Chapter 1

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

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

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

In this chapter we shall learn about
matter 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 of particles like sand. Let us
perform an activity to decide about the nature
of matter - is it continuous or particulate?
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Activity 1.1

J 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 a glass rod.

0 Observe any change in water level.

J What do you think has happened to
the salt?

o Where does it disappear?

) Does the level of water change?

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

ater Water Water
Add salt Salt

Particles of water Salt
magnified millions
of times

Fig. 1.1: When we dissolve salt in water, the particles
of salt get into the spaces between particles
of water.

1.1.2 HOW SMALL ARE THESE PARTICLES
OF MATTER?

Activity 1.2

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

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

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

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

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

J Is the water still coloured ?
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Fig. 1.2: Estimating how small are the particles of
matter. With every dilution, though the colour
becomes light, it is still visible.

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

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

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

1.2 Characteristics of Particles of
Matter

1.2.1 PARTICLES OF MATTER HAVE SPACE
BETWEEN THEM

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 matter get into the spaces between particles
of the other. This shows that there is enough
space between particles of matter.
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1.2.2 PARTICLES

Activity

Activity

Activity

CONTINUOUSLY MOVING

1.3

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

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

Record your observations.

1.4

Take two glasses/beakers filled with
water.

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

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

Record your observations.

What do you observe immediately after
adding the ink drop?

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

How 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 permanganate into a glass
of hot water and another containing
cold water. Do not stir the solution.
Allow the crystals to settle at the
bottom.

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

What happens as time passes?

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

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

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

1.2.3 PARTICLES OF MATTER ATTRACT
EACH OTHER

Activity 1.6

o Play this game in the field— 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

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

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

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

) Which group was the easiest to break?
Why?
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. If we consider each student as a
particle of matter, then in which group
the particles held each other with the
maximum force?

1.7

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

¢ Try breaking them by hammering,
cutting or stretching.

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

1.8

o Take some water in a container, try
cutting the surface of water with your
fingers.

*  Were you able to cut the surface of
water?

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

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

Activity

Activity

-

1. Which of the following are
matter?
Chair, air, love, smell, hate,
almonds, thought, cold, lemon
water, smell of perfume.

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

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

4. What are the characteristics of
the particles of matter?




1.3 States of Matter

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

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

1.3.1 THE SOLID STATE

1.9

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

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

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

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

*  Arethese capable of diffusing into each
other?

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

Activity

All the above are examples of solids. We
can observe that all these have a definite
shape, distinct boundaries and fixed volumes,
that is, have negligible compressibility. Solids
have a tendency to maintain their shape when
subjected to outside force. Solids may break
under force but it is 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) What about sugar and salt? When
kept in different jars these take the
shape of the jar. Are they solid?

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

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

¢ 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.

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

1.3.2 THE LIQUID STATE

Activity 1.10

J Collect the following:

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

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

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

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

] Does the shape of the liquid remain the
same ?

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

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

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

All living creatures need to breathe for
survival. The aquatic animals can breathe
under water due to the presence of dissolved
oxygen in water. Thus, we may conclude that
solids, liquids and gases can diffuse into
liquids. The rate of diffusion of liquids is
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higher than that of solids. This is due to the
fact that in the liquid state, particles move
freely and have greater space between each
other as compared to particles in the solid
state.

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 does he have in the cylinder.

Activity 1.11

0 Take three 100 mL syringes and close
their nozzles by rubber corks, as
shown in Fig.1.4.

o Remove the pistons from all the
syringes.

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

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

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

-

Piston

==

Gas

\thi Rubber cork

Fig. 1.4

O What do you observe? In which case
was the piston easily pushed in?

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

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

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

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




uestions

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

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

(b) Comment upon the following:
rigidity, compressibility,
Sfluidity, filling a gas
container, shape, kinetic
energy and density.

3. Give reasons
(@) A gas fills completely the

vessel in which it is kept.

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

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

(d) We can easily move our hand
in air but to do the same
through a solid block of wood
we need a karate expert.

4. Liquids generally have lower
density as compared to solids.
But you must have observed that
ice floats on water. Find out why.

14 Can Matter Change its State?

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

. solid, as ice,

U liquid, as the familiar water, and

° gas, as water vapour.

What happens inside the matter during
this change of state? What happens to the
particles of matter during the change of
states? How does this change of state take
place? We need answers to these questions,
isn’t it?
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1.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity 1.12

*  Take about 150 g of ice in a beaker and
suspend a laboratory thermometer so
that its bulb is in contact with the ice,
as in Fig. 1.6.

Iron
stand

Ol =

Thermometer

Glass stirrer

Beaker

Ice

Burner

Iron
stand

O]

Thermometer

Glass stirrer

Beaker

Water

Burner

(b)

Fig. 1.6: (a) Conversion ofice to water, (b) conversion
of water to water vapour
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o Start heating the beaker on a low flame.

. Note the temperature when the ice
starts melting.

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

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

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

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

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

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

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

The melting point 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, till all the ice melts.
This happens even though we continue to
heat the beaker, that is, we continue to supply
heat. This heat gets used up in changing the

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

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

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

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

Heat Heat

Solid State < ) Liquid State < » | Gaseous State
Cool Cool

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

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

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

Activity 1.13

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

) Put an inverted funnel over the china
dish.

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

Cotton plug

#— Inverted funnel

Ammonium

chloride Ammonium

vapours chloride
solidified
China dish

g «—— Burner

Fig. 1.7: Sublimation of ammonium chloride

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

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

1.4.2 EFFECT OF CHANGE OF PRESSURE

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

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

Piston Piston Piston
Cylinder / Cylinder Cylinder
_ . - - 7/
e N
e oY
. ° oo
o I'. o0

Fig. 1.8: By applying pressure, particles of matter can
be brought close together.

Applying pressure and reducing
temperature can liquefy gases.

Have you heard of solid carbon dioxide
(CO,)?1tis stored under high pressure. Solid
CO, gets 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.

Liquid

Sublimation ;

Deposition

Fig. 1.9: Interconversion of the three states of matter

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

2. What is the physical state of
water at:
a. 250°C b. 100°C?

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

4. Suggest a method to liquefy
atmospheric gases.

1.5 Evaporation

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

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

Activity 1.14

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

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

° Take 5 mL of water in an open china

MATTER IN OUR SURROUNDINGS
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dish and keep it inside a cupboard or
on a shelf in your class.

. Record the room temperature.

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

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

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

You must have observed that the rate of

evaporation increases with—

®* 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 drying up we spread them out.

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

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

®* an increase 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 surrounding to regain the
energy lost during evaporation. This
absorption of energy from the surroundings
make the surroundings cold.




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

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

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

Why should we wear cotton clothes in
summer?

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

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

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

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

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

3. Why does our palm feel cold
when we put some acetone or
petrol or perfume on it?

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

5. What type of clothes should we
wear in summer?

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

Einstein Condensate.

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 tube there
is helium 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

J

2 the tube or bulb. The plasma glows with a special colour depending on the nature of

(@) gas. The Sun and the stars glow because of the presence of plasma in them. The plasma
ﬁ is created in stars because of very high temperature.

=8 Bose-Einstein Condensate: In 1920, Indian physicist Satyendra Nath Bose had done

/8 some calculations for a fifth state of matter. Building on his calculations, Albert Einstein

§ predicted a new state of matter — 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 formed by cooling a gas of

extremely low density, about one-hundred-thousandth

the density of normal air, to super low temperatures.

SN, Bose Albert Binstemn ?{ou can .log on to www.chem4kids.com to get more

(1894-1974) (1879-1955) information on these fourth and fifth states of matter.
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What

MATTER IN OUR SURROUNDINGS

you have
learnt

Matter is made up of small particles.

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

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

The spaces in between the constituent particles and kinetic
energy of the particles are minimum in the case of solids,
intermediate in liquids and maximum in gases.

The arrangement of particles is most ordered in the case of
solids, in the case of liquids layers of particles can slip and
slide over each other while for gases, there is no order, particles
just move about randomly.

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

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

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

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

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

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

Evaporation causes cooling.

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

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

11

2020-21




12

Some measurable quantities and their units to remember:

guaniity

Temperature kelvin K
Length metre m
Mass kilogram kg
Weight newton N
Volume cubic metre m?
Density kilogram per cubic metre kg m=
Pressure pascal Pa
Exercises
1. Convert the following temperatures to the celsius scale.
(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 increasing order of forces
of attraction between the particles— water, sugar, oxygen.
5. What is the physical state of water at—
(a) 25°C (b) 0°C (c) 100°C ?
6. Give two reasons to justify—
(a) water at room temperature is a liquid.
(b) an iron almirah is a solid at room temperature.
7. Why is ice at 273 K more effective in cooling than water at the

same temperature?
What produces more severe burns, boiling water or steam?

. Name A,B,C,D,E and F in the following diagram showing

change in its state

Increase heat and
decrease pressure

;

Decrease heat and
increase pressure
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Group Activity

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

For making this model you will need
A transparent jar
A big rubber balloon or piece of stretchable rubber sheet
A string
Few chick-peas or black gram or dry green peas.

How to make?
Put the seeds in the jar.

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

Stretch and tie the rubber sheet on the mouth of the jar.
Your model is ready. Now run your fingers up and down the
string by first tugging at it slowly and then rapidly.

Transparent Jar

LI

Pull the string
first slowly, then
vigorously to
show movement
of particles as in
solids, liquids
and gases.

Big balloon or
rubber sheet

Fig. 1.10: A model for converting of solid to liquid and liquid to gas.
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Chapter 2

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

SALT

EXTRA
FREE FLOW
IODISED SALT

Fig. 2.1: Some consumable items

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

0964CH02
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evaporation. However, sodium chloride is itself
a pure substance and cannot be separated by
physical process into its chemical constituents.
Similarly, sugar is a substance which contains
only one kind of pure matter and its
composition is the same throughout.

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

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

2.1.1 TYPES OF MIXTURES

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

Activity 2.1
° Let us divide the class into groups A,
B, C and D.

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

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

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

o Groups A and B have obtained a
mixture which has a uniform
composition throughout. Such
mixtures are called homogeneous
mixtures or solutions. Some other
examples of such mixtures are: (i) salt
dissolved in water and (ii) sugar
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dissolved in water. Compare the
colour of the solutions of the two
groups. Though both the groups have
obtained copper sulphate solution but
the intensity of colour of the solutions
is different. This shows that a
homogeneous mixture can have a
variable composition.

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

Activity 2.2

Let us again divide the class into four

groups — A, B, C and D.

Distribute the following samples to

each group:

—  Few crystals of copper sulphate to
group A.

— One spatula full of copper
sulphate to group B.

— Chalk powder or wheat flour to
group C.

— Few drops of milk or ink to
group D.

Each group should add the given

sample in water and stir properly using

a glass rod. Are the particles in the

mixture visible?

Direct a beam of light from a torch

through the beaker containing the

mixture and observe from the front.

Was the path of the beam of light

visible?

Leave the mixtures undisturbed for a

few minutes (and set up the filtration

Glass rod
Liquid decanted in

. the funnel fitted with
g Filter paper a filter paper
Funnel
A % 4|
F
b (© Test tube
Filter paper ~ Cone of d
(folded)  a filter paper Filtrate

—/
Fig. 2.2: Filtration

Now, we shall learn about solutions,
suspensions and colloidal solutions in the
following sections.

1. What is meant by a substance?
2. List the points of differences
‘ between homogeneous and
4 heterogeneous mixtures.
A

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 water etc. are all examples of solutions.
Usually we think of a solution as a liquid that
contains either a solid, liquid or a gas
dissolved in it. But, we can also have solid
solutions (alloys) and gaseous solutions (air).
In a solution there is homogeneity at the
particle level. For example, lemonade tastes the
same throughout. This shows that particles of
sugar or salt are evenly distributed in the
solution.

Alloys: Alloys are mixtures of two or)

apparatus in the meantime). Is the

mixture stable or do the particles begin B more metals or a metal andanon-metal

to settle after some time? e8| and cannot be separated into their
e  Filter the mixture. Is there any residue '§ components by physical methods. But

on the filter paper? o still, an alloy is considered as a mixture

Discuss the results and form an =3 because it shows the properties of its

opinion. '«@ constituents and can have variable
®  Groups A and B have got a solution. § composition. For example, brass is a
e  Group C has got a suspension. mixture of approximately 30% zinc and
®  Group D has got a colloidal solution. 70% copper. )

Is Marrer ArounD Us PURE? 15
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A solution has a solvent and a solute as its
components. The component of the solution
that dissolves the other component in it
(usually the component present in larger
amount) is called the solvent. The component
of the solution that is dissolved in the solvent
(usually present in lesser quantity) is called
the solute.

Examples:

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

(i) A solution of iodine in alcohol known
as ‘tincture of iodine’, has iodine (solid)
as the solute and alcohol (liquid) as
the solvent.

(iii) Aerated drinks like soda water etc., are
gas in liquid solutions. These contain
carbon dioxide (gas) as solute and
water (liquid) as solvent.

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

Properties of a solution

* A solution is a homogeneous mixture.

* The particles of a solution are smaller
than 1 nm (10° metre) in diameter. So,
they cannot be seen by naked eyes.

* Because of very small particle size, they
do not scatter a beam of light passing
through the solution. So, the path of
light is not visible in a solution.

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

2.2.1 CONCENTRATION OF A SOLUTION

In activity 2.2, we observed that groups A and
B obtained different shades of solutions. So,
we understand that in a solution the relative
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proportion of the solute and solvent can be
varied. Depending upon the amount of solute
present in a solution, it can be called a dilute,
concentrated or a saturated solution. Dilute
and concentrated are comparative terms. In
activity 2.2, the solution obtained by group A
is dilute as compared to that obtained by
group B.

Activity 2.3

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

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

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

O 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, is said to be a saturated
solution. In other words, when no more solute
can be dissolved in a solution at a given
temperature, it is called a saturated solution.
The amount of the solute present in the
saturated solution at this temperature is called
its solubility.

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

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

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

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

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

() Mass by mass percentage of a solution

M f solut
ass of solute ...

- Mass of solution
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(i) Mass by volume percentage of a solution

M f solut
assof solute .

- Volume of solution

(i) Volume by volume percentage of a
solution

_ Volume of solute

= X100
Volume of solution

Example 2.1 A solution contains 40 g of
common salt in 320 g of water.
Calculate the concentration in terms of
mass by mass percentage of the

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

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

Mass percentage of solution

M f solut
_ Massof solute . .

- Mass of solution

= 4—O><100 =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 but remain suspended throughout
the bulk of the medium. Particles of a
suspension are visible to the naked eye.

Properties of a Suspension

°* Suspension is a heterogeneous
mixture.

Is MATTER AROUND Us PURE?
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* The particles of a suspension can be seen
by the naked eye.

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

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

2.2.3 WHAT IS A COLLOIDAL SOLUTION?

The mixture obtained 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
smaller size of particles, as compared to that of
a suspension, the mixture appears to be
homogeneous. But actually, a colloidal solution
is a heterogeneous mixture, for example, milk.

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

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

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

Fig. 2.3: (a) Solution of copper sulphate does not show
Tyndall effect, (b) mixture of water and milk

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

Fig. 2.4: The Tyndall effect

Properties of a colloid

* Acolloid is a heterogeneous mixture.

* The size of particles of a colloid is 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.

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

* They cannot be separated from the
mixture by the process of filtration. But,
a special technique of separation known
as centrifugation (perform activity 2.5),
can be used to separate the colloidal
particles.

The components of a colloidal solution are
the dispersed phase and the dispersion
medium. The solute-like component or the
dispersed particles in a colloid form the
dispersed phase, and the component in which
the dispersed phase is suspended is known
as the dispersing medium. Colloids are
classified according to the state (solid, liquid
or gas) of the dispersing medium and the
dispersed phase. A few common examples are
given in Table 2.1. From this table you can
see that they are very common everyday life.

uestions

1. Differentiate between homogen-
eous and heterogeneous mixtures
with examples.

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

3. To make a saturated solution,
36 g of sodium chloride is dissolved
in 100 g of water at 293 K.
Find its concentration at this
temperature.

Table 2.1: Common examples of colloids

Dispersed
phase

Dispersing
Medium

Example

Liquid Gas Aerosol Fog, clouds, mist
Solid Gas Aerosol Smoke, automobile exhaust
Gas Liquid Foam Shaving cream
Liquid Liquid Emulsion Milk, face cream
Solid Liquid Sol Milk of magnesia, mud
Gas Solid Foam Foam, rubber, sponge, pumice
Liquid Solid Gel Jelly, cheese, butter
Solid Solid Solid Sol Coloured gemstone, milky glass
18 SCIENCE
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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.

Heterogeneous mixtures can be separated
into their respective constituents by simple
physical methods like handpicking, sieving,
filtration that we use in our day-to-day life.
Sometimes special techniques have to be used
for the separation of the components of a
mixture.

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

Activity 2.4
Fill half a beaker with water.

° Put a watch glass on the mouth of the

beaker (Fig. 2.5).
Put few drops of ink on the watch glass.
Now start heating the beaker. We do
not want to heat the ink directly. You
will see that evaporation is taking place
from the watch glass.

° Continue heating as the evaporation
goes on and stop heating when you do
not see any further change on the
watch glass.

® Observe carefully and record your
observations.

. —Vapours
Ink

B H«—Watch glass

~oad—Beaker

Water

[

Fig. 2.5: Evaporation
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Now answer

e  What do you think has got evaporated
from the watch glass?

® s there a residue on the watch glass?

® What is your interpretation? Is ink a
single substance (pure) or is it a
mixture?

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

2.3.2 HOW CAN WE SEPARATE CREAM
FROM MILK?

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

Activity 2.5
o Take some full-cream milk in a test
tube.

. Centrifuge it by using a centrifuging
machine for two minutes. If a
centrifuging machine is not available
in the school, you can do this activity
at home by using a milk churner, used
in the Kkitchen.

¢ Ifyou have a milk dairy nearby, visit it
and ask (i) how they separate cream
from milk and (ii) how they make
cheese (paneer) from milk.

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

® Explain how the separation of cream
from milk takes place.

Sometimes the solid particles in a liquid
are very small and pass through a filter paper.
For such particles the filtration technique
cannot be used for separation. Such mixtures
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are separated by centrifugation. The principle
is that the denser particles are forced to the
bottom and the lighter particles stay at the
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 to squeeze
out water from wet clothes.

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

2.6

Let us try to separate kerosene oil
from water using a separating funnel.
Pour the mixture of kerosene oil and
water in a separating funnel (Fig. 2.6).
Let it stand undisturbed for sometime
so that separate layers of oil and water
are formed.

Open the stopcock of the separating
funnel and pour out the lower layer of
water carefully.

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

Activity

Separating
funnel

Kerosene oil

Water

«———— Stopcock

Fig. 2.6: Separation of immiscible liquids
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Applications

To separate mixture of oil and water.
In the extraction of iron from its ore,
the lighter slag is removed from the
top by this method to leave the molten
iron at the bottom in the furnace.

The principle is that immiscible liquids
separate out in layers depending on their
densities.

2.3.4 HOW CAN WE SEPARATE A MIXTURE
OF SALT AND CAMPHOR?

We have learnt in chapter 1 that camphor
changes directly 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.

>

{C

4— Cotton plug

4— Inverted funnel

Vapours of
camphor

Solidified
camphor

Mixture of
camphor 4— China dish
and salt
|
/[ A
Fig. 2.7: Separation of camphor and salt by

sublimation
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2.3.5 Is THE DYE IN BLACK INK A SINGLE
COLOUR?

Activity 2.7
Take a thin strip of filter paper.

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

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

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

) Watch carefully, as the water rises up
on the filter paper. Record your

observations.
— Glass rod
Paper clips
Strip of filter Jar
paper Strip of filter
paper
v Line drawn s Spot of ink
~ by pencil -
W\ Y P Water

Spot of ink b)

Fig. 2.8: Separation of dyes in black ink using
chromatography

Now answer

®  What do you observe on the filter paper
as the water rises on it?

® Do you obtain different colours on the
filter paper strip?

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

The ink that we use has water 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 MATTER AROUND Us PURE?
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This process of separation of components
of a mixture is known as chromatography.
Kroma in Greek means colour. This technique
was first 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 technology,
newer techniques of chromatography have
been developed. You will study about
chromatography in higher classes.

Applications

To separate

* colours in a dye

e pigments from natural colours
* drugs from blood.

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

Activity 2.8

* Let us try to separate acetone and water
from their mixture.

° Take the mixture in a distillation flask.
Fit it with a thermometer.

. Arrange the apparatus as shown in
Fig. 2.9.

) Heat the mixture slowly keeping a close
watch at the thermometer.

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

° Water is left behind in the distillation
flask.

«—Thermometer

., +~— Water outlet

Distillation
flask

of acetone

éo ] > é Cold wateé; ,

and water
Acetone——

Fig.2.9: Separation of two miscible liquids by
distillation
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Now answer

e What do you observe as you start
heating the mixture?

e At what temperature does the
thermometer reading become
constant for some time?

®  What is the boiling point of acetone?
®  Why do the two components separate?

This method is called distillation. It is used
for the separation of components of a mixture
containing two miscible liquids that boil
without 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
etc. The apparatus is similar to that for simple
distillation, except that a fractionating
column is fitted in between the distillation
flask and the condenser.

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

«—Thermometer

Fractionating
column

Pure liquid
component

Fig. 2.10: Fractional distillation
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2.3.7 HOW CAN WE OBTAIN DIFFERENT

GASES FROM AIR ?
Air is a homogeneous mixture and can be
separated into its components by fractional

distillation. The flow diagram (Fig. 2.11)
shows the steps of the process.

Compress and cool by increasing
pressure and decreasing temperature

Allow to warm up slowly in
fractional distillation column

Gases get separated at different heights

Oxygen Argon | Nitrogen
Boiling Point (°C) -183 -186 -196
% Air by Volume 20.9 0.9 78.1

Fig. 2.11: Flow diagram shows the process of
obtaining gases from air

If we want oxygen gas from air (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 liquid air is allowed to warm-up
slowly in a fractional distillation column,
where gases get separated at different heights
depending upon their boiling points.

Answer the following:

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

e Which gas forms the liquid first as the
air is cooled?
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Water out
Hot air

S | (e

Air under
pressure
I a\
\ W/
Carbon
dioxide out
b Air i as dry ice

Freezing
cold
water in

Filter

h

Cold compressed air

Fractional
distillation
column

Argon out = Liquid oxygen |
—

Expansion
jet

Fig. 2.12: Separation of components of air

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

Activity 2.9

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

o Dissolve it in minimum amount of
water.

. Filter the impurities out.

° Evaporate water from the copper
sulphate solution so as to get a
saturated solution.

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

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

. This process is called crystallisation.

Now answer

®  What do you observe in the china dish?
® Do the crystals look alike?

®*  How will you separate the crystals from
the liquid in the china dish?

The crystallisation method is used to
purify solids. For example, the salt we get
from sea water can have many impurities in

Is MATTER AROUND Us PURE?
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it. To remove these impurities, the process of
crystallisation is used. Crystallisation is a
process that separates a pure solid in the form
of its crystals from a solution. Crystallisation
technique is better than simple evaporation
technique as -

e some solids decompose or some, like
sugar, may get charred on heating to
dryness.

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

Applications

e  Purification of salt that we get from sea
water.

