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Chapter 1

MATTER IN OUR SURROUNDINGS

As we look at our surroundings, we see a large
variety of things with different shapes, sizes
and textures. Everything m 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 cccupy space and
have mass. Inn other words, they have both
mass®* and volume™*,

Since early times, human beings have
heen trying 1o understand their surroundings.
Early mdian philoscphers classified matter in
the form of five basic elements - the
“Prnich Tatua™ air, earth, fite, sky and water.
According to themn everything, living or non-
Hving, was made up of these flve basie
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
physzical properties and chemigal nature,

In this chapter we shall learm 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 lemg timne, two schools of thought prevailed
regarding the nature of matter. One school
belleved matier to be continuous like a block
ofwood, whereas, the ¢ther thought that matter
was made up of particles ke sand. Let us
perform an activity to decide about the nature
of matter — is it continuons or particulate?

Activity 1.1

i Takea 100 mL beaker.

' Fill half the heaker with water and
mark the level of wateT.
Digsglve some Salt/ sugar with the help
of a glass rod.

' Observe any change in water level,

*  What do you think has happened to
the salt?

* 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 1z illustrated in Fig, 1.1,

Waterr

Add salt

Particles of water
magntflcd millicna
of Hmes

Filg. 1.1: When we dissolue sall i txtfer, the parficles
af salf gt info the spaces betibeen parficles
of waier.

1.1.2 How SMALL ARE THESE PARTICLES
OF MATTER?

Activity .
# Take 2-3 crystals of potassium

permanganate and dizssolve them in
100 ml of water.

*  The 81 unil of mass is kilogram (kg).

= The 8I unil of volume is cubic meire [m*). The common unil of measuring volume is
litre: (L] such hai 1L =1 dm? 1L = 1000 mL, 1 mL = 1 cm?®



¥ Take out approximately 10 mL of this
aolution and puat it inte 90 mL of clear
water.

s  Take out 10 mlL of this solutdon and
put it into another 90 ml of clear water.

. Keep diluting the soluton Hke thds 5 to
8 fimes.

» Is the water still eoloured ?

T

Fig. 1.2! Estimating how smoll are the particles of

matter. With epery dilufion, though the colour
becomes light, i is still visible,

lﬂmL lﬂmL ﬂmmL

Thia experiment shows that just a few
crystals of potassium permanganate can
colour a large volume of water (about
1000 1. 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 amall beyond our imagination!!!!

12 Cbaracteristics of Particles of
Matter

121 PARTICLES OF MATTER HAVE SPACE
BETWEEN THEM

In activities 1.1 and 1.2 we saw that particles
of sugar, salt, Dettel, or potassium

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.

z

1.2.2 PARTICLES OF MATTER ARE

Activity

Actw:ty

1a

Activity

From the above three activities (1.3, 1.4 and

CONTINUOUSLY MOVING

s,
R

Fut an unlit incense stick in a corner
of your class. How close do you have to
go near it 5o as to get its smell?

Now light the incense stick. What
happens? Lo vou get the smell sitting
at a distance?

Record your ohaervations.

1.4

Take two glasses/beakers filled with
water.

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

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

Reecord 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?

b
i

“

Drop a crystal of copper sulphate or
potassiom permangatate into a glass
of hot water and another containing
cold water. Do not stir the solution,
Allow the crystals to settle at the
botiom.

What do you observe just above the
aolid erystal in the glasa?

What happens as Ume passes?

What does this suggest about the
partdeles of aolid and liquid?

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

1.5, we can conclade 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 matier intermix on their owm
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
hecomes faster. Why does this happen?

1.2.3 PARTICLES OF MATTER ATTRACT
EACH OTHER

Activity b

1 Playthis game in the fleld— make four
groups and form human chains as
suggested:

¢  The first proup should hold each other
from the back and lock arms like Bihu
dancers [Fig. 1.3).

Fig. 1.3

¥ The second group should hold hands
to form a buman chain.

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

i  Now, the fourth group of students
N should run armound and try to break the
three human chains one by one Into
as many small groups as possible.

i Which group was the eaziest to break?
Why?
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& Ifwe consider each student ag a particle
of matter, then In which group the
particles held each other with the

maximum foree?
Activity 1.7
8  Take an iron nail, a plece of chalk and
a rubber band.
= Try breaking them by hammering,
cutting or stretehing,

= Inwhich of the above three substances
do you think the particles are held
o together with greater fores?

Activity 3,8

W Open a water tap, vy breaking the
stream of water with your fingers,
¢ Were you able to cut the stream of

water?
i What could be the reason behind the

gtream 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.

nestions
1. Which of the following are
matter?

Chair, air, love, smell, hate,
aimonds, thought, cold, cold-
drink, smell of perfume.

2. Glre reasons for the following
observation:
The smell of hot sizzling food
redches you several metres
may, but to get the smsll from
cold _food you have to go close.

3. A diver is able to cuf through
wxater in a suimming pool. Which
praperty of matter does this
observation show?

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




1.3 States of Matter

Ohserve different types of matter arcund you.
What are its different states? We can see that
matter around us exists in three different
states— solid, lguid and gas. These states of
matier 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 detall.

1.3.1 THE SOLID STATE
Activity 1.9

v Caollect the following articles— a pen,
4 ook, a needle and a piece of wooden
stick.

Sketeh the shape of the abowve articles
in your notebook by moving a pencil
argund them.

Do all these have a definite shape,
distinct boundaries and a fixed volume?
What happens Iif they are hammered,
pulled or dropped?

Are these capable of diffnsing into each
other?

Try compresaing them by applying
force, Are you able to compress them?

All the above are examiples 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
suhjected to outside force. Solids may break
under force but it 1z difficult to change their
shape, so they are rigid.

Consider the following:

[a) What abont a rabber band, can it
change its shape on stretching®? Is it
a solid?

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

{c] What about a sponge? It is a solid
vet we are able to compress it. Why?

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

4

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 orin
a jar.

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

1.3.2 THE LIQUID STATE

[
o

Activity
i  Collect the following:
4] water, cooking ¢il, milk, juice, a
cold drink,
(b] comtainers of different shapes. Put
a 50 mL mark qn theae containers
using a measuring cylinder from
the lahoratory.
#  VWhat will happen if these liquids are
gpilt on the floor?
Measure 50 mL of any one lgaid and
transter it inte different containers one

by one. Does the vwolhme remain the
aame?

*  Doesthe shape of the liquid remain the
same 7

#  VWhen you pour the liquid from one
container into another, does it flow
easily?

We observe that liguids 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 naot rigld but can be called fluid.

Refer to activities 1.4 and 1.5 where we
saw that solids and liqguids can diffuse into
liquids. The gases from the atmosphere
diffuse and dissclve in water. These gases,
especially ocxygen and carhon dioxide, are
essential for the survival of aquatic animals
and plantsa,

All living creatures need to breathe for
survival. The aguatic animals can breathe
under water due to the presence of dissobred
oxygen in water. Thus, we may conclude that
solida, liquids and gases can diffuse inio
liguids. 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 liguid state, particles move
freely and have greater space between each
other as compared to particles i the solid
state.

1.3.3 THE GASEOUS STATE

TTave you ever observed a balloon seller filling
a large number of ballocns from a single
cylinder of gas? Enquire from him how many
halloons is he able to fill from one cylinder.
Ask him which gas does he have in the cylinder.

Activity .

#  Take three 100 ml. syringes and close
thelr nozzles by  rubber corks, as
showm in Fig, 1.4,

Remove the pistons from all the
SyTinges,

v Leaving one syringe untouched, il
water in the second and pleces of chalk
in the third.

v Insert the pistons back into the
syringes. You may apply some vaseline
¢n the pistons Gefore inserting them
into the syringes for their smooth
ORFEment.

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

T™etnm

|

~r

Rubber cork

Fig. 1.4

* What do vou observe? In which case
was the plston easily pushed in?

*  What do you infer from your
observations?
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We have observed that gases are highly
compressihle as compared to sclids and
liguids. The liguefiled petroleum gas [LIG)
cylinder that we get in our hame for cooking
or the oxygen supplied to hospitals in
cylinders iz 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 kmow of what is being cocked
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 ldtchen, reach us and even
farther away. The smell of hot covked food
reaches us In seconds; compare this with the
rate of diffusion of selids and liguids, Due to
high speed of particles and latge space
betaeenn  them, gases show the property of
diffusing very fast inte 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 contaner,

Fig.1.8:a, & and ¢ show the magnifled schematic
poiures of the three sfafes of mafier, The
mation of the particles can be seen dand
compared in the three siafes of matter.




uestions
1. The mass per unit volume of o
substance is called density.
fdenstiy = mass/volume).

Arrange the following in order af

increasing density — air, exhaust

from chimneys, honey, water,
chalk, cotton and iror.

2. [ Tabulate the differences in
the characterisites of states
of matfer,

b Comment upon the following:
rigidity. compressibilify,

HAuidity, filling o gas
container, shape, kinetic
energy and density,

3. Give reasons
ot A gos fills completely the

vessel in which it is kept,

b A gas exerts pressiure o the
walls of the confainer,

fc) A wrooden fable should be
colled a solid.

{d} We con easily mouve our hared
in dafr buf to do the same
throtigh a soltd Mook of tood
we need a korate expert.

4. Liguids generally have lower
density as compaored fo solids.
But you must have observed that
lee floods on water, Find ouf whyy,

14 Can Matier Change its State?

We all know from gur chservation that water
can exist in three states of matter—

. salid, as ige,

. liquid, as the familiar water, and

*  gas, a8 WALeT 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?

1.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity 1.12

Take about 150 ¢ of ice in a heaker and
suspend a laboratory thermometer s
that its bulk 15 in contact with the ke,
asin Fig. 1.6.

Thermometer

AR | FTHTERY [y

!
e

- e Ice

Bumcrt

/— Thetnome et

ﬁs —"'1' ."I (rluwsa ulirret

Burner

{h

Fig, 1.6: {q] Conversion of tee to water, (b conversion
of tuater to waler tapoyr
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. Start heating the beaker on a low

flame.

. Note the temperaiure when the ice
starts meldng.

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

*  Record your observations for this
conversion of splid to liquid state.

- Neowe, put a glass rod in the beaker and
heat while stirring 111l the water starts
bolling.

. Eeep a careful eve on the thermometer
reading till most of the water has
vaporised.

. Record your gbservations for the
conversion of water in the liguid 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 cvercomes 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 lguidd.
The temperature at which a solid melts to
become a liquid at the atmospheric pressure
1z called its mPlH'ng I1'_mi'r'|i'

The melting point of a solid is an
indication of the strength of the force of

—attraction between ils particles.

The melting point of ice 18 273.16 K°. The
process of melting, that is, change of solid
state into liquid state is also known as fusion.
When a solld melts, its temperature
remains the same, s0 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 bealter, 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
knmown as the latent heat. The word latent
means hidden. The amount of heat energy
that is required to change 1 kg of a sclid into
liguid at atmospheric pressure at its melting
point is known as the latent heat of fusion.
S50, particles in water at 07 C (273 K] have
more energy as compared to particles in ice
at the same temperature,

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

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

Can yeou 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 mare energy than water
at the same temperature. This is because
particles in steam have absorbed extra energy

Hexat Heat
Salld Bate | ¥ Liguid State " * | Gaseous State
ool Coul

in the form of latent heat of vaporisation.
S0, we infer that the state of matter can
be changed into another state by changing
the temperature.
We have learnt that substances arcund
us change state from solid to Hquid and from

*Note! KEeluin is lhe S0 unil of tlcmperature, (0 C =273,18 K, For comvenicnee, we lake (0C = 273 K
after ronnding off the decimal, To change a ternperature on the Kelvin scale to the Celsius scale
you have to subtract 273 from the glven temperature, and to convert a temperaturs on the
Crlsius scale Lo the Eclvin seale you have Lo add 2732 1o the given lemperaturc.
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liquid to gas on application: of heat. But there
are some that change directly from solid state

to gaseous state and vice versa without
changing into the lguid state.

Activity 1.13

» Take some camphor or ammoninm
chloride, Crush it and put it in a china
dizh,

v Put an inverted fummel over the china
dizh,

v Put a cotwon plug on the sStem of the

Collon plug

IrivesrLese] Fumme]

Anammeminam
rhlenide
=snlicifed

China dish

Fig, 1,7: Sublimaidion of ammorium chldoride

fimnel, a2 showm in Fig. 1.7.

. 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 (or vice
versa) i= called sublimation.

142 EFFECT OF CHANGE QF PRESSURE

We have already learnt that the difference m
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

Pislon Piatan
Cylinder

Vs r‘///ﬂs'“"ﬂ‘-:f

Fizlon
/ Cylinder

/

of matter?

Figy. 1.8: By applying pressure, paricles of malter oon
ke brought close fogetheT,

Applying pressure and reducing
temperature can liquefy gases.

ITave you heard of solid carbon dioxide
(CO,)?1t is stored under high pressure. Solid
CO, gets converted directly to gaseous state
on decrease of pressure to 1 atmosphere:
without coming nto liquid state. This is the
reason that sclid carbon dioxdde 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, liguid

Liguid %%
T/ NG
/A

Sublinglion a

Suhlmatiatn

Solid

or gas.

“atmosphers ol s a unit of meaauring pressure exerted by 3 gas, The unit of presaure i9 Paacal [Pal;
1 atmosphere = 1.01 x 108 P, The pressure of air in atmosphere 19 called atmosphero presgure, The
atmospheric pregsure at seq level is 1 atmosphere, and is taken as the normal atmospheric: pressure,
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1.8: Interconversion af ihe three stafes of maiter

uestions

1. Convert the Jollowing
temperature o celsiis scale:

(. 300 K b. 573 K

2, What 1z the physical state of
water at.
4. 2507C b, 1007C?

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

4, Suggest o 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 Hquid to vapour takes
place without the liquid reaching the hoiling
peint? 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 temoperature in any gas, liguid or solid,
there are particles with different amounts of
kinetic energy. In the case of iguids, a small
fractionn 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
vapaurs at any temperature below its heiling
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

MaTTER W (R STURROUNDINGS

under a fan.

» Take 5 mL of water In an open china
dish and keep it inside a cupboard or
on a shelf in your class,

»  Hercord the room temperature.

*  Record the tme or days taken tor the
evaporation process in the above cases,

1 Repeat the above three steps of activity
on a ralny day and record your
observations,

«  What dao vou infer about the effect of

temperature, swface 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.

* 3 decrease in humidity:
ITumidity 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 airis already high,
the rate of evaporation decreases.

*  an increase in wind speed:
I is a commaon chservation that ¢lothes
dry faster on & 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
COOLINGS

In an open vessel, the liguid keeps on
evaporating. The particles of liquid abscrb
erergy from the surrounding to regain the
energy lost during evaporation, This




absorpticn of energy frem the surrcundings
make the surroundings ¢old.

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 coal.

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 coiton 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 liguid gain energy from the surroundings
orf 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. Cotion, heing a goad
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 eoming In contact
with the cold glass of water, loses energy and
gets converted to liguid state, which we see

ter droplets.
uestions
1. Why does a deseri cooler cool
better on q hot dry day?
2. Hour does the weter kept in an
earthen poi matka) become cool
during surmmer?

3. Why does our palm feel cold
when we put some ocetone or
petral or perfume on {2

4. Why are we able to sip hot tea ar
milk faster from d scicer rather
thewrt d eup?

4. What tfype of clothes should e wear I sumimer?
Now scientists are talking of five states of matier: Sold, Liquid, Gas, Plasma and Bose-

Einstein Condensate.

Plasma: The staie consists of super energetic and super excited particles. These partickes
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
the tube or bulb. The plasma glows with a special colour depending on the nature of
gas. The Sun and the stars glow becanuse of the presence of plasma in them. The plasma
is created in stars because of very high temperature.

Bose-Einstein Condensate: In 1920, Indian physicist Satyendra Nath Bose had done
some calculations for a fifth state of matter. Building
onl his calculations, Albert Einstein predicted a new
state of matter —the Bose-Einsiein Condensate (BEC).
In 2001, Eric A. Comnell, Wolfgang Ketterle and Carl E.
Wieman of USA recetved the Nobel prize in physics for
achieving “Bose-Einstein condensation”. The BEC is
formed by cooling a gas of extremely low density, about
cne-lindred-thousandth the density of normal air, to
super low temperatures. You can log on to

More to know

(1824-1974)

{1879-1955)

"y
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_um to get more information on these fourth and fifth states of matter.
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or Fi ‘ ! é{"’

Maiter is made up of small particles.

The matier around us exists in three states— salid, liquid
and gas.

Theferces of attraction between the particles are maximum in
solids, Intermediate in lquids and minimuimn in gases.

The spaces in between the constituent particles and kinetie
energy of the particles are minimum in the case of sclids,
intermediate in liquids and maximum in gases,

The arrangement of patticles 18 most ordered in the case of
solids, in the case of Hquids layers of particles can slip and
slide gver each other while for gases, thereis ne erder, particles
just move about randomly.

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

Sublimation is the change of gasecus state directly te solid
state without geing through ligquid state, and vice versa.

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

Evapaoration 1s a surface phenomencn. Particles from the

surface gain encugh energy to overcome the forces of attraction
present in the Hguld 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 cocling.

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

Latent heat of fusion is the amount of heat energy required to
change 1 kg of so0lid inte liguid at its melting peint.
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Some measurable quantities and their units te remember:

guaniisy

kelvin K
metre m
Klogram kg
NEWLON Iy |
cublc metre ot
kilogram per cuble metre kg m™®

pascal Pa

Convert the following temperatures to the celsius scale.

(@) 293 K (b} 470 K.
Convert the fallowing temperatures to the Kebvin scale.
(a) 25°C (b) 373°C.

Give reason for the following observations.

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

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

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

. What is the physical state of water at—

[a) 25°C M) O°C {c) 100°C 2
Give two reasons to justify—

(a) water at reom temperature is a lquid.

(b) an iren almirah is a solid at room temperature,

. Why is ice at 273 K more effective in ceooling than water at the

same temperature?

. What produces more severe bwrmns, bolling water or steam?
. Name A,B,C,D,E and F in the fellowing diagram showing

change in its state

Icrease heat and
decrease pressure

+@—*
.‘—
Decrease heat and

* 7| increase pressun:

Semice



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

For making this model you will need

. A transparent jar
. A big rubber balloen 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 te keep it tied securely.

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

* Your model 1s ready. Now run yeur fingers up and dewn ihe
gtring by frst tugging at it slowly and then rapidly.

Tranaparent..Jar

Full the atring
Jir=1 slowly, then
wigoroualy ta
ghomr movcmcnt.
of particles as in
anlis, Hoqdeds
and gdasce.

Fig ballman or
ubbes shezt

Fig. 1.10: A model for Rappy converting of soltd fo Bouid. and foguid to gas.
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Chapter2

Is MATTER AROUND Us PURE

TTow do we judge whether milk, ghee, butter,
galt, spleces, mineral water or juice that we
buy from the market are pure?

Pig. 21! Some consumaobie iiems

ITave you ever noticed the word ‘pure’
writtenn on the packs of these consumables?
For a common person pure means having no
adulteraticn. 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.
Whern 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 loock around, we can see that most
of the matter around us exist as mixtures of
o or more pure components, for example,
sea water, minerals, soil ete. are all mixtures.

2.1 What is a Mixture?

Mixtures are constituted by more than one
kind of pure form of matter, known as a
substance. A substance cannet be separated
into other kinds of maiter by any physical
process. We know that dissolved sodium
chleride can be separated from water by the

physical process of evaporation. However,
sodinm chloride is itself a substance and
cannat be separated by physical process into
its chemical constituents. Similarly, sugar is
a substance because it contains anly one kind
of pure matter and its compasition is the same
throughaout.

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

Therefore, we can say that a mixture
contains more than one 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 ¢lass into groups A,
B, Cand D,

* Group A takes a beaker containing
50 mL of water and one spatula full of
onppet sulphate powder, Group B takes
50 mL of water and two spatula full of
Copper Sulphate powder in a beaker,

s Croups C and D gan take different
amounts of copper sulphate and
potassiom permanganate Or Somon
salt [sodium chloride) and mix the given
components to form a mixioare.

» Heport the obsServations on the
uniformity in eolour and texdure,

&8 Groups A and B have pgbtained a
mixture which has a uniiorm
compozition  throughout. Such
mixtures are called homogenegus
mixtures or splutipns. Spome pther
examples of Such mixtures are: i) Salt



in water and [li] sugar in water.
Compare the colour of the solutons
of the two groups. Though both the
groups have obtainetd copper sulphate
solution but the intensity of colour of
the solutlons 1s different. This shows
that a hgmogeneous mixture can have
a variable composition,

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

Activity 2.2

*

Let us again divide the class into four

groups — A, B, Cand D,

Diatribute the following samples to

each group:

—  Few crystals of copper sulphate to
group A,

—  One spatula full of capper
sulphate to group B.

— Chalk powder or wheat flour to
gromap C.

—  Few drops of milk or ink to
group 12,

Each group should add the given

sample in water and stir property using

a glasa rod. Are the particles In the

mixture visible?

Direct a beamn of light from a torch

through the beaker containing the

oixture and observe from the front.

Was the path of the beam of Lght

visible?

Leave the mixtures undisturbed for a

few minutes [and set up the tiltration

apparatus in the meantdme). Is the

mixiure stable or do the particles begin

tg settle after some time?

Flter the mixture. 15 there any residue

on the filter paper?

Diacusa the results and form an

ojpindcmn.

Groups A and B have got a solulion.

Group C has gol o suspension.

Group I has gol o colloidal solidion,
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Liquid decanled in
Lhe fnned Alled wilh
a filler paper

Fubunel

FJlter paper

Lo

) =} b Test b

Fihter paper  Cone of b sl fube
foldedl & filler paper

— Flhtrate

N
Fig. 2.2: Filiraiion

Now, we shall leatnn about solutions,
suspensions and colloidal schutions in the
fallowing sections.

uestions

I. Whai s mearntt by d subsfanee?

2. List the points of differences
befiveen homogenecus and
heferogenaauls mixkires.

2.2 What is a Solution?

A solution is a homogenesus mixture of two
or more substances. You come across varlous
types of sohutions in your daily lfe. Lemonade,
soda water ete. are all examples of solutions.
Usually we think of a solution as a liquid that
contains either a solid, liguid or a gas
diszalved in it. But, we can alsa have solid
aalutions [allays) and gaseous soluticns [air).
In a solution there is homogeneity at the
particle level. For example, lemonade tastes the
same throughout. This shows that particles of
sugar or salt are evenly distributed in the
solution.

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

70% copper. ’

More to know




A solution has a solvent and a solute as
its components. The component of the sclition
that dissolves the other component in it
(usually the component present it larger
amount] is called the solvent. The component
of the solution that is dissolved in the solvent
[usually present i lesser quantty) is called
the solute.

Examples:

) A schation of sugar in water i3 a solid
in liquid sclution, In this solution,
gugar is the solute and water iz the
solvent.

{if) A solution of iodine in alechal known
as 'tincture of iodine’, has iodine (solid)
as the sclute and alcohol {liguid] as
the solvent.

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

(iv) Air1s a mixture of gas in gas. At i1z a
homogeneous mixture of a namber of
gases. Itz two main constituents are:
oxygern [2194) and nitrogen (78%4). The
other gases are present in very small
quantities.

Properties of a solution

A solution i= a homogeneous mixture,
The particles of a sclution are smaller
than 1 nm (10* metre) in diameter. So,
they cannot be seen by naked eves.

=  Because of very small particle size, they
de not scatier a beam of light passing
through the solution. So, the path of
light is not visible in a solution,

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

2.2.1 CONCENTRATION OF A SOLUTION

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

group B.
Activity 2.3

o  Take approximately 50 ml of water
gach in two separate beakers,

s Afdd =salt in one beaker and sugar or
barium chloride in the second beaker
with contimacus stirring,

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

®  Start adding the sclute again.

Is the amount of salt and sugar or barnim
chlcride, that can be dissolved in water at a
given ternperature, the same?

