niacin, D, A
*Present in very small amounts
Activity 15.1 Activity 15.2

*  Visit a nearby garden/agriculitural
field and make a list of the weeds and
the flowers/crops found in the area.
Also, make a lst of Insect pests, if
any, infesting the flowers/crops.

STORAGE OF GRAINS

Storage losses in agricultural produce can be
very high. Factors responsible for such losses
are biotic— insects, rodents, fungi, mites and
bacteria, and abiotic— inappropriate moisture
and temperatures in the place of storage. These
factors cause degradation in quality, loss in
welght, poor germinability, discolouration of
produce. all leading to poor marketability.
These factors can be controlled by proper
treatment and by systematic management of
warchouses.

Preventive and control measures are used
before grains are stored for future use. They
include strict cleaning of the produce before
storage, proper drying of the produce first in
sunlight and then in shade, and hmigation
using chemicals that can kill pests,

nestions

1. Why showdd preventive measures
anc biological control methods be
preferred for protecting crops?

2. What _factors may be responsible
for losses of grains during
storage?

Ivprovesent ™ Foot Resources

- Collect grains/ seeds of cereals, pulses
and ol seeds and gather njormation
abaiy the seasons in which they are
sown and harvestecd,

15.2 Animal Husbandry

Animal husbandry is the scientific
management of animal livegiock. It includes
varlous aspects such as feeding, breeding and
disease conirel. Animal-based farming
includes cattle, goat, sheep. poultry and fish
[arming. As ihe population increases and as
living standards increase, the demand for
milk, eggs and meat is also going up. Also,
the growing awareness of the need for
humane treatment of livesiock has brought
in new limitations in livestock farming. Thus,
livesiock production also needs to be improved.

15.2.1 CATTLE FARMING

Cattle husbandry is done for two purposes—
milk and draught labour for agricultural work
such as tilling, irrigation and carting. Indian
cattle belong to two different species, Bos
indicus, cows, and Bos bubalis, buffaloes.
Milk-producing females are called milch
animals [dairy animals), while the ones used
for [arm labour are called draught animals.
Milk production depends, to some extent,
on the duration of the lactation period,
meaning the period of milk producton after
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Fig. 15.3: Indigenous milch breed of cattle

the birth of a calf. So, milk production can be
increased by increasing the lactation period.
Exotic or foreign breeds (for example, Jersey,
Brown Swiss) are sclected for long lactation
periods, while local breeds (for example, Red
Sindhi. Sahiwal) show excellent resistance o
diseases. The two can be cross-bred to get
animals with boih the desired qualities.

nestion

1. Which method (s commeonly used
Jor improving catile breeds and
wehy?

Activity 15.3
. Visit a livestock farm. Note the
following:
(1) Number of cattle and number of
different breeds.

[2) The amount of daily milk production
from the different breeds.

Proper cleaning and shelter [acilities for
cows and buffaloes are required for humane
farming, for the health of the animals and
[or production of clean milk as well. Animals
require regular brushing io remove dirt and
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loose hair. They should be sheltered under
well-ventilated roofed sheds that protect them
from rain, heat and cold. The floor of the catile
shed needs to be sloping so as to stay dry
and to facilitate cleaning.

The food requiremenis of dairy animals
are of itwo types: (a] mainienance
requirement, which is the food required to
support the animal to live a healthy life, and
(b) milk producing requirement, which is the
type of food required during the lactation
period. Animal feed includes: [a) roughage,
which is largely fibre, and (b} concenirates,
which are low in fibre and coniain relatively
high levels of proteins and other nulrients.
Cattle need balanced rations containing all
nutrients in proportionate amounts. Besides
such nuiritious food material, certain feed
additives containing micronuirients promote
the health and milk output of dairy animals.

Carttle suffer from a number of diseases.
The discases, besides causing death, reduce
milk producton. A healthy animal feeds
regularly and has a normal posture. The
parasites of caitle may be both external
parasites and internal parasiies. The exiernal
parasites live oni the skin and mainly cause
skin diseases. The iniernal parasites like
worms, affect stomach and intestine while
flukes damage the liver. Inlections diseases
are also caused by bacteria and viruses.
Vaccinations are given to farm animals
against many major viral and bacierial
diseases.