®  Separation of crystals of alum (phitkari)
from impure samples.

Thus, by choosing one of the above
methods according to the nature of the
components of 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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To sediment the
To allow solids

Reservoir

Fine sand Coarse

ter

suspended
to settle impurities
— ST
g I P
~———’

Sedimentation
tank

Filtration tank

| T—
H

Chlorination
to kill bacteria

To
home

Fig. 2.13: Water purification system in water works

uestions

1. How will you separate a mixture
containing kerosene and petrol
(difference in their boiling points
is more than 25°C), which are

miscible with each other?

2. Name the technique to separate
(i) butter from curd,
(ii) salt from sea-water,
(iii) camphor from salt.
3. What type of mixtures are

separated by the technique of
crystallisation?

2.4 Physical and Chemical
Changes

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

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

Both water and cooking oil are liquid but
their chemical characteristics are different.
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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.
Burning is a chemical change. During this
process one substance reacts with another
to undergo a change in chemical composition.
Chemical change brings change in the
chemical properties of matter and we get new
substances. A chemical change is also called
a chemical reaction.

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

uestions

1. Classify the following as

chemical or physical changes:

* cutting of trees,

melting of butter in a pan,

rusting of almirah,

boiling of water to form steam,

passing of electric current,

through water and the water

breaking down into hydrogen

and oxygen gases,

* dissolving common salt in
water,

* making a fruit salad with raw
fruits, and

* burning of paper and wood.

Try segregating the things

around you as pure substances

or mixtures.
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2.5 What are the Types of Pure
Substances?

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

2.5.1 ELEMENTS

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

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

Metals usually show some or all of the
following properties:

* They have a lustre (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).

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

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

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

e They display a variety of colours.

* They are poor conductors of heat and
electricity.

e They are not lustrous, sonorous or
malleable.

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

present are more than 100.

Ninety-two elements are naturally

occurring and the rest are man-

made.

Majority of the elements are solid.

Eleven elements are in gaseous

state at room temperature.

® Two elements are liquid at room
temperature-mercury and
bromine.

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

More to know

2.5.2 COMPOUNDS

A compound is a substance composed of two
or more elements, chemically combined with
one another in a fixed proportion.

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

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 to both the
groups.

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

Group II

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

Groups I and II

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

° Compare the texture and colour of the
material obtained by the groups.

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

. Add dilute sulphuric acid or dilute
hydrochloric 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
fairly easily by physical methods.

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

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

Now answer

® Did the material obtained by the two
groups look the same?

e  Which group has obtained a material
with magnetic properties?

® Can we separate the components of the
material obtained?

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

The gas obtained by Group I is hydrogen,
it is colourless, odourless and combustible-
it is not advised to do the combustion test for
hydrogen in the class. The gas obtained by
Group Il is hydrogen sulphide. It is a colourless
gas with the smell of rotten eggs.
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1. Elements react to form new compounds.

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

3. The new substance has totally different
properties.

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

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

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

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

¢ The material obtained by group Il is a
compound.

*  On heating the two elements strongly we
get a compound, which has totally
different properties compared to the
combining elements.

¢ The composition of a compound is the
same 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 :
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Matter
(Solid, Liquid or Gas)

|
v v

Pure Substance

Mixtures

v

v

(No Fixed Composition)

v

v

Elements

Compounds

Homogeneous

Heterogeneous

Cannot be broken down
to simpler substances

Have fixed composition
Can be broken down into
elements by chemical or
electrochemical reactions

Uniform composition

Non-uniform composition

for example, copper,
oxygen, iron, hydrogen,
mercury etc.

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

for example, sugar in water,

salt in water, sulphur in
carbon disulphide, water
in alcohol etc.

for example, sand and
salt, sugar and salt,
water in oil etc.

What

you have
learnt

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

Mixtures can be separated into pure substances using
appropriate separation techniques.

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

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

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

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

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

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

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

(@) Sodium chloride from its solution in water.

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

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

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

(f) Oil from water.

(g) Tea leaves from tea.

(h) Iron pins from sand.

(i) Wheat grains from husk.

(j) Fine mud particles suspended in water.

2.  Write the steps you would use for making tea. Use the words
solution, solvent, solute, dissolve, soluble, insoluble, filtrate
and residue.

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

Substance Dissolved Temperature in K
283 293 313 333 353

Solubility
Potassium nitrate 21 32 62 106 167
Sodium chloride 36 36 36 87 37
Potassium chloride 35 35 40 46 54
Ammonium chloride 24 S7 41 55 66

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

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

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

(d) What is the effect of change of temperature on the
solubility of a salt?
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10.

Explain the following giving examples.
(a)
(b) pure substance

(c) colloid

(d) suspension

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

saturated solution

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”?

(a) Ice
(b) Milk
(c) Iron
(d) Hydrochloric acid
(e) Calcium oxide
() Mercury
(g) Brick
(h) Wood
(H Air.
Identify the solutions among the following mixtures.
(a) Soil
(b) Sea water
() Air
(d) Coal

(e) Soda water.
Which of the following will show “Tyndall effect”?
(a)

Salt solution

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

Classify the following into elements, compounds and
mixtures.

(a) Sodium

(b) Soil

(c) Sugar solution

(d) Silver

(e) Calcium carbonate
(f) Tin

(g) Silicon
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(h) Coal
(i) Air
(j) Soap
(k) Methane
(1) Carbon dioxide
(m) Blood
11. Which of the following are chemical changes?
(@) Growth of a plant
b) Rusting of iron
¢) Mixing of iron filings and sand
)
)

—_

af—\

Cooking of food
Digestion of food
(f) Freezing of water

—_

€

(80 Burning of a candle.

Group Activity

Take an earthen pot (mutka), some pebbles and sand. Design a
small-scale filtration plant that you could use to clean muddy
water.
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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 further division will
not be possible. He named these particles
Parmanu. Another Indian philosopher,
Pakudha Katyayama, elaborated this doctrine
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 obtained
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 till the eighteenth century.

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

Antoine L. Lavoisier laid the foundation
of chemical sciences by establishing two
important laws of chemical combination.

3.1 Laws of Chemical Combination

The following two laws of chemical
combination were established after
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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
® Take one of the following sets, X and Y
of chemicals—
X Y
(i) copper sulphate sodium carbonate
1.25¢g 143 g
(i) barium chloride sodium sulphate
122 g 1.53 g
(iii) lead nitrate sodium chloride
207 g 1.17 g

o Prepare separately a 5% solution of
any one pair of substances listed
under X and Y each in 10 mL in water.

® Take a little amount of solution of Y in
a conical flask and some solution of
X in an ignition tube.

® Hang the ignition tube in the flask
carefully; see that the solutions do not
get mixed. Put a cork on the flask
(see Fig. 3.1).

7 «— Cork

%I‘L Thread

«—Conical flask

b

Small ignition tube

Solution of X

Solution of Y

Fig. 3.1: Ignition tube containing solution of X, dipped
in a conical flask containing solution of Y.



e Weigh the flask with its contents
carefully.

®  Now tilt and swirl the flask, so that the
solutions X and Y get mixed.

Weigh again.

° What happens in the reaction flask?
Do you think that a chemical reaction
has taken place?

®  Why should we put a cork on the mouth
of the flask?

® Does the mass of the flask and its
contents change?

Law of conservation of mass states that
mass can neither be created nor destroyed in
a chemical reaction.

3.1.2 LAW OF CONSTANT PROPORTIONS

Lavoisier, along with other scientists, noted
that many compounds were composed of two
or more elements and each such compound
had the same elements in the same
proportions, irrespective of where the
compound came from or who prepared it.

In a compound such as water, the ratio of
the mass of hydrogen to the mass of oxygen 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 constant proportions
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 give appropriate explanations of these laws.
British chemist John Dalton provided the
basic theory about the nature of matter.
Dalton picked up the idea of divisibility of
matter, which was till then just a philosophy.
He took the name ‘atoms’ as given by the
Greeks and said that the smallest particles of
matter are atoms. His theory was based on the
laws of chemical combination. Dalton’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
teacher 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
turning point in the study of matter.

John Dalton

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

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

(i) Atoms are indivisible particles, which
cannot be created or destroyed in a
chemical reaction.

(iii) Atoms of a given element are identical
in mass and chemical properties.

(iv) Atoms of different elements have
different masses and chemical
properties.

(v) Atoms combine in the ratio of small
whole numbers to form compounds.

(vi) 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 still smaller particles.

1. In a reaction, 5.3 g of sodium
carbonate reacted with 6 g of
acetic acid. 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 are in agreement
with the law of conservation of
mass.

sodium carbonate + acetic acid
— sodium acetate + carbon
dioxide + water

2. Hydrogen and oxygen combine in
the ratio of 1:8 by mass to form
water. What mass of oxygen gas
would be required to react
completely with 3 g of hydrogen
gas?

3. Which postulate of Dalton’s
atomic theory is the result of the
law of conservation of mass?

4. Which postulate of Dalton’s
atornic theory can explain the law
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 to 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 matter 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 = 1nm
1m = 10°nm

Relative Sizes
Radii (in m) Example
101 Atom of hydrogen
10° Molecule of water
108 Molecule of haemoglobin
10+ Grain of sand
103 Ant
10! Apple
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We might think that if atoms are so
insignificant in size, why should we care about
them? This is because our entire world is
made up of atoms. We may not be able to see
them, but they are there, and constantly
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 scientist 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
suggested that the symbols of elements be
made from one or two letters of the name of
the element.

@ Hydrogen O
@ Phosphorus @ Sulphur @ Iron
@ @ Lead @ Silver
@ Gold @ Platina @ Mercury

Fig. 3.3: Symbols for some elements as proposed by
Dalton

Carbon O Oxygen

Copper
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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 international scientific
organisation which approves names of
elements, symbols and units. Many of the
symbols are the first one or two letters of the
element’s name in English. The first letter of a
symbol is always written as a capital letter
(uppercase) and the second letter as a small
letter (lowercase).

For example

(i) hydrogen, H
(i) aluminium, Al and not AL
(iiij) cobalt, Co and not CO.

Symbols 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 etc.

Other symbols have been taken from the
names of elements in Latin, German or Greek.
For example, the symbol of iron is Fe from its
Latin name ferrum, sodium is Na from natrium,
potassium is K from kalium. Therefore, each
element has a name and a unique chemical

symbol.

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 constant proportions so well
that scientists were prompted to measure the
atomic 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 and
oxygen. 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 oxygen. Suppose
we define the atomic mass unit (earlier
abbreviated as ‘amu’, but according to the
latest IUPAC recommendations, it is now
written as ‘0’ — unified mass) as equal to the
mass of one carbon atom, then we would

Table 3.1: Symbols for some elements

Element Symbol Element Symbol
Aluminium Al Copper Cu Nitrogen N

Argon Ar Fluorine F Oxygen (@)

Barium Ba Gold Au Potassium K

Boron B Hydrogen H Silicon Si
Bromine Br Iodine I Silver Ag
Calcium Ca Iron Fe Sodium Na
Carbon e Lead Pb Sulphur S
Chlorine Cl Magnesium Mg Uranium U

Cobalt Co Neon Ne Zinc Zn

(The above table is given for you to refer to
whenever you study about elements. Do not
bother to memorise all in one go. With the
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assign carbon an atomic mass of 1.0 u and
oxygen an atomic mass of 1.33 u. However, it
is 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

occurring oxygen as the unit. This was

considered relevant due to two reasons:

e oxygen reacted with a large number of
elements and formed compounds.

e this atomic mass unit gave masses of
most of the elements as whole numbers.

However, in 1961 for a universally
accepted atomic mass unit, carbon-12 isotope
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 a mass equal
to 12 units” (12 watermelon units or 12 fruit
mass units). He makes twelve equal pieces of
the watermelon and finds the mass of each fruit
he is selling, relative to the mass of one piece
of the watermelon. Now he sells his fruits by
relative fruit mass unit (fmu), as in Fig. 3.4.

d

Fig. 3.4 : (@) Watermelon, (b) 12 pieces, (c) 1/12 of
watermelon, (d) how the fruit seller can
weigh the fruits using pieces of watermelon

Similarly, the relative atomic mass of the
atom of an element is defined as the average
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mass of the atom, as compared to 1/12% the
mass of one carbon-12 atom.

Table 3.2: Atomic masses of

a few elements
Element Atomic Mass (u)

Hydrogen 1
Carbon 12
Nitrogen 14
Oxygen 16
Sodium 23
Magnesium 24
Sulphur 32
Chlorine 35.5
Calcium 40

3.2.3 How DO ATOMS EXIST?

Atoms of most elements are not able to exist
independently. Atoms form molecules and
ions. These molecules or ions aggregate in
large numbers to form the matter that we can
see, feel or touch.

1. Define the atomic mass unit.
2. Why is it not possible to see an
atom 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
attractive forces. A molecule can be defined as
the smallest particle 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 to form
molecules.
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3.3.1 MOLECULES OF ELEMENTS

The molecules of an element are constituted
by the same type of atoms. Molecules of many
elements, such as argon (Ar), helium (He) etc.
are made up of only one atom of that element.
But this is not the case with most of the non-
metals. For example, a molecule of oxygen
consists of two atoms of oxygen and hence it
is known as a diatomic molecule, O,. If 3
atoms of oxygen unite into a molecule, instead
of the usual 2, we get ozone, O;. The number
of atoms constituting a molecule is known as
its atomicity.

Metals and some other elements, such as
carbon, do not have a simple structure but
consist of a very large and indefinite number
of atoms bonded together.

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

Table 3.3 :

Atomicity of some

elements

Type of Name Atomicity

Element

Non-Metal Argon Monoatomic
Helium Monoatomic
Oxygen Diatomic
Hydrogen Diatomic
Nitrogen Diatomic
Chlorine Diatomic
Phosphorus Tetra-atomic
Sulphur Poly-atomic

3.3.2 MOLECULES OF COMPOUNDS

Atoms of different elements join together
in definite proportions to form molecules
of compounds. Few examples are given in
Table 3.4.
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Table 3.4 : Molecules of some
compounds

Compound Combining

Elements

Water (H,0)
Ammonia (NH,) Nitrogen, Hydrogen 14:3

Hydrogen, Oxygen 1:8

Carbon

dioxide (CO,) Carbon, Oxygen 3:8

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
compounds given in Table 3.4.

®  The ratio by number of atoms for a
water molecule can be found as follows:

Activity

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

mass

H 1 1 I=1 2
8 1

(@) 8 16 —=— 1
16 2

®  Thus, the ratio by number of atoms for
water is H:O = 2:1.

3.3.3 WHAT IS AN ION?

Compounds composed of metals and non-
metals contain charged species. The charged
species are known as ions. Ions 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 ‘cation’. Take, for
example, sodium chloride (NaCl). Its
constituent particles are positively charged
sodium ions (Na*) and negatively charged

SCIENCE

2020-21



chloride ions (CI'). A group of atoms carrying
a charge is known as a polyatomic ion (Table
3.6). We shall learn more about the formation
of ions in Chapter 4.

Table 3.5: Some ionic compounds

Ionic
Compound

Constituting
Elements

Calcium oxide Calcium and

learn the symbols and combining capacity of
the elements.

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

Human beings have two arms and an

oxygen 5:2 octopus has eight. If one octopus has to catch

Magnesium Magnesium hold .Of a few people in such a manner that all
sulphide and sulphur 3.4 the eight arms of the octopus and both arms
of all the humans are locked, how many

Sodium Sodium humans do you think the octopus can hold?
chloride and chlorine 23:35.5 Represent the octopus with O and humans

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

with H. Can you write a formula for this
combination? Do you get OH, as the formula?
The subscript 4 indicates the number of
humans held by the octopus.

The valencies of some common ions are
given in Table 3.6. We will learn more about
valency in the next chapter.

Table 3.6: Names and symbols of some ions

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 (D* Cu* Bromide Br Hydrogen
Iodide I carbonate HCO;
2. Magnesium Mg>* Oxide o* Carbonate COo>
Calcium Caz Sulphide S Sulphite SO,
Zinc Zn? Sulphate SO,>
Iron (I)* Fe?*
Copper (II)* Cu?*
3. Aluminium Al3t Nitride N3 Phosphate PO, *
Iron (III)* Fe?*

*Some elements show more than one valency. A Roman numeral shows their valency in a bracket.
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The rules that you have to follow while writing
a chemical formula are as follows:

e thevalencies or charges on the ion must
balance.

when a compound consists of a metal and
a non-metal, the name or symbol of the
metal is written first. For example: calcium
oxide (CaO), sodium chloride (NaCl), iron
sulphide (FeS), copper oxide (CuO) etc.,
where oxygen, chlorine, sulphur are non-
metals and are written on the right,
whereas calcium, sodium, iron and
copper are metals, and are written on the
left.

in compounds formed with polyatomic ions,
the number of ions present in the
compound is indicated by enclosing the
formula of ion in a bracket and writing the
number of ions outside the bracket. For
example, Mg (OH),. In case the number of
polyatomic 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
compounds, we write the constituent 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 Cl

1

Formula of the compound would be HCI.

Valency 1

2. Formula of hydrogen sulphide

Symbol H S

Valency 1 2

Formula : H,S
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3. Formula of carbon tetrachloride

Symbol C Cl

Valency 4 1

Formula : CCl,

For magnesium chloride, we write the
symbol of cation (Mg**) first 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

4
Formula : MgCl,

Charge 2+

Thus, in magnesium chloride, there are
two chloride ions (Cl) for each magnesium
ion (Mg?"). The positive and negative charges
must balance each other and the overall
structure must be neutral. Note that in the
formula, the charges on the ions are not
indicated.

Some more examples
(@) Formula for aluminium oxide:

>,

Formula : AL,O,

Symbol Al

Charge 3+

(b) Formula for calcium oxide:
Symbol Ca @)
Charge 2+ 2-

Here, the valencies of the two elements
are the same. You may arrive at the formula
Ca,O,. But we simplify the formula as CaO.
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(c) Formula of sodium nitrate:

Symbol/

Formula Na NO,

Charge 1+ 1-
Formula : NaNO,

(d) Formula of calcium hydroxide:
Symbol/ Ca OH

Formula ><
Charge o4 1-
Formula : Ca(OH),

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

(e) Formula of sodium carbonate:

Symbol/ Na

Formula COs

Charge 1+ 2-
Formula : Na,CO,

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

(f) Formula of ammonium sulphate:
Formula NH, SO,

Charge 1+ 9-
Formula : (NH,),SO,

1. Write down the formulae of
(i) sodium oxide
(ii) aluminium chloride
(iii) sodium suphide
(iv) magnesium hydroxide
2. Write down the names of
compounds represented by the

Atoms AND MOLECULES
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following formulae:
(i) AL(SO,),

(i) CaCl,
@ K,SO,
(iv) KNO,
(v) CaCo,.
3. What is meant by the term
chemical formula?

4. How many atoms are presentina
(i H,S molecule and
(ii) PO 43* ion?

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 concept can be extended
to calculate molecular masses. The molecular
mass of a substance 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 atormic mass units (u).

Example 3.1 (a) Calculate the relative
molecular mass of water (H,0).
(b) Calculate the molecular mass of
HNO,.

Solution:

(@) Atomic mass of hydrogen = 1u,
oxygen 16 u
So the molecular mass of water, which
contains two atoms of hydrogen and one
atom of oxygen is = 2x 1+ 1x16
= 18 u

(b) The molecular mass of HNO, = the
atomic mass of H + 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 atoms in a formula
unit of a compound. Formula unit mass is
calculated in the same manner as we calculate
the molecular mass. The only difference is that
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we use the word formula unit for those 3,53 MOLE CONCEPT

substances whose constituent particles are

ions. For example, sodium chloride as Take an example of the reaction of hydrogen
discussed above, has a formula unit NaCl. Its  and oxygen to form water:

formula unit mass can be calculated as— 2H,+ O, — 2H,0.

1x23+1x355=58.5u The above reaction indicates that

two molecules of hydrogen combine
with one molecule of oxygen to form two
molecules of water, or

Example 3.2 Calculate the formula unit @
mass of CaCl,.

Solution: (i) 4 u of hydrogen molecules combine with
Atomic mass of Ca 32 u of oxygen molecules to form 36 u
+ (2 x atomic mass of Cl) of water molecules.
=40+2x355=40+71=1111u We can infer from the above equation that

the quantity of a substance can be
characterised by its mass or the number of
molecules. But, a chemical reaction equation
indicates directly the number of atoms or
molecules taking part in the reaction.
Therefore, it is more convenient to refer to the
quantity of a substance in terms of the number
of its molecules or atoms, rather than their
masses. So, a new unit “mole” was introduced.
The mole, symbol mol, is the SI unit of amount
of substance. One mole contains exactly

1. Calculate the molecular masses
of H,, O, Cl, CO, CH, CH,
C,H, NH,, CH,OH.

2. Calculate the formula unit
masses of ZnO, Na,O, K,CO,,
given atomic masses of Zn =65 u,
Na=23u K=39u C=12 u,

and O =16 u.
1 mole of carbon
atoms
6.022 x 10* atoms of C \ 12 g of carbon atoms
1 mole of
hydrogen atoms

6.022 x 10** atoms of H \ 1 g of H atoms

1 mole
of any particle
(atoms, molecules, ions)

6.022 x 10* Relative mass of those

number of that particle particles in grams

1 mole of
molecules

6.022 x 10 numbers Molecular mass in
of molecules grams

Fig. 3.5: Relationship between mole, Avogadro number and 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 entities. An elementary entity 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 = 12 nos.
1 gross = 144 nos.

Besides being related to a number, a mole
has one more advantage over a dozen or a
gross. This advantage is that mass of 1 mole
of a particular substance is also fixed.

The mass of 1 mole of a substance is equal
to its relative atomic or molecular mass in
grams. The atomic mass of an element gives
us the mass of one atom of that element 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 units from ‘u’ to ‘g’. Molar
mass of atoms is also known as gram atomic
mass. For example, atomic mass of
hydrogen=1u. So, gram atomic mass of
hydrogen =1 g.

1 u hydrogen has only 1 atom of hydrogen
1 g hydrogen has 1 mole atoms, that is,
6.022 x 10?® atoms of hydrogen.

Similarly,

16 u oxygen has only 1 atom of oxygen,

16 g oxygen has 1 mole atoms, that is,
6.022 x 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
example, as we have already calculated,
molecular mass of water (H,0) is 18 u. From
here we understand that
18 u water has only 1 molecule of water,

18 g water has 1 mole molecules of water, that
is, 6.022 x 1022molecules of water.

Chemists need the number of atoms and
molecules while carrying out reactions, and

for this they need to relate the mass in grams
to the number. It is done as follows:
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 Ostwald who derived the
term from the Latin word moles meaning a
‘heap’ or ‘pile’. A substance may be considered
as a heap of atoms or molecules. The unit
mole was accepted in 1967 to provide a simple
way of reporting a large number- the massive
heap of atoms and molecules in a sample.