At any particular temperature, a schition
that has dissolved as much solute as it is
capable of dissolving, is said to be a saturated
aolution. In other words, when no mare solute
can be dizsszelved in a zalution at a given
temperature, it 1z called a saturated solution.
The ameunt 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 i=
called an unsaturated solution.

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

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

The concentration of a solution i the amoumt
of solute present in a given amount mass or
volume] of solution, or the amount of =ohite
dissobved in a given mass or volume of solvent.
Concentration of solution = Amount of sofute/

Amount of solufion
Or
Amount qf solute/Amount of soluvernt

Semice



There are varlous ways of expressing the
concentration of a scohution, but here we will
learn only two methods.

il Mass by mass percentage of a solution
_ Masa of solute
" Mass of solution

(i) Mass by volume percentage of a sohution

_ Masaof sohute
Vdume of soluticn

=100

=100

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
aolution.

Solution:

Mass of sohute (salt) = 40g
Mass of solvent (water]= 320 g
We know,
Mass of zolution = Mass of sclute +
Mass of solvent
=40 g+ 320¢
=360¢g

Mass percentage of sclution

B Mass of solate -
Massof sohntion

=20 L 100-11.1%

360

2.2.2 What is a suspensions

Non-hamageneous systems, ke those
obtained by group C in activity 2.2, in which
solids are dispersed in liguids, are called
suspensions. A suspension is a heterogeneous
mixture in which the schite 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 hetercgeneous
mixture.
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» The particles of a suspension can be
seerl by the naked eve.

+ The particles of a suspension scatier a
beam of light passing through it and
make its path vizible.

» The solate particles seitle down when
a suspension is left undisturbed, that
i, a suspension iz unstahle. 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 ISA COLLOIDAL SOLUTIONE

The mixture obtained by group D in activity 2.2
is called a colloid or a colloidal sclution. 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 colloldal schation
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 secattering of a beam of ight is called
the Tyndall effect after the name of the
sclentist who discovered this effect.

Tyndall effect can alsobe observed whena
fine heam of light enters a room through a small
hole. This happerns due to the scattering of light
by the particles of dust and smoke in the air,

Palh of
ag) e
Torch becomes
visihle
e
{a) [s]]

Fig, 2,3: () Solufion of copper sudphate does ot show
Tynedall effect, (b} mixture of woter and milic

showrs Tyndall effect.
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Tyndall effect can be cbserved when
surilight passes through the canopy of a dense
forest. In the forest, mist contains tiny droplets
of water, which act as pasticles of colloid
dispersed in air.

Fig. 2.4: The Tyndell &ffect

Properties of a colloid

A colleid is a heterogeneous mixiure,
The size of particles of a colloid 1s toe
small to be ndividually seen by naked
eyes,

+ Colloids are big encugh to scatter a
beam of light passmg through it and
make its path visible.

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

» They canmot be separated from the
mixture by the process of filltration. 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 sohuticn are
the dispersed phase and the dispersion
medium. The solute-like component or the
dispersed particles in a colleid form the
dispersed phase, and the componert in which
the dispersed phase is suspended is known
as the dizpersing medium. Colloids are
classified according to the state [solid, liguid
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.

pestions

1. [Hfferentiote behreen homogen-
eous and heterogensous mixtures
with examples.

2, How are sal, solution and
suspension different from each
cther?

3. To moke a safurafed sclution,
36 g of sodium chloride is dissolved
in 100 g of water at 293 K.
Find {ts concentration at this

temperdaiure,

Table 2.1: Common examples of colloids

Dispersed
phase

Liquid Gas Aeroscl Fog, clouds, mist

Solid Gas Aerasal Smoke, automaobile exhaust

Gas Liguid Foatm Shaving cream

Liguid Liquid Emulsion Milk, face cream

Solid Liguid Sol Milk of magnesia, mud

Gas Salid Foam Foam, rubber, spange, pumice
Liguid Solid Gel Jelly, chieese, butter

Solid Solid Solid Scl Coloured gemstone, milky glass
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2.3 Separating the Components
of a Mixture

We have leamit that mast 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.

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

23.1 How CAN WE OBTAIN COLOLRED

COMPONENT (DYE) FROM BLUE/
BLACK INK?

2.4

Activity

» Fill half a heaker with water,

s  Putawatch glass on the mouath of the
beaker (Fig. 2.5).

¢  Putfew drops of ink gn 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 glazs,

= Continue heating as the evaporation
goes om and stop heating when you do
not  see any further change on the
watch glass,

$ Ohserve carefully and record your
observations.

FVapm:rs
Ink

Fig. 2,5: FEpaporafion
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Now answer
® What do you think has got evaporated
| _rom the watch glass?

& |5 fhere drestdie on the waitch gqlass?

* What is your inferprefation? Is ink a
single substfance (pure} or is if 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 teirta packs In the market. These

varieties of milk contain different amounts
of fat,

2.5

W  Take some full-cream milk in a test

Activity

tube.

K Centrifuge it by using a centrifuging
machine for two minutes. If a
centrifuging machine iz ngt available
in the school, you can do this activioy
at home by using a milk churner, used
in the kitchen.

» Ifyou have a milk dairy nearby, vizit it
and ask (il how they separate cteam
from milk and (] how they make
cheese [paneer) from milk.

Now answer
®  Whot do you observe on churning the
milic?
» Explain how fthe separafion of cream
| from o mdlk fakes place.,

Sometimes the solid particles in a lguid
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 cenirifugation. The principle
is that the denser particles are forced to the
bottom and the lighter particles stay at the
top whet spun rapidly.

Applications

=  Used in diagnostic laboratories for
blocd 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?

Activity 2.6

o Let us try {0 Separate kerosene oil
from water using a separating funnel.

& Ppur the mixture of kerosene @il and
water in a separating funnel (Fig. 2.6).

. Let it stand undisturbed for Sometime
s0 that separate layers of ofl and water
are formed.

*  Open the stopoock of the separating
funnel and pour out the lower layer of
water carefully,

& Cle=e the stopcock of the separating
funnel as the oil reaches the Stop-onck.

Scparating

funnel

Kernrene ol

—— Lotk

Fig. 2.6: Separation gf immiscibie liquids
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Applications

1 Taoseparate mixture of ofl and water,

’ In the extraction of iron from 12 ore,
the Hghter slag 13 removed from the
top by this method to leave the molten
irom at the bottom in the fumace.

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

2.3.4 How CAN WE SEPARATE A MIXTURE
OF SALT AND AMMONIUM CHLORIDES

We have learnt in chapter 1 that ammonium
chloride 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
(salt in this case], the sublimation process is
used [Fig. 2.7). Some examples of solids which
sublime are ammaenium chloride, camphar,
naphthalene and anthracene.

Cottor plug

—— ltrveried uomel

Snlidtfed
Aammonam
chloride

MiRtute of
ATNTAOIILI
chloride and sall

e 4 Chima dint

Fig, 2.7: Separation of ammaorium chioride and salé
b suBlimeation
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2.3.5 Is THE DYE IN BLACK INK A SINGLE
COLOURF

Activity 2.7
Take a thin strip of filter paper.

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

. Put a small drap of ink [water soluble,
that iz, from a skeitch pen or fountain
pen) at the centre of the line, Let it diy.
- Loawer the filter paper into a jar/glass/
beaker/test tube containing water So
that the drop of ink on the paperis just
abowe 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,
Gilass rod
Paper olips
Sirip ol Qlier — Jar
paper Strip of Llier
praper
- Line: drawm T Spol ol ink
™= il
by pon Water
) upil of ink b

Fig. 2.8: Separafion of dyes in Black ink using
chramaingraphiy

Now answer

B What do iyou observe on the fifter paper
s the wdter rises on 47
Do youl obfain different colouwrs on the

t filter paper strip?

& What gecording to you, con be the
reason for the rise of the coloured spot
ont the paper sfrip?

The ink that we use has water as the
solvent and the dye 1z 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
componerit that is more sohible in water, rises
faster and in this way the colours get
separated.
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This process of separation of components
of a mixture is known as chromatography.
Kroma in Greek means colour. This technigue
was first used for separation of colours, so
this name was given. Chromatography is the
technique used for separation of those solutes
that dissclve in the same solvernt.

With the advancement in technology,
newer technigques of chrematography have
been developed. You will study about
chromatography in higher classes.

Applications

To separaie

+  golours in a dye

+  pigments from natural colours
s drugs from blood.

2.3.6 How CAN WE SEPARATE A MIXTURE
OF TWO MISCIRLE LIQUIDST

Activity 2.8

i Letus try to separate acetone and water
from their mixture,

. Take the mixture in a distllation flask.

" Fit it with a thermometer.

d Arrange the apparatus as showm in

[ ]

Fig. 2.0.

Heat the mixture slowly keeping a close
watch at the thenmometer.

] The atelome vaporises, Oimdenses in
the condenser and can be collected
from the condenser cutlet,

. water 15 left behind in the distillation

Cold waler in

Accione—1

PFig 2. 9: Separation of twa miscible liquids by
distillation
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Now answer

"  What do you ohserve as yoil start
heafing the mixture?

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

=  What is the bolling point of acetone?
=  Why doithe two components separate?

Thi= method is called distillation. 1t is used
for the separation of components of a mixture
containing two miscible liquids that boil
without decompositiorn and have sufficient
difference in their boiling points.

To separate a mixture of two or more
miscible liguids 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 producis
ete. The apparatus 1s similar to that for stimple
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 heads. The beads provide
surface for the vapours to cool and condense
repeatedly, as shown in Fig. 2.10.

=L
Cla.rup/

FrarUcnating= @
volamm

Pure Hguld
compewicit

Filg. 2.10: FrocHonal distillotton

2.3.7 How CAN WE OBTAIN DIFFERENT
GASES FROM AIR ¢

Alr 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 tempcrat[::e

Liquid Air

Allow to wmarm up slowly in
fractinnal distllaticn eohamn

Garca gel. scparaled al dillereni, heighls

CRyHEen Argnn | Nitrogen
Boiling Poinl. [(*C} -183 -186 196
% Al by Volhome ans 0.9 a1

Fig. 2.11: Flow diagram shows ithe process of
obtatning goses fram 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 coocled
by decreasing the temperature to get liguid
air. This liquid air is allowed to warm-up
slowly in a fractiomal distillation coluimmn,
where gases get separated at different heights
depending upon their boiling points.

Angwer the following:

»  Arrange the gases present in air in

increasing order of thetr bolling points.
»  Which gas forms the liguid first as fhe
air 1s cooled?

Scmice



Water cut

Cathiery

as diy ice
Fraezing
cold
water i1

Cold compressed air

" dioxide out -

Fracrional
diatillaticm
column

Argan aul =

=

Fig. 2.12: Separation af components af air

2.3.8 How CAN WE OBTAIN PURE COPPER
SUTPHATE FROM AN IMPIU/RE SAHPLE?

Actuvity 2.9

Take some [approadmately 5 g) iImpure
sample of copper sulphate in a china
dish.

Mszolve 1t In minimum amount of
wateT.

Filter the impurities out.

Evaporate water from the copper
sulphate solution 50 as to get a
saturated solution.

Cover the solution with a filter paper
and leave it undisturbed at room
temperature to cocl slowly for a day.
You will gbtain the crystals of copper
sulphate in the china dizh.

Thiz process is called crystallisation,

Now answer

What do you observe in the china dish?
Do the crystals ook alike?
Howr will you separate the crystals from
the liquid in the china dish?

The crystallisation method is used to

purify sclids. For example, the salt we get
from sea water can have many impurities in
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it. To remove these impurities, the process of
crystallisation is used. Crystallisation 1z a
process that separates a pure solid in the form
of its crystals from a sclution. Crystallisation
technique is better than simple evaporation
technique as -
* some solids decompose or some, like
sugar, may get charred on heating to

drymess.

* some impurities may remain dissclved
in the selution even after filtration, On
evaporation these contaminate the

saolid.
Applicationa
*  Purification of salt that we get from sea
water.

v  Separation of crystals of alum [phitkar)
from impure samples.

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

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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Fig. 2.13: Waier purffication system in wafer warks

uestions

1. How will you separate a mixture
confaining kerosene and petrol
{difference in their boifing points
1= more than 257C) which are
miscible with each other?

2. Name the technigue to separate

fi} butfer from curd,
fil} scli from sea-bater,
(it} comphor from sait,

3. What type of mixtures are
separated by the fechnigue aof
crystaflisation?

2.4 Physical and Chemical
Changes

To understand the difference between a pure
substance and a mixture, let us understand
the difference between a physical and a
chemical change.

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

The interconversion of states is a physical
change becanse these changes oceur without
a change in composition and no change in
the chemical nature of the substance.
Although ice, water and water vapour all lock
different and display different physieal
properties, they are chemically the same,
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Both water and cooking oil are ligqudd but
thetr chemical characteristics are different.
They differ in odour and inflammability. We
lmow that oil burns in air whereas water
extinguishes fire. It is this chemical property
of ¢il that malkes 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 alzo called
a chemical reaction.

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

nestions

1. Classify the following as
chemieal or physical changes:
autting of frees,
melting of butfer in o parn,
rusting of almirah,
boiling of water to form sfeamn,
passing of electric current,
throwgh water and the waier
breaking down info hydrogen
and axygen goses,
* dissolving common salt in
Lcater,
»  making a frulf salad wiith row
ifts, and

s buming of paper and wood,

2, Try segregating the things
around you os pure substances
oFr RUxtires.

Scmice



2.5 What are the Types of Pure
Substances?

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

2.5.1 ErEMENTS

LRobert Bovle was the first scientist to use the
term element in 1661. Antoine Laurent
Lavoisier [1743-24), 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 subsiances 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 alastre (shing),
*  They have silvery-grey or golden-yellow
colour.
They conduct heat and electricity,
They are ductile (can be drawn into

wires).

* They are malleable [can be hammered
into thin sheets].

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

Examples of metals are gold, silver, copper,
iron, sodium, potassium eic, Mercury is the
anly metal that i= Hguid at room temperature.

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

» They display a variety of colours,

» They are poor conductors of heat and
electricity.

* They are not lustrous, sonorous or
malleable.

Examples of non-metals are hydroger,
oxygen, iodine, carbon [coal, coke),
hromine, chlorine ete. Some elements have
intermediate properties hetween those of
metals and non-metals, they are
called meialloids; examples are boron,
silicon, germanium ete,

is MarTEr Ararwn U's PURE

* The number of elements knowmn at )

present are more than 100,

Ninety-two elements are naturally

occurring and the rest are man-

made.

Majority of the elemernts are solid.

Eleven elements are in gaseous

gtate at room temperature,

= Two clements are lHguid at room
temperature—-mercury  and
bromine.

¢ Elements, gallium and cesium
kecome Hguid at a temperature
slightly abave room temperature

(303 K], P,

More to know

2.5.2 CoMPOUNDS

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

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

Activity 2.10

l"' Divide the £1ass into two groups. Give
5 g of irgn filings and 3 g of sulphur
[fu powder in a china dish te boih the
. groups.
Group I
«  Mixand crush iron flings and sulphar
powder.

Gronp II

&  Mix and crush iron Alings and sulphar
powder, Heat this mixture stromgly till
red hot. Remove from flame and et the
mixture cool.

Groops I and IT

8  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 ohtained by the groups,

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

¥ Add dilute sulphurie acld or dilute
hydrochlgric acid to the other part of
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Table 2.2: Mixtures and Compounds

Compounds

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

2. A mixture has a variable composition.

3, A mixture shows the properties of the
constitnent substances.

4. The constituents can be seperated
fairly easily by physical methods.

the material obtalned.(Note: teacher
supervision is necessary for this
aciiriyl.

v Perform all the above steps with both
the elements [(iron and sulphur)

Separately.
Now answer
®  Did the moterial ebtatned by the Tweo
groups lock the same?
&  Which group has ebfained o maferial
With magnetic properiles?

*  Can e separefe the components of the
material obtalned?

&  On adding dilude sulphuric acld or
ditute hydrochloric acid, did both the
groups obiain a gas? Hd the gos n

| both the cases smell the same or
l_| 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 11is hydrogen sulphide. It is a colourless
gas with the smell of rotten eggs.

==

I
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1. Elements react to form new componingds.

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

3. Thenew substance has totally different
properties.

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

You must have obzerved 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 1 is a
mixture of the two substances. The
subsiances given are the elements—iron
and sulphuor,

* The properties of the mixhare are the
same as that of fts constituents.

s« 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 thronghout. 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 matier in the
following graphical organiser:

Semice
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for exaunple, sand and
salt, sugar and salt,
water o odl ete.
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S What
you bave

¢ AL

s

is MarTEr Araiwn U's PURE

learnt

A mixiure contains more than one subhstance (element and for
compoundd) mixed in any propartion.

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 sclution is the amount of schute present
per unit velume or per unit mass of the solution/sclvent.
Materials that are inseluble in a solvent and have particles
that are visible to naked eyes, form a suspension. A suspension
is a heterogeneous mixture,

Collolds are heterogenecus mixtures in which the particle size
is too small to be seen with the naked eye, but is big encugh 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 ferm of matter that cannot be broken down by chemical
reacticns into simpler substances. A compound is a substance
composed of two or mere different types of elements, chemically
combined in a fixed propertion,

Properties of a compound are different from its constitnent
elements, whereas a mixture shows the properties of its
constituting elements or compeunds,




N Exercises

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

[a} Sodium chleride from its selution in water,

(bl Ammonium chloride from a mixture containing sodium
chleride and ammaniam chloride.

{(c) Small pleces of metal in the engine oll of a car.

(d) Different pigments from an extract of flower petals.
{e]l Butter from curd,

ifl] Oil from water.

(g) Tea leaves from tea.

{h) TIren pins from sand.

(il Wheat grains from husk.

(j1 Fine mud particles suspended in water.

2. Write the steps you would use for making tea. Use the words
solution, solvent, solute, dizsolve, 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 forin a saturated solution).

| Substance Dlsaulvedl Temperature in K
2E3 283 313 333 363
Solubility
Potassigin nitrate 21 32 G2 106 167
Sodium chloride | 36 26 26 37 37
Paotassium chloride | 35 a5 490 46 54
Ammonium chleride = 24 | 37 | 41 | 55 | 66

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

(bl Pragya makes a saturated solution of potassium chloride
In water at 353 K and leaves the solution to cocl at room
temperature. What would she ohserve as the sclution
cools? Explain.

lc) Find the solubility of each salt at 293 K, Which salt has
the highest sclubility at this temperature?

{dl What is the effect of change of temperature on the
solubility of a salt?
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10.

Explain the fellowing giving examples,

[al saturated solution

(b) pure substance

[c] collaid

(d) suspension

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

soda water, woad, 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
) Milk
[l  Tron

(d) Hydrochloric acid
[e] Calclum oxdde

il  Mercury
(g) Brick

(h} Wood

i) Air

Identify the selutiens among the following mixtures.
[al Saoil

M Sea water

e} Ailr

(d} Coal

(e} Soda water.

Which of the following will show “Tyndall effect™?
(a} Salt sclution

(b} Milk

ic} Copper sulphate solution

(d} Starch selution.

Classify the fellowing into elements, compounds and
mixtures.

(a} Sodinm

(b} Soil

(¢} Sugar solution

[d} Silver

[e}] Calcium carbonate
fl Tin

ig} Sillcon




(h] Coal

(i) Air

(i) Soap

(k)] Methane

(11 Carbon dioxide
im] Blood

11. Which of the following are chemical changes?
[a} Growth of a plant
(bl Rusting of iron
lc] Mixing of iren fiings and sand
{d) Cocking of food
[e)] Digestion of food
() Freezing of water
() Burning of a candle.

Take an earthen pot [(muitka), some pebbles and sand. Design a

small-seale filtration plant that you could use te clean muddy
water.
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Chapters

ATtoms aNnD MoLECULES

Anglent 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,
arcund 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 time will
come when we shall come across the smallest
particles beyond which further division will
not be possible. TTe named these particles
Parmanuw. Another Indian philosopher,
Pakudha Katyayama, elaborated this docirine
and =said that these particles normally exist
in a combined formm 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. Demacritus 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 sighteenth century.

By the end of the eighteenth century,
gcientists recoginised the difference between
elements and compounds and naturally
became interested in finding cut 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 Lawsof Chemical Combination

The following two laws of chemical
combinaticn were established after much

experimentations hy Lavoisier and

Joseph L. Proust.
3.1.1 LAW OFCONSERVATION OOF MASS

1= there a change in mass when a chemical
change [chemiecal reaction) takes place?

Activity 3.1
»  Take one of the following sets, X and Y
of chemicals—
X 4
il ocopper sulphate z0dium carbonate
i) barlum chloride sodium sulphate

[711] lead nitmate godivum chilgride

®  Prepare separately a 5% solution of any
one pair of substances listed under X
and ¥ in water,

&  Take a little amount of solutdon of ¥ in
a conical flagk and some soluton of X
in an igniden tube.

» Hang the igniton tube in the flask
carefully; see that the solutions do nat
get mixed. Put a cork on the flask
(see Fig. 2.1].

7

o

Fig. 3. 1: Ignitlon Gibe confaining sofutlon of X, dipped
in a contcal flask contalning soluton of ¥,



s Weigh the flask with its contents

carefully.

*  Now tilt and swirl the flask, so that the
salutions X and Y get mixed.

*  Weipgh again.

*  What happens in the reaction flask?

# Do you think that a chemical reaction
has taken place?

*  Why should we put a cotk on the
mouth of the flagk?

. Does the mass of the flask and it=
contents change?

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

3.12 LAaw OF CONSTANT PROPORTIONS

Lavoisier, along with ather sclentists, 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
i= always 1:8, whatever the source of water.
Thus, if & g of water is decomposed, 1 g of
hydrogen and 8 g of oxygen are always
obtained. Similarly in atnmonia, nitrogen and
hydrogen are always present in the ratia 14:3
by mass, whatever the method or the source
from which it is obtained.

This led to the law of constant proportions
which is alze known as the law of definite
proportions, This law was stated by Proust
as “In a chemical substance the elements are
always present in dgfinite proportions by

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.
Daltom picked up the idea of divisibility of
matter, which was till then just a philosophy.
He took the name ‘atomns’ as given by the
Greeks and said that the smallest particles
of matter are atomns. His theory was based
on the laws of chemical combination. Daltorn's
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atomic theory previded an explanation for the
law of 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, Datton
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 atoimic theory, all
matter, whether an element, a compound or
a mixture is composed of small particles
called atoms. The postulates of this theory
may he stated as follows:

il Al matteriz made of very tiny particles

called atoms,

(ii] Atoms are indivisible particles, which
cannct be created or destroved 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 ratic of small
whole numbers to form compounds.

{vl) The relative number and kinds of
atoms are constant in a given
cormpound.

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

uestions
1. In a reaction, 5.3 g of sodium
carbonate redcted with 6 o of
ethaneic acid. The products were
2.2 g of carbon dioxide, 0.9 g

water and 8.2 g of sodium
ethanoate. Show that these

Scmice



observations arg in agreement
wiith the law of conservation of
MOSS,

sodium corbonats + ethonoic acid
— sodium ethanoate + carbon
dioxide + water

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

3. Which postulate of Dalton’s
atomic theory is the resulf of the
lmir of conservation of mass?

4. Which postulate of Dalton’s
atornic thaory can explain the law

af definffe proporfions?
32 Whatis an Atom?

ITave you ever observed a mason building
walls, from these walls a room and then a
collection of reoms to forin a building? What
is the building black of the huge building?
What about the building block of an ant-hill?
It is a small grain of sand. Similarly, the
huilding 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 = 1 nm
lm = 10fnm
Relative Sizes
Radii [in m] Example
1019 Atom of hydrogen
1072 Molecule of water
107 Molecule of haemoglohin
1072 Grain of sand
10 Ant
10t Watermelon

Amoms axnn MOLDTaEs

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 ahle to
see them, but they are there, and constantly
affecting whatever we do. Through modern
techiiques, we can now produce magnified
images of swrfaces of elements showing
atoms.