15.2.2 POULTRY FARMING

Pouliry farming is undertaken to raise
domestc fowl for egg production and chicken
meat. Therefore, improved poulty breeds are
developed and farmed to produce layers for
eggs and broilers for meat.

The cross-breeding programmes between
Indian (Indigenous. for example, Aseel] and
foreign (exoiic, for example, Leghorn) breeds
for variety improvementi are focused on to
develop new varieties for the [ollowing
desirable traits—

i) mumber and quality of chicks;



(ii) dwarf broiler parent for commercial
chick production;

(ili] summer adaptation capacity/
tolerance to high temperature;

{iv] low maintenance requirements;

{v) reduction in the size of the egg-laying
bird with ability to utilise more
[ibrous cheaper diels formulated
using agricultural by-products.

Aseel

Fig. 15.4

nestion

1. Discuss the implicalions of the
following staterment:
"It is interesting fo note thal
pouliry is India’s most efficient
conuverter of low fibre food stuff
fichich (s upfit for human
consumption] infe highly
nmetritiones animal protein food.”

EGG AND BROILER PRODUCTION

Broiler chickens are fed with vitamin-rich
supplementary {eed for good growth rate and
betier feed effliciency. Care 1s taken to avoid
mortality and to maintain feathering and
carcass quality. They are produced as broilers
and sent to market for meat purposes.

For good produciion of pouliry birds, good
managemenl practices are important. These
include mainienance of temperature and
hyglenie condidons in housing and pouliry
feed, as well as prevention and control of
diseases and pests.

The housing. nutritional and
environmenial requirements of broilers are
somewhat different from those of egg layers.

Ivprovesent ™ Foot Resources

The ration [daily [ood requirement) lor broilers
is proiein rich with adequate fat. The level of
vitamins A and K is kept high in the poultry
feeds.

Pouliry fowl suffer from a number of
diseases caused by virus, bacteria, [ungi,
parasites, as well as from nutritional
deficiencies. These necessitale proper
cleaning, sanitation, and sprayving of
disinfectants at regular intervals, Appropriate
vaccination can prevent the occurrence of
infectious discasecs and reduce loss of pouliry
during an outbreak of disease.

nestions

[. What managerent practices are
common in dairy and poultry
Sfarming?

What are the differences beiuwseen
broilers and layers and in their
marnagernent?

ka

Activity 15.4

- Wisit a local poully farm. Observe types
of breeds and nole the Gpe of raldon,
housing and Ughiing facilities given to
them. Ideniify the growers, layers and
broilers.

15.2.3 FisH PRODUCTION

Fish is a cheap source of animal protein lor
our food. Fish production includes the finned
true fish as well as shelllish such as prawns
and molluscs. There are two ways of obtaining
fish, One is from natural resources, which is
called capture fishing. The other way is by
fish farming, which is called culture fishery.

The water source of the fish can be either
seawater or fresh water, such as in rivers and
ponds. Fishing can thus be done boih by
capture and culiure of fish in marine and
[reshwater ecosystems.

15.2.3 (i) MARINE FISHERIES

India's marine fishery resources include
7500 km of coastline and the deep secas
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beyond it. Popular marine fish varieties
include pomphret, mackerel, tuna, sardines,
and Bombay duck. Marine [ish are caughi
using many kinds of fishing nets from fishing
boats. Yields are increased by locating large
schools of fish in the open sea using satellites
and echo-sounders.

Some marine fish of high economic value
are also farmed in seawater. This includes
finned fishes like mullets, bhetlki, and pearl
spots, shellfish such as prawns (Fig. 15.5).
mussels and oysters as well as seaweed.
Oysters are also cultivated for the pearls
they make.

FPeneouws monodon
{rrcerine)

Marrobrochiwn rosenberngii
{fresh water)

Fig. 15.5 : Fresh water and marine prawns

As marine fish stocks getl further depleted,
the demand for more {izsh can only be met by
such culture fisheries, a practice called
mariculiure.

15.2.3 (ii) INLAND FISHERIES

Fresh water resources include canals, ponds,
reservoirs and rivers. Brackish water
resources, where seawater and fresh water
mix together, such as esinaries and lagoons
are also important fish reservoirs. While
capture fishing is also done in such inland
warter bodies, the yield is not high. Most fish
production from these resources is through
aquacullure.