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

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

Solutions:

No. of moles =
Given mass

Molar mass

Given number of particles
Avogadro number of particles

i nn
zZEB B

I
2

(i) Atomic mass of He
Molar mass of He = 4g

Thus, the number of moles
given mass

molar mass
. m 52 _
M 4

=n 13

(i) we know,
1 mole = 6.022 x 10%®

The number of moles

_ given number of particles

Avogadronumber

N 12.044x10*
>n=—=—————_—=
N, 6.022x10

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

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

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

(i) 3.011 x 10?® number of N atoms
(mass from number)

(iv) 6.022 x 10?° number of N,
molecules (mass from number)

Solutions:

(i) mass = molar mass x number of
moles

>m=Mxn=28x0.5=14¢g

(i) mass = molar mass x number of
moles
=>m=Mxn=14x05=7¢g
(iii) The number of moles, n

_ givennumber of particles N

Avogadro number N,
_ 3.011x10*
6.022 x10*
.011x10%
=sm=M xn:14xM
6.022 x10
=14x05="7g¢
. n=—
(iv) N,
23
=>m=M><£=28>< 6.022 ><1023
N 6.022 x10
=28x1=28 g

(iii) 0.1 mole of carbon atoms (number
from given moles)

Solutions:

(i) Thenumber of atoms
iven mass
_ glvenmass x Avogadro number
molar mass

:>N=% x N,

:Nzﬁx 6.022 x10%*
23

=N=12.044 x 10*®
(i) The number of molecules

iven mass
— glvenmass x Avogadro number
molar mass

m

=>N=—xN,

atomic massof oxygen=16u

-. molar mass of O, molecules
=16 x 2 =32g

:>N=i x6.022x10%
32

=N=1.5055x10"

=1.51x10%

(iii) The number of particles (atom) =
number of moles of particles X
Avogadro number
N=nxN,=0.1x6.022 x 10*®

=6.022 x 1022

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

() 46 g of Na atoms (number from
mass)

(i) 8 g O, molecules (number of
molecules from mass)
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1. If one mole of carbon atoms
weighs 12 grams, what is the
mass (in grams) of 1 atom of
carbon?

2. Which has more number of
atoms, 100 grams of sodium or
100 grams of iron (given, atomic
mass of Na = 23 u, Fe = 56 u)?
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What
you have
learnt

®

During a chemical reaction, the sum of the masses of the
reactants 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 Proportions.

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 particle of an element or a compound
capable of independent existence under ordinary conditions.
It shows all the properties of the substance.

A chemical formula of a compound shows its constituent
elements and the number of atoms of each combining element.

Clusters of atoms that act as an ion 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 element.

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

Scientists use the relative atomic mass scale to compare the
masses of different atoms of elements. Atoms of 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 x 10?* specified elementary entities.

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

mm Exercises

Atoms AND MOLECULES

1.

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

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

w

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

(b) Calcium oxide

(c) Copper nitrate

(d) Aluminium chloride

(e) Calcium carbonate.

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

(@) Quick lime
(b) Hydrogen bromide
(c) Baking powder
(d) Potassium sulphate.
6. Calculate the molar mass of the following substances.
(@ Ethyne, C,H,
(b) Sulphur molecule, S,

(c) Phosphorus molecule, P, (Atomic mass of phosphorus
=31)

(d) Hydrochloric acid, HCI
(e) Nitric acid, HNO,
7. What is the mass of—
(@) 1 mole of nitrogen atoms?

(b) 4 moles of aluminium atoms (Atomic mass of aluminium
=27)?
(c) 10 moles of sodium sulphite (Na,SO,)?
8. Convert into mole.
(a) 12 g of oxygen gas
(b) 20 g of water
() 22 g of carbon dioxide.
9. What is the mass of:
(@) 0.2 mole of oxygen atoms?
(b) 0.5 mole of water molecules?

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

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

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

Play a game for 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
the symbols in place, students 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* SO > PO, *

1 . o

Formula for sodium sulphate:

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

Do it yourself :

Now, write the formula of sodium phosphate.

ArtoMS AND MOLECULES 45
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C hapter 4

In Chapter 3, we have learnt that atoms and
molecules are the fundamental building
blocks of matter. The existence of different
kinds of matter is due to different atoms
constituting them. Now the questions arise:
(i) What makes the atom of one element
different from the atom of another element?
and (ii) Are atoms really indivisible, as
proposed by Dalton, or are there smaller
constituents inside the atom? We shall find
out the answers to these questions 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 scientists at
the end of the 19th century was to reveal the
structure of the atom as well as to explain its
important properties. The elucidation of the
structure of atoms is based on a series of
experiments.

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

4.1 Charged Particles in Matter

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

Activity 4.1

A. Comb dry hair. Does the comb then
attract small pieces of paper?

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

0964CH04

STRUCTURE OF THE ATOM

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

Many scientists contributed 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-atomic particle - the electron identified by
J.J. Thomson. Even before the electron was
identified, E. Goldstein in 1886 discovered the
presence of new radiations in a gas discharge
and called them canal rays. These rays were
positively charged radiations which ultimately
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 electron. Its mass was approximately
2000 times as that of the electron. It was given
the name of proton. In general, an electron is
represented as ‘e” and a proton as ‘p”. The
mass of a proton is taken as one unit and its
charge as plus one. The mass of an electron is
considered to be negligible and its charge is
minus one.

It seemed that an atom was composed of
protons and electrons, 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
not protons. Now the big question was:
what sort of structure did these particles of
the atom form? We will find the answer to
this question below.
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1. What are canal rays?
If an atom contains one electron
and one proton, will it carry any
charge or not?

4.2 The Structure of an Atom

We have learnt Dalton’s atomic theory in
Chapter 3, which suggested that the atom
was indivisible and indestructible. But the
discovery of two fundamental particles
(electrons and protons) inside the atom, led
to the failure of this aspect of Dalton’s atomic
theory. It was then considered necessary to
know how electrons and protons are arranged
within an atom. For explaining this, many
scientists proposed various atomic models.
J.J. Thomson was the first one to 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 to
be similar to that of a Christmas pudding.
The electrons, in a sphere of positive charge,
were like currants (dry fruits) 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 electrons are
studded in the positively charged sphere, like
the seeds in the watermelon (Fig. 4.1).

Positive sphere

Fig.4.1: Thomson’'s model of an atom

STRUCTURE OF THE ATOM
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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 Cavendish Laboratory at
Cambridge for 35 years and seven of his
research assistants subsequently won
Nobel prizes.

Thomson proposed that:

(i) An atom consists of a positively
charged sphere and the electrons are
embedded in it.

(ii) The negative and positive charges are
equal in magnitude. So, the atom as a
whole is electrically neutral.

Although Thomson’s model explained that

atoms are electrically neutral, the results of
experiments carried out 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 electrons are arranged within an

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

(a)-particles were made to fall on a thin

gold foil.

e He selected a gold foil because he wanted
as thin a layer as possible. This gold foil
was about 1000 atoms thick.
o-particles are doubly-charged helium
ions. Since they have a mass of 4 u, the
fast-moving o-particles have a
considerable amount of energy.

e Itwas expected that a-particles would be
deflected by the sub-atomic particles in
the gold atoms. Since the o-particles were
much heavier than the protons, he did
not expect to see large deflections.
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Fig. 4.2: Scattering of a-particles by a gold foil

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

(i) Most of the fast moving o-particles

passed straight through the gold foil.
(i) Some of the a-particles were deflected
by the foil by small angles.
(iii) Surprisingly one out of every 12000
particles appeared to rebound.

In the words of Rutherford, “This result
was almost as incredible as if you fire a
15-inch shell at a piece of tissue paper and it
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 atom with
the gold foil experiment. He got the Nobel
prize in chemistry in 1908.

Let us think of an activity in an open field
to understand the implications of this
experiment. Let a child stand in front of a
wall with his eyes closed. Let him throw
stones at the wall from a distance. He will
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hear a sound when each stone strikes the wall.
If 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 a-particle scattering
experiment that-

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

(ii) Very few particles were deflected from
their path, indicating that the positive
charge of the atom occupies very little
space.

(iif) A very small fraction of a-particles
were deflected by 180°, indicating that
all the positive 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 basis of his experiment,
Rutherford put forward the nuclear model of
an atom, which had the following features:

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

(ii) The electrons revolve around the
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 particle in a
circular orbit would undergo acceleration.
During acceleration, charged particles would
radiate energy. Thus, the revolving electron
would lose energy and finally fall into the
nucleus. If this were so, the atom should be
highly unstable and hence matter would not
exist in the form that we know. We know that
atoms are quite stable.
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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 following
postulates about the model of an atom:

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

(ii) While revolving in discrete orbits 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 orbits or shells are called energy
levels. Energy levels in an atom are shown in
Fig. 4.3.

N shell (n=4)

— M shell (n=3)
AN L shell (n=2)
N\

/

K shell (n=1)

Nucleus

o//

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=1,2,3,4,....

STRUCTURE OF THE ATOM
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uestions

1. Onthe basis of Thomson’s model
of an atom, explain how the atom
is neutral as a whole.

2. On the basis of Rutherford’s
model of an atom, which sub-
atomic particle is present in the
nucleus of an atom?

3. Draw a sketch of Bohr’'s model
of an atom with three shells.

4. What do you think would be the
observation if the a-particle
scattering experiment is carried
out using a foil of a metal other
than gold?

4.2.4 NEUTRONS

In 1932, J. Chadwick discovered another sub-
atomic particle which had no charge and a
mass nearly equal to that of a proton. It was
eventually named as neutron. Neutrons are
present in the nucleus of all atoms, except
hydrogen. In general, a neutron is
represented as ‘n’. The mass of an atom is
therefore given by the sum of the masses of
protons and neutrons present in the nucleus.

uestions

1. Name the three sub-atomic
particles of an atom.

2. Helium atom has an atomic mass
of 4 u and two protons in its
nucleus. How many neutrons
does it have?

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

The distribution of electrons into different
orbits of an atom was suggested by Bohr and
Bury.

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

() The maximum number of electrons

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

first orbit or K-shell willbe =2 x 12 =2,

second orbit or L-shell willbe =2 x 22=8,
third orbit or M-shell willbe =2 x 32=18,
fourth orbit or N-shell will be = 2 x 42
=32, and so on.

(i) The maximum number of electrons that
can be accommodated in the outermost
orbit is 8.

(iii) Electrons are not accommodated in a
given shell, unless the inner shells are
filled. That is, the shells are filled in a
step-wise manner.

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

©
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o The composition of atoms of the first
eighteen elements is given in Table 4.1.

1. Write the distribution of electrons
in carbon and sodium atoms.

2. IfK and L shells of an atom are
full, then what would be the total
number of electrons in the atom?

4.4 Valency

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

From the Bohr-Bury scheme, we also know
that the outermost shell of an atom can

©

He

©eee

Fig.4.4: Schematic atomic structure of the first eighteen elements

Activity 4.2

o Make a static atomic model displaying
electronic configuration of the first
eighteen elements.
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accommodate a maximum of 8 electrons. It
was observed that the atoms of elements,
completely filled with 8 electrons in the
outermost shell show little chemical activity.
In other words, their combining capacity or
valency is zero. Of these inert elements, the
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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 N
Hydrogen H 1 1 1 1 - - - 1
Helium He 2 2 2 2 2 - - - 0
Lithium Li 3 3 4 3 2 1 - - 1
Beryllium Be 4 4 5 4 2 2 = = 2
Boron B 5 5 6 5 2 3 - - 3
Carbon C 6 6 6 6 2 4 - - 4
Nitrogen N 7 7 7 7 2 5 = . 3
Oxygen (@) 8 8 8 8 2 6 - - 2
Fluorine F 9 9 10 9 2 7 - - 1
Neon Ne 10 10 10 10 2 8 = = (0]
Sodium Na 11 11 12 11 2 8 1 - 1
Magnesium Mg 12 12 12 12 2 8 2| = 2
Aluminium Al IS IS 14 13 2 8 S| = S
Silicon Si 14 14 14 14 2 8 4 - 4
Phosphorus P 15 15 16 15 2 8 5 - 3.5
Sulphur S 16 16 16 16 2 8 6 - 2
Chlorine Cl 17 17 18 17 2 8 7 - 1
Argon Ar 18 18 22 18 2 8 8 0]

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, their tendency to react and
form molecules with atoms of the same or
different elements, was thus explained as an
attempt to attain a fully-filled outermost shell.
An outermost-shell, which had eight electrons
was said to possess an octet. Atoms 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 directly the combining capacity of the
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element, that is, the valency discussed in the
previous chapter. For example, hydrogen/
lithium/sodium atoms contain one electron
each in their outermost shell, therefore each
one of them can lose one electron. So, they are
said to have valency of one. Can you tell, what
is valency of magnesium and aluminium? It
is two and three, respectively, because
magnesium has two electrons in its outermost
shell and aluminium has three electrons in
its outermost shell.

If the number of electrons in the
outermost shell of an atom is close to its full
capacity, then valency is determined in a
different way. For example, the fluorine atom
has 7 electrons in the outermost shell, and
its valency could be 7. But it is easier for
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fluorine to gain one electron instead of losing
seven electrons. Hence, its valency is determined
by subtracting seven electrons from the octet
and this gives you a valency of one for fluorine.
Valency can be calculated in a similar manner
for oxygen. What is the valency 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.

1. How will you find the valency
of chlorine, sulphur and
magnesium?

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 number,
Z.In fact, elements are defined by the number
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 practically due to
protons and neutrons alone. These are
present in the nucleus of an atom. Hence
protons and neutrons are also called
nucleons. Therefore, the mass of an atom
resides in its nucleus. For example, mass of
carbon is 12 u because it has 6 protons and
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6 neutrons, 6 u + 6 u = 12 u. Similarly, the
mass of aluminium is 27 u (13 protons+14
neutrons). The mass number is defined as the
sum of the total number of protons and
neutrons present in the nucleus of an atom. It
is denoted by ‘A’. In the notation for an atom,
the atomic number, mass number and symbol
of the element are to be written as:

Mass Number

Symbol of
element

zZ

Atomic Number

For example, nitrogen is written as 7' N .

1. Ifnumber of electrons in an atom
is 8 and number of protons is also
/ 8, then (i) what is the atomic
number of the atom? and (ii) what
is the charge on the atom?
With the help of Table 4.1, find
out the mass number of oxygen
and sulphur atom.

4.6 Isotopes

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

namely protium (}H), deuterium (>H or D)

and tritium (? H or T). The atomic number of

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

(i) carbon, 'g C and 'g C, (ii) chlorine, Cl

37
and 17 Cl, etc.

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 question 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

(35 X 7—5 + 37 X 2—5)
100 100

:(@+ﬂj:£:355u
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. If an element
has no isotopes, then the mass of its atom
would be the same as the sum of protons and
neutrons in it. But if an element occurs 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 certain amount of
chlorine, it will contain both isotopes of
chlorine and the average mass is 35.5 u.

' What
you have
learnt

Applications

Since the chemical properties of all the
isotopes of an element are the same,
normally we are not concerned about
taking a mixture. But some isotopes have
special properties which find them useful
in various fields. Some of them are :
(i) Anisotope of uranium is used as a fuel
in nuclear reactors.
(i) 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 elements — 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 total
number 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.

’ i ul
8 B 1. For the symbol HD and T
tabulate three sub-atomic
i particles found in each of them.
2. Write the electronic

configuration of any one pair of
isotopes and isobars.

Credit for the discovery of electron and proton goes to J.J.
Thomson and E.Goldstein, respectively.

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

positive sphere.
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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
nucleus is present inside the atom and electrons revolve
around this nucleus. 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
discrete 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 atom are:
(i) electrons, (ii) protons and (iii) neutrons. Electrons are
negatively charged, protons are positively charged and neutrons

1
have no charges. The mass of an electron is about 2000 times

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

Shells of an atom are designated as K,L,M,N,....
Valency is the combining capacity of an atom.

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

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

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

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

Elements are defined by the number of protons they possess.

Exercises

Or s e

o

Compare the properties of electrons, protons and neutrons.
What are the limitations of J.J. Thomson’s model of the atom?
What are the limitations of Rutherford’s model of the atom?
Describe Bohr’s model of the atom.

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

Summarise the rules for writing of distribution of electrons 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, (ii) 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 isotopes

19Br (49.7%) and 5. Br (50.3%), calculate the average atomic
mass of bromine atom.
The average atomic mass of a sample of an element X is 16.2 u.

What are the percentages of isotopes '§X and '$X in the
sample?

If 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 = 6 6
Neutrons = 6 8

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

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

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

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

1
(c) The mass of an electron is about 2000 times that of proton.

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

Put tick (v') against correct choice and cross (x) against
wrong choice in questions 15, 16 and 17

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

(a) Atomic Nucleus (b) Electron

(c) Proton (d) Neutron
Isotopes of an element have

(@) the same physical properties

(b) different chemical properties

(c) different number of neutrons

(d) different atomic numbers.
Number of valence electrons in Cl- ion are:

(@) 16 (b) 8 () 17 (d 18
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18. Which one of the following is a correct electronic configuration
of sodium?

(@) 2,8 (b) 82,1 (o) 2,1,8 (d) 2,8,1.
19. Complete the following table.

Atomic

Number

9 - 10 - - =
16 32 - - - Sulphur
- 24 - 12 - -
- 2 - 1 - A
- 1 0 1 0 -
56 SCIENCE

2020-21




Chapter 5

While examining a thin slice of cork, Robert
Hooke saw that the cork resembled the
structure of a honeycomb consisting of many
little compartments. 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 these boxes
cells. Cell is a Latin word for ‘a little room’.

This may seem to 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 till this day in biology.

Let us find out about cells.

5.1 What are Living Organisms
Made Up of?

Activity 5.1

. Let us take a small piece from an onion
bulb. With the help of a pair of forceps,
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 from getting folded or getting dry.
What do we do with this peel?

° Let us take a glass slide, put a drop of
water on it and transfer a small piece
of the peel from the watch glass to the
slide. Make sure that the peel is
perfectly flat on the slide. A thin camel
hair paintbrush might be necessary to
help transfer the peel. Now we put a
drop of safranin solution on this piece
followed by a cover slip. Take care to

2020-21

0964CHO5

TaE FunDAMENTAL UNIT OF LIFE

avoid air bubbles while putting the
cover slip with the help of a mounting
needle. Ask your teacher for 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.

Eyepiece

Coarse adjustment

Body tube
Fine adjustment
Arm
Clip Objective lens
Microscope slide
Stage
Swivel
Condenser
Mirror
Base

Fig. 5.1: Compound 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,
on an observation sheet? Does it look like
Fig. 5.2?

> Nucleus

> Cells

Fig. 5.2: Cells of an onion peel

-\




We can try preparing temporary mounts
of peels of onions of different sizes. What do
we observe? Do we see similar structures or
different structures?

What are these structures?

These structures look similar to each other.
Together they form a big structure like an
onion bulb! We find from this activity that
onion bulbs of different sizes have similar
small structures 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 bulb.
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
first time. It was Robert 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 plants 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 further expanded by Virchow
(1855) by suggesting that all cells
arise from pre-existing cells. With the
discovery of the electron microscope
in 1940, it was possible to observe and
understand the complex structure of
the cell and its various organelles. )

More to know

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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Chlamydomonas, Paramoecium and bacteria.
These organisms are called unicellular
organisms (uni = single). On the other hand,
many cells group together in a single body
and assume different functions in it to form
various body parts in multicellular organisms
(multi = many) such as some fungi, 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 5.2

B We can try preparing temporary
mounts of leaf peels, tip of roots of
onion or even peels of onions of different
sizes.

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

(a) Do all cells look alike in terms of
shape and size?

(b) Do all cells look alike in structure?

(c) Could we find differences among
cells from different parts of a plant
body?

(d) What similarities could we find?

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

Blood
cells
Smooth Nerve Cell
muscle
cell
Bone Fat cell
cell
Ovum Sperm

Fig. 5.3: Various cells from the human body
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The shape and size of cells are related to
the specific function they perform. Some cells
like Amoeba have changing shapes. In some
cases the cell shape could be more or less
fixed and peculiar for a particular type of cell;
for example, nerve cells have a typical shape.

Each living cell has the capacity to
perform certain basic functions 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
beings. 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 is 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 function, such as making
new material 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 interesting that all cells
are found to have the same organelles, no
matter what their function is or what
organism they are found in.

1. Who discovered cells, and how?

2. Why is the cell called the
structural and functional unit 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 organelles. How is a cell
organised?

If we study a cell under a microscope, we
would come across three features in almost
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every cell; plasma membrane, nucleus and
cytoplasm. All activities inside the cell and
interactions of the cell with its environment
are possible due to these features. Let us see
how.

5.2.1 PLASMA MEMBRANE OR CELL
MEMBRANE

This is the outermost covering of the cell that
separates the contents of the cell from its
external environment. The plasma membrane
allows or permits the entry and exit of some
materials in and out of the cell. It also
prevents movement of some other materials.
The cell membrane, therefore, is called a
selectively permeable membrane.

How does the 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 chapters.
We saw that there is spontaneous movement
of a substance from a region of high
concentration to a region where its
concentration is low.

Something similar to this happens in cells
when, for example, some substance like CO,
(which is cellular waste and requires to be
excreted out by the cell) accumulates in high
concentrations inside the cell. In the cell’'s
external environment, the concentration of
CO, is low as compared to that inside the
cell. As soon as there is a difference of
concentration 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
concentration of O, inside the cell decreases.
Thus, diffusion plays an important role in
gaseous exchange between the cells as well
as the cell and its external 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, osmosis
is the passage of water from a region of high
water concentration through a selectively
permeable membrane to a region of low water
concentration till 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 following three things could
happen:

1. If the medium surrounding the cell has

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

Water molecules are free to pass
across the cell membrane in both
directions, but more water 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. If 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
solution.

Water crosses the cell membrane
in both directions, 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
concentration 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 it. Therefore 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:
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Activity 5.3
Osmosis with an egg

(@) Remove the shell of an egg by dissolving
it in dilute hydrochloric acid. The shell
is mostly calcium carbonate. A thin
outer skin now encloses the egg. Put
the egg in pure water and observe after
5 minutes. What do we observe?

The egg swells because water passes
into it by osmosis.

(b) Place a similar de-shelled egg in a
concentrated salt solution and observe
for 5 minutes. The egg shrinks. Why?
Water passes out of the egg solution
into the salt solution because the salt
solution is more concentrated.

We can also try a similar activity with dried
raisins or apricots.

Activity 5.4

. Put dried raisins or apricots in plain

water and leave them for some time.

Then place them into a concentrated

solution of sugar or salt. You will

observe the following:

(a) Each gains water and swells
when placed in water.

(b) However, when placed in the
concentrated solution it loses
water, and consequently shrinks.

Unicellular freshwater organisms and
most plant cells tend to 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
nutrition from its environment. Different
molecules move in and out of the cell
through a type of transport requiring use
of energy.

The plasma membrane is flexible and is
made up of 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 endocytosis. Amoeba
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
your teacher.

1. How do substances like CO, and
water move in and out of the cell?
Discuss.

2. Why is the plasma membrane
called a selectively permeable
membrane?

5.2.2 CELL WALL

Plant 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
strength to plants.

When a living plant cell loses water
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
activity:

Activity 5.6

U Mount the peel of a Rhoeo leaf in water
on a slide and examine cells under
the high power of a microscope. Note
the small green granules, called
chloroplasts. They contain a green
substance called chlorophyll. Put a
strong solution of sugar or salt on the
mounted leaf on the slide. Wait for a
minute and observe under a
microscope. What do we see?