Fig. 3.2: Animage of e surface of silicon

321 WHoAT ARE THE MODERN DAY
SYMBGLS OF ATOMS OF DIFFERENT
ELEMENTSS

Dalton was the first scientist to use the

symbals for glements in a very specific sense.

When he used a symbol for an element he

also meant a definite quantity of that element,

that 1z, one atom of that element, Berzllius
suggested that the symbols of elements be

made from one or two letters of the name of
the element.

©
@
©
@) ow

Fig. 3.3: Symbols for some elemenis as proposed by
Daiton




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 Undon of
Pure and Applied Chemistry] approves names
of elemernts. Many of the symbols are the first
one or two letters of the element's name in
English. The first letter of a symbal is always
written as a capital letter [uppercasze) and the
second letter as a small letter [lowercase).

For example

fil hydrogen. H
(il aluominium, Al and not AL
(1if] eabalt, Co and not €O,

Symbols of same elements are formed
from the first letter of the name and a letter,
appearing later in the name. Examples are:
(i] chlorine, €1, fi) zinc, Zn ete.

{Other symbaols have been taken from the
names of elements in Latin, German or Greek.
For examyple, the symbol of iron is Fe from its
Latin name ferrum, sodium is Na from
natrium, potassium is K from kallum,
Therefore, each element has a name and a
unigue chemical syimbol.

the passage of time and repeated usage you
will antomatically be able to reproduce the
gymbaols),

3.2.2 ATOMIC MASS

The maost remarkable congept that Dalton's
atomic theory proposed was that of the atomic
mass. According to him, «ach element had a
characteristic atomic mass. The theory could
explain the law of constant proporticns so
well that scientists were prompted to meastire
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 (C0) 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 “u' — unified mass) as equal to the
mass of one carbon atom, then we would

Table 3.1: Symbols for some elements

Element Symbol Element Syrabwal
Aluminium Al Copper Cu Nitrogen N
Argon Ar Flhuorine F Oncygen o
Barjium Ba Gold An Potassiium K
Boron B Hydrogen H Silicon Si
Bromine Br Tading I Silver Ag
Caletum Ca Iran Fe Sodium Na
Carbon C Lead ' Sulphuar 5
Chlorine Cl Magnesium Mg Uraniium LN}
Cobalt Cao Neon Ne Zine 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
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assign carbon an atomic mass of 1.0 u and
oxXygen an atomic mass of 1.33 u. However, it
is more convenient to have these numbers
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as whole numbers or as near ic a whole

numbers as possible. While searching for

various atomic mass units, scientists initially

tock 1716 of the mass of an atom of naturally

occurring oxygen as the unit, This was

considered relevant due to two reasons:

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

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

ITowever, in 1261 for a universally
accepted atomic mass unit, carbon- 12 isctope
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. Tle takes a
watermelon and says, “this has a mass equal
to 12 units” (12 watermelon units or 12 frait
mass units). He makes twelve equal pieces of
the watermelom and finds the mass of each
fruit he i= 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.

(=} =]

-

[}

[

Fig. 3.4 : [n) Watermelon, (b 12 pleces, [c} 1712 of
waatermelon, fd} how the frul seller can
ureigh the frudis using pieces of ualermelon

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

ATOMs AND MOrmarEs

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

Atomic Mass [u)

3.23 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.

uestions

1. Define the ctomic mass untf.
2. Why is it nof pussible fo see an
atom with naked eyes?

3.3 What is a Molecule?

A molecule iz in general a group of two or
maore atoms that are chemically honded
together, that is, tightly held together by
attractive farces. A molecule can be defined
as the smallest particle of an element or a
compound that 1s capable of an iIndependent
existence and shows all the properties of that
substance. Atoms of the same element or of
different elements can join together to form
maolecules.




3.3.1 MoiECULES OF ELEMENTS

The molecudes of an element are constituted
by the same type of atoms. Molecules of many
elements, such as argon (A1), helinm [He) etc.
are made up of only ane atom of that element.
But this 1z not the case with most of the non-
metals. For example, a meolecule of oxygen
consists of two atoms of oxygen and hence it
is known as a diatomic molecule, Q. Tf 3
atoms of oxygen unite into a molecule, instead
of the usual 2, we get ozone. The number of
atoms constituting a molecule is knowi as
its atomicity.

Metals and some other elements, such as
carbon, da 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
nen-metals,

Table 3.3 : Atomicity of some

elements

Name

Type of

Element

Atomicity

Non-Metal Argon Moneatomic
Heliuum Monoatomic
Oooygen Diatomic
Hydrogen Diatomic
Nitrogen Diatomic
Chlorine Diatomic
Phosphoruz Tetra-atomic
Sulphur Foly-atamic

3.3.2 MoLECULES OF COMPOUNDS

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

b

Table 3.4 : Molecules of some
compounds

Compound | Combining

Elements

Water Tlydrogen, Oxygen  1:
Ammaonia Nitrogen, Tlydrogen  14:3
Carbon

digxide Carbon, Oxygen 3:8
Activity 3.2

»  Refer wo Table 3.4 for rato by mass of
atpms present in malecules and Table
3.2 for atomic masses of elements. Find
the ratio by number of the atoms of
elements in the moleculez of
compounds given i Table 3.4,

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

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

maes
|
H I 1 T=I 2
g 1
) 8 16 —_——= i
18 12

#  Thus, the ratio by number of atoms for
water is H:0 = 2:1,

3.3.3 WHAT IS AN JON?

Compounds composed of metals and non-
metals contain charged species. The charged
species are knowi as ions. Andon is a charged
particle and can he negatively or positively
charged. A negatively charged ion is called
an ‘anicn’ and the positively charged ton, a
‘catlon’. Take, for example, sodium chloride
(NaCl). Its constilnent particles are positively
charged sodinm ions [Na*) and negatively
charged chloride ions (CH. Ions may consist
of a single charged atom or a group of atoms
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that have a net charge on them. 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

Constituting | Ratio
Elements

3.4 Writing Chemical Formulae

The ¢hemical formula of & compound 1s a
symbalic representation of its composition.
The chemical formulae of different
compounds can be written easily. For this

exercize, we need to learn the symbols and
combining capacity of the glements.

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

Human beings have two arms and an
octopus has eight. If one actapus has to catch
hold of a few people in such a manner that
all the eight arms of the octopus and both
arms of all the huinans are locked, how many
humans do you think the octopus can hold?
Represent the octopus with O and humans
with T1. Can you write & formula for this
combination? Do you get OIT, 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
valengy in the next chapter,

Table 3.6: Names and symbols of some lons

Nan- Symbol Polyatomig Symbol
metallic lomi
element
L. Sodium Na* Hydrogen H* Ammoninm NH;
Potassinm K+ Hydride H Hydroxide OH-
Silver Ag Chloride Cl- Nitrate NO. -
Copper [I}* Cu* Bromide Br Hydrogen
Todide I carbonate 11CQ;
2. Magnesium Mg+ Oxide O Carbonate Co*
Calcium Ca* Sulphide 5* Sulphite S50,%
Zine Zn** Sulphate S0,*
Iron [ID}* Fet+
Copper (ITj* Cu*
3. Aluminium AP Nitride N> Phosphate PO,*
Iran (11D* Fe?+

T Bome elements show more han one valency, A Roman numeral shows Hheir valency in o brocke!.
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The Tules that yoeu have to follow while writing

a chermnical formula are as follows:

» the valencies 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:
calecium oxide [Ca(), sodinm chloride
[(NaCl), iron sulphide [FeS), copper oxide
(Cu0) ete., where oxygen, chlorine,
sulphur are non-metals and are written
cn the right, whereas calcinm, sodinm,
iron and copper are metals, and are
written on the lett.

*»  incompovmds formed with polvatormic ions,
the icn is enclosed in a bracket before writing
the number to indicate the ratio. In case the
number of polyatotde 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 formmilae for
compounds, we write the constituent
elements and their valencies as shown below.
Then we must crossover the valencies of the
combining atoms.

Exavipies
1. Formmla of hydrogen chloride

Symbol H Cl

Valency | |
Forimila of the compound would be HCL
2. Formula of hydrogen sulphide
Symbol H S

Valency 1 2
Formula : H.S

3. Formula of carbon tetrachloride

Symbol C Cl

Valency 4 1
Formmula : CCI,

For magnesium chloride, we write the
symbol of cation (Mg first followed by the
gymbol of anion [CH). Then their charges are
criss-crossed to get the formula.

4, Formula of magnesitim chloride

Symbol Mg cl
Charge 2+><1-

Formula : MgCl,

Thus, 1 magnesium chloride, there are
two chloride ions (Cl) for each magnesiim
ion [Mg2+). The positive and negative charges
must balance each other and the overall
structure must be neuiral. Note that in the
formula, the charges on the ions are not
ndicated.

fiome more examples
fa) Formula for alummium oxide:

Symbol Al 0
Charge 3+><2-

Formula : ALO,

[b) Formula for calcinm oxide:
Symbal Ca 0

Charge 2+ 2-

Here, the valencies of the two elements
are the same. You may arrive at the formula
Ca 0,. But we gsimplify the formula as CaO.
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{c] Formula of sodinm nitrate:

Symbhol/
Formula Na NO,
Charge 1+ 1-

Formula : NaNDa

{d) Formula of calcium hydrexide:
Symbol/ o, oy

Farmmula ><
Charge a2, 1-
Formula : CalOH],

MNote that the formula of calcium
hydroxide iz Ca{OH), and not CaOH,. We use
brackets when we have twa or more of the
same ignz in the formula, Tlere, the bracket
arpund OTl with a subseript 2 indicates that
there are two hydroxyl (OTT) groups joined to
ane caletum atom. Tn other words, there are
two atoms each of oxygen and hydrogen in
calcium hydroxide.

(e] Formula of sodium carbonate:

Symbhal/
Formula e Oy

Charge 1+ 2-
Formula : NaECDE

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

{f) Formula of ammonium sulphate:
Formmula NH, 50,

Charge 14+ 2.
Formula : [NH ) SO,

uestions

1. Write dowum the formutoe of
il  =odium oxide
i aluminium chioride
it} scdium suphide
fir} magnesium hydroxide
2. Write doun the names of
compounids represented by the

ATOMs AND MOrmarEs

Jollawing formulas:
) ALISO,J,
fii Call,
i) K,SO,
fiv) KNO,
v} CaCo..
3. What is meant by the term
chemieal formuia?
4. How many afoms are present ina
it HS molecule and
fiff PO/ ion?

3.5 Molecular Mass and Mole
Concept

3.5.1 MoOLECULAR MASS

In section 3.2.2 we discussed the concept of
atomic mass. Thiz coneept can be extended
ta calculate malecular masses. The molecular
massz of a substance 1z the sum of the atomic
masses of all the atoms in a molecule of the
substance. It is therefore the relative mass of
a molecule expressed in atomic mass writs ().

Example 3.1 [a) Calculaie the relative
malecular mass of water (I11,0].
[b] Calculate the molecular mass of

HNO,.
Solution:
fa) Atomic mass of hydrogen = I,
oxygen = 16

So the molecular mass of water, which
containg two atoms of hydrogen and
cne atom of oxygen is = 2 x 1+ 116
= 181

{(b) The molecular mass of HNO, = the
atomic mass of IT + the atomile mass of
N+ 3 » the atomic mass of O

=1+14+48=631u

3.5.2 FORMUIA UNIT MASS

The foormmuala unit ma=s 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 manmer as we calenlate
the molecular mass. The cnly difference is that
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we use the word formula unit for those
suhstances whose constituent particles are
ions. For example, sodium chloride as
discussed above, has a formula unit NaCl. Tis
formula unit mass can be calculated as—
1x23+1x355=085u

Example 3.2 Calculate the formula wrdt .
mass of CaCl,.

Solution;

Atomic ma=s of Ca
+ [2 x atomic mass of Cl)
=40 +2x35.5=4D+71=1111

nestions

1. Calculate the molecular msses
of H, 0, ClL, C0O, CH, CH.
C,H, NH,, CH,0H,

2. Calculate the formula unit
masses of Zn0, Na,0, K.CO,,
given ditormic masses of Zn = 85 .,
No=23uy K=39y C=12y,

3.5.3 MoiLE CONCEPT

Take an example of the reaction of hydrogen
and oxygen to form water:

211,+ 0, - 211,0.

The above reaction indicates that
il two molecules of hydrogen combine
with one molecule of oxygen to form
two molecules of water, or
{iil 4 u of hydrogen molecules combine
with 32 1 of oxygen molecules to form
36 u of water molecules.

We can infer from the above equation that
the guantity of a substance can he
characterised by its mass or the nmumber of
molecules. But, a chemical reaction egquation
indicates directly the namber 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
muarmmber of its molecnles or atoms, rather than
their masses. 50, a new unit “mole” was
intraduced. One mole of any species (atoms,

12 g nf eathon atinia

~\

12 of H atouna

\

and O = 16 .
1 mole of cadwen
atoms
6,022 % 107 ploms ol O
1 maole of
hydrogen atems
6,022 x 10" atnma of 2
1 owile
of ary particle

[atoms, molectles, lons)

G022 107
nithmbet of that patticle

Helplive mesa of Lhose
parlivles in grame

1 male of
mealecnles

6,022 « 10 numbers
of maoleculea

Molecular 1nass ity
SEams

Fig, 3.5: Reiationship befipeen mofe, Avegadro ruumber and mass
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molecules, lons or particles) is that gquantity
in number having a mass equal to its atomic
or molecular mass in grams.

The nuunber of particles (atoms, molecules
or lons) present in 1 mole of any substance
is fixed, with a value of 6.022 x 10* This is
an experimentally obtained wvalue. This
number iz called the Avogadro Constant or
Avogadro Number frepresented by N,J, named
in honour of the Italian scientist,
Amedeo Avogadro.

1 male (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 i3 also fixed.

The mass of 1 mole of a suhstance 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 v’ to 'g.
Molar mass of atoms is also known as gram
atomic mass. For example, atomic mass of
hydrogen=11u. So, gram atomic mass of
hydrogen =1 g,

1 u hydrogen has only 1 atom of hydrogen
1 g hydrogen has 1 male atoms, that 1s,
6.022 x 10%7 atoms of hydroger..

Similarly,

16 1 oxygen has only 1 atom of axygen,
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 moleculs, we keep the mumerical
value the same as the malecular mass, but
simply change units as above fromu 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 10*® molecules of water.

Chemists need the number of atoms and
molecules while carrying out reactions, and
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for this they need to relate the mass in grams
to the number. It is done as follows:
1 mole = 6.022 x 107 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 suhstance may he 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.

Expmple 3.3
1. Caleulate the mumber of moles for the
following:
i} 52 g of He [finding mole from
mass]
[ii] 12.044 x 10%number of He atoms
(finding mole from number of
particles).

Solutions:

Nao. of moles

(lven mass

Molar mass

Given number of particles
Avogadro number of particles

i) Atomic mass of Tle
Malar mass of Tle

¢ A=Z3

Thus, the number of moles
given mass
molar mass

m 52

13
M 4

[ii} welmow,
1 mole = B.022 » 1D
The nurmbher of males
glven number of particles
Avogadronumber

12,044 107

n N
N, 6022 107
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Ezample 3.4 Calculate the mass of the

following:
{il 0.5moleof N gas(massfrom mole
of molecule)
[li] 0.5 mole of N atoms [mass from
male of atam)

[{ii] 35.011 x 107 number of N atoms
[mass from number)

[v] 6.022 x 10 number of N,
molecules [mass from number)

Solutions:

il mass = molar mas=s x number of
males

m M n 285 0.5 1l4g

liil mass = molar mass » number of
moles
=m=Mxn=14x05=7¢g

[iii] The number of moles, n

gwennumberolparticles N
Avogadmo number N

0

3.011 10®
£.029 107
3.011 10"
m M n 14 ————
6.022 10*
14 05 7g
fiv)
n
s
I N . 6,022 mﬂ
N, 6.092 10
28 1 28 ¢

Solutions:

1] Themimberof atoms
Eivenmass

Avogadro marmber
molar mass

N N,

m
H o
4

N — 8022 10

N 12044 10%
(if] The number of molecules

pivenmass

Avogadro number
molar mass

m
N — N,
M

alomic massol oxygm 16u

- maolar mass of O, molecules
=16x 2 = 32g
B

N — &.022 10°
32

N 15055 10°°
=151 10**

(iil] The number of particles (atom) =
number of moles of particles x
Avogadro number
N=n%x Nﬂ= 1 x 6022 x 1023

=5.022 % 1022

Example 3.5 Calculate the number of
particles in each of the

followmg:
i) 46 g of Na atoms (number from
mass)
{if] 8 g O, molecules (number of
molecules from mass)
{iii] 0.1 mole of carbon atoms number
from given moles)

nestions

1. If one mole of carbon afoms
welghs 12 grams, what is the
meiss fin grams) of 1 atom of
coarbon?

2. Which hdas more number of
afoms, 100 grams qf sodiamn or
100 grams gf tron {glven, atomic
mass of Na =23 u, Fe =56 uw?
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During a chemical reaction, the sum eof 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 proporticn by mass. This is known as the Taw of
Definite Proportions.

An atom is the smallest particle of the element that can 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 erdinary conditicns,
It shows all the preperties of the substance,

A chemrical formula of a compound shows 1ts 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
magses of different atoms of elements. Atoms of carbon-12
isctopes are assigned a relative atemie mass of 12 and the
relative masses of all other atoms are obtained by comparisan
with the mass of a carbon-12 atom.

The Avogadro constant &.022 x 10% is defined as the number
of atoms in exactly 12 g of carbon-12.

The mole 15 the amoeunt of substance that contains the same
number of particles (atoms/ ions/ molecules/ formula units
etc,) as there are atoms in exactly 12 g of carbon-12,

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

Exercises

1.

A 0.24 g sample of compound of oxygen and beron was found
by analysis to contain 0.096 g of boron and 0,144 g of oxyger.
Calculate the percentage composition of the compeund 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 diexide will
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10,

11.

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

What are polyatomic ions? Give examples,
Write the chemical formulae of the following.
la) Magnesium chloride
(b} Calcham oxide
(c) Copper nitrate
{d} Aluminium chloride
(e} Calecium carbonate.

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

(@) Quick lime
(b} Hydrogen bromide
(c} Baking powder
{d} Potassium sulphate.
Calculate the molar mass of the fellowing substances.
i) Ethyne, C.H,
(b} Sulphur molecule, =
i) Phosphorus molecule, P A {Atomic mass of phosphorus
= 31]
{d} Hydrechleric acid, HCI
(e) WNitric acid, HNQ,
What is the mass of—
iz) 1 mele of nitrogen atoms?
(b} 4 moles of aluminium atoms [Atomic mass of aluminium
= 27)?
ic) 10 moles of soedium sulphite [NanSOB]‘?
Convert into mele,
{a) 12 g of oxygen gas
(b) 20 g of water
{c) 22 g of carbon dioxide.
What 1s the mass of!
(a) 0.2 mole of oxygen atoms?
(bl 0.5 mole of water meclecules?

Calculate the number of molecules of sulphur [S) present in
16 g of sclid sulphur.

Calculate the number of aluminium iens present in 0.051 g of
aluminium oxide.

[Hirt: The mass of an ion is the same as that of an atom of the
game element. Atomic mass of Al = 27 1)}
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Play a game for writing formulae.

Examplel : Make placards with symbels and valencies of the
elements separately. Each student should hold two
placards, one with the symbal in the right hand and
the other with the valency in the left hand. Keeping
the symbels In place, stndents 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 te the valency of the element, as shown in
the figure. Now, you can make formulae by fixing one

trpe of ion inte other.
For example:
Na' 50,% PO #-
1 N I A

Formula for sodium sulphate:

2 sodlum 1cns can be fixed on one sulphate ion.
Hence, the fermula will be; Na,50,

Do it yourself :

Now, write the formula of sodium phosphate.
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Chapter4

STRUCTURE OF THE ATOM

In Chapter 3., we have learnt that atoms and
molecules are the fundamental building
blocks of matter. The existence of different
kinds of matter i due to different atoms
constituting them. Now the questions arise:
(1] What makes the atom of one element
different from the atom of ancther element?
and (i) Are atoms really indivisible, as
proposed hy Dalton, or are there smaller
constituents inside the atom? We shall find
out the answers to these guestions 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 hefore 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
neot indivisible, comes from studying static
glectricity 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 pleces of paper?

B. Rub & plass rod with a silk cloth and
bring the rod near an inflated ballgon,
Observe what happens.

From these activities, can we conchide
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 coniributed in revealing
the presence of charged particles in an atom.

It was known by 1900 that the atom was
not a simple, indivisible particle buit contaidned
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 te the discevery of
another sub-atomic particle. This sub-atoinic
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. I Femeral, an electron is represented
as ‘e~ and a proton as ‘pt’. 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 highly likely 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 peeled
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.



uestions

I, What are canal rays?

2, If an atom confains one electron
and one protore, will it carry any
chorge or not?

42 The Structure of an Atom

We have learnt Dalton’'s atomic thecry in
Chapter 3, which suggested that the atom
was indivisible and indestructible. But the
discovery of two fundamental particles
(elecirons and protons) Inside the atom, led
to the failure of this aspect of Dalten'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
iz spread all over like the red edible part of
the watermeleon, while the electrons are
studded in the positively charged sphere, like
the seeds in the watermelon (Fig. 4.1).

PFig.4.1: Thomson's model of an atomn

SMRUCTIRE oF TTE AToM

J.J. Thomson [185h6-
1940], a British
physicist, was born in
Cheetham Hill, a suburh
of Manchester, on
18 December 1856, Tle
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

MNobel prizes.

Thomson proposed that:

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

(i} The negative and positive charges are
equal in magnitude, 5o, the atem as a
whole i= electrically neutral.

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

4.2.2 RUTHERFORDS 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

()-particles were made to fall on a thin

gold foil.

» Heselected a gold foil because he wanted
as thin a layer as possible. This gold foil
was about 1000 atoms thick.
t-particles are doubly-charged helium
ions. Since they have a mass of 4 1, the
fast-moving «<-particles have a
considerable amount of energy.

» Itwas expected that o-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 c-particles by o gold foll

But, the o-particle seattering experiment
gave totally unexpected resulis (Fig. 4.2). The
following observations were made:

il Most of the fast moving w-particles

passed straight through the gold foil.
(ii] Some of the o-particles were deflected
by the foil by small angles.
({il] Surprisingly one out of every 12000
particles appeared to rebound.

In the words of Rutherford, “This result
weas almost as tneredible as if you fire a
1&-inch shell at a plece of tissue paper and if
comes back and Rits youl™.

E. Butherford [1871-1937)
was borm at Spring Grove
on 30 August 1871, He was
Enown as the ‘Father’ of
nuclear physies., Tle 1s
famous for his work an
radicactivity and the
dizcovery of the nucleus of an atom with
the gold foil experiment. TTe got the Nobel
prize in chemistry in 1208,

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
stomes 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 tenn times. But if a blind-folded
child were to throw stones at a barbed-wire
fence, most of the stones wonld 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 c-particle scattering
experiment that-

il Maost of the space inside the atom is
empty because most of the o-particles
passed through the gold foil without
getting deflected.

{1} Very few particles were deflected from
their path, indicating that the positive
charge of the atom cccupies very little
space.

(1) A very small fraction of w-particles
were deflected by 180% indicating that
all the positive charge and mass of the
gold atom were concerntrated in a very
small volhume within the atom,

From the data he alzo caleulated that the
radius of the micleus is about 10°times less
than the radius of the atom.

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

d There is a positively charged centre in
an atom called the nucleus. Nearly all
the mass of an atom resides ir1 the
nucleus.

(il The electrons revolve around the
nuclens in circular paths.

([{t) The size of the nmacleus 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 civeular crbit
is not expected to be stable. Any particle in a
circular orkit would undergo acceleration,
During acceleratiorn, charged particles would
radiate energy. Thus, the revolving electron
would lose energy and finally fall inte the
nucleus. If this were so, the atom should be
highly unstable and herce matter would not
exist in the form that we lImow. We know that
atoms are quite stable.
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4.2.3 BoHRr’s MODEL OF ATOM

In order to overcome the cbjections raised
against Rutherford's model of the atom,
Neils Bohr put forward the following
postulates about the model of an atom:

@ Only certain special orbits known as
discrete orbits of electrans, are allowed
inside the atom.