Fish culture is sometimes done In
combination with a rice crop, so that fish are
grown in the water in the paddy field. More
intensive fish farming can be done in
composite fish culture sysiems. Boih local
and fmported fish species are used in such
systems.
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In such a sysiem, a combination of five or
six fish species is used in a single fishpond.
These species are selected so that they do
not compeie for food among them having
different iypes ol [ood habits, As a resull, the
food available in all the parts of the pond is
used. As Catlas are surface feeders, Rohus
feed in the middle-zone of the pond, Mrigals
and Common Carps are bottom feeders, and
Grass Carps feed on the weeds, together these
species (Fig. 15.6) can use all the ood in the
pond without competing with each other. This
increases the fish vield from the pond.

Fig. 15.6: [ Catla (b Silver carp o] Rohu (d) Grass
Carp (el Mrigal [T Common Carp

One problem with such composite fish
culture is that many of these fish breed only
during monsoon. Even if fish seed is collected
from the wild, it can be mixed with that of
olher species as well. So, a major problem in
fish farming is the lack of availability of good-
quality seed. To overcome this problem, ways
have now been worked out {o breed these fish
in ponds using hormonal stimulation. This
has ensured ihe supply of pure fish seed in
desired guanitities.

SCENGE



uestions

. How are fish obiained?
2. What are the aduvantages af
composite fish culture?

Activity 15.5

*  Visit a lish farm in fish breeding
season and note the following:
{1) Variedes of fish in fish farm
(2) Tvpes of ponds
(3] Feed lngredients used
4] Produclion capacity of the [arm
If there are no fish farms close Lo your
locality, gather the above informarion from

Internet, by referring books or tallking io
people who are engaged in fishery.

15.2.4 BEE-KEEPING

Honey is widely used and therefore bee-
keeping for making honey has become an
agriculiural enterprise. Since bee-keeping
needs low investments, [armers use it as an
additional income generating activity. In
addition to honey, the beehives are a source
of wax which is used in various medicinal
preparations,

The local varieties of bees used for
commercial honey production are Apis cerana
indica, commonly known as the Indian bee,
A. dorsata, the rock bee and A. florae, the little
bee. An [talian bee variety, A. melljfera, has
also been brought in to increase yield of honey.

you have
learnt

=) fb)

Fig. 15.7: (ol Armangement of bechive in an apiary
ik} honey extractor

This is the variety commonly used for
commercial honey produciion.

The Italian bees have high honey collection
capacity. They sting somewhat less. They siay
in a given beehive for long periods. and breed
very well. For commercial honey produciion,
bee farms or apiaries are established.

The value or guality of honey depends
upon the pasturage, or the {lowers available
to the bees for neciar and pollen collection.
In addition to adequaie quantity of pasturage,
the kind of flowers available will determine
the taste of the honey.

nestions
I. What are the desirable
characters of bee varielties
suitable for honey production?

2. Whatis pasturage and how is il
related to honey production?

. There are several nutrienis esseniial for crops. Of these,

some are required in large gquantties and are known as
macro-nuirients whereas rest of the nutrients are required
in small quantities and are known as micro-nutrients.

- Manure and fertilizers are ithe maln sources of nuirient

supply to crops.

Ivprovesent ™ Foot Resources

213




214

Organic farming is a farming system with minimal or no
use of chemicals as fertilizers, herbicides, pesticides eic.
and with a maximum input of organic manures, recyled
farm wastes, and bio-agents, with healthy cropping svstems.
Mixed farming is a system of farming on a pardcular farm
which inclhudes crop production, raising of livestock ele.
Mixed cropping is growing of two or more crops simultaneously
on the same piece of land,

Growing two or more crops in definite row patierns is known
as inter-cropping.

The growing of different crops on a piece of land in pre-planned
succession is called erop rotation.

Varietal improvement is required for higher yield, good quality,
biotic and abiotic resistance, shortening the maturity duration,
wider adaptability and desirable agronomic characteristics.
Farm animals require proper care and management such as
shelter, feeding, breeding and disease conirol. This is called
animal husbandry.