) Now place some Rhoeo leaves in boiling
water for a few minutes. This kills the
cells. Then mount one leaf on a slide
and observe it under a microscope. Put
a strong solution of sugar or salt on
the mounted leaf on the slide. Wait for
a minute and observe it again. What
do we find? Did plasmolysis occur now?
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What do we infer from this activity? It
appears that 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
(hypotonic) 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 against the swollen cell.
Because of 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 onion peel
we prepared? We had put iodine solution on
the peel. Why? What would we see if we tried
observing 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 get evenly coloured?

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

We have observed cells from an onion; let
us now observe cells from our own body.

5.7

) Let us take a glass slide with a drop of
water on it. Using an ice-cream spoon
gently scrape the inside surface of the
cheek. Does any material get stuck on
the spoon? With the help of a needle
we can transfer this material and
spread it evenly on the glass slide kept
ready for this. To colour the material
we can put a drop of methylene blue
solution on it. Now the material is ready
for observation under microscope. Do
not forget to put a cover-slip on it!

° What do we observe? What is the shape
of the cells we see? Draw it on the
observation sheet.

Activity
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) Was there a darkly coloured, spherical
or oval, dot-like structure near the
centre of each cell? This structure is
called nucleus. Were there similar
structures 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 to its
outside, that is, to the cytoplasm (which we
will talk about in section 5.2.4).

The nucleus contains chromosomes,
which are visible as rod-shaped structures
only when the cell is about to divide.
Chromosomes contain information for
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
contain the information necessary for
constructing and organising cells. Functional
segments 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 to
divide, the chromatin material gets organised
into chromosomes.

The nucleus plays a central role in cellular
reproduction, the process by which a single
cell divides and forms two new cells. It also
plays a crucial part, 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
nucleoid. 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 eukaryotes.

Prokaryotic cells (see Fig. 5.4) also lack
most of the other cytoplasmic organelles
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present in eukaryotic cells. Many of the
functions of such organelles are also
performed by poorly organised parts of the
cytoplasm (see section 5.2.4). The chlorophyll
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).

Ribosomes
Plasma
membrane
Cell wall
Nucleoid

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 takes up
very little 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 function for the
cell.

Cell organelles are enclosed by
membranes. In prokaryotes, 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
illustrated 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 its cell machinery to
multiply.
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1. Fill in the gaps in the following
table illustrating differences
between prokaryotic and
eukaryotic cells.

Prokaryotic Cell Eukaryotic Cell

1. Size : generally 1. Size: generally
small ( 1-10 pum) large ( 5-100 pum)
1 um=10°m
2. Nuclear region: 2. Nuclear region:
well defined and
surrounded by a
nuclear membrane

and known as__

3. More than one
chromosome

3. Chromosome:
single

4. Membrane-bound 4.
cell organelles
absent

5.2.5 CELL ORGANELLES

Every cell has a membrane around it to keep
its own contents separate from the external
environment. Large and complex cells,
including cells from multicellular organisms,
need a lot of chemical activities to support
their complicated structure and function. To
keep these activities of different kinds
separate from each other, these cells use
membrane-bound little structures (or
‘organelles’) within themselves. This is one of
the features of the eukaryotic cells that
distinguish them from prokaryotic cells. Some
of these organelles are visible only with an
electron microscope.

We have talked about the nucleus in a
previous section. Some important examples
of cell organelles which we will discuss now
are: endoplasmic reticulum, Golgi apparatus,
lysosomes, mitochondria and plastids. They
are important because they carry out some
very crucial functions in cells.

THE FUNDAMENTAL UNIT OF LIFE
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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
reticulum (SER). RER looks rough under a
microscope because it has particles called
ribosomes attached to its surface. The
ribosomes, which are present in all active
cells, are the sites of protein manufacture.
The manufactured proteins are then sent to
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 function. Some of these
proteins and lipids help in building the cell
membrane. This process is known as
membrane biogenesis. Some other proteins
and lipids function as enzymes and
hormones. Although the ER varies greatly in
appearance in different cells, it always forms a
network system.

Plasma
L membrane

Nuclear
envelope

ndoplasmic
reticulum

Fig. 5.5: Animal cell

Thus, one function of the ER is to serve as
channels for the transport of materials
(especially proteins) between various regions
of the cytoplasm or between the cytoplasm
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 the group of animals
called vertebrates (see Chapter 7), SER plays
a crucial role in detoxifying many poisons and
drugs.

Rough endoplasmic
reticulum

Lysosome

Golgi
apparatus
Nuclear
envelope
Plasma
membrane

Cytoplasm
Chloroplast

Fig. 5.6: Plant cell

5.2.5 (ii) GOLGI APPARATUS

The Golgi apparatus, first described by
Camillo Golgi, consists of a system of
membrane-bound 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 portion
of a complex cellular membrane system.

The material synthesised near the ER is
packaged and dispatched to various targets
inside and outside the cell through the Golgi
apparatus. Its functions include the storage,
modification and packaging of products 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 (iii)].
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Camillo Golgi was born 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 St. Matteo. At
that time most of his
investigations were
concerned with the nervous system, In 1872
he accepted the post of Chief Medical Officer
at the Hospital for the Chronically Sick at
Abbiategrasso. He first started his
investigations into the nervous system in a
little kitchen of this hospital, which he had
converted into a laboratory. However, the
work of greatest importance, which Golgi
carried out was a revolutionary method of
staining individual nerve and cell structures.
This method is referred to as the ‘black
reaction’. This method uses a weak 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. He shared
the Nobel prize in 1906 with Santiago
Ramony Cajal for their work on the structure

of the nervous system.

5.2.5 (iii) LYSOSOMES

Structurally, lysosomes are membrane-bound
sacs filled with digestive enzymes. These
enzymes are made by RER. Lysosomes are a
kind of waste 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 food, as well as old
organelles end up in the lysosomes, which
break complex substances into simpler
substances. Lysosomes are able to do this
because they contain 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 known as the ‘suicide bags’
of a cell.

5.2.5 (iv) MITOCHONDRIA

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 surface 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 triphopshate) molecules.
ATP is known 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 strange 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 — chromoplasts
(coloured plastids) and leucoplasts (white or
colourless plastids). Chromoplasts containing
the pigment chlorophyll are known as
chloroplasts. Chloroplasts are important for
photosynthesis in plants. Chloroplasts also
contain various yellow or orange pigments in
addition to chlorophyll. Leucoplasts are
primarily organelles in which materials such
as starch, oils and protein granules are stored.

The internal organisation of the Chloroplast
consists of numerous membrane layers
embedded in a material called the stroma. These
are similar to mitochondria in external
structure. Like the mitochondria, plastids also
have their own DNA and ribosomes.

5.2.5 (vi) VAacUoLEs

Vacuoles are storage sacs for solid or liquid
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 vacuoles also play important roles
in expelling excess water and some wastes
from the cell.

1. Can you name the two
organelles we have studied that
contain their own genetic
material?

2. If the organisation of a cell is

<% destroyed due to some physical
or chemical influence, what will
happen?

3. Why are lysosomes known as
suicide bags?

4. Where are proteins synthesised
inside the cell?

Each cell thus acquires its structure and
ability to function because of the organisation
of its membrane and organelles in specific
ways. The cell thus has a basic structural
organisation. This helps the cells to perform
functions like respiration, obtaining nutrition,
and clearing of waste material, or forming new
proteins.

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

Cell Division

New cells are formed in organisms in order to
grow, to replace old, dead and injured cells,
and to form gametes required for reproduction.
The process by which new cells are made is
called cell division. There are two main types
of cell division: mitosis 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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Fig. 5.7: Mitosis

divides to form two identical daughter cells
(Fig. 5.7). The daughter cells have the same
number of chromosomes as mother cell. It
helps in growth and repair of tissues in
organisms.

Specific cells of reproductive organs or
tissues in animals and plants divide to form
gametes, which after fertilisation give rise to

Fig. 5.8: Meiosis

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

What
you have
learnt

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 bacteria to exist in hypotonic media without

bursting.

° The nucleus in eukaryotes is separated from the cytoplasm
by double-layered 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 types — chromoplasts and
leucoplasts.
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Chromoplasts that contain chlorophyll are called
chloroplasts and they perform photosynthesis.

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 of body, for repalcing
dead cells, and for forming gametes for reproduction.

Exercises

® N

10.
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1.

Make a comparison and write down ways in which plant
cells are different from animal cells.

How is a prokaryotic cell different from a eukaryotic cell?

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

What would happen to the life of a cell if there was no Golgi
apparatus?

Which organelle is known as the powerhouse of the cell? Why?

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

How does an Amoeba obtain its food?
What is osmosis?
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 potato. Put each potato cup in a trough
containing water. Now,

(a) Keep cup A empty

(b) Put one teaspoon sugar in cup B

(c) Put one teaspoon 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 following:

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

(ii) Why is potato A necessary for this experiment?

(iii) Explain why water does not gather in the hollowed out
portions of A and D.

Which type of cell division is required for growth and repair
of body and which type is involved in formation of gametes?
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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
functions. For example, in Amoeba, a single
cell carries out movement, intake of food,
gaseous exchange and excretion. But in multi-
cellular organisms there are millions of cells.
Most of these cells are specialised to carry out
specific functions. Each specialised function
is taken up by a different group of cells. Since
these cells carry out only a particular function,
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 conduct food and water from one part
of the plant to other parts. So, multi-cellular
organisms show division of labour. Cells
specialising in one function 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 structure
and/or work together to achieve a particular
function forms a tissue.

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

Let us compare their structure and functions.
Do plants and animals have the same
structure? Do they both perform similar
functions?
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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
supportive 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 plants.
Most of the tissues they contain are living.

Another difference between animals and
plants is in the pattern of growth. The growth
in plants is limited to certain regions, while this
isnot so in animals. There are some tissues in
plants that divide throughout their life. These
tissues are localised in certain regions. Based
on the dividing capacity of the tissues, various
plant tissues can be classified as growing or
meristematic tissue and permanent tissue. Cell
growth in animals is more uniform. So, there
is no such demarcation of dividing and non-
dividing regions in animals.

The structural organisation of organs and
organ systems is far more specialised and
localised in complex animals than even in very
complex plants. This fundamental difference
reflects the different modes of life pursued by
these two major groups of organisms,
particularly in their different feeding methods.
Also, they are differently adapted for a
sedentary existence on one hand (plants) and
active locomotion on the other (animals),
contributing to this difference in organ system
design.

It is with reference to these complex animal
and plant bodies that we will now talk about
the concept of tissues in some detail.
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1. What is a tissue?
2. What is the utility of tissues in
multi-cellular organisms?

6.2 Plant Tissues

6.2.1 MERISTEMATIC TISSUE

N~ ~_
Jar 1 Jar 2

Fig. 6.1: Growth of roots in onion bulbs

Activity 6.1
¢ Take two glass jars and fill them with
water.

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

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

) Measure the length of roots on day 1,
2 and 3.

0 On day 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, like the table
below:

Length Dayl Day2 Day3 Day4 Dayb5

Jar 1

Jar 2

TISSUES
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) From the above observations, answer
the following questions:

1. Which of the two onions has longer
roots? Why?

2. Do the roots continue growing
even after we have removed their
tips?

3. Why would the tips stop 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
the region where they are present,
meristematic tissues are classified as apical,
lateral and intercalary (Fig. 6.2). New cells
produced by meristem are initially like those
of meristem itself, but as they grow and
mature, their characteristics slowly change and
they become differentiated as components of
other tissues.

Apical meristem

Intercalary meristem

— Lateral meristem

Fig. 6.2: Location of meristematic tissue in plant body

Apical meristem is present at the growing
tips of stems and roots and increases the
length 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 meristematic tissue are very active,
they have dense cytoplasm, thin cellulose walls
and prominent nuclei. They lack vacuoles. Can
we think why they would lack vacuoles? (You
might want to refer to the functions 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
permanent tissues.

3. Can we think of reasons why there
would be so many types of cells?
) We can also try to cut sections of plant
roots. We can even try cutting 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 consists of relatively
unspecialised 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. 6.4 a). This tissue generally stores food.

Cuticle
Epidermis

Collenchyma
Parenchyma

Phloem

Xylem
Vascular bundle

Fig. 6.3: Section of a stem

Activity 6.2

® Take a plant stem and with the help
of your teacher cut into very thin slices
or sections.

) Now, stain the slices with safranin.
Place one neatly cut section on a slide,
and put a drop of glycerine.

* Cover with a cover-slip and observe
under a microscope. Observe the
various types of cells and their
arrangement. Compare it with Fig. 6.3.

. Now, answer the following on the
basis of your observation:

1. Are all cells similar in structure?
2. How many types of cells can
be seen?
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In some situations, it contains chlorophyll and
performs photosynthesis, and then it is called
chlorenchyma. In aquatic plants, large air
cavities are present in parenchyma to help
them float. Such a parenchyma type is called
aerenchyma.

The flexibility in plants is due to another
permanent tissue, collenchyma. It allows
bending of various parts of a plant like tendrils
and stems 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, elongated
and irregularly thickened at the
corners. There is very little intercellular space
(Fig. 6.4 b).
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Intercellular spaces
Wall thickenings

Nucl
uciens Thick lignified
Vacuole walls Narrow lumen
Cell wall Lignified
thick wall
a b c (1) C [ii]

Fig. 6.4: Various types of simple tissues: (a) Parenchyma (b) Collenchyma (c) Sclerenchyma (i) transverse section,

(ii) longitudinal section.

Yet another type of permanent tissue is
sclerenchyma. It is the tissue which makes the
plant hard and stiff. We have seen the husk of
a coconut. It is made of sclerenchymatous
tissue. The cells of this tissue are dead. They
are long and narrow as the walls are thickened
due to lignin. Often 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
and in the hard covering of seeds and nuts. It
provides strength to the plant parts.

Activity 6.3

®  Take a freshly plucked leaf of Rhoeo.

O Stretch and break it by applying
pressure.

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

. Remove this peel and put it in a petri
dish filled with water.

Add a few drops of safranin.

U Wait for a couple of minutes and then
transfer it onto a slide. Gently place
a cover slip over it.

U 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 outer covering epidermis. It protects all the
parts of the plant. Epidermal cells on the aerial
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Guard
cells

Stoma

Epidermal

11
§ Guard
cell
() (b)

Fig. 6.5: Guard cells and epidermal cells: (a) lateral
view, (b) surface view

parts of the plant often secrete a waxy, water-
resistant layer on their outer surface. This aids
in protection against loss of water, mechanical
injury and invasion by parasitic fungi. Since
it has a protective role to 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 thicker 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 with the atmosphere.
Transpiration (loss of water in the form of
water vapour) also takes place through
stomata.
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Recall which gas
photosynthesis.
Find out the role of transpiration in plants.

is required for

Epidermal cells of the roots, whose function
is water absorption, commonly bear long hair-
like parts that greatly increase the total
absorptive 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 protective
tissue undergoes certain changes. A strip of
secondary meristem located in the cortex forms
layers of cells which constitute the cork. Cells
of cork are dead and compactly arranged
without intercellular spaces (Fig. 6.6). They
also have a substance called suberin in their
walls that makes them impervious to gases
and water.

Cork cells Ruptured epidermis

Fig. 6.6: Protective 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 tissue.
Complex tissues are made of more than one
type of cells. All these cells coordinate to
perform a common function. Xylem and
phloem are examples of such complex tissues.
They are both conducting tissues and
constitute 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 terrestrial 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 mature. Tracheids
and vessels are tubular structures. This allows
them to transport water and minerals
vertically. The parenchyma stores food. Xylem
fibres are mainly supportive in function.

Phloem is made up of five types of cells:
sieve cells, sieve tubes, 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.

—Nucleus
Pit —
“——Pits
—Cytoplasm
(a) Tracheid (b) Vessel (c) Xylem parenchyma

Sieve plate

Sieve tube

Phloem
parenchyma

Companion cell

(d) Section of phloem
Fig. 6.7: Types of complex tissue
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Name types of simple tissues.
Where is apical meristem found?
Which tissue malkes up the husk
of coconut?

4. What are the constituents of
phloem?

LN~

6.3 Animal Tissues

When we breathe we can actually feel the
movement of our chest. How do these body
parts move? For this we have specialised cells
called muscle cells (Fig. 6.8). The contraction
and relaxation of these cells result in
movement.

Smooth muscle fibres

Nucleus
Smooth muscle fibre

(Cell)
Fig. 6.8: Location of muscle fibres
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During breathing we inhale oxygen. Where
does this oxygen go? It is absorbed in the lungs
and then is transported to all the body cells
through blood. Why would cells need oxygen?
The functions of mitochondria we studied
earlier provide a clue to this 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 parts 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
tissue, connective tissue, muscular tissue and
nervous tissue. Blood is a type of connective
tissue, and muscle forms muscular tissue.

6.3.1 EPITHELIAL TISSUE

The covering or protective tissues in the animal
body are epithelial tissues. Epithelium covers
most organs and cavities within the body. It
also forms a barrier to keep different body
systems separate. The skin, the lining of the
mouth, the lining of blood vessels, lung alveoli
and kidney tubules are all made of epithelial
tissue. Epithelial tissue cells are tightly packed
and form a continuous sheet. They have only
a small amount of cementing material between
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 the exchange of materials
between the body and the external
environment and also between different parts
of the body. Regardless of the type, all
epithelium is usually separated from the
underlying tissue by an extracellular 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 alveoli, where transportation
of substances occurs through a selectively
permeable surface, there is a simple flat kind
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of epithelium. This is called the simple
squamous epithelium (squama means scale

(a) Squamous

(b) Stratified squamous

(c) Cuboidal

(d) Columnar (Ciliated)

Fig. 6.9: Different types of epithelial tissues
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of skin). Simple squamous epithelial cells are
extremely thin and flat and form a delicate
lining. The oesophagus and the lining of the
mouth are also covered with squamous
epithelium. The skin, which protects 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
stratified squamous epithelium.

Where absorption and secretion occur, as
in the inner lining of the intestine, tall epithelial
cells are present. This columnar (meaning
‘pillar-like’) epithelium facilitates movement
across the epithelial barrier. In the respiratory
tract, the columnar epithelial tissue also has
cilia, which are hair-like projections on the
outer surfaces 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 epithelium.

Cuboidal epithelium (with cube-shaped
cells) forms the lining of kidney tubules and
ducts of salivary glands, where it provides
mechanical support. Epithelial cells often
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
it be called ‘connective’ tissue? A clue 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 tissue are
loosely spaced and embedded in an
intercellular matrix (Fig. 6.10). The matrix may
be jelly like, fluid, dense or rigid. The nature
of matrix differs in concordance with the
function of the particular connective tissue.

Activity 6.4

Take a drop of blood on a slide and
observe different cells present in it
under a microscope.

SCIENCE

2020-21



Cytoplasm

— Nucleus

Neutrophil Eosinophil Basophil
(polynuclear
leucocyte)

Different white
blood corpuscles

Lymphocyte Monocyte Platelets
(a)

Haversian canal
(contains blood vessels

and nerve fibres) Chondrocyte

Hyaline matrix

Canaliculus (contains (©)
slender process of bone
cell or osteocyte)

®)
Red blood
corpuscle
Reticular fibre Fibroblast
Macrophage
Collagen fibre
Mast cell Plasma cell
@
Fat droplet Nuclethy
Adipocyte

(e)
Fig. 6.10: Types of connective tissues: (a) types of blood

cells, (b) compact bone, (c) hyaline cartilage,
(d) areolar tissue, (e) adipose tissue
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Blood has a fluid (liquid) matrix called
plasma, in which red blood corpuscles (RBCs),
white blood corpuscles (WBCs) and platelets
are suspended. The plasma contains proteins,
salts and hormones. Blood flows and
transports gases, digested food, hormones
and waste materials to different parts of the
body.

Bone is another example of a connective
tissue. It forms the framework that supports
the body. It also anchors the muscles and
supports the main organs of the body. It is a
strong and nonflexible tissue (what would be
the advantage of these properties for bone
functions?). 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 connective tissue called the
ligament. This tissue is very elastic. It has
considerable strength. Ligaments contain
very little matrix and connect bones with
bones. Tendons connect muscles to bones and
are another type of connective tissue. Tendons
are fibrous tissue with great strength but
limited flexibility.

Another type of connective tissue,
cartilage, has widely spaced cells. The solid
matrix is composed of proteins and sugars.
Cartilage smoothens bone surfaces at joints
and is also present in the nose, ear, trachea
and larynx. We can fold the cartilage of the ears,
but we cannot bend the bones in our arms.
Think of how the two tissues 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
fats also lets it act as an insulator.

6.3.3 MUSCULAR TISSUE

Muscular tissue consists of elongated cells,
also called muscle fibres. This tissue is
responsible for movement in our body.
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Muscles contain special proteins called
contractile proteins, which contract and relax
to cause movement.

Nuclei

Striations

(b)

Fig. 6.11: Types of muscles fibres: (a) striated muscle,
(b) smooth muscle, (c) cardiac muscle

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 alternate
light and dark bands or striations when
stained appropriately. As a result, they are
also called striated muscles. The cells of this
tissue are long, cylindrical, unbranched and
multinucleate (having many nuclei).

The movement of food in the alimentary
canal or the contraction and relaxation of blood
vessels are involuntary movements. We cannot
really start them or stop them simply by
wanting to do so! Smooth muscles [Fig.
6.11(b)] or involuntary muscles control 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
contraction and relaxation throughout life.
These involuntary muscles are called cardiac
muscles [Fig. 6.11(c)]. Heart muscle cells are
cylindrical, branched and uninucleate.

Activity 6.5

Compare the structures of different
types of muscular tissues. Note down
their shape, number of nuclei and
position of nuclei within the cell in
the Table 6.1.

Table 6.1:

Features Striated | Smooth | Cardiac

Shape
Number of nuclei

Position of nuclei

6.3.4 NERVOUS TISSUE

All cells possess the ability to respond to
stimuli. However, cells of the nervous tissue
are highly specialised for being stimulated and
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then transmitting the stimulus very rapidly
from one place to 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
axon, and many short, branched parts

(processes) called dendrites. An individual
nerve cell may be up to a metre long. Many
nerve fibres bound together by connective
tissue 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
functional combination of nerve and muscle
tissue is fundamental to most animals. This
combination enables animals to move rapidly

in response to stimuli.
Nucleus

Dendrite

1. Name the tissue responsible for
movement in our body.

What does a neuron look like?
3. Give three features of cardiac

Axon 2.
Nerve ending

muscles.
Cell body 4. What are the functions of
Fig. 6.12: Neuron-unit of nervous tissue QJ areolar tissue?

What

you have
learnt

Tissue is a group of cells similar in structure and function.

Plant tissues are of two main types — meristematic 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 tissues can be epithelial, connective, muscular and
nervous tissue.

Depending on shape and function, epithelial tissue is
classified as squamous, cuboidal, columnar, ciliated and
glandular.
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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 of neurons that receive and conduct
impulses.

Exercises

1. Define the term “tissue”.

2. How many types of elements together make up the xylem
tissue? Name them.

3. How are simple tissues different from complex tissues in
plants?

4. Differentiate between parenchyma, collenchyma and
sclerenchyma on the basis of their cell wall.

5. What are the functions of the stomata?

6. Diagrammatically show the difference between the three
types of muscle fibres.

7. What is the specific function of the cardiac muscle?

8. Differentiate between striated, unstriated and cardiac
muscles on the basis of their structure and site/location in
the body.