(i} While revolving in discrete orbits the
clectrans do not radiate energy.

Neils Bohr (1885-1862)
was horn in Copenhagen
on 7 October 1885, He was
appointed professor of
physics at Copenhagen
LIntversity in 1816. Ile gat
the Nobel prize for his work
on the structure of atom in
1922, Among Professor
Bohr's numerous writings, three appearing
as= hooks are:

(i) The Theory of Specira and Atomic
Constitution, [ii] Atomic Theory and.
(iti)) The Description of Nature.

These orbits or shells are called energy
levels. Energy levels in an atom are showi in
Fig. 4.3.

N shell (owd}
v ahell [n=3]
L shell {1=2)
K shell (n=1]

. Tharlens

Fig. 4.3: A few energy levels in an atom
These corbits or shells are represented by
the letters K,L.M.N,... or the numbers,
n=1,2.34,....

SrRteTRE oF THE AT

uestions

1. Onthe basis of Thomson's model
af an atom, explain how the afom
is neufral as a whole.

2. On the basls of Rutherford’s
model of an afomn, which sub-
titomic porticle 1s present in the
ncleus of an atom?’

3. Drow a sketch of Bohr's madel
of an atam with three shells.

4. What do you thind: would be the
observdtion if the o-particle
scattering expertment Is carmed
out using o _foil of a metal other
than gold?

4.2.4 NEUTRONS

In 1932, .J. Chadwick discovered another sub-
atomoic 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
therefare given by the sum of the masses of
pratons and neutrons present in the nucleus.

uestions
1. Name the three sub-atomic
particles of an dtom.

2. Heltum dqtorm huts an afomic mass
af 4 u and twoe profons in s
nucfeus. How mony neufrons

does it hove?

43 How are Flecirons Distribuded
in Different Orbits (Shells)?

The distribution of electrons inte different

orbits of an atom was suggested by Bohr and

Bury.

The follawing rules are followed for writing

the number of glectrons in different energy
levels or shells:

il The maximum number of electrons
present in a shell is given by the
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formmula 2n2, 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 Kshell willbe = 2x12=12,
gsecond orbit or L-shell will he = 2 » 22
= 8, third orhit or M-shell willbe = 2
32 = 1R, fourth arbit or N-shell will he
=2 x 42= 32, and sa on.

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

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

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

©

H

©00 o

8 The composition of atoms of the first
| gighteen elements is given in Table 4.1,

uestions

1. Wrife the disfribution of electroms
n carbon and sedflm dioms.

2. If K and L shells of dan datom are
Jull, thenwhat would be the tofal
number of electrons in the atom?

44 Valency

‘We have learmt how the electrons in an atom
are arranged in different shells/orbits. The
electrons present in the outermost shell of
an gtom are known as the valence elecirons,

From the Bohr-Bury scheme, we alsa
lkmow that the outermost shell of an atom can

O

Hec

o0 e

00000000

Fig.4.4: Schematic atomie structure of the first elghteen elements

Activity 4.2

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

accommodate a maximuom of 8 electrons. 1t
was observed that the atoms of elements,
having a completely filled outermost shell
show little chemical activity. In other words,
their combining capacity or valency iz zero.
Of these inert elements, the helium atom has
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Table 4.1: Composition of Atoms of the First Eighteen Elements
with Electron Distribution in Various Shells

Name of
Element

Hydrogen H 1 1
TTelham ITe 2 2
Lithtum Li 3 3
Beryllium Be 4 4
Horon B 5 5
Carbon C 6 6
Nitraogen N 7 7
Oxygen 0 5 5
Flucring F 2] LY
Neon Ne 10 10
Sodium MNa, 11 11
Magnesium Mg 12 12
Alamindam Al 13 13
Silieon Si 14 14
Phospharus P 15 15
Sulphur 5 16 16
Chlorine Cl 17 17
Argon Ar 18 18

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

The combining capacity of the atoms of
other elements, that i, their tendency to react
and form moelecules with atoms of the same
or different elements, was thus explained as
an attempt to attain a fully-filled cutermost
shell. An outermost-shell, which had eight
electrons was said to possess an octet. Atoms
would thus react, s0 as to achieve an octet in
the outermast shell. This was done by
sharing, gaining or losing electrons. The
number of electrons gained, lost or shared
20 as to make the octet of electrons in the
cutermost shell, gives us directly the
combining capacity of the element, that is,

SMRUCTIRE oF TTE AToM

Symbol| Atomic | Number| Number | Number

Distribmtion of

Elecirons
L M N
= 1 1 - - = 1
2 2 2 = < = 0
4 3 2 1 - 1
B 4 2 2 - - 2
G B 2 3 = = 3
G G 2 4 - - 4
7 7 2 B = = 3
8 8 2 G - = 2
10 9 2 7 - 1
10 10 2 8 - = 0
12 11 2 8 1 - 1
12 12 2 g 2 - 2
14 13 2 g S - 3
14 14 2 8 4 - 4
16 15 2 8 B - 3.5
16 16 2 g il I 2
15 17 2 8 Gl = 1
22 18 2 8 8 0

the valency discussed in the previous chapter.
For example, hydrogen/lithium/sodium
atoms coniain 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 magnesinm and alumininm? It is
two and three, respectively, because
magnesium has two electrons in its outermost
shell and aluminiuwm has three electrons in
its outermost shell.

If the number of electrons In the
outermast shell of an atom is close to its full
capacity, then valency is determined in a
different way. For example, the flucrine atom
ha= 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 flucrine. Valency can be calculated in
a similar manner for oxygen. What is the
valency of oxygen that you get from this
caleulation?

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 colhimn of Table 4.1.

nestion

1. Houwr will you find the valency
of chlorine, suiphur ond
nrignestum?

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 protens they possess. For hydrogen, Z=1,
because in hydrogen atom, only one proton
is present in the nucleus. Similarly, for
carban, Z = 6. Therefere, the atemic number
is defined as the total number of protons
present in the nuclens 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 atem is practically due to
protons and neutrons alone. These are
present in the nucleus of an atom. Hence
protons and neutrons are also called
nuclecns. Therefore, the mass of an atom
resides in its nucleus. For example, mass of

B2

carbon is 12 u because it has B protons and
B neutrons, 6 u + 6 u = 12 u. Similarly, the
mass of gluminium 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.
In the notation for an atom, the atomic
number, mass mumber and symbol of the
element are to be writien as:
Wass Mamhber

Symbol of

element

Atarmic Muunber

For example, nitrogen is written as 5N,

nestions

1. Ifnumber of electrons in dan aiom
s 8 and number of protons s also
&8, then (i} what is the atomic

number of the atom? and &) whet
is the charge on the atom?

2. With the help of Table 4.1, find
ouf the mass number of oxygen

and sulphur atorn.

4.6 Isotopes

In nature, & 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 protitun [:H]. deuterium [fl—l ar D)

and tritiom [f H orT). The atomic mumber of

each cne is 1, but the mass number is 1, 2
and 3, respectively. Other such examples are
(i) carbon, ";C and ‘¢ C, (ii) chlorine, Cl
and ¥ Cl, ete.

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

there are three isotopes of hydrogen atom,
namely protium, deuterinm and tritinm.
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Many elements consist of a mixture of
isotopes. Each isotape of an element 13 2 pure
substance. The chemical properties of
isotopes are similar but their physical
properties are different.

Chlorine cccurs in nature in two isctopic
formes, with masses 35 1 and 37 v 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 mass of an atom of any natural
element is taken as the average mass of all
the naturally cocuring atoms of that element.
If an element has no isotopes, then the mass
of its atom would be the same as the sum of
protcns and neutrens in it. But if an element
occurs In isotopic forms, then we have to
know the percentage of each 1sctopic form
and then the average mass i1s calculated.

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

35— a7 =
100 100

105 37 142

T - — 3b.5u

This does not mean that any one atom of
chlorine has a fractional mass of 3b6.5 u. It
means that if you take a certain amount of
chloring, it will contain both isotopes of
chlorine and the average mass is 35.5 u.

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 Isctopes have
special properties which find them useful
in various fields. Some of them are :

il Anisctope of uranium is used as afuel

in nmuclear reactors.
(ii] An isctope of cobalt is used in the
treatment of cancer,
(ifi] An isotope of ioding is used in the
treatment of goitre,
4.6.1 IsoBARs

Let us consider two elements — ealcium,
atomic number 20, and argon, atomic
mamber 18. The number of electrons in these
atoms is different, but the mass number of
both these elements is 40. That is, the total
number of nuclecns 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.

uestions

1. For the symbol HD dand T
tabulate three sub-atomic
particles found in each of thent

2. Wriite the electromie corifiguration
af any one pair of iscfopes and
lsobars,

. Credit for the discovery of electroen and proten gees to Jul.
Thomson and E.Goldsiein, respectively.
. J.J. Thomson proposed that electroms are embedded in a

positive sphere.
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Ruthertord’s alpha-particle scattering experiment led te the
discovery of the atomic nucleus.
Rutherford's model of the atom proposed that a very tiny
nucleus is present inside the atom and electrens revalve around
this nucleus. The stability of the atom ceuld not be explained
by this model,
Nells Bohr's maodel of the atom was more successful. He
praposed that electrons are distributed in different shells with
discrete energy around the nucleus. If the atemic shells are
complete, then the atom will be stable and leas reactive.
J. Chadwrick discovered presence of neutrons in the nucleus of
an atom. S0, the three sub-atemic particles of an atom are:
(i) electrons, (i} pretens and [ifi) neutrens, Electrons are
negatively charged, pretens are pesitively charged and neutrons
1
hawve no charges. The mass of an electron is about 2000 times
the mass of an hydrogen atem. The mass of a preton and a
neutron is taken as one unit each.

Shells of an atem are designated as KL MN,....
Valency is the combining capacity of an atom,

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

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

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

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

Elements are defined by the number of protans they possess.

Exercises

L - I

&

Compare the propertes of electrons, protons and neutrons.
What are the Hmitatons of J.J. Thomson's mode]l of the atom?
What are the limitations of Rutherford’s model of the atom?
Describe Bohr's medel of the atomn,

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 sillcon and oxygen.
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10,

11,

12,

13,

14.

15.

16.

17.

Explain with examples [} Atomic number, {i] Mass number,
(i} Isctopes and iv} Isobars. Give any two uses of 1sotopes.

Na' has completely filled K and L shells, Explain,
If bromine atem is avallable in the form of, say, two isctopes

2Br(49.7%) and 5L Br (50.3%), calculate the average atemic
masgs of bromine atom.
The average atomic mass of a sample of an element Xis 16.2u,

What are the percentages of isotopes 'SX and 'YX in the

sample?

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

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

X X
Protons = 3] 5]
Neutrons = & B

(ive the mass numbers of X and Y, What is the relation hetween
the two species?
For the following statements, write T for True and F for False.
{a) J.J. Thomsocn proposed that the nucleus of an atom
contains only nucleens.

fb) A neutron is fermed by an electron and a preton
combining together, Therefore, it is neutral.

1
[c] The mass of an electron is about 2000 times that of proton.

(dl An isotape of fodine 1s used for making tncture lodine,
which 1s used as a medicine.

Put tick (¥) against correct choice and cross () against
wrong cheice in questions 15, 16 and 17

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

{a) Atomic Nucleus (b} Electron

) Proton [d) WNeutron
Isotopes of an element have

{a) the same physical properties

(b different chemical properties

[c) different number of neutrons

id] different atomic numbers.
Number of valence electrons in Cl- ion are:
{a) 16 b) 8 () 17 (d} 18




18. Which one of the following is a cerrect electronic conflguration
of sodium?

(@) 2.8 (b) 82,1 [ 2,18 d 2,81.
19. Complete the following table,

Atomic Number |Number | Number
Number of of
Neutrons | Frotons |Electrons
-3 - 10 = - -
Iﬁ 32 - - - Sulphur
- 24 - 12 - -
-2 : 1 : :
= 1 ﬂ '1 0 _




Chapter5

THaE FunpaMENTAL UNniT OF LaFE

While examining a thin slice of cork, Robert
TTocke 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 yvear 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 Hitle 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 used till this day in biclogy.
Let s find out about cells.

51 What are Living Organisms
Made Up of?

Activity 5.1

&  Letustakeasmall piece from an gnign
Tk, With the help of a pair of forceps,
we can peel off the skin ([called
epidermis) from the concave side (inner
layer] of the ondom. Thi= layer can be
put immediately in a waich-glass
containing water. This will prevent the
peel irom getting folded or getting dry.
What do we do with this peel?

& Letusztake a glass slide, put a drop of
water on It and transfer a small plece
of the peel from the watch glass to the
glide. Make sure that the peel is
periectly flat on the slide. A thin camel
hair paintbrush might He necessary to
help transfer the peel. Now we put a
drop of safranin soludon on this plece
followed by a cover slip. Take care o

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 ¢an obServe this slide
under low power lollowed by high
powers of a compound microscope.

’Iﬁ Hyepicce
" 1

T | i Coarse arfustment

Flg. 3.1 Campound misrascope

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 lock like

Fig. 5.27

Nuclens

Cells

Fig. 8.2: Cells of an crion 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 stractures logk similar to each ather,
Together they form a big structure like an
onion bulb! We find from this activity that
onion bulbs of different sizes have similar
small stroctures 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 ondon hulb.
These stractures are called cells. Not only
oniong, but all organisms that we observe
around are made up of cells. However, there
are alsa single cells that live on their own,

Cells were first discovered h:-,rx
Robert Hoglke in 1665. He observed
the ¢ells in a cork slice with the help
of a primitive microscope.
Leenwenhoek [1674), with the
Impraoved microscape, discavered the
free living cells in pond water for the
first time. It was Robert Brown in
1831 who dizcovered the nucleus in
the cell. Parkinje in 15839 coined the
term ‘protoplasm’ for the fluid
substance of the cell. The cell theory,
that all the plants and animals are
compased of cells and that the cell is
the basic unit of life, was presented
hy two bhiclogists, Schleiden (1838])
and Schwann [1539). The cell theory
was further expanded by Virchow
(1855) by suggesting that all ¢ells
arise frem 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 varicus organelles. )

More to know

The invention of magnifying lenses led to
the discovery of the microscopic world. It is
new known that a single cell may constitute
a whale organism as In Amoceba,

B

Chlarmydomonas, Paramoeciumand bacteria.
These organisms are called unicellular
argani=ms [uni = single). On the other hand,
many cells group together in a single bhody
and assume different functions in it to form
various body parts in multicellular organisims
fmult = many) such as some fungl, plants
and animals. Can we find cut 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

. We can Iy preparing temporary
mounts of leaf peels, tip of roots of
omign or even peels of grions of ditferent,
=lzes.
s After performing the above activity, let
15 See what the answers to the following
questions would be:
fa] Do all cells loock allke in termS of
shape and slze?

(b Do all eells look alike in structure?

{c] Could we find differences amomg
eells from different parts of a plant
body?

[d] What similaritles coald we find?

5.2

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

Vi,

Smooth
musclc

cedl
e
-f‘u f

ol
o
Bperm
Fig. 5.3: Various cells from the human body

Cvam
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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. Tlow daoes
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 huiman 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
crganelles. Each kind of cell organclle
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 crganelles. 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
crganism they are found in.

uestions

1. Who discovered cells, and howo?

2. Why is the cell called the
structural and funcflonal unit of
life?

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

We saw above that the c¢ell has special
components called organelles. How is a cell
crganised?

I we study a cell under a microscope, we
would come across three features in almost

T FuvpaMeERTAL LI oF Lire

every cell; plasma membrane, nucleus and
cytoplasm. All activibdes inside the cell and
interactions of the cell with 1ts environment
are possible due to these features. Let us see
how.

5271 PrasMA MEMBRANE OR CELL
MEMBRANE

This 1z the gutermaest 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 cut of the cell. It also
prevents movemerit of some other materials.
The cell membrane, therefore, iz called a
selectively pertmeable membrane.

TTow does the movement of substances
take place into the cell? Tlow do substances
move out of the cell”

Some substances like carbon digxide or
oxygen can move acress the cell membrane
by a process called diffusion. We have studied
the process of diffusien in earlier chapters.
We saw that there is spontaneous movemernt
of a substance from a region of high
concentration tc a region where its
concentration is low.

Something similar to this happens in cells
when, for example, some substance like COo,
(which is cellular waste and requires toc 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 cutside a cell,
CO, moves out of the cell, from a region of
high concentration, to a region of low
concentration cutside the cell by the process
of diffusion. Similatly, 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

B9




osmasis. The movement of water across the
plasma membrane is also affected by the
amount of substance dizsolved in water.
Thus, asmosis 1z the passage of water froma
region of high water conceniration through a
semi-permeable membrane to a reglon of low
water conceniration.

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

One of the following three things could
happen:

1. Ifthe medium surrounding the cell has

a higher water concentration than the
cell, meaning that the gutside solution
is very dilute, the cell will gain water
by osmosiz. Such a sclution is known
as a hypotonic solation.

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 i= likely to swell up.

2. If the medium has exactly the same
water congeniration as the cell, there
will be no net mavement of water
across the cell membrane, Such a
solution is knmowmn as an isotonic
sclution.

Water crozsses the cell membrane
in both directions, but the amount
going in is the same as the amount
going ocut, 20 there is no overall
movernent 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
salution, the cell will lose water by
oamosis. Such a solution s known as
a hypertonic solution.

Again, water crosses the cell
membrane in bath directions, bt this
time more water leaves the cell than
enters it. Therefore the cell will shrink.

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

5.3

Activity
Osmosis with an egg

fal Remowve the shell of an egg by dissalving
it in dilute hydrochloric acid. The shell
15 mostly calclum carbonate. A thin
outer skin now encloses the egg. Put
the egg in pure water and ghserve after
5 minutes, What do we obzerve?

The epg swells because water passes
into it by osmosis.

(bl Place a similar de-shelled egg in a
concentrated salt sclution and oheerve
for 5 minutes. The egyg shrinks, Why?
Water passes out of the egg solution
into the =alt soluton because the salt
aclution la more concentrated.

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

Activity 5.4

s«  Put dried Taisins or apreots in plain
water and leave them tor some time,
Then place them into a concentrated
solution of sugar or salt. You will
ocbserve the following:

{8} Esach galns water and awella when
placed in water.

(bl However, when placed in the
oomcentrated scolutlon it loses water,
and conaequently shrinksa,

Unicellular freshwater organisms and
most plant cells tend to gain water through
osmosis. Absorption of water by plant roots
is also an example of asmosis,

Thus, diffusion is important in exhange
of gases and water in the life of a cell. In
additions to this, the cell alzo obtains
nutrition from its envirgnment, Different
malecules move In and out of the cell
through a type of iransport requiring use
of energy.

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

The flexibility of the cell membrane alsa
enables the cell to engulf in food and other
material from its external environmment. Such
processes are known as endocytosis. Amoebd
acquires its food threugh such processes.
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5.5

& Find out about electron microscopes

from respurces in the schaool Hbrary or
through the internet. Discuss it with
yvour teacher.

Activity

uestions

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

2. Why (s the plasma membrane
called a selechuely permeabls
memnbrane?

522 Crr waArL

Ilant cells, in addition to the plasma
membrane, have another Tigid cuter 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 phenomernon is krown
as plasmolysis. We can observe this
phencimenon by performing the following
activiiy:

Activity 5.6

. Mount the peel of a Rheo leaf in water
on a glide and examine cells under the
high power of a microscope, Note the

”1 small green granules, called

. chloroplasts. They contain a green
substance called ¢chlorophyll. Put a
strong solution of sugar or salt an the
mounted leat on the slide, Wait for a
minute &and observe under a
microscope. What do we sec?

s  Now place some Eheo leaves in batling
water for a few minutes. This IKd1ls the
cells. Then mount one leaf on a slide

"'l and chzerve it under a microscope. Put
a strong solution of sugar or zalt on
the mounted leaf pn the sHde. Wait for
a minute and observe it again. What
dowe find? Did plasmalysis oocur 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 absorh 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 osmoszis. 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.

5.23 NucLeus

Remember the temporary mourit of ondon 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 icdine
solution? Try it and see what the difference
is. Further, when we put iodine solution an
the peel. did each cell get evenly celoured?
According to their chemical composition
different regions of cells get coloured
differentially. Some regions appear darker
than other reglons. Apart from iodine solution
we could also use safranin solution or
methylene hlue solution to stain the cells.
We have observed cells from an onion; let
1us now observe cells from ocur own body.
Activity 5.7
¥  Letustake a plass side with a drop of
water on it. Using an ice-cream 3poon
gently serape the inside surface of the
cheek. Does any material get stuck on
the spoom™ With the help of a needle
we can transfer thig 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
sclution an it. Now the material is ready
for ohservation under microscope. Do
nit forget to put a cover-slip gn it
i  What da we observe? What is the shape

of the cells we see? Draw it on the
observation sheet,
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1 Was there a darkly coloured, spherical
or oval, dot-lke stucture near the
centre of each cell? This structure is
called nucleus. Were there similar
structures in onlon 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 o its
outside, that 13, to the cytoplasm (which we
will talkk ahout in section 5.2.4),

The nucleus eontalng chromasomes,
which are visible as rod-shaped structures
only when the cell is about to divide.
Chromoszomes contain information for
inheritanice of features 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 1z about to
divide, the chromatin material gets organised
into chromaosomes.

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
envircnment, in determining the way the cell
will develop and what forin it will exhihit at
maturity, by directing the chemical activities
of the cell.

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

Prokaryotic cells (see Fig. 5.4) also lack
most of the other cytoplasmic organelles

present in eukaryctic cells. Many of the
functians of such organelles are also
performed by poorly organised parts of the
cyvioplasm [see section 5.2.4). The chlorophyll
in photosyinthetic prokaryotic bacteria is
associated with membranous vesicles [bag
like structures] but not with plastids as in
eukaryaotic cells [see section 5.2.5).

Flasma Ribezomes
menibrate ’)\_ﬁ.- .
Call wall o = o

Mucleoid

Fig. 5.4: Profearyatic cell

5.2.4 CYTOPLASM

When we lock 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 hy
membranes. In prokaryctes, 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 he
illustrated with the example of viruses.
Viruses lack any membranes and hence do
not show characteristies of life until they enter
a living body and use its cell machinery to
multiply.
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uestion

1. Fill in the gaps in the following
table Qlustrating differences
between prokarygotic  and
eukaryotic cells.

1. Size : generally 1. Size: generally
swnall [ 1-10 utn) large [ 5-100 pim)
1 pu = 1075 m

2. Nuclear regiorni: 2. Nuclear regicn:

well defined and
gurrpunded by a

and knowr as_ rmclkear membrane
3. Chromosome: 3. More than one
single chromnosore
4. Membrane-bound 4.
cell organelles
absent

5.2.5 CEILL ORGANELLES

Every cell has a membrane around it to keep
its owr contents separate from the external
environment. Large and complex cells,
including cells from multicellular organistns,
need a lot of chemmical activities to support
their complicated stroceture and function. To
keep these activities of different kinds
separate from each other, these cells use
membrane-bound litile siructures [ar
‘organelles’) within themselves. This is cne of
the features of the eukaryotic cells that
distinguish them from prokaryctic cells. Some
of these organelles are visible only with an
electron microscope.