Pouliry farming is done io raise domesiic fowls. Pouliry
production includes egg production and broiler production for
poultry meat.

To enhance pouliry production, cross breeding is done between
Indian and exolic breeds for variely improvement.

Fish may be obtained from marine resources as well as inland
resources.

To increase production of fish, they can be cultured in marine
and inland ecosyvsiems.

Marine fish capiure is done by fishing neis guided by echo-
sounders and satellites.

Composite fish culture system is commonly used for fish
Bee-keeping is done to get honey and wax.

Exercises

1. Explain any one method of crop production which ensures
high vield.

2.,  Why are manure and fertilizers used in fields?

3. What are the advantages of inter-cropping and crop rotation?

4.  What is genetic manipulation? How is it useful in agricultural

practices?

SCENGE



How do storage grain losses occur?

How do good animal husbandry practices benefit farmers?
What are the benefils of cattle farming?

For increasing production, what is common in poultry, fisheries
and bee-keeping?

How do you differentiate between capture fishing, mariculture
and aguaculture?
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Answers

Chapter 3

4,

fa) MgClL,

B) Cald

c) Cu NOy,

(d) AlCL,

(e} CaCoO,

fa] Calcium, oxygen

(b} Hydrogen, bromine

lc] Sodium, hydrogen, carbon and oxygen
(dl Potassium, sulphur and oxygen

6 [a 26g
() 256g
o] 124¢g
[d} 36.5g
fe] B3g
7. (@) 14g
(b} 108 g
fc] 1260¢
B. f(a) 0.375 mole
() 1.11 mole
[} 0.5 mole
2 (@ 32g
(b) 9.0g
10,  3.76 = 10™ malecules
11. £.022 = 10*"{ons
Chapter 4
10. 80.006
11, Px=00% , ¥x=10%
12. Valency = 1, Name of the element is lithium,
13, Mass number of X =12, V=14, Reladonship is Isotope.
14. [@ F b) F @l T d} F
15, [a] + (k) x fo] d x
16. [a) = (b} = c] ~ d) =
216
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17.
15.

19,
Atomic Mass Number
Number |Number of
Neutrons
9 19

{al » {b) + el = (d) =
[a) = B = o) = d) «

10 g 9 Fluarine
16 32 18 16 16 Sulphur
12 24 12 12 12 Magnesium
01 2 01 1 D1 Deuterium
01 1 0 1 0 Frotdum
Chapter 8
1. (a) distance = 2200 m; displacement = 200 m.
2. (a) average speed = average velocity = 2.00 m 5
(b] average speed=1.90m s " average velocliy = 0.852 m s !
3. average speed =24 kmh
4. distance travelled = 96 m
7. velocy=20me L tme=2s
10. speed =3.07kms
Chapter 9
4, ¢
5. 2ms, 14000 N
6 -—-4N
7. [a) 35000N
b) 1.944ms"
8. 2550 N in a direction opposile to the motion of the vehicle
8. d
10. 200N
11. Oms"
13. 3kgms
14. 225w BON
15. l0kgms ; 10kgms :5/3ms
16. 500kgms :800kgms ;50N
18. 40kgms
A2, 240N
A3, 25B00N
A4, 5ms;2400kgms ' 6000 N
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Chapter 10

3. 98N
12, Weight on earth is 98 N and on moon is 16.3 N.
13, Maximum height is 122.5 m and wotal timeie 52+ 65s= 10 =
14, 196 m/s
15, Maximum height = 80 m, Net displacement = 0, Total distance covered = 160 m.
16, CGravilational force = 3.56 x 104 N.
17. 4 s, 80 m from the top.

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

from the top or 39.2 m from the bottom.
21, The substance will sinlk.
22, 'The packet will sink, The mass of water displaced is 350 g.

Chapter 11
2. Zero
4, 2104
B, Zero
9 9x1084J
10, 2000 .J, 1000 .J
11. Zero

14, 15 kWh (Unit)
17. 208333.3J
18. WMl Zero

(ii] Positive

(iil) MNegadwve
20, 20kWh
Chapter 12
7. 172m, 00172 m
8. 18.65
9, 6000
13. 11.47 s
14. 22.600 Iz
20, 1450 ms*t
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