9. Draw a labelled diagram of a neuron.

10. Name the following.
(a) Tissue that forms the inner lining of our mouth.
(b) Tissue that connects muscle to bone in humans.
(c) Tissue that transports food in plants.
(d) Tissue that stores fat in our body.
(e) Connective tissue with a fluid matrix.
(f) Tissue present in the brain.
11. Identify the type of tissue in the following: skin, bark of

tree, bone, lining of kidney tubule, vascular bundle.
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12.
13.
14.
15.

Name the regions in which parenchyma tissue is present.
What is the role of epidermis in plants?

How does the cork act as a protective tissue?

Complete the following chart:

Permanent tissue

|
| I

simple complex

I |
I I

collenchyma xylem
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Chapter 7

Have you ever thought of the multitude of

life-forms that surround us? Each organism

is different from the other to a lesser or greater

extent. For instance, consider yourself and a

friend.

e Are you both of the same height?

e Does your nose look exactly like your
friend’s nose?

e Is your hand-span the same as your
friend’s?

However, if we were to compare ourselves
and our friends with a monkey, what would
we say? Obviously, we and our friends have
a lot in common when we compare ourselves
with a monkey. But suppose we were to add
a cow to the comparison? We would then
think that the monkey has a lot more in
common with us than with the cow.

Activity 7.1
) We have heard of ‘des? cows and Jersey
cows.

Does a desi cow look like a Jersey cow?
Do all desi cows look alike?

Will we be able to identify a Jersey cow
in a crowd of desi cows that don’t look
like each other?

o What is the basis of our identification?

In this activity, we had to decide which
characteristics were more important in
forming the desired category. Hence, we were
also deciding which characteristics could be
ignored.

Now, think of all the different forms in
which life occurs on earth. On one hand we
have microscopic bacteria of a few micrometre
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 respectively. Some pine trees live
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for thousands of years while insects 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
years. However, we do not have more than a
tiny fraction of this time to try and
understand all these living 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 to decide
which characteristics decide more
fundamental differences among organisms.
This would create the main broad groups of
organisms. Within these groups, smaller sub-
groups will be decided by less important
characteristics.

1. Why do we classify organisms?

2. Give three examples of the range
of variations that you see in life-
forms around you.

7.1 What is the Basis of
Classification?

Attempts at classifying living things into
groups have been made since time
immemorial. Greek thinker Aristotle classified
animals according to whether they lived on
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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 different from each other 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
characteristics to be used as the basis for
making the broadest divisions. Then we will
have to pick the next set of characteristics
for making sub-groups within these divisions.
This process of classification within each
group can then continue using new
characteristics each time.

Before we go on, we need to think about
what is meant by ‘characteristics’. When we
are trying to classify a diverse group of
organisms, we need to find ways in which
some of them are similar enough to be
thought of together. These ‘ways’, in fact, are
details of 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 fingers on each hand is
thus a characteristic. That we can run, 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 stone 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
of 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 the form and function of the
organism. The characteristics in the next level
would 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
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of mutually related characteristics to be used

for classification.

Now-a-days, we look at many inter-related
characteristics starting from the nature of the
cell in order to classify all living organisms.
What are some concrete examples of such
characteristics used for a hierarchical
classification?

e A eukaryotic cell has membrane-bound
organelles, including a nucleus, which
allow cellular processes to be carried out
efficiently in isolation from 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, nucleus
can be a basic characteristic of
classification.

e Do the cells occur 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 functions. This
makes a very basic distinction in the
body designs of organisms. As a result,
an Amoeba and a worm are very different
in their body design.

e Do organisms produce their own food
through the process of photosynthesis?
Being able to produce one’s own
food versus having to get food from
outside would make very different
body designs.

e Of the organisms that perform
photosynthesis (plants), what is the level
of organisation of their body?

e  Ofthe animals, how does the individual’s
body develop and organise its different
parts, 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
classification of plants will be very different
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 to make sub-groups,
rather than making broad groups.

1. Whichdo you think is a more basic
characteristic for classifying
organisms?

(a) the place where they live.
(b) the kind of cells they are
made of. Why?

2. Whatis the primary characteristic
on which the broad division of
organisms is made?

3. On what bases are plants and
animals put into 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 than others. There is a role of time in
this as well. So, once a certain body design
comes into existence, it will shape the effects
of all other subsequent design changes,
simply because it already exists. In other
words, characteristics that came into
existence earlier are likely to be more basic
than characteristics that have come into
existence later.

This means that the classification of life
forms will be closely related to their evolution.
What is evolution? 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 first described this idea of
evolution in 1859 in his book, The Origin of
Species.
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When we connect this idea of evolution to
classification, we will find some 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 recently. Those in the first 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 terms are not 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 ‘younger’
organisms. Since there is a possibility that
complexity in design will increase over
evolutionary time, it may not be wrong to say
that older organisms are simpler, while
younger organisms are more complex.

Biodiversity means the diversity of life\
forms. It is a word commonly used to
refer to 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 stable community of different species
comes into existence. Humans have
played their own part in recent times
in changing the balance of such
communities. Of course, the diversity
in such communities is affected by
particular characteristics of land,
water, climate 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 humid
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 biodiversity
on the planet, more than half is
concentrated in a few countries —
Brazil, Colombia, Ecuador, Peru,

More to know

Mexico, Zaire, Madagascar,
Australia, China, India, Indonesia and
Malaysia.

J
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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),
Robert Whittaker (1969) and Carl Woese
(1977) have tried to classify all living
organisms into broad categories, called
kingdoms. The classification Whittaker
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 nutrition and body organisation.
The modification Woese introduced by
dividing the Monera into Archaebacteria (or
Archaea) and Eubacteria (or Bacteria) is also
in use.

Further classification is done by naming
the sub-groups at 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 arrive 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 to breed and perpetuate.

The important characteristics of the five
kingdoms of Whittaker are as follows:
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7.3.1 MONERA

These organisms do not have a defined
nucleus or organelles, nor do any of them
show multi-cellular body designs. On the
other hand, they show diversity based on
many other characteristics. Some of them
have cell walls while some do not. Of course,
having or not having a cell wall has very
different effects on body design here from
having or not having a cell wall in multi-
cellular organisms. The mode of nutrition of
organisms in this group can be either by
synthesising their own food (autotrophic) or
getting it from the environment
(heterotrophic). This group includes bacteria,
blue-green algae or cyanobacteria, and
mycoplasma. Some examples are shown
in Fig. 7.1.

Resting
spore

Bacteria

/

Anabaena

Heterocyst

Fig. 7.1: Monera

7.3.2 PrROTISTA

This group includes many kinds of unicellular
eukaryotic 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 heterotrophic. Examples are unicellular
algae, diatoms and protozoans (see Fig. 7.2
for examples).

83




Macronucleus

Micronucleus

Waste

Paramecium

Nucleus

Amoeba

_—— Flagellum (long)

Nucleus

Euglena

Fig. 7.2: Protozoa

7.3.3 Funal

These are heterotrophic eukaryotic
organisms. Some of them use decaying organic
material as food and are therefore called
saprotrophs. Others require a living
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protoplasm of a host organism for food. They
are called parasites. Many of them have the
capacity to become multicellular organisms at
certain stages in their lives. They have cell-
walls made of a tough complex sugar called
chitin. Examples are yeasts, molds and
mushrooms (see Fig. 7.3 for examples).

),

Saccharomyces
(Yeast)

Penicillium
(Mold)

Agaricus
(Mushroom)

Fig. 7.3: Fungi

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 forms of the
diversity of life around us, we will look at the
subgroups in this category later (section 7.4).

7.3.5 ANIMALIA

These include all organisms which are
multicellular eukaryotes without cell walls.
They are heterotrophs. Again, we will look at
their subgroups a little later in section 7.5.
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Organisms

Prokaryotes

Y

unicellular

Eukaryotes

l

Monera

l

Unicellular

Protista

l

Multicellular

l

With cell-wall

l

Do not perform

l

Able to perform

|

Without
cell-wall

Animalia

Fig. 7.4: The Five Kingdom classification

photosynthesis photosynthesis
Fungi Plantae
uestions
1. 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 is single-
celled, eukaryotic and
photosynthetic?

3. Inthe hierarchy of classification,

which grouping will have the
smallest number of organisms
with maximum  common
characteristics 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-
differentiated, distinct parts. The next level of
classification is based on whether the
differentiated plant body has special tissues
for the transport of water and other
substances. Further classification looks at the
ability to bear seeds and whether the seeds
are enclosed within fruits.

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
Ulothrix
— Cell-wall
__— Chloroplast
___——— Pyrenoids
Nucleus
Cytoplasm
Ulva
Spirogyra

Chara
Fig. 7.5: Thallophyta — Algae
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7.4.2 BRYOPHYTA

These are called the amphibians of the plant
kingdom. The plant body is commonly
differentiated to form stem and leaf-like
structures. However, there is no specialised
tissue for the conduction of water and other
substances from one part of the plant body
to another. Examples are moss (Funaria) and
Marchantia (see Fig. 7.6).

Riccia

Marchantia

Fig. 7.6: Some common bryophytes

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 substances from one part of the
plant body to another. Some examples are
Marsilea, ferns and horse-tails (see Fig. 7.7).

The reproductive organs of plants in all
these three groups are very inconspicuous,
and they are therefore called ‘cryptogams’, or
‘those with hidden reproductive organs’.

On the other hand, plants with well-
differentiated reproductive parts that
ultimately make seeds are called
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Marsilea Fern

Fig. 7.7: Pteridophyta

phanerogams. Seeds are the result of sexual
reproduction process. They consist of the
embryo along with stored food, which assists
for the initial 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:
gymnosperms and angiosperms.

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 for examples).

Pinus Cycas

Fig. 7.8: Gymnosperms
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7.4.5 ANGIOSPERMS

This word is made from two Greek words:
angio means covered and sperma- means
seed. These are also called flowering plants.
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
angiosperms are divided into two groups on
the basis of the number of cotyledons present
in the seed. Plants with seeds having a single
cotyledon are called monocotyledonous or
monocots. Plants with seeds having two
cotyledons are called dicots (see Figs. 7.9
and 7.10).

Fig. 7.9: Monocot

Fig. 7.10: Dicot
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Plants

!

Do not have Have differentiated
differentiated plant parts
plant parts
Thallophyta l l
Without specialised With vascular
vascular tissue tissue
Bryophyta
Do not produce seeds Produce seeds — Phanerogams
Pteridophyta l l

Bear seeds
inside fruits

| |

Gymnosperms Angiosperms

l
! !

Bear naked seeds

Have seeds Have seeds
with two with one
cotyledons cotyledon
Dicots Monocots

Fig. 7.11: Classification of plants

ACti‘Uity 7.2 ° How many petals are found in the
flower of these plants?

® Soak seeds of green gram, wheat, Q Can you write down further
maize, peas and tamarind. 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

U The seeds that do are the dicot seeds
and the seeds that don’t are the 1. Which division among plants has
monocot seeds. the simplest organisms?

*  Now take a look at the roots, leaves and 2. Houw are pteridophytes different
flowers of these plants. from the phanerogams?
Are the roots tap-roots or fibrous? 3. How do gymnosperms and

e Do the leaves have parallel or reticulate angiosperms differ from each
venation? other?
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7.5 Animalia

These are organisms which are eukaryotic,
multicellular and heterotrophic. Their cells
do not have cell-walls. Most animals are
mobile.

They are further classified based on the
extent and type of the body design
differentiation found.

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 circulating water
throughout the body to bring in food and
oxygen. These animals are covered with a
hard outside layer or skeleton. 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.

Euplectella Sycon

Spongilla

Fig. 7.12: Porifera

7.5.2 COELENTERATA (CNIDARIA)

These are animals living in water. They show
more body design differentiation. 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
live in colonies (corals), while others have a
solitary like-span (Hydra). Jellyfish and sea
anemones are common examples (see
Fig. 7.13).

Tentacles
Tentacles
Stinging cell
/
Mouth

Epidermis

Mesoglea

Gastrodermis

Gastrovascular

cavity
Sea anemone
Foot
Hydra

Fig. 7.13: Coelenterata

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 far. 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
triploblastic. This allows outside and inside
body linings as well as some organs to be
made. There is thus some degree of tissue
formation. However, there is no true internal
body cavity or coelom, in which well-
developed organs can be accommodated. The
body is flattened dorsoventrally (meaning from
top to bottom), which is why these animals are
called flatworms. They are either free-living or
parasitic. Some examples are free-living
animals like planarians, or parasitic animals
like liverflukes (see Fig. 7.14 for examples).
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Branched
Eyes  gastrovascular
cavity
Scolex~. —Sucker
/ Acetabulum N Neck
\Pharynx
™~ Mouth
and anus

Planaria Liverfluke Tape worm

Fig. 7.14: Platyhelminthes

7.5.4 NEMATODA

The nematode body is also bilaterally
symmetrical and triploblastic. However, the
body is cylindrical rather than flattened.
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

Male

Ascaris Wuchereria

Fig. 7.15: Nematoda (Aschelminthes)
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7.5.5 ANNELIDA

Annelid animals are also bilaterally
symmetrical and triploblastic, but in addition
they have a true body cavity. This allows true
organs to be packaged in the body structure.
There is, thus, extensive organ differentiation.
This differentiation occurs in a segmental
fashion, with the segments lined up one after
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 familiar examples (see
Fig. 7.16).

Tentacle

Fig. 7.16: Annelida

7.5.6 ARTHROPODA

This is probably the largest group of animals.
These animals are bilaterally symmetrical and
segmented. There is an open circulatory
system, and so the blood does not flow in well-
defined blood vessels. The coelomic cavity is
blood-filled. They have jointed legs (the word
‘arthropod’ means ‘jointed legs’). Some
familiar examples are prawns, butterflies,
houseflies, spiders, scorpions and crabs (see
Fig. 7.17).
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Aranea(Spider)
Palaemon
(Prawn) Palamnaeus
(Scorpion)
Butterfly
Pariplaneta
(Cockroach)
Musca
(House fly)

Scolopendra
(Centipede)

Fig. 7.17: Arthropoda

7.5.7 MoLLUSCA

In the animals of this group, there is bilateral
symmetry. The coelomic cavity is reduced.
There is little segmentation. They have an
open circulatory system and kidney-like
organs for excretion. There is a foot that is
used for moving around. Examples are snails
and mussels (see Fig. 7.18).

Chiton
Octopus

Unio
Pila

Fig. 7.18: Mollusca
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7.5.8 ECHINODERMATA

In Greek, echinos means hedgehog (spiny
mammal), and dermameans skin. Thus, these
are spiny skinned organisms. These are
exclusively free-living marine animals. They
are triploblastic and have a coelomic cavity.
They also have a peculiar water-driven tube
system that they use for moving around. They
have hard calcium carbonate structures that
they use as a skeleton. Examples are sea-stars
and sea urchins (see Fig. 7.19).

Holothuria
(sea cucumber)

Antedon
(feather star)

Echinus (sea urchin) Asterias (sea-star)

Fig. 7.19: Echinodermata

7.5.9 PROTOCHORDATA

These animals are bilaterally symmetrical,
triploblastic and have a coelom. In addition,
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=string) 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. Protochordates may not have a
proper notochord present at all stages in their
lives or for the entire length of the animal.
Protochordates are marine animals. Examples
are Balanoglossus, Herdmania and
Amphioxus (see Fig. 7.20).
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Fig. 7.20: Protochordata: Balanoglossus

7.5.10 VERTEBRATA

These animals have a true vertebral column
and internal skeleton, allowing a completely
different distribution of muscle attachment
points to be used for movement.

Vertebrates are bilaterally symmetrical,
triploblastic, coelomic and segmented, with
complex differentiation of body tissues and
organs. All chordates possess the following
features:

(i) have a notochord

(i) have a dorsal nerve cord
(iii) are triploblastic
(iv) have paired gill pouches

(v) are coelomate.

Vertebrates are grouped into six classes.

7.5.10 (i) CycLoSTOMATA

Cyclostomes are jawless vertebrates. They are
characterised by having an elongated eel-like
body, circular mouth, slimy skin and are

Fig. 7.21: A jawless vertebrate: Petromyzon
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scaleless. They are ectoparasites or borers of
other vertebrates. Petromyzon (Lamprey) and
Myxine (Hagfish) are examples.

7.5.10 (ii) PrscEs

These are fish. They are exclusively aquatic
animals. Their skin is covered with scales/
plates. They obtain oxygen dissolved in water
by using gills. The body is streamlined, and a
muscular tail is used for movement. They are
cold-blooded and their hearts have only two
chambers, unlike the four that humans have.
They lay eggs. We can think of many kinds of
fish, some with skeletons 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)].

Synchiropus splendidus Caulophyryne jordani
(Mandarin fish) (Angler fish)
Pterois volitans
(Lion fish)
Eye
Spiracle |
Pelvic fin—_
Dorsal fin <—_
—Tail
Caudal fin Sting ray
Electric ray (Torpedo)
Dorsal fin .
Eye e Tail
/
Mouth ~
Gills  pectoral Pelvic

fin fin
Scoliodon (Dog fish)

Fig. 7.22 (a): Pisces

SCIENCE

2020-21



Head
\ / Nostril

— Pectoral

| | Mouth fin
Pectoral Mouth
Caudal Pelvic - Brood Dorsal
fin fin h fin
pouc
—
Labeo rohita (Rohu) Tail
Male Hippocampus

(Sea horse)

Wing like pectoral

Pelvic fin Tail

Exocoetus (Flying fish)

Anabas (Climbing perch)

Fig. 7.22 (b): Pisces

7.5.10 (iii) AmMPHIBIA

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 water and on
land. Frogs, toads and salamanders are some
examples (see Fig. 7.23).

Salamander
Toad

Rana tigrina

(Common frog) 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 four heart chambers. They lay eggs with
tough coverings and do not need to lay their
eggs in water, unlike amphibians. Snakes,
turtles, lizards and crocodiles fall in this
category (see Fig. 7.24).

Turtle

Chameleon

King Cobra

House wall lizard
(Hemidactylus)
Flying lizard (Draco)

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 category
(see Fig. 7.25 for examples).
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Whale

White Stork
(Ciconia ciconia) Rat
Human
Cat Bat
Ostrich
(Struthio camelus)
Male Tufted Duck .
(Aythya fuligula) Fig. 7.26: Mammalia
uestions

1. How do poriferan animals differ
from coelenterate animals?

2. How do annelid animals differ
from arthropods?

3. What are the differences between
amphibians and reptiles?

4. What are the differences between
animals belonging to the Aves
group and those in the mammalia
group?

Sparrow

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

7.5.10 (vi) MAMMALIA published his first paper on

plants. While serving as a

personal physician of a caroius Linnaeus
wealthy government  (1707-1778)
official, he studied the diversity of plants
in his employer’s garden. Later, he
published 14 papers and also brought out
the famous book Systema Naturae from
which all fundamental taxonomical
researches have taken off. His system of
classification was a simple scheme for
arranging plants so as to be able to identify
them again.

Fig. 7.25: Aves (birds)

Mammals are warm-blooded animals with
four-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 young ones. Some
examples are shown in Fig. 7.26.

The scheme of classification of animals is
shown in Fig. 7.27.
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Animals

Tissue level of
organisation

Cellular level of
organisation

|

Porifera

! !

No body cavity between Pseudocoelom
epidermis and gastrodermis

Nematoda
Coelenterata, Platyhelminthes

!

Coelomate

!

Mesodermal cells from
a single cell during
growth of the embryo

|

Annelida, Mollusca,

|

Coelom formed from
pouches pinched off
from the endoderm

Arthropoda l

No notochord

|

Echinodermata

Notochord present

|

Chordata

!

Notochord present
in at least larval
forms, but very rudimentary

Notochord replaced by vertebral
column in adults

|

Vertebrata
Protochordata l
Exoskeleton of Gills in larva, Exoskeleton Exoskeleton Exoskeleton

Jawless, eel-like,

circular mouth, scales, endoskeleton lungs in most

scaleless, of bone/cartilage, adults, slimy eggs outside
slimy skin breathing through gills skin water
Cyclostomata Pisces Amphibia Reptilia

Fig. 7.27: Classification of animals
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of scales, laying

of feathers, lay
eggs outside
water, flight possible

of hair, external
ears, mostly
giving birth
to live young

|

Aves Mammalia
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7.6 Nomenclature

Why is there a need for systematic naming of
living organisms?
Activity 7.3
® Find out the names of the following
animals and plants in as many
languages as you can:

1. Tiger 2. Peacock
4. Neem 5. Lotus

3. Ant
6. Potato

As you might be able to appreciate, it
would be difficult for people speaking or
writing in different languages to know when
they are talking about the same organism. This
problem was resolved by agreeing upon a
‘scientific’ name for organisms in the same
manner that chemical symbols and formulae
for various substances are used the world over.
The scientific name for an organism is thus
unique and can be used to identify it
anywhere in the world.

The system of scientific naming or
nomenclature we use today was introduced
by Carolus Linnaeus in the eighteenth
century. The scientific name of an organism is

the result of the process of classification
which puts it along with the organisms it is
most related to. 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
over, it has been agreed that both these names
will be used in Latin forms.

Certain conventions are followed while
writing the scientific names:

1. The name of the genus begins with a

capital letter.

2. The name of the species begins with a
small letter.

3. When printed, the scientific name is
given in italics.

4. When written by hand, the genus name
and the species name have to be
underlined separately.

Activity 7.4

® Find out the scientific names of any
five common animals and plants. Do
these names have anything in
common with the names you normally
use to identify them?

What

Classification helps us in exploring the diversity of life forms.

The major characteristics considered for classifying all
organisms into five major kingdoms are:

(a) whether they are made of prokaryotic or eukaryotic cells

(b) whether the cells are living singly or organised into
multi-cellular and thus complex organisms

(c) whether the cells have a cell-wall and whether 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 to their evolution.
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Plantae and Animalia are further divided into subdivisions
on the basis of increasing complexity of body organisation.
Plants are divided into five groups: Thallophytes, Bryophytes,
Pteridophytes, Gymnosperms and Angiosperms.

Animals are divided into ten groups: Porifera, Coelenterata,
Platyhelminthes, Nematoda, Annelida, Arthropoda, Mollusca,
Echinodermata, Protochordata and Vertebrata.

The binomial nomenclature makes for a uniform way of
identification of the vast diversity of life around us.

The binomial nomenclature is made up of two words — a generic
name and a specific name.

Exercises

1. What are the advantages of classifying organisms?

2.  How would you choose between two characteristics to be used
for developing a hierarchy in classification?

3. Explain the basis for grouping organisms into five kingdoms.

4.  What are the major divisions in the Plantae? 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?

6. Explain how animals in Vertebrata are classified into further

DIvERSITY IN LIVING ORGANISMS

subgroups.

97

2020-21




Chapter 8

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

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

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

0964CH08

MOTION

Activity 8.1

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

Activity 8.2

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

) Discuss and share your experience.