We have talked about the nuclens in a
previous section. Some important examples
of cell organelles which we will discuss now
are: endoplasmic reticulum, Golgi apparaius,
lysosomes, mitochondria, plastids and
vacuoles. They are important because they
carry out some very aucial functions in cells.
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5.2.5 (i) Exporrasaerc rerrcuLiat (ER)

The endoplasmic reticulum [(ER) is a large
network of membrane-bound tubes and
sheets. It looks like long tubules or round or
ohlong bags [vesicles). The ER membrane is
similar in structure to the plasma membrane.
There are two types of ER- raugh endoplasmic
reticulum [REE) and smocoth endoplastnic
reticulum (SER). RER looks rough under a
micrascope because 1t has particles called
ribasomes 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 om need,
using the ER. The SER helps in the
manufacture of fat molecules, or lpids,
important for cell function. Some of these
proicing and lipids help in bullding the cell
membrane. Thiz process is known as
membrane blogenesis. Some ather proteins
and lipids function as enzymes and
hormones. Although the EIR varies greatly in
appearance in different cells, it always forins
a network system.

Fig, 8.5: Animal celf

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 arimals
called vertebrates (see Chapter 7), SEIRR plays
a crucial role in detoxifyring many poisons and
drugs.

Eough endoplasmnic
relicalum

Lyupupme

Milwchondrun
\I{ﬂmsmnes

Cytoplasm
Chlgroplasl

Fig. 5.6: Plaru cell

5.2.5 fii) GoLGr APPARATUS

The Golgi apparatus, first described by
Camille Golgi, consists of a system of
memhbrane-bound wvesicles arranged
approximately parallel to each other in stacks
called elstermms. These membranes often have
connections with the membranes of ER and
therefore constitute another porticn of a
complex cellular membrane system.

The material synthesised near the ER is
packaged and dispatched te varlous targets
inside and ouiside the cell through the Golgl
apparatus, Tis functions include the storage,
modification and packaging of products in
vesicles, Tn some cases, complex sugars may
be made from simple sugars in the Golgi
apparatus. The (Golgi apparatus is also
invelved n the formation of lysoscmes [sce
5.2.5 [l

&4

Camillo Golgi was horn at
Corteno near Brescia in
1843. He studied
medicine at the
University of Pavia. After
graduating in 1865, he
cantinued to work in
Pavia at the Tlespital 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 Abhiategrasso. He first
started his investigations into the nervous
system in a little kitchen of this hospital,
which he had converted into a laboratory.
TTowever, the work of greatest importance,
which Golgi cartied 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 valuahle in tracing the
processes and most delicate ramifications
of cells, All through his life, he centinued
to work on these lines, madifying and
improving this technigque. Golgi recetved
the highest honours and awards in
recognitionn of his work. He shared the
MNohel prize in 1906 with Santiago Ramoay
Cajal for their work on the structure of the

nervous system.

5.2.5 (iii} Lysosomss

Lysasemes are a kind of waste disposal
systemn of the cell. Lysosomes help to keep
the cell clean by digesting any foreign material
as well as wom-out cell organelles. Foreign
materials entering the cell, such as bacteria
or food, as well as old organelles end up in
the lyscsemes, which break them up inte
small pieces. Lyzosomes are able to do this
because they contain powerful digestive
enzyines capable of breaking down all organic
material. During the disturbance in cellular
metabolam, for example, when the cell gets
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damaged, lysocsomes may burst and the
enzymes digest their own cell. Therefore,
Iysosomes are also known as the ‘suicide
bags' of a ¢ell. Structurally, lysosomes are
membrane-bound sacs filled with digestive
enzymes. These enzymes are made by RER,

5.2.5 fiv}) MirocrONDRIA

Mitcchondria are known as the powerhouses
of the eell. The energy reguired for various
chemical activities needed for life is released
by mitochondria in the form of ATP
lAdenosine triphopshate] molecules. ATP is
known as the energy currency of the cell. The
hody uses energy stored in ATT for making
new chemical compounds and for mechanical
work. Mitochondria have two membrane
coverings instead of just one. The outer
membrane is very porous while the inmer
membrane is deeply folded. These folds create
a large surface area for ATP-generating
chemical reactions.

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) Prasnips

IMlastids are present only in plant cells. There
are two types of plastids — chromoplasts
{caloured plastids) and leucoplasts (white or
colourless plastids). Plastids containing the
pigment chlorophyll are known as
chloroplasts. Chloroplasts are important for
photosynthesis in plants. Chloroplasts also
contain various yvellow or orange pigments in
addition to chloragphyll. Leuccoplasis are
primarily organelles in which materials such
as starch, cils and protein granules are
stored.

The internal crganizsation of the plastids
cangists of numerous membrane layers
embedded in a material called the stroma.,
Plastids are similar to mitochondria in
external structure. Like the mitochondria,
plastids also have their own DNA and
ribosomes.
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5.2.5 (vi) Vacvores

Vacucles are storage sacs for solid or Liquid
contents. Vacucles are small sized in animal
cells while plant cells have very large vacuoles.
The central vacuole of some plant cells may
accupy H50-90% of the cell volume.

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 vacucles. These
inchide amino acids, sugars, various organic
acids and some proteins. In single-celled
organisms like Amoeba, the foed vacucle
contains the food items that the Ameoeba has
consumed. In some unicellular organisms,
specialised vacuoles also play important roles

in expelling excess water and some wastes
from the cell.

nestions

1. Canyouname fhe two arganelles
we have studied that condain
their own geneatlc mafenal?

2. If the organisation of o cell is
destroyed due fo some physical
ar chemlcal influence, what will

happen?

3. Why are lyscsomes known as
suicide bags?

4. Where are proteins synthesised
inside the cell?

Each cell thus acquires its structure and
ahility to function because of the organisation
of its membrane and crganelles in specific
ways. The cell thus has a basic strucharal
organisation. This helps the cells to perform
functions ke regpiration, obtaining nutrition,
and cleating of waste material, or forming new
proteins.

Thusg, the cell is the fundamental
stractural unit of living organismes. It is also
the basic functional unit of life.




-

you bave
learnt

The fundamental crganisaticnal unit of life is the cell.

Cells are enclosed by a plasma membrane composed of lipids
and proteins.

The cell membrane 1 an active patt 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 compesed mainty of cellulose is located
outside the cell membrane,

The presence of the cell wall enables the cells of plants, fungl
and bacteria to exist in hypeotonic media without bursting,
The nucleus in eukaryotes is separated from the cytoplasm by
deuble-layered membrane and it directs the life precesses of
the cell.

The ER functicns beth as a passageway for intracellular
transport and as a manufacturing surface.

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

Mast plant cells have large membrancus organelles called
plastids, which are of two types — chromoplasts and leucoplasts.
Chromoplasts that contain chlorophyll are called chleroplasts
and they perform phetosynthesis,

The primary functien of leucoplasts 1s storage.

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

Prokaryotic cells have no membrane-bound crganelles, their
chremosemes are composed of only mucleic acid, and they have
anly very small ribosomes as organelles.

Exercises
1. Make a comparison and write down ways in which plant cells
are different from animal cells.
2. How is a prokaryotic cell different from a eukaryotic cell?
3. What would happen it the plasma membrane ruptures or breaks

down?
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What would happen to the Bfe of a cell if there was no Golgl
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 abtain its food?
What is osmosis?

Carry cut the following asmosis experiment:

Take four peeled petate halves and scoos each one out to make
potate cups. One of these potate cups should be made from a
bolled potate. Put each potate cup in a trough containing water.
Nowr,

{a) Keep cup A empty

{b) Put cne teaspoen sugar in cup B

[c) Put cne teaspoon salt in cup C

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

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

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

(il Why is potate A necessary for this experiment?

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




Chapter6

From the last chapter, we recall that all living
orgatdsms are made of cells. In unicellular
organisms, a single cell perforins all hasic
functions. For example, in Ameeba, a single
cell carries out movement, intake of food and
respiratory gases, respiration and excretion.
But in multi-cellular organisins there are
millions of cells. Most of these cells are
specialised to carry out a few 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
efficienitly. In human beings, muscle cells
contract and relax to canse movement, nerve
cells carry messages, hlood flows to transport
oxygen, food, hormones and waste material
and zo0 an. 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 1s 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
=0 as to give the highest possible efficiency of
functicn.. Blood, phloem and muscle are all
examples of tissues.

A group of cells that are similar in
gtructure and/or work together to achieve a
particular function forms a tissue.

6.1 ArePlants and Animals Made
of Same Types of Tissuess

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

TISSUES

There are naticeable differences hetween
the two. Plants are stationary or fixed — they
don't move. Most of the tissues they have are
supportive, which provides them with
structural strength. Most of these tissues are
dead, since dead cells can provide mechanical
strength as easily as live ones, and need less
maintenance.

Animals on the other hand move around
in search of food, mates and shelter, They
CONSUE Mare energy as comparad Lo 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 Hindted to certain regions, while
this iz not 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
tasues, varigus plant tissues can be classified
as growing or meristematic tissue and
permanent tisgue. Cell growih in animals is
more uniform. Soc, there is nmo such
demarcationn of dividing and non-dividing
regions in animals.

The structural organisation of organs and
organ systems is far more specialised and
localised it complex animals than even in very
complex plants. This fundamerntal 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 existerice 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.



: # From the above observations, answer
uestions the following questions:

1. What s q Hssue? 1. Which of the two anlons has langer
2. What is the utdity of tissues n roots? Why?
multi-cellular organisms? 2. Do the Toots continne growing even

after we have removed their tips?
3. Why would the tps Stop growing in
Jar 2 after we cut them?

62 Plant Tissues The growth of plants oceurs only in certain
specific regions. This is because the dividing
62.1 MERISTEMATIC TISSUE tissue, also known as meristematic tissue, is

located only at these points. Depending on
the region where they are present,
meristernatic tissues are classified as apical,
lateral and intercalary (Fig. B.2). New cells
produced by meristemn are initially like those
of meristem itself, but as they grow and
mature, thelr characteristics slowly change
and they become differentiated as
components of other tissues.

- Aplesl merislem
f | i

L]
Jar 1 Jar 2 \ :
N: Intercalary neristem
Flg. 8.1: Growth of roats i1 onion Bulbs . i

Activity 6.1 /

#  Take two £1a8s jars and fill them with
wateT.

+ Now, take two omion bulbz and place
one on esach jar, as shown Iin

Fig. 6.1. \
4  Observe the growth of roots n both the
bulhs for a few days.
’F Measure the length of roats on day 1, : Lateral merislem
| 2ands.
H

Om 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 Flg. 8.2; Location af meristematic tissue in plasnt body
Jjars and measure their lengths each

day for five more days and record the Apical meristemn is present at the growing
observations in tables, lke the table tips of stems and roots and increases the
below: length of the stem and the root. The girth of

the stem or root increases due to lateral
Length Dayl Day2 Day3 Day4 Day5 meristem (cambium). Intercalary meristem is
the meristemn at the base of the legves or
internodes (on either side of the node)
Jar 2 on twigs.

Jar 1
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As the cells of this tissue are very active,
they have dense cytoplasm, thin cellulose
walls and prominent nuclei. They lack
vacucles, 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 iz called differentiation. Cells of
meristematie tissue differentiate to form
different types of permanent tissue.

- Cambium .

@ Now. answer the following on the basis
of your observation:
1. Are all cellg gimilar in structares?
2. How many types of cells can
e seen?
3. Can we think of reasons why there
waould be s0 many types of cells?
*  We can also try to cut sections of plant
roots. We can even oy cutting sections
of root and stem of different plants.

86.2.2 (1) SLPLE PERMANENT TISSUE

A few layers of cells form the basic packing
tizsue. This tissue is parenchyma, a type of
permanent tissue. It consists of relatively
unspecialised cells with thin cell walls. They
are live cells. They are usnally loosely packed,

Trichomg

Mucilagmouy sanasl
Cutlcle

Epidcrmia
Hypodormis
Cortex
Endodermde —
Perlcycle
Phlowern — ——

Mecullary ray
Xylem

Yaooular mndle
Fith

Pig. 6.3: Section of a siem

6.2

Take a plant stem and with the help
of your teacher cut into very thin slices
or sectons,

Mow, stain the sHees with safranin.
Flace cne neatly cut section on a glide,
and put a drop of ghrcerine.

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

Activity

so that large spaces between cells
[intercellular spaces) are found in this tissue
[Fig. 6.4 afi]]l. This tissue provides support to
plants and also stores food. 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 give
buoyancy to the planis to help them float.
Such a parenchyma type is called
aerenchyma. The parenchyma of stems and
roots also stores nutrlents and water.
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The flexibility in plants is due to ancther
permanent tissue, collenchyma. It allows
easy bending in various parts of a plant (leaf,
stem)] without breaking. It also provides
mechanical support to plants. We can find

this tissue in leaf stalks below the epidermis.
The cells of this tissue are living, elongated
and irregularly thickened at the

corniers. There is very little intercellular
space [Fig. 6.4 b).

o InterecTlular spaces

a i b i

Cytoplasm
Kucleus
End wall

Primuary cell wall
[Lhickened al comers)

Wid dle: Tamclla

Chloreplast
Chleroplasi
Nurcleus
Varnle
Varuole

B Cyteplasm
miereelholar space ;

Primary cell wall

a (i)

Narrow lumen

Ligpifled
Lhick wall

e e [fi)

Fig. 8.4: Various fypes of simple Hssues: {g) Parenchyma (] franswverse section, {1l longthudinal section;

{b} Collenchyma {1} transverse section, [ langthredinagl section; {of Sclerenchyme (i} transverse section,
fif} longiluddireal section.
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Yet ancther type of permarnent tissue is
sclerenchyma. It is the tissue which makes
the plant hard and stiff. We have seen the
husk of a coconut. 1t iz made of
sclerenchymatous tissue. The cells of this
tissue are dead. They are long and narrow as
the walls are thickened due to lignin (a
chemical subsianee which acts as cement and
hardens them). Often these walls are so thick
that there is no intermal space inside the cell
(Fig. 6.4 c). This tissue is present in stems,
arcund vascular bundles, in the veins of
leaves and in the hard covering of seeds and
nuts. It provides sirengih to the plant paris.

Activity 6.3

#  Take a freshly plucked leaf of Rhoeso,

. Siretch and break it by applying
pressure.

8 While hreaking it, keep it siretched
gently so that some peel or skin
prajects out from the cut.

v Remove this peel and put it in a petrl
dizh filled with water.

" Add a few drops of safranin.

& Walt for a couple of mimutes and then
transfer it onto a slide. Gently place a
cover Slip aver 1t.

& Ohserve under microscope,

Fig. B.5: Gurrd cells and epidermol cells: (@i lweral
vlew, (B surface vie

What vou ohserve is the cutermost layer
of cells, called epidermis. The epidermi is
usually made of a single layer of ¢ells, Tn some
plants Niving in very dry habitats, the
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epidermis may be thicker since protection
against water loss is critical. The entire
surface of a plant has this outer covering of
epidermis. Tt protects all the parts of the plant.
Epidermal cells on the aerial parts of the plart
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. Maost epidermal cells are
relatively flat. Often their cuter and side walls
are thicker than the inner wall.

We can abserve small peres 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 mnecessary for
exchanging gases with the atmosphere.
Transpiration (loss of water in the form of
water vapour) also takes place through
stomata.

Think about which gas may be required
for photosynthesis.
Fiiid out the role of transpiration in plants.

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 plantz Nke desert plants,
epldermis has a thick waxy ceating of cutin
(chemiecal substance with waterproof quality)
on its outer surface. Can we think of a reason
for this?

Iz the cuter 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 replaces the epidermis
of the stem. Cells on the outside are cut off
from this layer. This forms the several-layer
thick cork or the bark of the tree. Cells of
cork are dead and compactly arranged
without intercellular spaces (Fig. 6.6). They
also have a chemical called =suberin in their
walls that makes them impervious to gases
and water,
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Cork rells Ruplured epidermis

Fig. .8: Protertive issue

6.2.2 (i) CoMPLEX PERMANENT TISSUE

The different types of tissues we have
dizcussed 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 perforin a common function.
Xylem and phloem are examples of such
complex tissnes. They are both conducting
tissues and constitute a vascular bundle.
Vascular or conductive tissue is a distinctive
feature of the complex plants, ocne that has
made possible their survival in the terrestrial
environment, In Fig, §.3 showing a section of
stem, can you see different types of cells in
the vazcular bandle?

Xylem consists of tracheids, vessels,
xylem parenchyma (Fig. 6.7 a.b.¢) and xylem
fibres, The cells have thick walls, and many
of them are dead cells. Tracheids and vessels
are tubular structures. Thig allows them to
transport water and minerals vertically. The
parenchyma stores food and helps in the
sideways conduction of water. Fibres are
mainly supportive in function.

Phloem is made up of four types of
elements: sieve tubes, companion cells,
phloem fibres and the phloem parenchyma
[Fig. 6.7 (d)]. Sieve tubes are tubular cells with
perforated walls. Phloem is unlike xylem in
that materials can move in both directions in
it. Phloem transports food from leaves to other
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parts of the plant. Except for phloem fibres,
phloem cells are Hving cells,
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pestions

1. Name types of simple tissues.

2. Where (s apical meristem fournd?

3. Which tissue mdkes up the husk
of coconit?

4. What are the constituenis of
Pphloem?

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
movemnernt.

Sooth pugele fbres

Kurleus

Smooth musele fibre

Fig. 6.8: Location of muscle fibres

T4

During breathing we inhale oxygen. Where
does this oxygen go? It is absorbed in the
himgs and then is transported to all the body
cells through hlood. Why would cells need
oxygen? The functions of mitochondria we
studied earlier provide a chue to this guestion.
Blood flows and carries varions substances
from one part of the body to the other. For
example, it carries oxygen and food to all cells,
Tt 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 hasis 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.

8.3.1 EPrTHELIAL TISSUE

The covering or protective tissues in the
animal body are epithelial tissues. Epithelivm
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, ung
alveoll and kidney tubules are all made of
epithelial tissue. Epithelial tissue cells are
tightly packed and form a contimmous sheet.
They have only a small amount of cemernting
material between them and almost no
intercellular spaces. Ohviously, 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 extermal environment and also between
different parts of the body. Regardless of the
type, all epithelinm is usually separated from
the underlying tissue by an extracellular
fibrous hasement membrane.

Different epithelia (Fig. 6.9) show differing
gtructures that correlate with their unique
functions, For example, in cells lining blood
vessels or lung alvecli, where transportation
of substances ccours through a selectively
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permeable surface, there is a simple flat kind
of epithelium. This is called the simple

e
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[al Squamous

] Stratifled squamons

Fig. 8.9: Different iypes of epitheliad tissues
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squamaus eplthellum, Simple sguamous
epithelial cells are extremely thin and flat and
form a delicate Ining. The oesophagus and
the Ining of the mouth are also covered with
sgquamous epithellum, The skin, which
protects the body, 15 also made of squamaous
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 cceur, as
in the inner lining of the intestine, tall
epithelial cells are present. This columnar
{meaning ‘pillar-like’) epithelium facilitates
maovement across the epithelial barrier. In the
respiratory tract, the colummar epithelial
tissue also has cilia, which are hair-like
projections on the outer surfaces of epithelial
cells. These cilia can move, and their
maovement pushes the mucus forward to clear
it. This type of epithelium is thus ciliated
colummnar epithelium.

Cuboidal epithelium (with cube-shaped
cells] forms the lining of Kidney tubules and
ducts of salivary glands, where it provides
mechanical sapport. Epithelial cells often
acquire additional specialisation as gland
cellz, 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,

63.2 CONNECTIVE TISSUE

Blood is a type of connective tissue. Why
would 1t be called ‘conmective’ tissue? A clue
is previded 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 inm an
intercellular matrix (Fig. B.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
tissne.

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

78




TWlast ccll Plasmna cell
()
Fal druplel Nucleus

Haversiat canal ()
lcomtaing hleod veeacla -
and nerve fibres) Chﬂ“d"ﬂ‘lﬁ"b/c-/ o
Bl #
\ Hyaling ma.trlx ”»5- =
I k_,
o @ Sz \‘“ /
| e %
@ “%% = QQ
_/)r LEIIIHJiL‘L‘I.l'IJ.E- [canilaine ©od)
- slender process of one

RS [ /I
= cell or nsleneyie]

i) 1
Red blood ——
varpuscle

i
| Negrtmphil h’.:mh'lupl‘ﬂ'l :H.nmphl'l
Cifferent wilte  {fpohmucder
hlaed mrpfuscﬂcs ""“"“"’-‘"H

28

|mphoc1.'tc womyte  Hlagelets
(el
Fig, 6.10: Types of connective Hssues: (a} areolar
tissue, (B adipose Hssue, {of compact

bone, {dl hyaline cartilage, (el types of
binod cells

Blood has a fluld [liguid) matrix ¢alled
plasma, in which red blood cells [RECs), white
blood cells [(WBCs) and platelets are
suspended. The plasma contains proteins,
galts and haormones. Bloed flows and
transporis 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. Itis 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 igament. This tissue is very elastic. It has
considerahle strength. Ligaments contain
very little matrix. Tendons connect muscles
to hones and are another type of connective
tissue. Tendons are fibrous tissue with great
strength but limited flexibility.

Ancther type of connective tissue,
cartilage, has widely spaced cells. The solid
matrix is coroposed of proteins and sugars.
Cartilage smoothens bone surfaces at joints
and i= also present m the nose, ear, trachea
and lanmnx. 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!

Argolar connective tissue 1s found between
the skin and muscles, around blood vessels
and nerves and in the hone marrow. It fills
the space inside the ocrgans, 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 msulator.

8.3.3 MuscuLAR TISSUE

Muscular tissue consists of elongated cells,
alsoc 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.

Fig. 6.11: Types of muscles fibres: {o) strinted
muscle, (b} smooth muscle, (¢ cardine
fmusele

We can move sotne muscles by conscions
will. Muscles present in our limbs move when
we want them to, and stop when we so decide.
Such muscles are called voluntary muscles
[Fig. 6.11(a)]. These muscles are also called
skeletal muscles as they are mostly attached

TrestES

1o 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
multinacleate (having many nuclei).

The movement of food in the alimentary
canal or the contraction and relaxation of
blocd vessels are involuntary movements. We
cannet 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 invohuntary muscles are called cardiac
muscles [Fig. 6.110c]]. Heart muiscle cells are
cylindrical, hranched and uninucleate,

Compare the structures of different types
of muscular tissues. Note their shape,
number of naclel and positon of macled within
the cell.

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 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 neurans.
A neuron consists of a ¢ell hody with a
nucleus and cytoplasm, from which long thin
hair-like parts arise (Fig. 6.12). Usually each
neuron has a single long part, called the axon,
and many short, branched parts called
dendrites. An individual nerve cell may be up
to & metre long. Many nerve fibres bound
together by connective tissue make up
8 nerve.




Muclcues

N
Cell body

comhbination of nerve and muscle tissue is
fundamental to meost animals. This

combination enables animals to move rapidly
in regponse o stmull,

nuestions

1. Nome the tissue responsible for
motement i our bodig.

2. What does a neuron look like?
Fig. 6.12: Neuron-1mitl of neTuous issme 3. Give three features of cardiae
muscles,
Nerve impulses allow us to meve cur 4. What are the functions of areolar
muscles when we wart to. The hinctional tissue?

_ What
you bave
learnt
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Tissue is a group of cells similar in structure and functon.

Flant tissues are of two main types — meristematic and
permanent.

Meristematic tissue is the dividing tissue present in the growing
Tegicns of the plant.

Permanent tissues are derived from meristematic tissue once
they lose the abllity to divide. They are classified as simple and
complex tissues,

Farenchyma, collenchyima and sclerenchyma are three types
of simple tissues. Xylem and phlecem are types of complex
tissues.

Animal tissues can be epithelial, connective, muscular and
nervous tissue,

Depending on shape and function, epithelial Hssue is classifled
as squamous, cubaidal, eolumnar, ciliated and glandular.
The different types of connective tissues in our body include
areolar tissue, adipose tissue, bone, tendon, ligament, cartilage
and blood.

Striated, unsiriated and cardiac are three types of muscle
tissues.