Think and Act

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

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.
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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 treated as its reference point
(Fig. 8.1). Let A, B and C represent the
position of the object at different instants. At
first, the object moves through C and B and
reaches A. Then it moves back along the same

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

path and reaches C through B. quantities — the distance and the
o C B A
| | | | | | | | | | »
I 1 1 1 1 1 1 1 1 1 1 1 1 >
0 5 10 15 20 25 30 35 40 45 50 55 60 km

Fig. 8.1: Positions of an object on a straight line path

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

Can the magnitude of the displacement
be equal to the distance travelled by an
object? Consider the example given in
(Fig. 8.1). For motion of the object from O to
A, the distance covered is 60 km and the
magnitude of displacement is also 60 km.
During its motion from O to A and back to B,
the distance covered = 60 ki + 25 km = 85 km

Motion
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displacement, are used to describe the overall
motion of an object and to locate its final
position with reference to its initial position

at a given time.

Activity

8.3

Take a metre scale and a long rope.
Walk from one corner of a basket-ball
court to its oppposite corner along its
sides.

Measure the distance covered by you
and magnitude of the displacement.
What difference would you notice
between the two in this case?

Activity

8.4

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

Find the magnitude of the displacement
between Bhubaneshwar and New Delhi
by using the Road Map of India.
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1. An object has moved through a
distance. Can it have zero
displacement? If yes, support
your answer with an example.

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

3. Which of the following is true for
displacement?

(a) It cannot be zero.

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

8.1.2 UNIFORM MOTION AND NON-
UNIFORM MOTION

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

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 state
whether the motion of the objects is
uniform or non-uniform.

100

Table 8.1

Distance
travelled by
object B in m

Distance
travelled by
object A in m

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

8.2 Measuring the Rate of Motion

4 )

Bowling spoed in B -~
\ 140 143]135]145[ 132 130/

mosn[ 0] -3
(a)

(b)
Fig. 8.2
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Look at the situations given in Fig. 8.2. If
the bowling speed is 143 km h'in 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 time to cover a given distance.
Some of them move fast and some move
slowly. The rate at which objects move can
be different. Also, different objects can move
at the same rate. One of the ways of
measuring the rate of motion of an object is
to find out the distance travelled by the object
in unit time. This quantity is referred to as
speed. The SI unit of speed is metre per
second. This is represented by the symbol
m s!or m/s. The other units of speed include
centimetre per second (cm s7!) and kilometre
per hour (km h™). To specify the speed of an
object, we require only its magnitude. The
speed of an object need not be constant. In
most cases, objects will be in non-uniform
motion. Therefore, we describe the rate of
motion of such objects in terms of their
average speed. The average speed of an object
is obtained by dividing the total distance
travelled by the total time taken. That is,

Total distance travelled

average speed =
Total time taken

If an object travels a distance s in time ¢ then
its speed v is,

v= — (8.1)

t

Let us understand this by an example. A

car travels a distance of 100 km in 2 h. Its

average speed is 50 km h'. The car might

not have travelled at 50 km h! all the time.

Sometimes it might have travelled faster and
sometimes slower than this.

Example 8.1 An object travels 16 min 4 s
and then another 16 m in 2 s. What is
the average speed of the object?

Solution:

Total distance travelled by the object =
l1l6m+16m=32m
Total time taken=4s+2s=6s

Motion

2020-21

Total distance travelled

Average speed = Total time taken

32 m

=" 6s =5.33 m s™!

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

8.2.1 SPEED WITH DIRECTION

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

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

initial velocity + final velocity
2

average velocity =

u-+v

Mathematically, v = (8.2)
where v, is the average velocity, uis the initial
velocity and v is the final velocity of the object.

Speed and velocity have the same units,

that is, m s or m/s.

Activity 8.6

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

101




Activity

8.7

At a time when it is cloudy, there may
be frequent thunder and lightning. The
sound of thunder takes some time to
reach you after you see the lightning.
Can you answer why this happens?
Measure this time interval using a
digital wrist watch or a stop watch.
Calculate the distance of the nearest
point of lightning. (Speed of sound in
air =346 m s.)

1. Distinguish between speed and
velocity.
2. Under what condition(s) is the

magnitude of average velocity of

an object equal to its average
speed?

3. What does the odometer of an
automobile measure?

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

5. During an experiment, a signal
from a spaceship reached the
ground station in five minutes.
What was the distance of the
spaceship from the ground
station? The signal travels at the
speed of light, that is, 3 x 108
m s,

Example 8.2 The odometer of a car reads

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

Solution:

Distance covered by the car,

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

Average speed of the car is,

§_400km
@ ¢ 8h
=50 km h!
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km 9 1000 m 9 1h
h 1km 3600s

=13.9ms?!
The average speed of the car is
50 km h™ or 13.9 m s™.

= 50

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 = 0 m

Total distance covered

Average speed = Total time taken

180m _ 180 m y 1 min
60s

" 1lmin 1min

=3 m s

Displacement

Average velocity = Total timetaken

Om
60 s

=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 motion of an object along a
straight line, the velocity remains constant
with time. In this case, the change in velocity
of the object for any time interval is zero.
However, in non-uniform motion, velocity
varies with time. It has different values at
different instants and at different points of
the path. Thus, the change in velocity of the
object during any time interval is not zero.
Can we now express the change in velocity of
an object?
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To answer such a question, we have to
introduce another physical quantity called
acceleration, which is a measure of the
change in the velocity of an object per unit
time. That is,

change in velocity

acceleration = ;
time taken

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

a:

. (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 velocity. The SI unit of
acceleration is m s2.

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

Activity 8.8

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

Example 8.4 Starting from a stationary
position, Rahul paddles his bicycle to
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attain a velocity of 6 m s™'in 30 s. Then
he applies brakes such that the velocity
of the bicycle comes down to 4 m s in
the next 5 s. Calculate the acceleration
of the bicycle in both the cases.

Solution:

In the first case:

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

From Eq. (8.3), we have

a:

t

Substituting the given values of u,v and
t in the above equation, we get

(Gm s’ -0m s_l)
30s

a:

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

(4m s —6m s_l)
5s

Then, q =

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

1. When will you say a body is in
(i) uniform acceleration? (ii) non-
uniform acceleration?

2. A bus decreases its speed from
80 km h! to 60 km h™ in 5 s.
Find the acceleration of the bus.

3. A train starting from a railway
station and moving with uniform
acceleration attains a speed
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
events. For example, in the telecast of a
one-day cricket match, vertical bar graphs
show the run rate of a team in each over. As
you have studied in mathematics, a straight
line graph helps in solving a linear equation
having two variables.

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

8.4.1 DISTANCE-TIME GRAPHS

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

40 E
g
= 30 A &
P 3
Q
-]
8 20 p
2
a

10 jr

1
Y 20 40 60

Time (min)

Fig. 8.3: Distance-time graph of an object moving
with uniform speed

We know that when an object travels equal
distances in equal intervals of time, it moves
with uniform speed. This shows that the
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distance travelled by the object is directly
proportional to time taken. Thus, for uniform
speed, a graph of distance travelled against
time is a straight line, as shown in Fig. 8.3.
The portion OB of the graph shows that the
distance is increasing at a uniform rate. Note
that, you can also use the term uniform
velocity in place of uniform speed if you take
the magnitude of displacement equal to the
distance travelled by the object along the
y-axis.

We can use the distance-time graph to
determine the speed of an object. To do so,
consider a small part AB of the distance-time
graph shown in Fig 8.3. Draw a line parallel
to the x-axis from point A and another line
parallel to the y-axis from point B. These two
lines meet each other at point C to form a
triangle ABC. Now, on the graph, AC denotes
the time interval (t,-t,) while BC corresponds
to the distance (s,- s ). We can see from the
graph that as the object moves from the point
A to B, it covers a distance (s,- s)) in time
(t,— t). The speed, v of the object, therefore
can be represented as

S, — S
L= (8.4)

2 1

We can also plot the distance-time graph
for accelerated motion. Table 8.2 shows the
distance travelled by a car in a time interval
of two seconds.

Table 8.2: Distance travelled by a
car at regular time intervals

Time in seconds | Distance in metres

(0] (0]
2 1
4 4
6

8 16
10 25
12 36
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Fig. 8.4: Distance-time graph for a car moving with
non-uniform speed

The distance-time graph for the motion
of the car is shown in Fig. 8.4. Note that the
shape of 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 with time. Thus, the graph shown in
Fig 8.4 represents motion with non-uniform
speed.

8.4.2 VELOCITY-TIME GRAPHS

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

T T
g% ’ :
g 40
&
g 30
k-]
o 20
S
£ 10
clt, t
T T
1 2 3 4

Time (h)

Fig. 8.5: Velocity-time graph for uniform motion of
a car
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and the velocity is represented along the
y-axis. If the object moves at uniform velocity,
the height of its velocity-time graph will not
change with time (Fig. 8.5). It will be a straight
line parallel to the x-axis. Fig. 8.5 shows the
velocity-time graph for a car moving with
uniform velocity of 40 km h™'.

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

To know the distance moved by the car
between time t and t, using Fig. 8.5, draw
perpendiculars from the points corresponding
to the time ¢, and t; on the graph. The velocity
of 40 km h™' is represented by the height AC
or BD and the time (t,- t,) is represented by
the length AB.

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

s = ACXCD
= [(40 km h™) x (t,-t) h]
= 40 (t,-t,) km
= area of the rectangle ABDC (shaded
in Fig. 8.5).

We can also study about uniformly
accelerated motion by plotting its velocity-
time graph. Consider a car being driven along
a straight road for testing its engine. Suppose
a person sitting next to the driver records its
velocity after every 5 seconds by noting the
reading of the speedometer of the car. The
velocity of the car, in km h! as well as in
m s, at different instants of time is shown
in table 8.3.

Table 8.3: Velocity of a car at
regular instants of time

Velocity of the car,
(kmh)

(ms™)

20 10.0 36

25 12.5 45
30 15.0 54
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In this case, the velocity-time graph for the
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, for all uniformly accelerated
motion, the velocity-time graph is a
straight line.

60 ¥
|IHRV.4
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0 B ! C
5 10 15 20 25 30

Time (s)

Fig. 8.6: Velocity-time graph for a car moving with
uniform accelerations.

You can also determine the distance
moved by the car from its velocity-time graph.
The area under the velocity-time graph gives
the distance (magnitude of displacement)
moved by the car in a given interval of time.
If the car would have been moving with
uniform velocity, the distance travelled by it
would be represented by the area ABCD
under the graph (Fig. 8.6). Since the
magnitude of the velocity of the car is
changing due to acceleration, the distance s
travelled by the car will be given by the area
ABCDE under the velocity-time graph
(Fig. 8.6).

That is,
s = area ABCDE
= area of the rectangle ABCD + area of
the triangle ADE

1
= ABXBC+5(AD><DE)

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-
uniformly accelerated motion.

Fig. 8.7(a) shows a velocity-time graph
that represents the motion of an object whose
velocity is decreasing with time while
Fig. 8.7 (b) shows the velocity-time graph
representing the non-uniform variation of
velocity of the object with time. Try to interpret
these graphs.

Activity 8.9

®  The times of arrival and departure of a
train at three stations A, B and C and
the distance of stations B and C from
station A are given in table 8.4.

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) (hours)
A 0] 08:00 08:15
B 120 11:15 11:30
© 180 13:00 13:15

° Plot and interpret the distance-time
graph for the train assuming that its
motion between any two stations is
uniform.
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Activity 8.10 8.5 Equations of Motion by

e  Feroz and his sister Sania go to school Graphlcal Method
on their bicycles. Both of them start at
the same time from their home but take When an object moves along a straight line
different times to reach the school with uniform acceleration, it is possible to
although they follow the same route. relate its velocity, acceleration during motion
Table 8.5 shows the distance travelled and the distance covered by it in a certain
by them in different times time interval by a set of equations known as

the equations of motion. For convenience, a
Table 8.5: Distance covered by Feroz set of three such equations are given below:

and Sania at different times on = “t’“ﬁf . g-g
. . S =u 2 d .
their bicycles 2ds =171 (8.7)
where u is the initial velocity of the object
Distance Distance which moves with uniform acceleration a for
travelled travelled time t, v is the final velocity, and s is the
by Feroz by Sania distance travelled by the object in time t.
(km) (km) Eq. (8.5) describes the velocity-time relation
and Eq. (8.6) represents the position-time
8:00 am 0 0 relation. Eq. (8.7), which represents the
relation between the position and the velocity,
8:05 am 1.0 0.8 can be obtained from Egs. (8.5) and (8.6) by
Cell0) s 1.9 1.6 eliminating t. These three equations can be
derived by graphical method.
8:15 am 2.8 2.3
8:20 am 36 30 8.5.1 EQUATION FOR VELOCITY-TIME
8:25 am - 3.6 RERETION

Consider the velocity-time graph of an object

*  Plot the distance-time graph for their that moves under uniform acceleration as

motions on the same scale and
interpret.

i :
uestions i

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

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

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

4. What is the quantity which is Time (s)

measured by the ar‘ea occupied Fig. 8.8: Velocity-time graph to obtain the equations
below the velocity-time graph? of motion

Velocity (m s™)

o
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shown in Fig. 8.8 (similar to Fig. 8.6, but now
with u# 0). 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 time
t. The velocity changes at a uniform rate a.
In Fig. 8.8, the perpendicular lines BC and
BE are drawn from point B on the time and
the velocity axes respectively, so that the
initial velocity is represented by OA, the final
velocity is represented by BC and the time
interval t is represented by OC. BD = BC -
CD, represents the change in velocity in time
interval t.

Let us draw AD parallel to OC. From the
graph, we observe that

BC =BD + DC = BD + OA

Substituting BC =vand OA = u,

we get v =BD+u

or BD =v-u (8.8)

From the velocity-time graph (Fig. 8.8),
the acceleration of the object is given by

Change in velocity
a =

time taken

_BD _BD
“AD OC

Substituting OC = t, we get

_ BD
4=
or BD = at (8.9)
Using Egs. (8.8) and (8.9) we get

v=u+at

8.5.2 EQUATION FOR POSITION-TIME
RELATION

Let us consider that the object has travelled
a distance s in time t under uniform
acceleration a. In Fig. 8.8, the distance
travelled by the object is obtained by the area
enclosed within OABC under the velocity-time
graph AB.

Thus, the distance s travelled by the object
is given by

s = area OABC (which is a trapezium)
= area of the rectangle OADC + area of
the triangle ABD
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1
=OA><OC+E (AD x BD) (8.10)

Substituting OA = u, OC =AD = tand BD = at,
we get

1
s=uxt+ E(tXat)

or s=ut+ lat2
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

a is given by the area enclosed within the

trapezium OABC under the graph. That is,
s = area of the trapezium OABC

(oA +Bc)xoC

2
Substituting OA = u, BC = v and OC = ¢,
we get

S=——— (8.11)

From the velocity-time relation (Eq. 8.6),
we get

(v-u)
a
Using Eqgs. (8.11) and (8.12) we have

t=

(8.12)

(v+u)x(v-u)
2a

s:

or 2as=0v’-1

Example 8.5 A train starting from rest
attains a velocity of 72 km h! in
5 minutes. Assuming that the
acceleration is uniform, find (i) the
acceleration and (ii) the distance
travelled by the train for attaining this
velocity.
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Solution:

We have been given
u=0;v=72kmh!=20m s!and
t = 5 minutes = 300 s.

(i) From Eq. (8.5) we know that

N Clt)]
t
_20ms” - Oms™
300s
=— ms?
15

(i) From Eq. (8.7) we have
2as=v’-u?=12-0

Thus,
2
v
s = __
2a
(20 ms )2

2%(1/15)ms™

=3000 m
=3 km

1
The acceleration of the train is E ms?

and the distance travelled is 3 km.

(i) From Eq. (8.6) we have

1
s=ut+ —at?
2

1
=5ms!'xbs+ Exlms*Zx(SS)2
=25m+ 12.5m

=37.5m )
The acceleration of the car is 1 m s
and the distance covered is 37.5 m.

Example 8.6 A car accelerates uniformly
from 18 km h ' to 36 km h ' in 5 s.
Calculate (i) the acceleration and (ii) the
distance covered by the car in that time.

Solution:

We are given that

u = 18kmh!' =5ms!
v = 36kmh! =10m s'and
t = bs.

(i) From Eq. (8.5) we have

_v-u
t

10ms'-5ms’!
5s

1ms?
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Example 8.7 The brakes applied to a car
produce an acceleration of 6 m s?in
the opposite direction to the motion. If
the car takes 2 s to stop after the
application of brakes, calculate the
distance it travels during this time.

Solution:

We have been given
a=-6ms? ;t=2sandv=0m s\
From Eq. (8.5) we know that
v=u+at
O=u+(-6ms?)x2s
or u=12ms!.
From Eq. (8.6) we get

1
= t+_ t2
S u ) a

1
=(12ms!)x(2s)+ 5 (-6 m s2) (2 s)?

=24 m-12m

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

1. A bus starting from rest moves
with a uniform acceleration of
0.1 m s? for 2 minutes. Find (a)
the speed acquired, (b) the
distance travelled.
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2. A train is travelling at a speed
of 90 km h!. Brakes are applied
so as to produce a uniform
acceleration of — 0.5 m s2. Find
how far the train will go before it
is brought to rest.

3. A trolley, while going down an
inclined plane, has an
acceleration of 2 cm s2. What will
be its velocity 3 s after the start?

4. A racing car has a uniform
acceleration of 4 m s2. What
distance will it cover in 10 s after
start?

5. A stone is thrown in a vertically
upward direction with a velocity
of 5m s’!. If the acceleration of the
stone during its motion is 10 m s2
in the downward direction, what
will be the height attained by the
stone and how much time will it
take to reach there?

8.6 Uniform Circular Motion

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

D

7

&
C ~ B

(a) Rectangular track

(b) Hexagonal track

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

Fig. 8.9: The motion of an athlete along closed tracks
of different shapes.
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Let us consider an example of the motion
of a body along a closed path. Fig 8.9 (a) shows
the path of an athlete along a rectangular
track ABCD. Let us assume that the athlete
runs at a uniform speed on the straight parts
AB, BC, CD and DA of the track. In order to
keep himself on track, he quickly changes
his speed at the corners. How many times
will the athlete have to change his direction
of motion, while he completes one round? It
is clear that to move in a rectangular track
once, he has to change his direction of motion
four times.

Now, suppose instead of a rectangular
track, the athlete is running along a
hexagonal shaped path ABCDEF, as shown
in Fig. 8.9(b). In this situation, the athlete
will have to change his direction six times
while he completes one round. What if the
track was not a hexagon but a regular
octagon, with eight equal sides as shown by
ABCDEFGH in Fig. 8.9(c)? Itis observed that
as the number of sides of the track increases
the athelete has to take turns more and more
often. What would happen to the shape of
the track as we go on increasing the number
of sides indefinitely? If you do this you will
notice that the shape of the track approaches
the shape of a circle and the length of each of
the sides will decrease to a point. If the athlete
moves with a velocity of constant magnitude
along the circular path, the only change in
his velocity is due to the change in the
direction of motion. The motion of the athlete
moving along a circular path is, therefore, an
example of an accelerated motion.

We know that the circumference of a circle
of radius ris given by 2xr . If the athlete takes
t seconds to go once around the circular path
of radius r, the speed v is given by

_ 2mr

¢ (8.13)

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

Fig. 8.10: A stone describing a circular path with

8.11

Take a piece of thread and tie a small
piece of stone 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.

A4 o

a velocity of constant magnitude.

Now, let the stone go by releasing the
thread.

Can you tell the direction in which the
stone moves after it is released?

By repeating the activity for a few times
and releasing the stone at different
positions of the circular path, check
whether the direction in which the
stone moves remains the same or not.

If you carefully note, on being released
the stone moves along a straight 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 sports meet, he/she holds the
hammer or the discus in his/her hand and
gives it a circular motion by rotating his/her
own body. Once released in the desired
direction, the hammer or discus moves in the
direction in which it was moving at the time
it was released, just like the piece of stone in
the 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 earth, a satellite
in a circular orbit around the earth, a cyclist
on a circular track at constant speed
and so on.

What

you have
learnt

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

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

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

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

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

The motion of an object moving at uniform acceleration can be
described with the help of the following equations, namely

v=u+at
s=ut+ % at?
2as = v?-u?

Motion 111

2020-21




where u is initial velocity of the object, which moves with
uniform acceleration a for time t, vis its final velocity and s is
the distance it travelled in time t.

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

Exercises

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

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 km 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. Amotorboat starting from rest on a lake accelerates in a straight
line at a constant rate of 3.0 m s2for 8.0 s. How far does the
boat travel during this time?

5. Adriver of a car travelling at 52 km h™' applies the brakes and
accelerates uniformly in the opposite direction. 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 A,B
and C. Study the graph and answer the following questions:

-
N

®
N\

\ N

'
N

distance (km) —»
\
N

N

0 04 08 1.2 1.6

time (hour)—»

Fig. 8.11
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(a) Which of the three is travelling the fastest?

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

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

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

8. The speed-time graph for a car is shown is Fig. 8.12.

Speed (m s™)
N & O ®

o
N

4 6 8 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?

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

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

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

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

10. An artificial satellite is moving in a circular orbit of radius
42250 km. Calculate its speed if it takes 24 hours to revolve
around the earth.
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Chapter 9

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

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

(b) The drawer is pulled.

(c) The hockey stick hits the ball forward

Fig. 9.1: Pushing, pulling, or hitting objects change
their state of motion.
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FoRrCE AND LAws oF MOTION

In our everyday life we observe that some
effort is required to put a stationary object
into motion or to stop a moving object. We
ordinarily experience this as a muscular effort
and say that we must push or hit or pull on
an object to change its state of motion. The
concept of force is based on this push, hit or
pull. Let us now ponder about a ‘force’. What
is it? In fact, no one has seen, tasted or felt a
force. However, we always see or feel the effect
of a force. It can only be explained by
describing what happens when a force is
applied to an object. Pushing, hitting and
pulling of objects are all ways of bringing
objects in motion (Fig. 9.1). They move
because we make a force act on them.

From your studies in earlier classes, you
are also familiar with the fact that a force can
be used to change the magnitude of velocity
of an object (that is, to make the object move
faster or slower) or to change its direction of
motion. We also know that a force can change
the shape and size of objects (Fig. 9.2).

00—

«— —

— TR0

(a)
(b)
Fig. 9.2: (a) A spring expands on application of force;

(b) A spherical rubber ball becomes oblong
as we apply force on it.
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9.1 Balanced and Unbalanced
Forces

Fig. 9.3 shows a wooden block on a horizontal
table. Two strings X and Y are tied to the two
opposite faces of the block as shown. If we
apply a force by pulling the string X, the block
begins to move to the right. Similarly, if we
pull the string Y, the block moves to the left.
But, if the block is pulled from both the sides
with equal forces, the block will not move.
Such forces are called balanced forces and
do not change the state of rest or of motion of
an object. Now, let us consider a situation in
which two opposite forces of different
magnitudes pull the block. In this case, the
block would begin to move in the direction of
the greater force. Thus, the two forces are
not balanced and the unbalanced force acts
in the direction the block moves. This
suggests that an unbalanced force acting on
an object brings it in motion.

/W:X\

Fig. 9.3: Two forces acting on a wooden block

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

box with a small force, the box does not move
because of friction acting in a direction
opposite to the push [Fig. 9.4(a)]. This friction
force arises between two surfaces in contact;
in this case, between the bottom of the box
and floor’s rough surface. It balances the
pushing force and therefore the box does not
move. In Fig. 9.4(b), the children push the
box harder but the box still does not move.
This is because the friction force still balances
the pushing force. If the children push the
box harder still, the pushing force becomes
bigger than the friction force [Fig. 9.4(c)].
There is an unbalanced force. So the box
starts moving.