Nervous tissue is made af neurons that recetve and conduct
impulses.
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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 cn 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 mmuscle?
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.
(al Tissue that forms the inner lining of our mouth,
(b) Tissue that connects muscle te bene in humans.,
[c) Tissue that transports food in plants.
(d) Tissue that stores fat in our body,
[e] Connective tissue with a fluld matrix.
ifl Tissue present in the hrain.
11. Identify the type of tissue in the following: slkin, bark of tree,
bene, lining of kidney tubule, vascular bundle,
12. Name the reglons in which parenchyma tissue 18 present.
13. What is the role of epldermis in plants?
14, How does the cork act as a protective tissue?
15. Camplete the tahle:
| Permanent Hssue
[ : l
simple complex
[ [
[ | [ |
collcochyma sylem




Chapter7

DiveErSITY IN LIvING ORGANISMS

Have yvou ever thought of the multitude of

life-forms that surround us? Each organism

is different from all athers to a lesser or

greater extent. For instance, consider yourself

and a friend.

*  Are you both of the same height?

* Does your nese look exactly ke your
friend's nose?

» s 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 mare in
common with us than with the cow,

Activity 7.1
L We have heard of *dest cows and Jersey
COWS

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

*  Will we be ahle to identify a Jersey cow
in a crowd of dest cows that don't look
like each gther?

»  Whatis the basis of our identification?

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

Now, think of all the different forms in
which life aecurs 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 appreximate sizes of 30 meires and
100 metres respectively. Some pine trees live

for thousands of years while insects like
masguitees die within a few days. Life also
ranges from colourless or even transparent
wortus to brightly coloured birds and flowers.

This hewildering 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
cannoat lock at them one by one. Instead, we
lock for stmilarities among the organisms,
which w1l allow us to put them into different
classes and then study different classes or
groups as a whale.,

In order to make relevarnt groups to study
the variety of life forms, we need te decide
which characteristica deeide more
fundamental differences among organisms.
This would create the main broad groups of
organisms. Within these groups, smaller sub-
groups will he decided by less important
characteristics.

pestions

1. Why do we classifiy organisms?
2, Gle three examples of the range

of variafions thaf you see in life-
forms around yaore

7.1 What is the Basis of
Classification?

Attempts at classifying living things into
groups have heen made szince time
immemorial. Greek thinker Aristotle classified
animals according to whether they lived on



land, in water or in the air. This is a very
simple way of locking 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, their habitat 1s the
only peint they share in common. This is not
an appropriate way of making groups of
crganisms to study and think about.

We therefore need to decide which
characteristics to be uzsed as the basis for
making the broadest divisions. Then we will
have to pick the next set of characteristics
for malking 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 encugh toc 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 form 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 alsoc a
characteristic.

Now, to understand how some
characteristics are decided as being more
fundamental than athers, 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 stenes that come below them. On the other
hand, the shapes and sizes of stones in the
lewermost 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
divigions 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 previcus one and
would decide the variety in the next level. In

DvERSITYT IN Livmi ORGAKTSMS

this way, we can build up a whale hierarchy

of mutually related characteristics to be nsed

for classification.

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

« A eukaryotic cell has membrane-bound
organelles, inchading a nucleus, which
allow cellular processes to be carried out
efficiently in isolation from each cther.
Therefore, organisms which do not have
a clearly demarcated nuclens and other
organelles would need toc have their
biocchemical pathiways 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
organisin hecause they can take up
specialised functions. Therefore, this is
a basic characteristic of classification.

= 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 hody design.

* Do arganisms produce their own food
through the process of photosynthesis?
Being able to produce one's cwn food
versus having to get food from outside
would make very different hody designs
TIECEssary.

*» Of the organisms that perform
photosynthesis (plants), what is the level
of organisation of their hody?

*  Ofthe antmals, 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 ioportant for classifying animals.
This is hecause 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
examplel are to be uzed to make sub-groups,
rather than maldng broad groups.

uestions

1. Which do youthink is o more basic
characteristic for classifying
organisms?

{a) the place where they Hue.
bt the kind of cells they are
made af. Whi?

2. What is the primory characteristic
on which the first division of
cryarntisms s made?

3. On what bases are plants and
animals puft into different

crategories?

7.2 Classification and Evolution

All living things are identified and categorised
on the basis of their body design n form and
function. Some characteristics are Hkely 1o
make more wide-ranging changes in body
design than others. There is a role of time
this as well. So, once a certain body design
comes into existence, it will shape the effects
of all cther subsequent design changes,
gsimply because it already exists. In other
words, characteristics that came into
existence eatlier 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 s evolution? Most life forms that we
sec today have arisen by an accumulation of
changes in body design that allow the
organism possessing them to survive better.
Chatles Darwin first described this idea of
evolution in 1859 in his book, The Origin of

Specles.

‘When we connect this idea of evolution to
classification, we will find some groups of
orgardsins which have ancient body designs
that have nat 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 seccnd group
are called ‘advanced’ or ‘higher' organisims. In
reality, these terms are not gquite correct since
they do not praperly 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 organisins are more complex.

Biodiversity means the diversity of life |
forms. It is a word commmonly 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 ¢ourse, the diversity
in such communities is affected by
particular characteristics of land,
water, climate and sc 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 reglons of the earth, between
the tropic of Cancer and the tropic of
Capricom, are rich In diversity of plant
and animal life. This is called the region
of megadiversity. Of the bicdiversity
of the planet, more than half is
concentrated in a few countries —
Brazil, Colcmbia, Ecunador, Fern,

More to know

Mexico, Zaire, Madagascar,
Aunstralia, China, India, Indonesia and
Malaysla.
=4
Soreice



uestions

I. Which organisms dre called
primitive and how are they
different from the seo-called
advanced organisms?

2, Wil advanced organisms be the
same as complex organisms?

Why?
73 The Hierarchy of Classification-
Groups

Biologists, such as Ernst Haeckel (1594),
Robert Whittaker [1959) and Carl Woese
(1877) have tried to classify all Hving
organisms inte 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 mutrition and hody organisation.
The modification Woese introduced hy
dividing the Monera into Archaehacteria (or
Archaea)l and Fubacteria [or Bacteria) is also
n use,

Further classification 1s dene by naming
the sub-groups at various levels as given in
the following scheme:

Kingdom

Phyhum [for animals) / Divigion [for plants)

Class
Order
Family
Genus
Species

Thus, by separating organisms on the
basiz of a hierarchy of characteristics into
smaller and smaller groups, we arrive at the
basic unit of classification, which 1s a
‘species’. 5o what crganisms can be said to
belong to the same species? Broadly, a species
includes all organisms that are similar
erough to breed and perpetuate.

The important characteristics of the five
kiingdoms of Whittaker are as follows:
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7.3.1 MoNERA

These organisms do not have a defined
nuclens or crganelles, nor do any of them
show multi-cellular body designs. On the
other hand, they show diversity based on
many other characteristics. Seme of them
have cell walls while some de 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 ate shown
in Fig. 7.1.

Flg. 7.1: Monera

73.2 ProrisTa

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.
Thetr mode of nutrition can be gutotraphic
or heterotrophic. Examples are unicellular
algaec, dlatoms and protozoans [see Fig, 7.2
for examples).




Welrr varuole
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Mecronucleus
Micronuclcus

" Wasle

Kucleolus

Euglena

Fig. 7.2: Proloroa

7.3.3 Fuwer

These are heterotrophic eukaryotic
organisms. They use decaying organic
material as food and are therefore called
saprophytes. Many of them have the capacity
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to become multicellular organisms at certain
stages in their lives. They have cell-walls made
of a tough complex sugar called chitin.
Examples are yeast and mushrooms (see Fig.
7.3 for examples).

" Penicitlim
Aspergiflus

Fig. 7.8: Fungt

Some fungal species live in permanert
mutually dependent relationships with blue-
green algae [or cyancbacterial. Such
relationships are called symbiotic. These
symbicbic 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 Prantar

These are multicellular enkaryotes 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
[=ection 7.4).

7.3.5 AnmdALIA

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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Fig. 7.4: The Plve Kingdom classificaiion
uestions 7.4 Plantae
I. What is the criterion for The first level of classification among plants
classification of organisms as depends on whether the plant hody has well-
belonging to kingdom Monera or differentiated, distinct commponents. The next
Profista? level of classification is based on whether the

2. T which kingdom will you place
an organism which Is single-
celled, eukaryotic cnd
photosynthetic?

3. Inthe Kerarchy of classifloation,
which grouping will have the
smaflest number of organisms
with (0 ML TN af
characteristics in common and
which will have the largest
number of organisms"
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differentiated plant body has special tissues
for the transport of water and other
substances within it. Further classification
looks at the ability to bear seeds and whether
the seeds are enclosed within fruits.

7.4.1 THALI OPHYTA

Flants that do not have well-differentiated
body design fall in this group. The plants in
this group are commonly called algae. These
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plants are predominantly aquatic. Examples
are Spirogyra, Uathrix, Cladophoraand Chara
[see Fig. 7.5).

Cell-wall
Chlgroplast
Pyrenotds
kucleus

Cytoplasnl

Fig. 7.5: Thallophyta — Algae

7.4.2 BryoruyTA

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
tissne for the conduction of water and other
substances from one part of the plant body
to another. Examples are moss (Funara) and
Marchonfia [see Fig, 7.6).

Merehoniiin

Fig. 7.8: Some conunon bryophufes

743 PrermorEYTA

In this group, the plant body 1s 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
Marstled, fernis and horse-tails (see Fig. 7.7).

The thallophytes, the bryophytes and the
pteridophytes have naked embryos that are
called spores. The reproductive organs of
plants in all these three groups are very
incenspicucus, and they are therefore called
‘cryptegamae’, or ‘those with hidden
reproductive organs’,

Scmice



Fig. 7.7: Pteridophyrfa

On the other hand, plants with well-
differentiated reproductive tissues that
ultimately make seeds are called
phanerogams. Seeds are the result of the
reproductive process. They consist of the
emhbryo along with stored food. which serves
for the mitial growth of the embiyvo during
germination. This group is further classified,
based on whether the seeds are naked or
enclosed in fruits, giving us two groups:

gyvmriosperms and angiosperms.

7.4.4 GYMNOSPERMS

This term is made from two Greek words:
guymno— means naked and sperma- means
geed. The plants of this group bear naked
sceds and are usuvally perennial, evergreen
and woody. Examples are pings and deodar
[see Fig. 7.8 for examples).

Cyeas
Fig. 7.8: Gymnosperms
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7.4.5 ANGIOSPERMS

This word is made from two Greek words:
angio means covered and spermo- means
sead. The seeds develop inside an organ which
is modified to become a fruit. These are also
called flowering? plants. Plant embryos in
seeds have siructures called cotyledons,
Cotyledons are called ‘seed leaves’ because
in many instances they emerge and hecome
green when the seed germinates. Thus,
cotyledons represent a bit of pre-designed
plant in the seed. The angiosperms are
divided into two groups on the basis of the
number of cotyledons present i the seed.
Plants with seeds having a single cotyledon
are called monocotyledonous or monocots.
FPlanis with seeds having twa cotyledens are
called dicots [see Figs. 7.9 and 7.10).

Flg. 7.9: Monoeats — Paphiopedilum

-
>
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PFig. 7.10: Dicots - Ipomoea
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Fig. 7.11: Classification of plants

ACti‘l-’it}‘ 7.2 How many petals are found in the
flower of these plants?

Soak seeds of green gram, wheat, Can you write down further
maize, peas and tamarind. Once they characteristics of monocots and dicots
become tender, try to split the seed. 1o on the basis of these observations?
all the seeds break into two nearly
syl Llbek o uestions
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?
Mow take alook at the roots, leaves and 2. How are pteridophytes different
flowera of these plants. from the phaneragams?
Are the roots tap-roots or fibrous? 3. How do gymnosperms dnd
Do the leaves have parallel or retculate anglosperms differ from each
venation? afher?
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7.5 Animalia

These are organiams 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
haoles. These are non-motile animals attached
to some solid support. There are holes or
‘pores’, all aver the bady. These lead Lo a canal
system that helps in circulating water
througheout the body to bring in food and
cxygen. These animals are covered with a
hard outside layer or skeleton. The body
design involves very miniinal differentiation
and division inta tissues, They are commonly
called sponges, and are mainly found in
marine habitats. Some examples are shown
in Fig. 7.12.

7.5.2 COELENTERATA (CNIDARIA)

These are animals living in water. They show
more body design differentiation. There is a
cavity in the hody. The body is made of two

DvERSITYT IN Livmi ORGANTSMS

layers of cells: one makes up cells on the
outside of the body, and the other makes the
inner lidng of the hody. Some of these species
Hve in colonies (corals), while cthers have a
solitary like—span [Hydrd). Jellyfish and sea
anemones are common examples [see
Fig. 7.13).

Tentarles

Temlacles

Fig. 7.13: Coslentercio

7.5.3 PrATYHELMINTHES

The body of animals in this group is far more
complexly designed than in the two other
graups we have considered so far, The body
is Hilaterally 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, TTowever, there 1z no true internal
body cavity or caelom, in which well-
developed organs can he agcommaodated, The
body is flattened dorsiventrally, 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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Fig. 7.14: Plaiyhelminthes

7.5.4 NEMATODA

The nematode hody is also hilaterally
symmetrical and triplablastic. However, the
body is cylindrical rather than flattened.
There are tissues, but no real organs,
although a sart of bedy 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
[roundworim o pinworms]. Some examples
are shown in Fig. 7.15.

5%

AFCars

Fig. 7.158: Nematodes fAschelminthes)

7.5.5 ANNELIDA

Annelid animals are also bilaterally
symunetrical 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 differertiation.
This differentiation cccurs in a segmental
fashicn, with the segments lined up one after
the other from head to tall. 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

Earthibarm

Fig. 7.16: Annelida

7.5.6 ARTHROPODA

Thiz is probably the largest group of animals.,
These animals are bilaterally symmetrical and
segmented. There i an open circulatory
system, and so the blood does not flow in well-
defined blood vessels. The coelomic cavity is
blood-fllled. 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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Fig. 7.17: Arthropoda

7.5.7 Moirusca

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

In Greek, echinos means hedgehog, and
derma means skin. Thus, these are spiny
skinned organisms. These are exclusively
free-living marine animals. They are
triplablastic and have a coelomic cavity. They
also have a peculiar water-drivern tube system
that they use for moving around. They have
hard calcium carbonate structures that they
use as a skeleton. Examples are starfish and
seq urchins [see Fig, 7.19).

Frehtnns fsaq urchin
Fig. 7.19: Fchinodermaia

7.5.9 PROTOCHORDATA

These animals are hilaterally symmetrical,
triploblastic and have a coelom. In addition,
they show a new feature of hody design,
namely a natochard, at least at some stages
during their lives. The notocherd is a leng
1od-like support structure (chord=string) that
Tuns 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
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lives or for the entire length of the animal.
Protochordates are marine animals.
Examples are Balonoglossus, Herdmomia and
Amphioxus (see Fig, 7.20).

Fig. 7.20: A Pratochordaia: Bolonogiossis

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 hilaterally symmetrical,
triploblastic, coelomic and segmented, with
complex differentiation of hody tissues and
organs. All chordates possess the following
features:
(] hawve a notochord
(if] hawve a dorzal nerve cord
(iii] are triploblastic
fiv] have paired gill pouches
(v] are coelomate.
Vertebrates are grouped into five classes.

o2

7.5.10 (3} Prsczs

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 thelr hearts have only
two chambers, unlilte 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. 7.21 (a) and 7.21 (b)].

Cauiuphyrg;uw poweletrad
fAngler fish)

Syrichiropues splencdidics
[Mandarin fsht

Pelvic firy
Dhrrsal fin

Caudal An —-&

Fectric ray (Torpedol

Stirid vy

Dorsal fin

e ¥perinral Pelvie
fin fin

Scoliaden Doy fish)

Fig. 7.21 fak Plsces
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Fig. 7.21 {b: Pisces

7.5.10 (15} Arprrnia

These animals differ from the fish in the lack
of seales, in having mucus glands in the skin,
and a three-chambered heart. Respiration is
through etither gills or lungs, They lay eggs.
These animals are found both in water and
cn land. Frogs, toads and salamanders are
some examples (see Fig. 7.22).

ST e
.#ﬁﬂi# Y I
LR

Saicumander

ahl‘\, ? = ¥
TN
Rana tgrina e t‘"‘ﬁ'
(Cortmor frog! a Higll (Tree_frog)

Fig. 7.22: Amphibia
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7.5.10 (i5} Rerrmia

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
1o lay their eggs In water, unlike amphiblans,
Snakes, turtles, lizards and crocodiles fall in
this category (zee Fig, 7.23).

House 1oail xard
[Hemradacn s

Pl zand Txacol

Flg. 7.23: Reptilin

7.5.10 (ip) 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 hreathe
through lungs. All birds fall in this catepory
(see Fig. 7.24 for examples).




§

White &Stork
[Cfonte clcomdaf

Male Tufied Duck
fAnthara fillglal

Flg. 7.24: Aves [Birds]

7.5.10 (v) Maracarza

Mamimals 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
gweat and ofl glands, Most mammals familiar
to us produce live young ones. TTowever, 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. 7.25.

The scheme of classification of animals i
shown in Fig. 7.26.

o4

Fig. 7.25: Mammalic

uestions
1. How do poriferan animals differ
from coelenferate animals?
2. How do annelid animals differ
from arthropods?
3. What are the differences between
amphibinns and reptiles?

4. What ore the differences betiveen
animals belonging fo the Aves
grouir ard those i the morvricio

group?

Carolus Linnaeus [Karl
vorl Linne) was born in
Sweden and was a doctor
by professsion. He was
interested in the study of
planis. At the age of 22,
he published his first
paper on plants. While
serving as a personal goome pnngeus
physician of a wealthy (17071778
government official. he studied the
diversity of plants in his employer's
garden. Later, he published 14 papers ard
also brought out the famous book
Systemg Noiurae from which all
fundamental taxonomical researches have
taken off. TNis system of classification was
a simiple scheme for arranging plants so
as to be able to identify them again.
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arfarnisation arganisation
Porltera
Wo bearly vavily belwaen Paeudoenelom Coelnmale
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Coelenierata, Platyhelinitthes

Meaodermal crlls from Corlom formed from
a single ool durdng pouches pinched off
growih gl Lhe embryo from Lhe endoderm
Anmelida, Mollusca, l
Arthropoda l l
No notochord Notochord present

| |
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l
! l
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Pig. 7.26: Clossificotion gf animels
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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. Fotato

As you might be able to appreciate, it
would be difficult for people speaking or
writing in different languages te know when
they are talking about the same organism.
This prohlem was resolved by agreeing upon
a ‘scientific’ name for crganisms in the same
manrier 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 tdentify 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 naine of an organisin
is the result of the process of classification

which puts it along with the organisms it is
maost 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
orgardsim. The world over, it has been agreed
that both these names will be used in Latin
forms.
Certainl conventions are followed while
writing the scientific names:
1. The name of the genns 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 spientfic names of any
five common andlmals and plant=. Do
these names have anything in common
with the names you normeally use to

| identfy them?

Classification helps us in exploring the diversity of life forms.

- The major characteristics considered for classifying all
organisms inte five major kingdoms are:

[a) whether they are made of prokaryotic or eukaryetic cells

(b) whether the cells are living singly or organised inta multi-
cellular and thus complex organisms

(¢} whether the cells have a cell-wall and whether they prepare
their own focd.

. All living organisms are divided on the above bases into five
kingdoms, namely Monera, Protista, Fungi, Plantae and
Animalia.

s The classification of life form= is related to their evolution.
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Plantae and Animalia are further divided into subdivisions
on the basis af increasing complexity of body erganisation.
Plants are divided inta five groups: Thallophytes, Bryophytes,
Pterldophytes, Gymnosperms and Anglospers.

Animals are divided into ten groups: Porifera, Coelenterata,
Platyhelminthes, Nemateda, Anmelida, Arthrepoda, Mollusca,
Echincdermata, Protochordata and Vertebrata.

The hinomial nomenclature makes for a uniform way of
identification of the vast diversity of life around us.

The binomial nomenclature s made up of two words — a generic
name and a specific name.

I Exercises

DvERSITE Iv Livmin ORGANTSMS

What are the advantages of classifying organisms?

How would you choese between two characteristics to be used
for developing a hierarchy in classification?

Explain the basis for grouping erganisms into five kingdems.
What are the majer divisions in the Plantae? What is the basis
for these divisions?

How are the criterla for deciding divistons in plants different
from the criteria for deciding the subgroups ameng animals?

Explain hew animals in Vertebrata are classifled inte further
subgroups.




Chapters

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 cbject to be in motion when its
position changes with time, TTowever, there
are situations where the motion is inferred
through indirect evidences. For example, we
infer the motien of air by observing the
maovemnent 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 motien of the
earth? If it is true, why donit we directly
perceive the motion of the earth?

An cbject may appear te he moving for
one person and stationary for some other. For
the passengers in a moving bus, the roadside
irees appear to be moving backwards. A
person standing on the roadifiside perceives
the bus alongwith the passengers as moving.
However, a passenger inside the bus sees his
fellow passengers ta be at rest. What do these
obhservations 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 & combination of these, In this
chapter, we shall first learn to describe the
motion of chjects 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.

MoTIiON

Activity 8.1

] INiscuss whether the walls of your
classroom are at rest or In motion.

Activity 8.2

I Hawe you ever experienced that the
train in which you are sitting appears
to move while it 1s at rest?

i Discuss and share your experience.

Think and Act

We sometimes are endangered by the
mofion of objects arcund us, especially
if that wmofion s erratic and
uncontrolled as observed in a flooded
river, @ hurricane or a tsunami. On the
other hand, controlled motion can be o
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 kim north
of the railway station. We have specified the
pesition 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 crigin.



8.1.1 MoOTION ALONG A STRAIGHT LINE

The simplest type of motion is the motion
along a straight line. We shall first leatn to
describe this by an example. Consider the
motion of an object moving alomg 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
path and reaches C through B.

while the magnitiide of displacement = 35 km.
Thus, the magnitude of displacement (35 km)
is not equal to the path length [Bb k).
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
1o travel back to O, the final position congides
with the initial position, and therefore, the
displacement is zero. Tlowever, the distance
covered in this journey is OA + AO =60 km +
60 km = 120 k. Thus, two different physical
guantities & the distance and the

Y

Fig. B.1: Positions of an ohfect on a straight line path

The total path length covered by the object
is OA + AC, that is 60 km + 35 lkm = 95 Jan.
This i= 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
nurmmerical 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 indtial
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. B.1). For moton of the object from O to
A, the distance covered is 60 kom and the
madidtude of displacemment is also 60 k.
During its motion from O to A and back to B,
the distance covered = 60 lom + 25 km = 85 lam

Moo

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

Activity 8.3

) Take a metre scale and a long rope.

i1 Walk from one corner of a basket-ball
court to I8 oppposite corner along its
sides.

i Measure the distance covered by you

and magnitude of the displacement,

What difference would you notfice

between the two in this case?

Activity 8.4

I Automaoblles are fitted with a device
that shows the distance travelled. Such
a device 18 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 ia 1850 km.

i Find the magnitude of the displacement
between Bhubaneshwar and MNew Telhi
by using the Road Map of India.

Ll
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e — P =l -
{ 7,1 uestions
i k

1. An object has moved through a
distance., Can it have zerg
displacement? If yes, support

Iji" your anawaer with an example,

2. A farmer wmoves along the

MY boundary of a square field of side
0 m in 40 3, What will be the
magnitude of displacement of the
farmer at the end of 2 minutes 20
seconds from his indtial position?
3. Which of the following is true for
displacement?
fal I cannat be zero.
{b] s magnitude is greater than
the distance travelled by the
object.

8.1.2 UNIFORM MOTION AND NON-
UMNIPORM MOTION

Consider an object moving along a straight
ling, Let it travel 5 m in the first second,
5 m more in the next second, & m in the
third second and 5 m in the fourth second,
In thiz case, the object covers 5 m in each
second. As the object covers equal distances
in egual intervals of time, 11 is said to be in
uniform motion, The time interval in this
moticn should be small. In our day-te-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

i The data regarding the motion of two
different objects A and B are given in
Table 8.1.

Examine them caretully and state
whether the moton of the objects is
undform or non-undform.