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

\
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removed completely, the object would
continue to move with the velocity it has
acquired till then.

9.2 First Law of Motion

By observing the motion of objects on an
inclined plane Galileo deduced that objects
move with a constant speed when no force
acts on them. He observed that when a marble
rolls down an inclined plane, its velocity
increases [Fig. 9.5(a)]. In the next chapter,
you will learn that the marble falls under the
unbalanced force of gravity as it rolls down
and attains a definite velocity by the time it
reaches the bottom. Its velocity decreases
when it climbs up as shown in Fig. 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 opposite side to the same
height from which it was released. If the
inclinations of the planes on both sides are
equal then the marble will climb the same
distance that it covered while rolling down. If
the angle of inclination of the right-side plane
were gradually decreased, then the marble
would travel further distances till it reaches
the original height. If the right-side plane were
ultimately made horizontal (that is, the slope
is reduced to zero), the marble would continue
to travel forever trying to reach the same
height that it was released from. The
unbalanced forces on the marble in this case
are zero. It thus suggests that an unbalanced
(external) force is required to change the
motion of the marble but no net force is
needed to sustain the uniform motion of the
marble. In practical situations it is difficult
to achieve a zero unbalanced force. This is
because of the presence of the frictional force
acting opposite to the direction of motion.
Thus, in practice the marble stops after
travelling some distance. The effect of the
frictional force may be minimised by using a
smooth marble and a smooth plane and
providing a lubricant on top of the planes.
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Fig. 9.5: (a) the downward motion; (b) the upward
motion of a marble on an inclined plane;
and (c) on a double inclined plane.

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

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

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

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

doc'tor. Accordl.ngly, Galileo Galilel
Galileo enrolled himself (1564 — 1642)
for a medical degree at the

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

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

Galileo was also a remarkable craftsman.
He developed a series of telescopes whose
optical performance was much better than
that of other telescopes available during those
days. Around 1640, he designed the first
pendulum clock. In his book ‘Starry
Messenger’ on his astronomical discoveries,
Galileo claimed to have seen mountains on
the moon, the milky way made up of tiny
stars, and four small bodies orbiting Jupiter.
In his books ‘Discourse on Floating Bodies’
and ‘Letters on the Sunspots’, he disclosed
his observations of sunspots.

Using his own telescopes and through his
observations on Saturn and Venus, Galileo
argued that all the planets must orbit the Sun
and not the earth, contrary to what was
believed at that time.
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impact or collision with the panels in front.
Safety belts are worn to prevent such
accidents. Safety belts exert a force on our
body to make the forward motion slower. An
opposite experience is encountered when we
are standing in a bus and the bus begins to
move suddenly. Now we tend to fall
backwards. This is because the sudden start
of the bus brings motion to the bus as well
as to our feet in contact with the floor of the
bus. But the rest of our body opposes this
motion because of its inertia.

When a motorcar makes a sharp 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 straight-line motion. When an
unbalanced force is applied by the engine to
change the direction of motion of the
motorcar, we slip to one side of the seat due
to the inertia of our body.

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

Activity 9.1

o Make a pile of similar carom coins on
a table, as shown in Fig. 9.6.

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

L] L]

Fig. 9.6: Only the carom coin at the bottom of a
pile is removed when a fast moving carom
coin (or striker) hits it.
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Activity 9.2

o Set a five-rupee coin on a stiff card
covering an empty glass tumbler
standing on a table as shown in
Fig. 9.7.

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

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

Fig. 9.7: When the card is flicked with the
finger the coin placed over it falls in the
tumbler.

—
=

Activity 9.3

o Place a water-filled tumbler on a tray.

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

o We observe that the water spills. Why?

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

9.3 Inertia and Mass

All the examples and activities given so far
illustrate that there is a resistance offered by
an object to change its state of motion. If it is
atrest it tends to remain at rest; if it is moving
it tends to keep moving. This property of an
object is called its inertia. Do all bodies have
the same inertia? We know that it is easier to
push an empty box than a box full of books.
Similarly, if we kick a football it flies away.
But if we kick a stone of the same size with
equal force, it hardly moves. We may, in fact,
get an injury in our foot while doing so!
Similarly, in activity 9.2, instead of a
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five-rupees coin if we use a one-rupee coin, we
find that a lesser force is required to perform
the activity. A force that is just enough to
cause a small cart to pick up a large velocity
will produce a negligible change in the motion
of a train. This is because, in comparison to
the cart the train has a much lesser tendency
to change its state of motion. Accordingly, we
say that the train has more inertia than the
cart. Clearly, heavier or more massive objects
offer larger inertia. Quantitatively, the inertia
of an object is measured by its mass. We may
thus relate inertia and mass as follows:
Inertia is the natural tendency of an object to
resist a change in its state of motion or of
rest. The mass of an object is a measure of
its inertia.

1. Which of the following has more

| inertia: (a) a rubber ball and a

‘ ’ stone of the same size? (b) a
bicycle and a train? (c) a five-

y rupees coin and a one-rupee coin?

In the following example, try to
identify the number of times the
velocity of the ball changes:
“A_football player kicks a football
to another player of his team who
kicks the football towards the
goal. The goalkeeper of the
opposite team collects the football
and kicks it towards a player of
his own team”.

Also identify the agent supplying

the force in each case.

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

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

9.4 Second Law of Motion

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

9.1)

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

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

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

The change in momentum < p,-Dp,
o< MU - mu

<« mx (v-u.

The rate of change of momentum o Mx-u)
t
Or, the applied force,
Fo mx(v—-u)
t
kmx(@v-u)
F=— 9.2)
= kma (9.3)

Here a | = (v - uw/t] is the acceleration,
which is the rate of change of velocity. The
quantity, 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 that produces an
acceleration of 1 m s2 in an object of 1 kg
mass. That is,

1 unit of force = k x (1 kg) x (1 m s32).
Thus, the value of kbecomes 1. From Eq. (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 fast moving cricket ball,
a fielder in the ground gradually pulls his
hands backwards with the moving ball? In
doing so, the fielder increases the time during
which the high velocity of the moving ball
decreases to zero. Thus, the acceleration of
the ball is decreased and therefore the impact
of catching the fast moving ball (Fig. 9.8) is
also reduced. If the ball is stopped suddenly
then its high velocity decreases to zero in a
very short interval of time. Thus, the rate of
change of momentum of the ball will be large.
Therefore, a large force would have to be
applied for holding the catch that may hurt
the palm of the fielder. In a high jump athletic
event, the athletes are made to fall either on
a cushioned bed or on a sand bed. This is to
increase the time of the athlete’s fall to stop
after making the jump. This decreases the
rate of change of momentum and hence the
force. Try to ponder how a karate player
breaks a slab of ice with a single blow.

Fig. 9.8: A fielder pulls his hands gradually with the
moving ball while holding a catch.
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The first law of motion can be
mathematically stated from the mathematical
expression for the second law of motion. Eq.
(9.4) is

F=ma

m(v—-u)

or F= — (9.5)

or Ft=mv - mu

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

Example 9.1 A constant force acts on an
object of mass 5 kg for a duration of
2 s. It increases the object’s velocity
from 3 m s! to 7 m s!. Find the
magnitude of the applied force. Now, if
the force was applied for a duration of
5 s, what would be the final velocity of
the object?

Solution:

We have been given that u =3 m s!
andv=7ms!, t=2sand m =5 kg.
From Eq. (9.5) we have,

m(v-u)

t

Substitution of values in this relation
gives
F=5kg(7ms'-3ms')/2s=10N.

Now, if this force is applied for a
duration of 5 s (t = 5 s), then the final
velocity can be calculated by rewriting
Eq. (9.5) as

Ft

v=u+—
m

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

SCIENCE

2020-21



Example 9.2 Which would require a

greater force — accelerating a 2 kg mass
at 5m s?or a4 kg mass at 2 m s??

Solution:

From Eq. (9.4), we have F = ma.

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

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

Thus, accelerating a 2 kg mass at
5 m s? would require a greater force.

Solution:

From Eq. (9.4) we have m, = F/a,; and
m, =F/a,. Here, a, = 10 m s;
a,=20ms?and F=5N.

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

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

m=0.50 kg + 0.25 kg = 0.75 kg.

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

Example 9.3 A motorcar is moving with a

velocity of 108 km/h and it takes 4 s to
stop after the brakes are applied.
Calculate the force exerted by the

Example 9.5 The velocity-time graph of a

ball of mass 20 g moving along a
straight line on a long table is given in
Fig. 9.9.

brakes on the motorcar if its mass along 25
with the passengers is 1000 kg. ,(_L 90
~
Solution: g 15
The initial velocity of the motorcar ‘§ 107
u=108 km/h g 59
=108 x 1000 m/(60 x 60 s) —— T
=30 m s 1 2 3 4 5 6 7 8 9 10 11
and the final velocity of the motorcar time (s) —
v=0ms".
The total mass of the motorcar along Fig. 9.9
with its passengers = 1000 kg and the
time taken to stop the motorcar, t=4s. How much force does the table exert
From Eq. (9.5) we have the magnitude on the ball to bring it to rest?
of the force (F) applied by the brakes as
m(v - w/t. Solution:

On substituting the values, we get
F=1000kgx (0-30)ms'/4s

= -7500 kg m s2 or — 7500 N.
The negative sign tells us that the force
exerted by the brakes is opposite to the
direction of motion of the motorcar.

Example 9.4 A force of 5 N gives a mass

The initial velocity of the ball is 20 cm s™.
Due to the frictional force exerted by the
table, the velocity of the ball decreases
down to zeroin 10 s. Thus, u=20cm s;
v=0cm s! and t = 10 s. Since the
velocity-time graph is a straight line, it is
clear that the ball moves with a constant
acceleration. The acceleration a is

m,, an acceleration of 10 m s and a a=2"t

mass m,, an acceleration of 20 m s2. t

What acceleration would it give if both =Ocms'-20cms’)/10s

the masses were tied together? =-2cms?=-0.02m s?
Force AND Laws orF Motion 121
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The force exerted on the ball Fis,

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

The negative sign implies that the

frictional force exerted by the table is

opposite to the direction of motion of

the ball.

9.5 Third Law of Motion

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

Let us consider two spring balances
connected together as shown in Fig. 9.10. The
fixed end of balance B is attached with a rigid
support, like a wall. When a force is applied
through the free end of spring balance A, it is
observed that both the spring balances show
the same readings on their scales. It means
that the force exerted by spring balance A on
balance B is equal but opposite in direction
to the force exerted by the balance B on
balance A. Any of these two forces can be called
as action and the other as reaction. This gives
us an alternative statement of the third law of
motion i.e., to every action there is an equal
and opposite reaction. However, it must be
remembered that the action and reaction
always act on two different objects,
simultaneously.
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Fig. 9.10: Action and reaction forces are equal and
opposite.

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

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

When a gun is fired, it exerts a forward
force on the bullet. The bullet exerts an equal
and opposite force on the gun. This results in
the recoil of the gun (Fig. 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 also be illustrated when a sailor
jumps out of a rowing boat. As the sailor
jumps forward, the force on the boat moves it
backwards (Fig. 9.12).

Accelerating force
on the bullet

Recaoil force

Fig. 9.11: A forward force on the bullet and recoil of
the gun.
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Fig. 9.12: As the sailor jumps in forward direction,
the boat moves backwards.

Activity 9.4

o Request two children to stand on two
separate carts as shown in Fig. 9.13.

o Give them a bag full of sand or some
other heavy object. Ask them to play a
game of catch with the bag.

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

o You can paint a white line on
cartwheels to observe the motion of the
two carts when the children throw the
bag towards each other.

rﬁ’

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
different accelerations for the same force.
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The cart shown in this activity can be
constructed by using a 12 mm or 18 min 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
as effective because it is difficult to maintain
straight-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 straight line at different
velocities u, and u,, 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 lasts for
a time t, the ball A exerts a force 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]].

b — Ol — e
before collision F —>F,
(@) (b)
m  —p m;  —
U, Uy

after collision
©

Fig. 9.14: Conservation of momentum in collision of
two balls.

From Eq. (9.1), the momenta (plural of
momentum) of ball A before and after the
collision are m,u, and m,v,, respectively. The
rate of change of its momentum (or F,))
(UA - U.A)

t
Similarly, the rate of change of momentum of
ball B (= F,) during the collision will be

(UB - U.B)
t

According to the third law of motion,
the force F,, exerted by ball A on ball B

during the collision will be M,

B
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and the force F,, exerted by the ball B on ball
A must be equal and opposite to each other.
Therefore,

F,=-F, (9.6)
or mA (UA—U.A)=_ mB (UB—UB)
t t
This gives,
mu, + mou, =mu, + mu, 9.7)

Since (m,u, + m,u) is the total momentum
of the two balls A and B before the collision
and (m,v, + my,) is their total momentum
after the collision, from Eq. (9.7) we observe
that the total momentum of the two balls
remains unchanged or conserved provided no
other external force acts.

As a result of this ideal collision
experiment, we say that the sum of momenta
of the two objects before collision is equal to
the sum of momenta after the collision
provided there is no external unbalanced
force acting on them. This is known as the
law of conservation of momentum. This
statement can alternatively be given as the
total momentum of the two objects is
unchanged or conserved by the collision.

Activity 9.5

e Take a big rubber balloon and inflate
it fully. Tie its neck using a thread. Also
using adhesive tape, fix a straw on the
surface of this balloon.

o Pass a thread through the straw and
hold one end of the thread in your hand
or fix it on the wall.

e  Ask your friend to hold the other end
of the thread or fix it on a wall at some
distance. This arrangement is shown
in Fig. 9.15.

o Now remove the thread tied on the neck
of balloon. Let the air escape from the
mouth of the balloon.

° Observe the direction in which the
straw moves.

Straw

l

Air Balloon
Fig. 9.15

Activity 9.6

e Take a test tube of good quality glass
material and put a small amount of
water in it. Place a stop cork at the
mouth of it.

o Now suspend the test tube horizontally
by two strings or wires as shown in
Fig. 9.16.

o Heat the test tube with a burner until
water vaporises and the cork blows out.

° Observe that the test tube recoils in
the direction opposite to the direction
of the cork.

Fig. 9.16

e  Also, observe the difference in the
velocity the cork appears to have and
that of the recoiling test tube.

Example 9.6 A bullet of mass 20 g is
horizontally fired with a velocity
150 m s from a pistol of mass 2 kg.
What is the recoil velocity of the pistol?

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 (u) = O,
respectively. 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 velocity of the pistol.
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Total momenta of the pistol and bullet
before the fire, when the gun is at rest
(2+0.02) kgxOm s™

= 0Okgms'!
Total momenta of the pistol and bullet
after it is fired

=0.02 kg x (+ 150 m s™)

+2kgxvms!

=B +2v)kgms?
According to the law of conservation of
momentum
Total momenta after the fire = Total
momenta before the fire

3+2v=0

= v =-15ms"
Negative sign indicates that the
direction in which the pistol would
recoil is opposite to that of bullet, that
is, right to left.

before firing

after firing

(@)

Example 9.7 A girl of mass 40 kg jumps

with a horizontal velocity of 5 m s onto
a stationary cart with frictionless
wheels. The mass of the cart is 3 kg.
What is her velocity as the cart starts
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

40kgxb5ms!'+3kgxO0Oms™
= 200kgms™.

Total momenta after the interaction

(40+3)kgxvms!
43 vkgm s

According to the law of conservation of
momentum, the total momentum is
conserved during the interaction.
That is,

43 v = 200
= v 200/43 =+ 4.65 m s.

The girl on cart would move with a
velocity of 4.65 m s™' in the direction in
which the girl jumped (Fig. 9.18).

43 kg

(b)

Fig. 9.18: The girl jumps onto the cart.
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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 entangled. 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
the first player. In which direction and
with what velocity will they move after
they become entangled? Assume that
the frictional force acting between the
feet of the two players and ground is
negligible.

Solution:

(@)

If v is the velocity of the two entangled
players after the collision, the total
momentum then
(m,+m)xv
(60 + 55) kg x vm s
115 x vkg m s
Equating the momenta of the system
before and after collision, in accordance
with the law of conservation of
momentum, we get

v = -30/115

= -0.26ms.

Thus, the two entangled players would
move with velocity 0.26 m s™ from right
to left, that is, in the direction the
second player was moving before
the collision.

115 kg

(b)

Fig. 9.19: A collision of two hockey players: (a) 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 to left is the negative direction (Fig.
9.19). If symbols mand urepresent the
mass and initial velocity of the two
players, respectively. Subscripts 1 and
2 in these physical quantities refer to
the two hockey players. Thus,

m, =60kg; u, =+5ms’; and

m,=55kg u,=-6ms".
The total momentum of the two players
before the collision

= 60kgx(+5msl)+

55 kg x (-6 ms?)
= -30kgms
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1. If action is always equal to the
reaction, explain how a horse can
pull a cart.

2. Explain, why is it difficult for a
fireman to hold a hose, which
ejects large amounts of water at
a high velocity.

3. Fromarifle of mass 4 kg, a bullet
of mass 50 g is fired with an
initial velocity of 35 m s7!.
Calculate the initial recoil velocity
of the rifle.
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4. Two objects of masses 100 g and They collide and after the

200 g are moving along the same collision, the first object moves at
line and direction with velocities avelocity of 1.67 m s™'. Determine
of2m s and 1 m s, respectively. the velocity of the second object.

CONSERVATION LAWS

All conservation laws such as conservation of momentum, energy, angular momentum,
charge etc. are considered to be fundamental laws in physics. These are based on
observations and experiments. It is important to remember that a conservation law cannot
be proved. It can be verified, or disproved, by experiments. An experiment whose result 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 conservation of momentum has been deduced from large number of
observations and experiments. This law was formulated nearly three centuries ago. It is
interesting to note that not a single situation has been realised so far, which contradicts
this law. Several experiences of every-day life can be explained on the basis of the law of
conservation of momentum.

What

you have
learnt

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

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

The mass of an object is a measure of its inertia. Its SI unit is
kilogram (kg).
Force of friction always opposes motion of objects.

Second law of motion: The rate of change of momentum of an
object is proportional to the applied unbalanced force in the
direction of the force.

. The SI unit of force is kg m s. This is also known as newton
and represented by the symbol N. A force of one newton
produces an acceleration of 1 m s on an object of mass 1 kg.
The momentum of an object is the product of its mass and
velocity and has the same direction as that of the velocity. Its
SI unit is kg m s™'.

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

In an isolated system (where there is no external force), the
total momentum remains conserved.
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Exercises

10.

11.

128

An object experiences a net zero external unbalanced force. Is
it possible for the object to be travelling with a non-zero velocity?
If yes, state the conditions that must be placed on the
magnitude and direction of the velocity. If no, provide a reason.

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

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

A batsman hits a cricket ball which then rolls on a level ground.
After covering a short distance, the ball comes to rest. The ball
slows to a stop because

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

(b) velocity is proportional to the force exerted on the ball.

(c) there is a force on the ball opposing the motion.

(d) there is no unbalanced force on the ball, so the ball would
want to come to 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 after travelling
a distance of 50 m. What is the force of friction between the
stone and the ice?

A 8000 kg engine pulls a train of 5 wagons, each of 2000 kg,
along a horizontal track. If the engine exerts a force of 40000 N
and the track offers a friction force of 5000 N, then calculate:
(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 vehicle is to
be stopped with a negative acceleration of 1.7 m s2?

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

(a) (mv)? (b) muv? (c) Y2 mv? (d) mo

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

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

Two 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 s before the collision during which they

SCIENCE
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12.

13.

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

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

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

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

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

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

How much momentum will a dumb-bell of mass 10 kg transfer
to the floor if it falls from a height of 80 cm? Take its downward
acceleration to be 10 m s2.
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Additional

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

(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?

A2. Two persons manage to push a motorcar of mass 1200 kg at a
uniform velocity along a level road. The same motorcar can be
pushed by three persons to produce an acceleration of
0.2 m s2. With what force does each person push the motorcar?
(Assume that all persons push the motorcar with the same
muscular effort.)

A3. A hammer of mass 500 g, moving at 50 m s’!, strikes a nail.
The nail stops the hammer in a very short time of 0.01 s. What
is the force of the nail on the hammer?

A4. A motorcar of mass 1200 kg is moving along a straight line
with a uniform velocity of 90 km/h. Its velocity is slowed down
to 18 km/h in 4 s by an unbalanced external force. Calculate
the acceleration and change in momentum. Also calculate the
magnitude of the force required.
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Chapter 10

In Chapters 8 and 9, we have learnt about
the motion of objects and force as the cause
of motion. We have learnt that a force is
needed to change the speed or the direction
of motion of an object. We always observe that
an object dropped from a height falls towards
the earth. We know that all the planets go
around the Sun. The moon goes around the
earth. In all these cases, there must be some
force acting on the objects, the planets and
on the moon. Isaac Newton could grasp that
the same force is responsible for all these.
This force is called the gravitational force.

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

10.1 Gravitation

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

2020-21
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Let us try to understand the motion of
the moon by recalling activity 8.11.

Activity 10.1

o Take a piece of thread.

° Tie a small stone at one end. Hold the
other end of the thread and whirl it
round, as shown in Fig. 10.1.

° Note the motion of the stone.

° Release the thread.

e  Again, note the direction of motion of
the stone.

Fig. 10.1: A stone describing a circular path with a
velocity of constant magnitude.

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



force, the stone flies off along a straight line.
This straight line will be a tangent to the
circular path.

Tangent to a circle )

A B c

More to know

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

point B.
J

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

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

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

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

132

10.1.1 UNIVERSAL LAW OF GRAVITATION

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

Fig. 10.2: The gravitational force between two
uniform objects is directed along the line
Joining their centres.

Let two objects A and B of masses M and
mlie at a distance d from each other as shown
in Fig. 10.2. Let the force of attraction between
two objects be F. According to the universal
law of gravitation, the force between two
objects is directly proportional to the product
of their masses. That is,

FocM xm (10.1)
And the force between two objects is inversely
proportional to the square of the distance
between them, that is,

1
F o< e (10.2)

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

Mxm
F o e (10.3)
Mxm
or, F= FE (10.4)

where G is the constant of proportionality and

is called the universal gravitation constant.

By multiplying crosswise, Eq. (10.4) gives
Fxd?=GMxm
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Isaac Newton was born
in Woolsthorpe near
Grantham, England.
He is generally
regarded as the most
original and
influential theorist in
the history of science.
He was born in a poor
farming family. Buthe
was not 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 incident prompted Newton to
explore the possibility of connecting gravity
with the force that kept the moon in its orbit.
This led him to the universal law of
gravitation. Itisremarkable that many great
scientists before him knew of gravity but failed
to realise it.

Newton formulated the well-known laws of
motion. He worked on theories of light and
colour. He designed an astronomical telescope
to carry out astronomical observations.
Newton was also a great mathematician. He
invented anew branch of mathematics, 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 at its centre. Newton
transformed the structure of physical
science with his three laws of motion and the
universal law of gravitation. As the keystone
ofthe scientificrevolution of the seventeenth
century, Newton’s work combined the
contributions of Copernicus, Kepler, Galileo,
and others into a new powerful synthesis.