It

100

Table 8.1
Diatance Distance

travelled by travelled by

object Ainm | object Binm
9:30 am 10 12
4k am 20 19
10:00 am 30 23
13:15 am 40 35
10:30 am 50 37
10:45 am B0 41
11:00 am 70 44

8.2 Measuring the Rate of Motion
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Lowling speed in km
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Look at the situations given in Fig. 8 2. Tf
the bowling speed is 143 lkan h™in Fig. 8.2(a)
what does it mean? What do you understand
from the signboard in Fig. 8.2(H)?

Different chjects may take different
amounts of time to cover a given distance.
Some of them move fast and some move
glowly. 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
ic find out the distance travelled by the ehiject
in unit time. This quantity is referred ito as
speed. The SI unit of speed is metre per
second. This is represented by the symbol
m 8™ ¢r mfs. The ether uniis of speed include
centimetre per second [cm s™) and kilometre
per hour [(kan 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-uniferm
maotion. Therefore, we describe the raie of
moticn of such cbjects in terms of their
average speed. The average speed of an ohject
is obtained by dividing the total distance
iravelled by the tetal time taken. That is,

Total distance travelled
Total time talen

If an chject travels a distance sin time tthen
its speed v is,

average speed =

.

=3

Let us understand this by an example. A

car travels a distance of 100 km in 2 h, ’s

average speed is 50 km h™. The car might

not have travelled at 50 lan h™ all the time,

Sometimes it might have travelled faster and
sometimes slower than this,

(B.1)

Example 8.1 An object travels l6mind s
and then another 16 min 2 5. What is
the average speed of the object?

Solution:

Taotal distance travelled by the object =
l6m+ 16m=32m
Total timetaken =4 3+2s3 =632

Moo

. Total distance travelled
Total time taken

Average speed =

32m )
= 63 =533 mga2

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

8.2.1 SPEED WITH DIRECTION

The mte of motion of an object can b more
comprehensive if we specify its direction of
motion along with its speed. The quantity that
specifies both these aspects is called velocity.
Velecity is the speed of an object moving in a
definite direction, The welocity of an object
can he uniforin or variable. It can be changed
by changing the obhjectis speed, direction of
motion or both. When an object is moving
along a straight line at a varlable speed, we
can express the magnitude of itz rate of
motion in termms of average velocity. It is
calculated in the sarme 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 arithinetic mean of
indtial velocity and final velocity for a given
period of time. That is,

initial velocity + final velocity
2

average velocity =

u+u

Mathematically, » = (8.2)

where v_ is the average velocity, uis the initial
velecity and vis the final velecity of the ebject.

Speed and velocity have the satne units,
that is, m 2™ or m/s.

Activity 8.6

1 Measure the tme it takes you to walk
frorm your house 1o your bus stop or
the achool. If you consider thar your
average walking speed is 4 km h™,
estimate the distance of the bus stop
or school from your house.
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Activity

i

8.7

At a ime when it 1s cloudy, there may
be frequent thunder and lightning. The
sound of thunder takes some time to
reach you atter you see the lightning,
Can you answer why this happens?
Measure thia 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=346m=s')

1. Distinguish befiveen speed and
veloctty.

2, Under what conditionfs] is the
magniticde of average velocityy of
an object equal to its average
speerd?

3. What does the odometer of an
automobile measure?

4. What does the path of an object
look like when it s n wniform
moton?

5. During an experimment, a signal
from a spaceship reached the
ground station in five minttes.
What was the distance of the
spaceship from the grotund
station? The signal travels af the
speed of light, that is, 3 - 10°
m Sﬁl.

Ezample 8.2 ’I‘h&_ndomete:r of a car reads

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

Solution:

Dristance covered by the car,

g = 2400 lam n1 2000 kkm = 400 lan
Time elapsed, t=8h

Average speed of the car is,

_ E_4Dﬂkm
# ¢t 8h
= 50 km h™
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km  1000m 1h
- h lkm 36003
=13.9ms2

The average speed of the car is
50 km h* or 13.9 m 8.

Example 8.3 Usha swims in a 90 m long
paol. She covers 180 m in one minute
by swimming from one end to the other
and back along the same siraight 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 distanece covered
Total imetaloen

Average speed =

lEiﬂm_lBDm 1 min
“1lmin lmn 60s

=3mas’

. Displacement
Total imetaken

Average velocity

.ﬂm

60 =

G m snl
The average speed of Usha is 3 m 8"
and her average velocity is 0 m s,

8.3 Rate of Change of Velocity

During uniform motion of an ohject along a
straight line, the velocity remains constant
with timne. In this case, the change in velocity
of the cbject 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
chject during any time interval i1s net zero.
Can we now express the change in velocity of
an object?

SCIENCE



To answer such a gquestion, 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 1s,

change in velocity
aceceleration = -
time taken

If the velocity of an ohject changes from
an initial value e to the final valae v in time £,
the acceleration a is,

H_=

A 18.3)

This kind of motion is known as
accelerated motion. The acceleration is taken
to be positive iT it 13 in the direction of velocity
and negative when it is opposite to the
direction of velocity. The SI unit of
acceleration is m &%,

If an object travels in a straight Ine and
its velocity increases or decreases by egual
amounts in equal intervals of time, then the
acceleration of the object is said to be
uniform. The motion of a freely falling body
iz 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 unegual amounts
in equal intervals of time, then the car is said
to be moving with non-uniforin acceleration.

Activity 8.8

In your everyday life vou come across

a range of motlons in which

(a] acceleration 1s in the direction of
rootion,

(il acceleration is against the
dirgction of motion,

lc] acceleratdon is uniform,

(dl acceleratdon s non-uniform.

— Can you ldentify one example each of
the above type of motlon?

Example 8.4 Starting from a stationary
position, Rahul paddles his bicyele to

Moo

attain a velocity of 6 m 5™ in 30 3. Then
he applies brakes such that the velocity
of the bicycle comes down to 4 m s in
the next 5 5. Calculate the acceleration

of the bicycle in both the cases,

Solntion:

In the first case:

initial velocity, u =0 ;
final velocity, v = 6 m &7 ;
time, t =305 .

From Eq. (8.3), we have

a:

L
Substituting the given values of u,vand
t i1 the above equaticn, we get
[ﬁm s™ fidm sﬂ]
ﬂ- -
30 s

=0.2 m g%

In the second case:

inttial velocity, © = 6 m s2;
final velocity, v =4 m g";

time, £t =5 =.
(41::18’" ﬂﬁmsm)
Then, g=
o=
=fn0.4 m s™.

The acceleration of the hicycle in the
first case 12 0.2 m T and in the second
case, itis nd.4 m s,

1. When will you say o body is in
fi} uniform acccleration? i} non-
uniform acceleration?

2. A bus decreases its speed from
80 km h #c &0 lan h™ in 5 s.
Find the acceleration of the bus.

3. A train starfing from a railivay
station and moving tith uniform
acceleration attains a speed
40 km h™ in 10 minutes. Find its
aceeleration,
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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
vou have studied in mathematics, a straight
line graph helps in selving a linear equation
having two variables.

Ta describe the motion of an abject, we
can use line graphs. In this case, line graphs
show dependence of one physical quantity,
such as distance or velocity, on ancther
guantity, 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 ahaxis
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 ete.

1
H
a0 .
E A
30 d
5 &
[~]
gm
10 lj-"
-Hu‘lJ
1 T,
o 20 a0 B0

Time (min)

Fig. 8.3: Distance-tme graph of on ohject moving
teAth whiforin spead

We know that when an object travels
equal distances in equal intervals of time, it
moves with uniform speed. This shows that
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the distance travelled by the cbject is directly
proportional 1o time taken. Thus, for uniform
speed, a graph of distance travelled against
time is a straight ling, as shown in Fig, §.3.
The portion OB of the graph shows that the
distanee 15 increasing at a uniform rate. Note
that, you can alsc use the term uniform
velocity in place of uniferm speed if you take
the magnitude of displacement equal to the
distance travelled by the object along the
y-axis.

We can usze the distance-time graph to
determine the speed of an cbject. To do =0,
congider a small part AR of the distance-time
graph shown in Fig 8.3. Draw a line parallel
to the x-axis from peint A and another line
parallel to the y-axis from point B. These two
Iimes meet each other at peint C te form a
triangle ABC. Now, on the graph, AC denotes
the time interval (¢, — 1 ) while BC correspends
to the distance (s,— s ). We can see from the
graph that as the ebject moves from the point
A to B, it covers a distance [s,- s,) in time
(f,- t,). The speed, 1 of the object, therefore
can be represented as

5, iig
= ¢ At (8.4)
We can also plot the distance-time graph
for accelerated motion. Table 5.2 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

2 1

4 4
B

8 16
10 25
12 36

SCIENCE
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Fig. 8.4 Distance-time graph for a cor moting whdth
HOR-UNE TR Speed

The distance-time graph for the metion
of the car is shown in Fig. §.4. Note that the
shape cof this graph 1s 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 moticn with nen-uniform
speed.

8.4.2 VELOCITY-TIME GRAPHS

The varlatlon 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

i‘i

5 883§

Yrlochy (km h™)

LL
[+

t;

T T
1 2 2 4

Time (h]
Fig. B.5: Velacity-time groph far unfform motion of
& oar

Moo

and the velocity is represented along the
y-axis, Ifthe object mawes at uniform velocity,
the height of its velocity-time graph will not
change with time (Fig. 8.5). Tt will be a straight
line parallel to the x-axis. Fig. 8.5 shows the
veloelty-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 hy
velocity-time graph and the time axis will be
equal to the magnitude of the displacement.

To kmow the distance moved by the car
between time ¢, and {, using Fig. 8.5, draw
perpendiculars from the points corresponding
to the time ¢ and i, on the graph. The velocity
of 40 km h" is represented by the height AC
or BD and the time (i,— ¢)) is represented by
the length AB.

50, the distance s moved by the car in
time (£,— ¢) can be expressed as

g = AC CD
(40 km h™)
40 [t~ i) km
area of the rectangle ABDC (shaded
in Fig. 8.5).

We can also study about uniformly
accelerated motion by plotting its velocityl
time graph. Consider a car being driven along
a straight road for testing its engine. Suppose
a persorl sitting next to the driver records its
velocity after every b seconds by noting the
reading of the speedometer of the car. The
velocity of the car, in km h™ as well as in
m =", at different instants of time is shown
in table 8.3.

(t,— ) bl

Table 8,3: Velocity of a car at
regular instants of time

Velocity of the car

(m s (Em k)

15 7.5 27

20 10.0 36
5 12.5 45
30 15.0 b4
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Ir1 this case, the velocity-time graph for the
maotion of the car is shown in Fig. 8.46. The
nature of the graph shows that velocity
changes by equal amounts in equal intervals
of time. Thms, for all uniformly accelerated
motion, the velocity-time graph 1s a
straight line.

Valovity (kkm b ')
]
=
b
b

hind

; 3

f’ B I C

a 10 15 20 28 an
Time {s)

Fig. 8.&: Velocity-time graph for a cor moving with
uniform aecelerations.

You can also determine the distance
moved by the car from 1ts 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 meving with
uniform velocity, the distance travelled by it
would be represented by the area ABCD
under the graph (Fig. 8.8). Since the
magnitude of the velecity of the car 1s
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,

g = arca ARBCDE
area of the rectangle ABCD + area of
the triangle ADE

1
= AR HC+E[_&D DE]

In the case of non-uniformly accelerated
motion, velocity-time graphs can have any
shape.
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Fig. 8.7 Velooiiy-tme graphs of an obfect in nhon-
unfformiy accelerated matfon,

Fig. 8.7(a) shows a velocity-time graph
that represents the motion of an cbject 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 objeet with time. Try to interpret
these graphs.

Activity 8.9

1 The tmes of arrival and departure of a
train at three stations A, B and C and
the distance of gtations B and C from

I station A are given in table .4,

Table 8.4: Distances of stations B
and C from A and times of arrival
and departure of the train

Station | Digtance | Time of | Time of

arrival |departure

A 0 08:00 P8:15
B 120 11:156 11:30
C 180 13:00 18:15

| Plot and Interpret the distance-tme
graph for the train assuming that its
motion between any two stations is
uniform.

SCIENCE






shown in Fig. 8.8 (similar to Fig. 8.6, but now
with & J ). 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 i1
CD, represents the change in velocity in titne
interval &

Let us draw AD parallel to OC. From the
graph, we observe that

BC =BD +DC =ED + DA

Substituting BC =wvand OA = 4,

we get v =BD+u

or BD =wufin (8.8)

From the velocity-time graph (Fig. 8.8),
the acceleration of the object is given by

Change in velocity

a= time taken
By _ BD
“AD OC

Substituting OC = &, we get

_BD
@="
or BD = at (8.9}
Using Eqs. [8.8) and (8.9) we get

=u+ad

8.5.2 EQUATION FOR POSITION-TIME
RELATION

Let usz consider that the object has travelled
a distance s in time ¢ under uniform
acceleration a. Tn Fig., 8.8, the distance
travelled by the object is obtained by the area
enclosed within QABC under the welecity-time
graph AB.
Thus, the distance s travelled by the object
is given by
s = area QABC [which is a trapezium)
= area of the rectangle OADC + area of
the triangle ABD
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1
=0A OC+ 2 (AD BD) (8.10)

Substituting OA = i, OC =AD = tand BD
= at, we get

1
= . _fxﬂ-!‘-
s=u- t+ 2[ )

or s=ui+ 7 at?

2

8.5.3 EQUATION FOR POSITION—VELOCITY
RELATION

From the velocity-time graph shown in

Fig. 8.8, the distance s travelled by the object

in time ¢, moving under uniforn acceleration

g is givernl by the area enclosed within the

trapezium OABC under the graph. That is,
& = area of the trapezium GABC

(oa+mC) oOC

2
Substituting OA = u, BC = v and OC =,
we get

2.11)

From the velocity-time relation (Eg. 8.6),
we get

_{o-u)
L8
Using Eqs. [8.11) and (8.12) we have

(8.12}

c= I[UH.L}- {U—u}
Za

ar Zaes=-ut

Example 8.5 A train starting from rest
attains a velecity of 72 km h? in
5 minutes. Assuming that the
acceleration iz uniform, find (i) the
acceleration and (ii) the distance
travelled by the train for attaining this
velocity.
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Solntion:

We have been given
w=0:v=72 km h" = 20 m s and
f = 5 minutes = 300 =,

i) From Eq. (8.5) we know that

t

=2EI ms” fi O0ms™
200s

1
=— ms™
15

(i} From Eqg. (8.7) we have
Baogs=p*-uwt=p*"-D
Thus,

_ (20 ms"y
2 (1/15)ms"™

= 3000 m
=3 km

1
The acceleration of the train iz —m s ?

15
and the distance travelled is 3 km.

(iil From Eq. [8.6) we have

1
— i 2
s=uf+ 5 af

1
=5ms". 55+ a7 I1ms2. (58P

=25m+ 12.5m

=37.5m -
The acceleration of the car is= 1 m =
and the distance covered is 37.5 m.

Example 8.6 A car accelerates uniformly
from 18 ki h” to 36 km h” in 5 s.
Calculate (i) the aceeleration and (i) the
distance covered by the car in that time.

Solution:

We are given that
i 18lkmh™ =5 m s
v 36kmh" =10 m s" and
5 bhs,

[il From Eq. [8.5) we have

-1
a=
¥

.lﬂms" fiSmasa’
- Bs
lms™

Moo

Egample 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 3 1o stop after the
application of brakes, caleulate the
distance it travels during this time.

Solnton:

We have been given
a=Nnbms® : £t=22and v=0m g,
From Eq. (8.5) we know that
=1 +at
O=w+mEGms") 2s
or u=12ms" .
From Eq. [8.B) we get

s=ut+ - at?
2

1
=[12ms"}- [Zs]+ E [fi6 m =™ 2 /)¢

=24dmfl2m

=12m
Thus, the car will move 12 m before it
stops after the application of brakes.
Can you now appreciate why drivers
are cautlioned itc mainf{ain seme
distance between vehicles while
travelling on the road?

I. 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 speerd
aof 20m h™. Brakes are applied
so as to produce a uniform
acceleration of — 0.5 m 52, Find
how far the train will go before it
is brought to rest.

3. A trolley, while going down an
inclined plane, Ras an
acceleration of 2cm 52, What will
be its velocity 3 s after the siart?

4. A racing car has a uniform
acceleration of 4 m 82, What
distance will it coverin 108 after
shart?

5. A stone is thrown in a verfically
upiard direction with a velocify
of 5m s, If the accelerafion of the
stone during its motion is I0m s™
in the downiward direction, what
will be the height attained by the
afone and how much fime will it
take to reach there?

8.6 Uniform Circular Motion

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

n - A&
L 4
L
] < a
[H - B
B
{a} Rectangular track B Hexagonal track

fo} Octagonal shoped track  {d) A circular track

Fig. 8.9: The motion of an athlete olong closed tracks
of different shopes,
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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
Tuns at a uniform speed on the straight parts
AR, BC, CD and DA of the track. In order to
keep himself en 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 cne round? It
iz clear that t¢ 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 thiz situation, the athlete
will have to change hig 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)? 1t is chserved that
as the number of sides of the track increases
the athelete has to talee 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 magnihade
along the circular path, the enly 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 civevrnference of a circle
of radius ris given by 2ry . f the athlete takes

t seconds to go once around the circular path
of radius 1, the velocity v is given by

_ar

¢ 8.13)

When an ebject moves in a eireular path
with uniform speed, its motion is called

1miform circular motion,
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Activity

8.11

Take a plece of thread and te a amall
piece of stone at one of its ends. Move
the stone to describe a oircular path
with constant apeed by heolding the
thread at the other end, as showm in
Fig. 8.10.

-‘.. “m,

i
17 a8
¥ |

ke Tl

Fig. 8.10: A stone describing a circular poth with

a tedociiy of constont 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 fimes
and releasing the stone at different
posidons of the cireular path, check
whether the direction in which the
stonge moves wmaing the same or not.

What

you have
learnt

I you carefully note, on being released
the stene moves along a straight line
tangential to the circular path. This is
because once the stone is released, it
continues to meove aleng 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 aleng the circular
path.

When an athleie threws a hammmer 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
owil 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 ¢ircular motion, such as the
maotion of the moon and the earth, a satellite
in a circular orbit around the earth, a cyclist
on a c¢ircular track at constant speed
and so on.

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

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

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

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

Uniform and non-uniferm moetiens of objects can be shown
through graphs.

The motion of an object moving at uniform acceleraticn can be
described with the help of three equations, namely

¥ =it + at
s=ut+
2ags =1v*Au?

at?

Moo
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where u is initial velocity of the object, which moves with
uniform acceleration a for time £, ¢ is #ts final velocity and s is
the distanee it travelled in time t.

If an object maoves in a circular path with uniform speed, its
motion 1s called uniform cireular motion.

Exercises

1.

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

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 arcund
and jogs 100 m back to point C in another 1 minute. What are
Josephis average speeds and velocities in jogging (a) from A to
B and (b} from A to C7?

Abdul, while driving te schoel, computes the average speed for
his trip te be 20 km h®. On his return trip along the same
reoute, there is less traffic and the average speed is
30 km h". What 1s the average speed for Abdulis trip?

A metarboat stariing from rest on a lake aceelerates in a straight
line at a constant rate of 3.0 m s®for 8.0 s, How far dees the
boat travel during this time?

A driver of a car travelling at 52 km h™ applles 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 steps in 10 8. On the same graph paper,
plot the speed versus time graphs for the twe cars, Which of
the two cars travelled farther after the brakes were applied?
Fig 8.11 shows the distance-time graph of three objects AB
and C. Study the graph and answer the following questions:

|
12 ’ A

]

o 04 D8 12 18
time [haur]—
Fig. 8.11
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10.

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

() 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?

A ball is gently dropped from a height of 20 m. If its velocity
Increases uniformly at the rate of 10 m 52, with what veloeity
will it strike the greund? After what time will it strike the
ground?

The speed-time graph for a car is shown is Fig. 8.12.

&
_f-
p -
E -
4
1
o 2 ¥ & & 10
Time (5}
Fig. &.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 periad.

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

State which of the following situations are pessible and give

an example for each of these:

(a) an object with a constant aceeleration but with zero velocity

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

An artificlal satellite is moving in a clreular orbit of radins

42250 km, Calculate its speed if it takes 24 hours to revolve

around the earth.
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Chapter9

FoRrCE AND LAws oF MoTion

In the previpus 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 nen-uniform., We have not yet dizcovered
what canses 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 guench all such curiosities.

For many centuries, the problem of
motion and its causes had puzzled scientists
and philesophers. A ball on the ground, when
given a sinall hit, does not move forever. Such
observailons suggest that rest 1z the inatural
statei of an object. This remained the helief
until Galileo Galilei and Tsaac Newion

developed an entirely different approach to
understand moetion,
-.i::-:‘_'."‘ :-::‘ By s "/
t_’ - % o

Ay
7w

fa) The Lrolleyy mmoves alongr the
direction we push it

B Tha drgicer is pulied,

5

o} The hockey stick hits the batl forvard

Filg. 8.1; Pushing, pulling, or hitting obfects change
thetr state of motian.

In our everyday life we cbserve that some
effort is required to put a statlonary 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 metion, The
concept of force is based on this push, hit or
pull. Let us now ponder about a éfercei. What
i= it? In fact, no one has seen, tasted or felt a
force. TTowever, 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 abjects are all ways of bringing
objects in motion (Fig. 9.1). They move
because we make a force act on them.

From your shiadies in earlier classes, you
are also familiar with the fact that a force can
be used to change the magnitnde of velocity
of an ohject (that is, to make the ebject move
faster or slower] or to change its direction of
motion. We also know that a force can change
the shape and size of cbjects (Fig. 8.2).
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Fig. 9.2: (3] A spring expancds on application of force;
(&t A spherical rubber Ball Becormes oBlong

a3 we apply foroe on it



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 foree by pulling the string X, the block
begins to mowve to the right. Sitoilarly, if we
pull the string Y, the block moves to the lett.
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 ohject. Now, let us consider a situation in
which two opposite forces of different
magnitudes pull the block. In this case, the
block waould 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.

ST,

Fig. 9.3: Two forces acting an o wooden block

What happens when seme 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
oppasite to the push [Fig. 9.4(a)]. This friction
force arises between two surfaces in contact;
in this case, between the hottom of the box
and flooris rough surface. i 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 becanse the friction foree still balances
the pushing force. If the children push the
box harder still, the pushing force becomes
bigger than the friction force [Fig. ©.4(c)].
There 18 an unbalanced force. So the hox
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 forees acting opposite to the direction
of moticn. In order to keep the bicycle moving,
we have to start pedalling again. It thus
appears that an object mantains its metion
under the continuous application of an
unhalanced force. ITewever, It is quite
incorrect. An object moves with a untform
velocity when the forces (pushing force and
frictienal force) acting on the object are
balanced and there is no net external foree
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 directionn of motion)
would contimme as long as this unbalanced
force is applied. However, if this force is

il e ,_Jﬂ' . =
ol - A ‘53_: = g %-‘4@? —
e — - P ey 1 : =gy’

Yo ‘ n _M\
l- ;.* o = Ifﬁ é;bai 42 14Emy g ‘“"lgb J,,f’/ m— 4
) (b) d
Fig. 9.4
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removed completely, the chject would
continue to move with the velocity it has
acquired till thex.

9,2 First Law of Motion

By cbserving the motion of objects on an
inchined plane Gallleo deduced that objects
move with a constant speed when ne force
acts on them, T1e ohserved that when a marble
rolls dewm an inclined plane, its velocity
increases [Fig. 9.5(a)l. I the next chapter,
vou 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 bhottom. Its velocity decreases
when it climbs up as shown in Fig. 9.5(b).
Fig. ©.5[c) shows a marble resting on an ideal
frictionless plane inclined on both sides.
Galilec 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 marbkle will ¢cimb the same
distance that it covered while relling down, If
the angle of inclination of the right-side plane
were gradually decreased, then the marble
wodld travel further distances 1 it reaches
the original height. If the right-side plane were
ultimately made horizontal (that is, the slepe
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 marbile in this case
are zero. It thus suggests that an unbalanced
(external) force iz required to change the
motionn 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 markle and a smocth plane and
praviding a lubricant on top of the planes.
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Fig. 9.5 fa) the dawniiard motion: bt the uprsard
matian af a marble on an inclined plane;
and o} on o double inclined pline.