It is remarkable that though the
gravitational theory could not be verified at
that time, there was hardly any doubt about
its correctness. This is because Newton based
his theory on sound scientific reasoning and
backed it with mathematics. This made the
theory simple and elegant. These qualities are
now recognised as essential requirements of a
good scientific theory.

Isaac Newton
(1642 - 1727)

GRAVITATION
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How did Newton guess the
inverse-square rule?

There has always been a great interest
in the motion of planets. By the 16th
century, a lot of data on the motion of
planets had been collected by many
astronomers. Based on these data
Johannes Kepler derived three laws,
which govern the motion of planets.
These are called Kepler’s laws. These are:
1. The orbit of a planet is an ellipse with
the Sun at one of the 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
A to B is the same as that from C to D,
then the areas OAB and OCD are
equal.

3. The cube of the mean distance of a

planet from the Sun is proportional to

the square of its orbital period T. Or,

r/T? = 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 gravitational
force that the Sun exerts on them. Newton
used the third law
of Kepler to
calculate the
gravitational force
of attraction. The
gravitational force A
of the earth is
weakened by distance. A simple argument
goes like this. We can assume that the
planetary orbits 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 Foc V?/r.

If T denotes the period, then v = 27r/T,
so that v? o< 2/ T2

We can rewrite this as v? «< (1/1) X
(r*/T9. Since r’/T? is constant by Kepler’s
third law, we have v? « 1/r. Combining
this with F < v?/ 1, we get, Fo< 1/ 12

D C
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2

Fd

or G= (10.5)

Mxm

The SI unit of G can be obtained by
substituting 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 accepted 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 force between you and your
friend sitting closeby. Conclude how you do
not experience this force!

~

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

Inverse-square

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

1

% times smaller.

More to know

J

Example 10.1 The mass of the earth is
6 x 10** kg and that of the moon is
7.4 x 10?2 kg. If the distance between the
earth and the moon is 3.84%x10° km,
calculate the force exerted by the earth on
the moon. (Take G=6.7 X 10" Nm? kg?)

Solution:

The mass of the earth, M =6 x 10** kg
The mass of the moon,

m=7.4% 10> kg
The distance between the earth and the

moon,
d = 3.84 x 10°km
= 3.84 x 10°x 1000 m
= 3.84x10°m
G = 6.7%X10!'" Nm?kg?
134

From Eq. (10.4), the force exerted by the
earth on the moon is
MXm

F=G=0

~ 6.7x107"' Nm”kg™® x6x10* kg x7.4x10* kg
(3.84 x10° m)*

=2.02 x 10%° N.

Thus, the force exerted by the earth on
the moon is 2.02 x 102° N.

1. State the universal law of
gravitation.

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

10.1.2 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 to the earth;
(i) the motion of the moon around the
earth;
(iii) the motion of planets around the Sun;
and
(iv) thetides due to the moon and the Sun.

10.2 Free Fall

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

Activity

o Take a stone.

o Throw it upwards.

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

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

10.2
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change in the velocity of falling objects? While
falling, there is no change in the direction of
motion of the objects. But due to the earth’s
attraction, there will be a change in the
magnitude of the velocity. Any change in
velocity involves acceleration. Whenever an
object falls towards the earth, an acceleration
is involved. This acceleration is due to the
earth’s gravitational force. Therefore, this
acceleration is called the acceleration due to
the gravitational force of the earth (or
acceleration due to gravity). It is denoted by
g. The unit of g is the same as that of
acceleration, that is, m s

We know from the second law of motion
that force is the product of mass and
acceleration. Let the mass of the stone in
activity 10.2 be m. We already know that there
is acceleration involved in falling objects due
to the gravitational force and is denoted by g.
Therefore the magnitude of the gravitational
force F will be equal to the product of mass
and acceleration due to the gravitational
force, that is,

F=mg (10.6)
From Eqgs. (10.4) and (10.6) we have
M xm
mg=G - —,—
d
or g=G— 10.7
a2 ( )

where M is the mass of the earth, and d is
the distance between the object and the earth.
Let an object be on or near the surface of
the earth. The distance d in Eq. (10.7) will be
equal to R, the radius of the earth. Thus, for
objects on or near the surface of the earth,

mg =G Mxm xzm (10.8)
R
g=G ﬂg (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

GRAVITATION
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calculations, we can take g to be more or less
constant on or near the earth. But for objects
far from the earth, the acceleration due to
gravitational force of earth is given by
Eq. (10.7).

10.2.1 To CALCULATE THE VALUE OF g

To calculate the value of g, we should put
the values of G, M and R in Eq. (10.9),
namely, universal gravitational constant,
G = 6.7 x 107'* N m? kg2, mass of the earth,
M = 6 x 10** kg, and radius of the earth,
R=6.4 x 10°m.

M

RZ

g

6.7x10""' Nm?® kg™® x6x10* kg
(6.4%x10° m)?

=9.8m s2.

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

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

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

10.3

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

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

Activity
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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 constant near the earth, all the
equations for the uniformly accelerated
motion of objects become valid with
acceleration areplaced by g (see section 8.5).
The equations are:

v=u+at (10.10)
1

s=ut+§ at? (10.11)

v’ =12+ 2as (10.12)

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

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

Example 10.2 A car falls off a ledge and
drops to the ground in 0.5 s. Let
g = 10 m s (for simplifying the
calculations).
(i) What is its speed on striking the
ground?
(ii) What is its average speed during the
0.5 s?
(iii) How high is the ledge from the
ground?

Solution:

Time, t = Y2 second

Initial velocity, u=0 m s

Acceleration due to gravity, g = 10 m s
Acceleration of the car, a=+ 10 m s2

(downward)
(i) speed v = at
v = 10ms?x05s
= bms'!
136

u+v
(ii) average speed= 5
= Oms'+5ms?)/2

2.5m s™!

(iii) distance travelled, s=% a t?
Yo x 10 m s2 x (0.5 s)?
Yo x 10 m s?2 x 0.25 s?

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

=5ms

(i) its average speed during the 0.5 s
=25ms’!

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

Example 10.3 An object is thrown
vertically upwards and rises to a height
of 10 m. Calculate (i) the velocity with
which the object was thrown upwards
and (ii) the time taken by the object to
reach the highest point.

Solution:

Distance travelled, s = 10 m
Final velocity, v=0m s
Acceleration due to gravity, g = 9.8 m s
Acceleration of the object, a =-9.8 m s
(upward motion)
(i) v2=uw*+2as
0= u?+2x(-9.8ms?x 10m
-u?=-2x 9.8x10 m?s>?

u= 196 ms’
u=14ms!

(ii) v=u+tat
0=14ms'-98ms?2xt
t=1.43 s.

Thus,

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

(ii) Time taken, t=1.43 s.

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

We have learnt in the previous chapter that the
mass of an object is the measure of its inertia
(section 9.3). We have also learnt that greater
the mass, the greater is the inertia. It remains
the same whether the object is on the earth,
the moon or even in outer space. Thus, the
mass of an object is constant and does not
change from place to place.

10.4 Weight

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

We know that

F=mxa, (10.13)
that is,

F=mxg. (10.14)

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

W=mxg (10.15)

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

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

10.4.1 WEIGHT OF AN OBJECT ON

THE MOON

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

Let the mass of an object be m. Let its
weight on the moon be W . Let the mass of
the moon be M _and its radius be R .

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

R2 (10.16)

Let the weight of the same object on the
earth be W_. The mass of the earth is M and
its radius is R.

W, =G

Table 10.1
Celestial Mass (kg)
body
Earth 5.98 X 10% 6.37 X 10°
Moon 7.36 X 10?2 1.74 x 108

From Egs. (10.9) and (10.15) we have,

Mxm
R2 (10.17)

W, =G

Substituting the values from Table 10.1 in
Egs. (10.16) and (10.17), we get

7.36 x 10 kg x m

W, =G S
(1.74 x10°m)
W, =2.431x10""G x m (10.18a)
and W,=1.474x10"G x m (10.18b)

Dividing Eq. (10.18a) by Eq. (10.18b), we get
W, 2.431x10"

m

W, 1.474x10"
W, 1
or 3 ~ 0165~ (10.19)

Weight of the object on themoon _ 1
Weight of the object ontheearth 6

Weight of the object on the moon
= (1/6) x its weight 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 gravity, g=9.8 m s2
W=mxg
W=10kgx9.8ms?=98 N

Thus, the weight of the object is 98 N.

Example 10.5 An object weighs 10 N when
measured on the surface of the earth.
What would be its weight when
measured on the surface of the moon?

Solution:

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

That is,
w
Wm = _e=£
6 6
=1.67 N.

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

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

2. Why is the weight of an object on

1
the moon 6 h its weight on the

earth?

10.5 Thrust and Pressure

Have you ever wondered why a camel can run
in a desert easily? Why an army tank weighing
more than a thousand tonne rests upon a
continuous chain? Why a truck or a motorbus
has much wider tyres? Why cutting tools have
sharp edges? In order to address these
questions and understand the phenomena
involved, it helps to introduce the concepts

138

of the net force in a particular direction (thrust)
and the force per unit area (pressure) acting
on the object concerned.

Let us try to understand the meanings of

thrust and pressure by considering the
following situations:
Situation 1: You wish to fix a poster on a
bulletin board, as shown in Fig 10.3. To do
this task you will have to press drawing pins
with your thumb. You apply a force on the
surface area of the head of the pin. This force
is directed perpendicular to the surface area
of the board. This force acts on a smaller area
at the tip of the pin.

Fig. 10.3: To fix a poster, drawing pins are pressed
with the thumb perpendicular to the board.

Situation 2: You stand on loose sand. Your
feet go deep into the sand. Now, lie down on
the sand. You will find that your body will not
go that deep in the sand. In both cases the
force exerted on the sand is the weight of your
body.
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You have learnt that weight is the force
acting vertically downwards. Here the force
is acting perpendicular to the surface of the
sand. The force acting on an object
perpendicular to the surface is called thrust.

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

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

thrust
area

Substituting the SI unit of thrust and area in
Eqg. (10.20), we get the SI unit of pressure as
N/m? or N m=2.

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

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

Pressure=

(10.20)

Example 10.6 A block of wood is kept on a
tabletop. The mass of wooden block is 5
kg and its dimensions are 40 cm x 20
cm x 10 cm. Find the pressure exerted

40 cm

10 cm

20 cm 40 cm

(@) (b)
Fig. 10.4
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by the wooden block on the table top if
it is made to lie on the table top with its
sides of dimensions (a) 20 cm x 10 cm
and (b) 40 cm x 20 cm.

Solution:

The mass of the wooden block = 5 kg
The dimensions

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

That is,

Thrust=F = mxg
= 5kgx9.8m s?
= 49N

Area of a side = length x breadth

= 20 cm x 10 cm

= 200 cm? = 0.02 m?
From Eq. (10.20),

49N
0.02m>

= 2450 N m=2.
When the block lies on its side of
dimensions 40 cm x 20 cm, it exerts
the same thrust.
Area= length x breadth

40 cm x 20 cm

= 800 cm? = 0.08 m?

From Eq. (10.20),

49N
0.08m?
=612.5 N m™
The pressure exerted by the side 20 cm

x 10 cm is 2450 N m™ and by the side
40 cm x 20 cm is 612.5 N m™.

Pressure =

Pressure =

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

10.5.1 PRESSURE IN FLUIDS

All liquids and gases are fluids. A solid exerts
pressure on a surface due to its weight.
Similarly, fluids have weight, and they also
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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 felt
lighter? Have you ever drawn water from a
well and felt that the bucket of water is heavier
when it is out of the water? Have you ever
wondered why a ship made of iron and steel
does not sink in sea water, but while the same
amount of iron and steel in the form of a sheet
would sink? These questions can be answered
by taking buoyancy in consideration. Let us
understand the meaning of buoyancy by
doing an activity.

Activity 10.4

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

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

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

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

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

140

water on the bottle is greater than its weight.
Therefore it rises up when released.

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

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

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

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

Activity 10.5

o Take a beaker filled with water.

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

° Observe what happens.

The nail sinks. The force due to the
gravitational attraction of the earth on the
iron nail pulls it downwards. There is an
upthrust of water on the nail, which pushes
it upwards. But the downward force acting
on the nail is greater than the upthrust of
water on the nail. So it sinks (Fig. 10.5).

 —

V|

.

Fig. 10.5: An iron nail sinks and a cork floats when
placed on the surface of water.
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Activity 10.6

o Take a beaker filled with water.

o Take a piece of cork and an iron nail of
equal mass.
Place them on the surface of water.

° Observe what happens.

The cork floats while the nail sinks. This
happens because of the difference in their
densities. The density of a substance is
defined as the mass per unit volume. The
density of cork is less than the density of
water. This means that the upthrust of water
on the cork is greater than the weight of the
cork. So it floats (Fig. 10.5).

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

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

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

2. What do you mean by buoyancy?

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

10.6 Archimedes’ Principle
Activity 10.7

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

o Suspend the stone by holding the
balance or the string as shown in
Fig. 10.6 (a).

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

o Now, slowly dip the stone in the water
in a container as shown in
Fig. 10.6 (b).
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Fig. 10.6: (a) Observe the elongation of the rubber
string due to the weight of a piece of stone
suspended from it in air. (b) The elongation
decreases as the stone is immersed
in water.

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

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

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

What is the magnitude of the buoyant
force experienced by a body? Is it the same
in all fluids for a given body? Do all bodies
in a given fluid experience the same buoyant
force? The answer to these questions is
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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 string was
not observed in activity 10.7, as the stone was
fully immersed in water?

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

Archimedes

10.7 Relative Density

As you know, the density 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 substance 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
determine its purity.

It is often convenient to express density
of a substance in comparison with that of
water. The relative density of a substance is
the ratio of its density to that of water:

Density of a substance

Relative density =
Density of water

Since the relative density is a ratio of
similar quantities, it has no unit.

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

1. You find your mass to be 42 kg
on a weighing machine. Is your
mass more or less than 42 kg?

2. You have a bag of cotton and an
iron bar, each indicating a mass
of 100 kg when measured on a
weighing machine. In reality, one
is heavier than other. Can you
say which one is heavier
and why?
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Example 10.7 Relative density of silver is
10.8. The density of water is 10° kg m™.
What is the density of silver in SI unit?

Solution:
Relative density of silver = 10.8
Relative density

Density of silver

~ Density of water

Density of silver
= Relative density of silver

x density of water

=10.8 x 10° kg m>.
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What

89
i) you have
learnt

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

Gravitation is a weak force unless large masses are involved.

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

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

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

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

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

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

Exercises

GRAVITATION

1.

2.

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

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

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

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

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

143

2020-21




144

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 objects is doubled and tripled?
(iii) the masses of both objects are doubled?
What is the importance of universal law of gravitation?
What is the acceleration of free fall?

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

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

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

1
Gravitational force on the surface of the moon is only 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 it rises,
(ii) the total time it takes to return to the surface of the earth.

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

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

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

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

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

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

(b) the maximum height it reaches, and

(c) its position after 4 s.
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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 surface of water?

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

The volume of a 500 g sealed packet is 350 cm?. Will the packet
float or sink in water if the density of water is 1 g cm™? What
will be the mass of the water displaced by this packet?
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Chapter 1 1

0964CH11

WOoORK AND ENERGY

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

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

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

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

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 few examples.

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

Kamali is preparing for examinations. She
spends lot of time in studies. She reads books,

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

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

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

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

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

Activity 11.1

o We have discussed in the above
paragraphs a number of activities
which we normally consider to be work
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in day-to-day life. For each of these
activities, ask the following questions
and answer them:

(i) What is the work being done on?
(ii) What is happening to the 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 science,
let us consider some situations:

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

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

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

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

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

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

Activity 11.2

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

o List them.

o Discuss with your friends whether
work is being done in each situation.

° Try to reason out your response.

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

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

o What happens to the object on which
work is done?

WORK AND ENERGY
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Activity 11.3

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

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

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

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

11.1.3 WORK DONE BY A CONSTANT FORCE

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

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

displacement.
Work done = force x displacement
W =Fs (11.1)
s >
]
[ |
Fig. 11.1

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

In Eq. (11.1), if F=1 N and 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 1 J 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 force.

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 object is zero? Refer
to the conditions that are to be satisfied to
say that work is done.

Example 11.1 A force of 5 N is acting 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
doneis 5N x2m =10 Nm or 10 J.

S
7

A
0
8

7

Fig. 11.2

1. A force of 7 N acts on an object.
The displacement is, say 8 m, in
the direction of the force
(Fig. 11.3). Let us take it that the
force acts on the object through
the displacement. What is the
work done in this case?

8 m >

[

7TN—> |

Fig. 11.3

Consider another situation in which the
force and the displacement are in the same
direction: a baby pulling a toy car parallel to
the ground, as shown in Fig. 11.4. The baby
has exerted a force in the direction of
displacement of the car. In this situation, the
work done will be equal to the product of the
force and displacement. In such situations,
the work done by the force is taken as positive.
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Fig. 11.4

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

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

Activity 11.4

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

e  Which one of these forces is doing
positive work?

o Which one is doing negative work?

. Give reasons.

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

Example 11.2 A porter lifts a luggage of 15
kg from the ground and puts it on his
head 1.5 m above the ground. Calculate
the work done by him on the luggage.

Solution:
Mass of luggage, m = 15 kg and
displacement, s=1.5m.
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Workdone, W = Fxs=mgxs
15kgx10ms?x1.5m
= 225kgms?m

= 225Nm= 225J

Work done is 225 J.

1. When do we say that work is
done?

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

3. Define 1J of worlk.

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

112 Energy

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

11.5

e  Afewsources of energy are listed above.
There are many other sources of
energy. List them.

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

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

Activity

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

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

The energy possessed by an object is thus
measured in terms of its capacity of doing
work. The unit of energy is, therefore, the same
as that of work, that is, joule (J). 1 J is the
energy required to do 1 joule of work.
Sometimes a larger unit of energy called kilo
joule (kJ) is used. 1 kdJ 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 (potential energy
+ kinetic energy), heat energy, chemical
energy, electrical energy and light energy.

Think it over !

How do you know that some entity is a
form of energy? Discuss with your friends
and teachers.
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James Prescott
Joule was an
outstanding
British physicist.
He is best known
for his research in
electricity and
thermodynamics.
Amongst other
things, he
formulated a law

James Prescott Joule
(1818 - 1889)

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

Activity
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11.6

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

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

Ensure that all the depressions are
distinctly visible.

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

Compare their depths.

Which one of them is deepest?

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

Discuss and analyse.

11.7

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.

Fig. 11.5

o The trolley moves forward and hits the
wooden block.

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

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

o From where does this energy come?

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

o In which case is the work done more?

o In this activity, the moving trolley does
work and hence it possesses energy.

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

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

How much energy is possessed by a
moving body by virtue of its motion? By
definition, we say that the kinetic energy of a
body moving with a certain velocity is equal to
the work done on it to make it acquire that
velocity.
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Let us now express the kinetic energy of
an object in the form of an equation. Consider
an object of mass, m moving with a uniform
velocity, u. Let it now be displaced through a
distance s when a constant force, Facts on it
in the direction of its displacement. From
Eq. (11.1), the work done, Wis F's. The work
done on the object will cause a change in its
velocity. Let its velocity change from u to v.
Let a be the acceleration produced.

In section 8.5, we studied three equations
of motion. The relation connecting the initial
velocity (W) and final velocity (v) of an object
moving with a uniform acceleration a, and
the displacement, s is

vr-u?=2as (8.7)
This gives
gt (11.2)
2a )

From section 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, F as

2 2
U -u

W=max
2a

or

W=%m(v2—u2) (11.3)

If the object is starting from its stationary
position, that is, u= 0, then

1
W=5mv2 (11.4)

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

1
If u= 0, the work done will be Em V7,

Thus, the kinetic energy possessed by an
object of mass, mand moving with a uniform
velocity, v is

1
E,=—mv’ (11.5)

Example 11.3 An object of mass 15 kg is
moving with a uniform velocity of 4
m s'. What is the kinetic energy
possessed by the object?
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Solution:

Mass of the object, m = 15 kg, velocity
of the object, v=4 m s™.
From Eq. (11.5),

1
E . =—mv’
2

1
5 x15kgx4ms'x4ms!

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

Example 11.4 What is the work to be done
to increase the velocity of a car from
30 km h! to 60 km h! if the mass of

the car is 1500 kg?

Solution:

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

30 x 1000m
~ 60x60s
=25/3ms™.
Similarly, the final velocity of the car,
v =60 km h!
=50/3ms™.
Therefore, the initial kinetic energy of
the car,
1
E, = oM u’

1
EX 1500 kg x (25/3 m s7)?

156250/3J.
The final kinetic energy of the car,

1
E_ = %1500 kg x(50/3 m s7!)?

kf 2
=625000/3J.
Thus, the work done = Change in
kinetic energy
= E, -E,
= 156250 J.
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1. What is the kinetic energy of an
object?

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

3. The kinetic energy of an object of

mass, m moving with a velocity
of 5 msis 25dJ. What will be its
kinetic energy when its velocity
is doubled? What will be its
kinetic energy when its velocity
is increased three times?

11.2.3 POTENTIAL ENERGY

Activity 11.8

Take a rubber band.

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

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

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

How did it acquire energy when
stretched?

Activity 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 your friend. Now you release the
slinky.

What happened?

How did the slinky acquire energy when
stretched?

Would the slinky acquire energy when
it is compressed?

Activity 11.10

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

Did it move?

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

How can you test this?
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Activity 11.11

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

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

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

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

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

Activity 11.12

o Take a bamboo stick and make a bow
as shown in Fig. 11.6.

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

o Now stretch the string and release the
arrow.

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

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

Fig.11.6: An arrow and the stretched string
on the bow.
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11.2.4 POTENTIAL ENERGY OF AN OBJECT
AT A HEIGHT

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

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

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

77777777777777777777777777V Ground

X

Fig. 11.7

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

work done, W =force x displacement

=mgxh
= mgh

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

E, = mgh (11.7)
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~

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

J

It is useful to note that the work done by
gravity depends on the difference in vertical
heights of the initial and final positions of
the object and not on the path along which
the object is moved. Fig. 11.8 shows a case
where a block is raised from position A to B
by taking two different paths. Let the height
AB = h. In both the situations the work done
on the object is mgh.

More to know

Path 1
h A A Path 2

\ 4

y A 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=9.8ms2

Solution:

Mass of the object, m = 10 kg,
displacement (height), h = 6 m, and
acceleration due to gravity, g=9.8 m s=.
From Eq. (11.6),
Potential energy = mgh

= 10kgx9.8ms?x6m

= 588J.
The potential energy is 588 J.
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Example 11.6 An object of mass 12 kg is
at a certain height above the ground.
If the potential energy of the object is
480 J, find the height at which the
object is with respect to the ground.
Given, g= 10 m s2.

Solution:

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

E = mgh
480J = 12kgx 10 ms?2xh
480 J
R =120kgms? =4m

The object is at the height of 4 m.

11.2.5 ARE VARIOUS ENERGY FORMS
INTERCONVERTIBLE?

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

Activity

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

11.14

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

o Make a list of such activities and
gadgets.

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

11.13

Activity
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11.2.6 LAW OF CONSERVATION OF ENERGY

In activities 11.13 and 11.14, we learnt that
the form of energy can be changed from one
form to another. What happens to the total
energy of a system during or after the process?
Whenever energy gets transformed, the total
energy remains unchanged. Th