Newton further studied Galilecis ideas on
force and motion and presented three
fundamental laws that govern the motion of
objects. These three laws are kmown as
Newtonis laws of motion, The first law of
motion is stated as:

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

In ether words, all objects resist a change
in their state of motion. In a qualitative way,
the tendency of undisturbed chjects to stay
at rest or to keep moving with the same
velocity is called inertia. This is why, the first
law of motion is alsc lmown 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
1o stop the motorcar. With the application of
brakes, the car slows dewn but cur 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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Gallleo Cralilel was born

on 15 Febrmary 15684 in
Fisa, Italy. Galileo, right
Ifmrn his childheod, had
interest in mathetnatics
and natural philozophy.
But his father
Vincenzo Galilei wanted
hitn to become a medical

doctor. Accordingly, o
| Galileo enrolled himsell i rage
for amedical degree at the

University of Pisa in 1581 which he never
completed because of hiz real interest in
mathematics, Tn 1586, he wrote his first
gelentific book “The Liftle Balance [La
Balancitiali, in which he described
Archimedesi method of finding the relative
densities [or specific gravities) of substances
using a balance. In 1589, In his serles of
essays N De Mofu, he presented his theorles
about falling ohjects using an inclined plane
to slow down the rate of descent.

In 1592, he was appointed professor of
| tnathematics 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 1s proportional to
the square of the time taken,

Galileo was alzo a remarkable craftsman,
He developed a series of telescopes whose
optical performance waas much better than
that of other teleacopes avallable during those
days. Around 1640, he designed the first
pendulum cloeck. In hia hoock ‘Starry
Messenger’ on his astronomical discoverles,
allleo claimed to have seen mountains on
the moon, the milky way made up of tiny
stars, and four small bodies orbiting Jupiter.
In his hooks Discourse on Floating Bodies’
and ‘Letters on the Sunspois’, he disclosed
his ocbservations of sunspots.

Using his own telescopes and through his
abservations on Saturn and Venus, Galilea
argued that all the planets must orbit the Sun
and not the earth, contrary to what was
believed at that time,

Foncr asn Laws oF Morow

impact or collision with the panels in frent.
Safety bhelts are worn to prevent such
accidents. Safety belis exert a force on our
body to make the forward motion slower. An
oppasite 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 cur body opposes this
motion hecause 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 directionn 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

J Make a plle of similar carom coilns on
a table, as shown in Fig. 9.5,

| Attempt a aharp horizontal hit at the

botiom of the pile using another carom

coin or the striker. If the hit 15 strong

enough, the bottom coin maves out

guickly. Once the lowest coin is

removed, the inertia of the other coins

makes them &falli vertically on the table.

Fig. 9.6; Only the carom con at the bollom of &
pile is remaved when afast maving canm
cotht for strifer) hits .
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9.2

1 Set a fve-rupee coin on & stff card
covering an empty glass tumbler
standing on a fahle as shown in
Fig. 9.7,

|  Give the card a sharp horlzontal 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,

| Theinertia of the coin fries to mantain
ita atate of rest even when the card
flows off.

Activity

Fig. 9.7: When the card is flicked with the
Jinger the cotn placed owver it folls in the
tumbien

Activity 9.3

| Place a water-filled tumbler on a tray.

|  Hold the tray and turn around as fast
A5 VOl CATL.

1  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. Ifit is
at rest it tends to remain at rest; if it is moving
it tends to Keep moving. This property of an
object is called its inertia. Do all bodies have
the same mertia? We know that it is easier to
push an empty box than a box full of bocks.
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 ©.2, instead of a
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five-rupees coin if we use a one-rupee coin, we
find that a lesser force i1s required toe perform
the activity. A foree 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 mch lesser tendency
to change its state of metion. Accerdingly, we
say that the train has more inertia than the
cart. Clearly, heavier or more massive objects
offer larger nertia. Quantitatively, the inertia
of an object s measured by itz mass. We may
thus relate inertia and mass as follows:
mertia 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.

Which of the follotwing has more
inertia: {a} a rubber ball and a
stane of the same size? (bl a
i bicycle and a train? fc} a five-
Y ripees coin and a one-rupee coin?
In the following example, try to
identifiy the number of times the
velocity of the ball changes:
“A foothall player kicks a foothall
to another player of his tenm who
kicks the foothall towards the
goal. The goalkeeper of the
appasite 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
maiy get detached from a tree if
we vigorously shake its branch.

4. Why do you fall in the forward

direction when o mowving bus

brakes to a stop and fall
backiwards when it accelerates
from rest?

9.4 Second Law of Motion

The firzst 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 foree, Let vs recount some
observations from our everyday life. During
the garne 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 {ruck at rest does not require
any attention when parked along a roadside.
But a moving truck, even at speeds as low as
5 ms™, 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 knew 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 objectis
mass and its velocity. One such property
called momenitum was introduced by Newton.
The momentum, p of an object is defined as
the product of its mass, m and velocity,
That 1s,

B.1]

Momentum has both direction and
magnitude. Tts direction is the same as that
of velocity, ¢ The 51 unit of momerntiun is
Kilogram-metre per second (kg m s'). Since
the application of an unbalanced force brings
a change in the velociiy of the object, it 1=
therefore clear that a force also produces a
change of momentum,

Let us consider a sitnation in which a car
with a dead batiery 1z tc 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
lunbalanced force) te it, it hardly starts. But
a continucous push over some time regults 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 forece is exerted. Tt may then
also be concluded that the force necessary to

P =mu

Foncr asn Laws oF Morow

change the momentum of an chject depends
on the time rate at which the momentuam is
changed.

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

0.4.1 MATHEMATICAL FORMULATION OF
SECOND LAW OF MOTION

Suppese an object of mass, m is moving along
a straight line with an initial velocity, w. It is
umniformly accelerated to velocity, vin time, ¢
by the applicaticn of a constant force, F
throughcut the time, § The Inftlal and final
momentum of the object will be, p, = mu and
b, = mu respectively.

The change in momentum T p.-B
Tome - mu
_ ome [M=id.
The rate of change of mamentum 7 w
Or, the applied force,
P - (vow)
1
P
F= +ﬂ.] {92]
= kma (9.3}
Iere al = (v - W/t ] 13 the acceleration,

which is the raie of change of velocity. The
quantity, k is a constant of proportionality.
The SI units of mass and acceleration are kg
and m =2 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 52 in an object of 1 kg
mass. That is,

1 unit of force = k- (1 kg) - [1 m 9.
Thus, the value of &becomes 1. From Eq. (9.3)
F=ma 9.4)
The unit of foree is kg m 52 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 pur everyday life. TTave you noticed
that while catching a fast moving ericket ball,
a fielder in the greund gradually pulls his
hands backwards with the moving ball? In
doing sq, the fielder increases the time during
which the high velocity of the moving ball
decreases to zero. Thus, the acceleration of
the ball is decreased and therefore the impact
of catching the fast moving ball (Fig. 8.8) 1s
alsoc 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 momenium 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 o fall etther on
a cushioned bed or on a sand bed. This is to
increase the time of the athleteis fall to stop
after malking the jump. This decreases the
rate of change of momentum and hence the
force. Try to ponder how a karate player
breaks g slab of ice with a single blow,
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Fig. 9.8: A fielder pulls hig honds grocualiy with the
titouing Ball toRfe holding o cateh.
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The first law of motion can be
mathematically stated from the mathematical
expression for the second law of motion. Eq.
(©.4) is

F=ma

or F= M (9.5)

or Ft=mv-mu

That iz, when F = 0, v = u for whatever time,
t iz taken. This means that the object will
continue moving with uniform velocity, u
throughout the time, & If it is 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 objectis veloelty
from 3 m 5" to 7 m s'. Find the
magnitude of the applied foree, Now, if
the force was applied for a duration of
5 =, what would be the final velocity of
the object?

Solntion:

We have been given that u= 3 m s"
and v=7msl, t=2sand m =5 kg
From Eq. (£.5) we have,

_ omful )

St
Substitution of values in this relation
gives
F=bkg(7ms"'"fi3ms"/25=10N.

Now, if this force is applied for a
duaration of 5 5 (¢ =5 =), then the final
velocity can be caleulated by rewriiing
Eq. (9.5) as

V=4 —
m

On substituting the values of u, £ m
and t, we get the final veloelity,
v=13ms".
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Ezample 9.2 Which would require - Solution:

greater foree N accelerating a 2 kg mass From Eq. (2.4) we have m = F/a ;and
at 5m s™ or a 4 kg mass at 2 m s2°? m,=F/a,llere, ¢, = 10 m s%
Solution: a,=20mg” and F=5N.

Thus, m, =5N/10m s2=0.50 kg; and
Fromn Eq. (9.4), we have F = ina. m,=bH N/20m =2 = 0.2b kg.
Tlere we have m, =2 kg; ¢, = 5 m s+ If the twe masses were tied together,
and m,=4kg; o,=2ms> the total mass, m would be
Thus, F=ma =2Kkg- 5ms*=10N; m =0.50 kg + $.25 kg = 0.75 kg,
and F, = m,a, =4kg- 2ms?=8N. The acceleration, a produced in the
O F,>F, combined mass by the 5 N force would
Thus, accelerating a 2 kg mass at be, a=F/m=6N/0.76kg =6.67 ms".

b m s would require a greater force. —= E 5

Egample 9.5 The velocity-time graph of a

Example 9.3 A motorcar is moving with a ball of mass 20 g moving along a
velocity of 108 km/h and it takes 4 s to straight line on a long table is given in
stop after the brakes are applied. Fig. 9.9.

Calculate the force exerted by the

hrakes on the motorcar if its mass along a5

with the passengers is 1000 kg. ; 0 T

Solution: 8 1s- -

The initial velocity of the motorcar 'ﬁ‘ R

u =108 lkan/h £ 54
=108 1000 m/{60- 60 s) T ——1
=30ms"' 1 2 3 4 5 6 7 B 9 10 11

and the final velocity of the motorear 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, = 4 s. ITow much force dees the table exert

From Eq. [2.5]) we have the magnjtude cn the ball to bI'lIlg it to rest?

of the force (F} applied by the brakes as

mfy — uj/t. Solution:

Omn substituting the values, we get The frdtial velocity of the ball is 20 cm 7.

F=1000kg- (0Nn30)ms'/4s Due to the friction force exerted by the
=-7500 kg m 5% or - 7500 N. table, the velocity of the ball decreases

The negative sign tells us that the force down te zere i 10 2, Thus, 4 =20 cm s™;

exerted by the brakes is opposite to the ¢=0cms!and £ = 10 3, Since the

direction of motion of the motorcar. velocity-time graph 1s a straight ling, it is

— clear that the ball moves with a constant
acceleration. The acceleration o is

Example 9.4 A force of b N gives a mass

m,, an acceleration of 10 m s and a a=”"”‘

mass m,, an acceleration of 20 m &2 L

What acceleration weuld it give if both =0ems'A20cems’)/10s
the masaes were ted together? =1iZ cm 82 = 10,02 m 87,
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The force exerted on the ball Fis,

F=ma=20/1000) kg - (i 0.02m 52
=1 0.0004 N.

The negative sign implies that the

frictional force exerted by the table is

apposite 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
ohject exerts a force on another chject, the
second object instantanecusly 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 foctball
sometimes we, while looking at the football
and trying te kick it with a greater force,
collide with a player of the cpposite team,
Baoth feel hurt because each applies a force
to the other, In other words, there is a pair of
forces and net just one force. The two
opposing forces are alse 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
ohserved that both the spring balances show
the same readings on their scales. It means
that the force exerted by spring balance Acn
balarice B is equal but opposite in direction
to the force exerted by the balance B on
balarice A. The force which balance A exerts
on balance B is called the actior and the force
of balance B on balance A is called the
reaction. This glves us an aliernative
statement. of the third law of maotion e, o
every action there 1z an equal and opposite
reaction. Ilowever, it must be remembered
that the action and reaction always act on
two different objects.
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Fig. 910! Aciion and reaction forces are equeal and
opposite.

Suppose you are standing at rest and
intend te start walking on a road. You must
aceelerate, and this requires a ferce 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 hackwards. The road exerts an equal
and opposite reaction 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 magnitnde, 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 ar equal
and opposite reaction force on the gun. This
results in the receil of the gun (Fig. 8.11]).
Since the gun has a much greater mass than
the bullet, the agceleration of the gun is muach
less than the aceeleration of the bullet. The
third law of motlon can also be illustrated
when a sailor juinps out of a rowing boat. As
the sailor jummps forward, the force on the boat
moves it hackwards (Fig. ©.12).

Accelerating foree
om the btullet
.'

Fig. 9. 11 A forteard force on the builet and recofl aof
the gun
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Fig. 9.12: Ag the sailor jumps i fortesard divecion,
the boat motes Backards,

9.4

Request two children to stand on two
separate carts as shown in Fig. 9.13.

Z  Give them a bag full of sand or some
other heavy object, Ask them 4o play a
game of catch with the hag,

Doges ¢ach of them recelve an
inagtantaneous reactlon as a result of
throwing the sand bag [acton)?

Z  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.

Activity

Fig, 9.13

Now, place two children on one cart and
one on ancther cart. The second law of motion
can be seen, as this arrangement would show
different accelerations for the same force.

Foncr asn Laws orF Morow

The cart shown in this activity can be
constructed by usinga 12 mm or 18 mm thick
plywood board of about 50 ¢m - 100 cim with
two pairs of hard ball-bearing wheels [skate
wheels are good to use). Skateboards are not
as effective because 1t 1z Aifficalt to maintain
straight-line motion.

9.6 Conservation of Momentum

Suppose twa objects (twe halls A and B, say)
of masses m, and m_are travelling in the same
directior1 along a straight line at different
velocities u, and w,, respectively [Fig. 9.144a]].
And there are na other external unbalanced
forces acting on them. Let u, > it and the
two balls collide with each other as shown In
Fig. 9.14(b). During collision which lasts for
a time ¢, the ball A exerts a force F,,on hall B
and the ball B exerts a force F, on ball A
Suppose v, and v, are the velocities of the
two ballz A and B afier the collision,
respectively [Fig. 9.14(c]].

M, T M. T A B
hefore mttl!s:tun F *__F By
e {Ext

)

affer collision
fed

Fig. 9. 14: Conservation of momertum in collision of
oo balis,

Fromm Eq. (9.1). the momenta [plural of
momentum] of ball A before and after the
collision are m u, and m, ., respectively. The

A A
rate of change of fts momentum [or £, _, action)

during the collision will be ™, 7 .

Similarly, the rate of change of momentum
of ball B (= F_, or reaction) during the collizion

(Vs —utg)

t

Aceeording to the third law of metion, the
force F, exerted by ball A on ball B (actien)

will he Mg
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and the force F,_, exerted hy the hall B on ball
A [reaction) must be equal and opposite to
each other. Therefore,

F,=nF_ (9.6)
v, ' e U
o aTug) L el )
i t
This gives,
G NPNE I EE TR TR 1 TR 9.7)

Sinece (e, + m i) is the total momenturm
of the two halls A and B before the collision
and (m,1, + myty) is their total momentum
after the collision, from Eq. (9.7) we chserve
that the total momentum of the two balls
Temains unchanged or conserved provided no
other exiernal 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 eollision
provided there is no extermal unbalanced
foree acting on them. This is kmown as the
law of conservation of momentum. This
statement can alternmatively be given as the
total momentum of the two chjects is
unchanged or conserved by the collisicn.

Activity 9.5

| Take a big rubber balloon and inflate
1t fully, Tie itz neck using a thread. Also
using adhesive tape, fix a straw on the
suwrface of this balloon.

| Pass a thread through the straw and
hold ane end of the thread in your hand
or fix it on the wall.

| Ask your friend o hold the other end
of the thread or fix it on a wall at some
distance. This arrangement is showm
in Fig. 9.15.

| MNowremove the thread tied on the neck
of balloon. Let the air escape from the
mouth of the balloon.

| Obzerve the direction in which the
siraw moves.

Strome

4

Fig. 9.15
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Activity 9.6

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 aof it,
Now auapend the test tube horlzontally
by two atrings or wires as shown in
Fig. 9.16.
Heat the test tube with a burner untl
water vaporises and the cork blows ouat,
| Observe that the test tube recoils in
the direction opposite te the direction
of the eorlk

4 4

A,

Fig. 9.16

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
horizentally fired with a velocity
150 m s'! from a pistel of mass 2 kg.
What is the recoil veloeity of the pistel?

Solntion:

We have the mass of hullet,
m, =20 g (= 0.02 kg) and the mass of
the pistol, m, =2 kg initial velocities of
the bullet () and pistol (1) = 0,
respectively. The final velocity of the
bullet, v, = + 1560 m s'. The direction
of bullet is taken from left to right
[positive, by conventicn, Fig. 9.17). Let
t'be the recoil velocity of the pistol.
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Total momenta of the pistol and bullet
before the fire, when the gun 1z at rest
= (2+002) kg Oms"

= Okgm gt
Total momenta of the pistol and bullet
after it 12 fired

=0.02 kg - [+ 1560 m s")

+2 kg vmst

=3 + 21) kg m =™
According to the law of conservation of
momentim
Taotal momenta after the fire = Total
momenta before the fire

J+2u=0

I w =:1.Bbms"
Negative sign Indicates that the
directionn in which the pistol would
recoll is oppasite to that of bullet, that
is, right to left.

belore Gring

\-c_.ir

fit)

Egample 9.7 A girl of mass 40 kg jumps

with a horizontal velocity of 5 m 8! onto
a stationary cart with frictionless
wheels, The mass of the cart 1z 3 kg,
What is her velocity as the cart starts
moving? Assume that there is no
external unbalanced force working in
the horizontal direciion,

Solnton:

Let © 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

= 40kg- bms" +3 kg Oms"
= 200kgms”.
Total momenta after the interaction
(40 + 3) kg vms™
= 43 v kg m 5™,

According to the law of conservation of
momentiun, the total momentum is
conserved during the interaction.
That is,
43 v
T

200
200/43 = + 4,65 m s7,

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).

Fig, 9,.18; The gir jumps onta the oart,
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Example 9.8 Two hockey players of

cpposite teams, while trying te hit a
hockey ball on the ground collide and
immediately become entangled. One
has a mass of 60 kg and was moving
with awelocity 5.0 m 3™ while the other
has a mass of 55 kg and was moving
faster with a velocity 6.0 m 8" towards
the first player. In which direction and
with what velocity will they move after
they become entangled? Assume that
the frictional force acting hetween the
feet of the twe players and ground is

negligible.

Solution:

fezt

If vis the velocity of the two entangled
players after the collision, the total
moemeritum then

= [m,+m)- v

= [BD0+ bbjkg: vms"

= 115. vkgms",
Equating the momenta of the system
before and after calliston, in accordance
with the law of conservation of
momentum, we get

v o= n3F1156

= 11 0.26 m g™,

Thus, the two entangled players would
move with velocity 0.26 m ™ firom right
to left, that is, in the direction the
second player was moving before
the collision.

Fig. 9.19: A oollision of two hockey players: (o] before collision and (B) after collision.

Let the first player be moving from left
to right. By convention left to right is
taken as the positive direction and thus
right to left is the negative dirvection (Fig.
9.19). If symbols m and 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 v, =+5ms'; and

m,=bbkg, u,=fi6ms".
The total mormentiun of the two players
before the collision

= 60kg- (+5ms")+

kg @fiBmsl)
= 03D Ekgm s!
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uestions

If action is always equal to the
reaction, explain how a horse can
pull a eart.

2. Exploin, why is it difficult for a
fireman to hold a hose, which
gfects large amounts of water at
a high velocity.

3. Fromarifle of mass 4 kg, a bullet
of mass 30 g is fired with an
initial velocity of 35 m s™,
Calculate the inffial recoil velocity
of the rifle.
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4. Tiwo objects of masses 100 g and They collide and after the collision,

200 g are moving along the same the first object moves at a veloaiy
line and direction with velocities of 1.67 m g™, Determine the
gf 2m s™ and 1 m sV, respectivelyy. 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 impertant 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 dees not prove the law. On
the other hand, a single experiment whose result goes against the law iz enough to disprove
it.

The law of conservation of momentum has been deduced from large mumber of
observations and experiments, This law was formulated nearly three centuries age. Tt 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

- BN you have
o fi @;% learnt

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

The natural tendency of chjects 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 moetion of objects.

Second law of motien: The rate of change of mementum of an
cbject is proportional te the applied unbalanced force in the
direction of the force.

The SI unit of force is kg m 8. This is also known as newton
and represented by the symbol N. A force of one newton
produces an acceleration of 1 m 4™ on an object of mass 1 kg

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

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

In an isclated systemn (where there is no external force}, the
total momentum remains conserved,
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Exercises

10.

11.
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An object experiences a net zero external unibalanced force. Is

it possible for the object to be travelling with a non-—zere velocity?

If yes, state the conditions that must be placed on the

magtiiitude and direetlon of the velocity. If no, provide a reason.

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

Explain.

Why 15 it advised to tle any luggage kept on the roof of a bus

with a rope?

A batsman hits a cricket ball which then rells on a level ground.

After covering a short distance, the ball comes to rest. The ball

slows to 8 stop because

{a) the batsman did not hit the ball hard enough.

(b) velocity is preportlonal to the foree exerted on the ball.

(¢} there is a force on the ball epposing the motion.

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

A truck starts from rest and rells down a hill with a constant

acceleration, It travels a distance of 400 m in 20 s, Find its

acceleratien. Find the force acting on it if its mass is

7 tonnes [Hint: 1 tonnme = 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 te rest after travelling
a distance of 50 m. What is the foree 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 exeris a foree of 20000 N
and the track coffers a friction force of 3000 N, then caleulate;
{a) the net accelerating foree;

(h) the acceleration of the train; and

(¢} the force of wagon 1 on wagon 2.

An automobile vehicle has a mass of 15600 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 g™%

What is the momentum of an object of mass m, moving with a
velocity o2

(a) (rr)? (h) mi# e} [} mu

Using a horizontal force of 200 N, we intend to move a wooden
cabinet across a floor at a constant veloclty. What is the friction
force that will be exerted on the cabinet?

Two chjects, each of mass 1.5 kg, are moving in the same
straight line but in opposite directions. The velocity of each

SCIENCE
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12,

13.

14,

15.

16.

17,

18.

chject is 2,b m s' before the collision during which they
stick together. What will be the velecity 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 chject 18 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 ather.
Comment on this logle and explain why the truck does not
move,

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

A bhullet of mass 10 g travelling horizentally with a velocity of
150 m s™ strikes a stationary wonden block and comes to rest
in 0.03 8. Calculate the distance of penetration of the bullet
inte 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 Bne with a velocity
of 10 m 5™ collides with, and sticks to, a stationary wooden
bleck of mass 5 kg. Then they both move off together in the
same straight line. Caleulate 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 1s accelerated uniformly from a veloclty
of b m s" te 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 veloclty an an expressvay when an insect
hit the windshield and got stuck on the windscreen. Alhtar
and Kiran started pendering over the situation. Kiran suggested
that the insect suffered a greater change in momentum as
cotnpared to the change in momentum of the motorear (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 veloeity, it exerted a larger foree on the
insect. And as a result the insect died, Rahul while putting an
entirely new explanation said that both the meotorcar and the
insect experienced the same force and a change in their
momentum. Comment on these suggestions.,

How much mementum will a dumb-bell of mass 10 kg transfer
to the floor if it falls frem a hedght of 80 cnm? Take its downward
acceleration to be 10 m s™,
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' Additional

Exercises

Al

AZ,

A3,

Ad,

The following is the distance-time table of an object in metion:
Time in seconds Distance in metres

O

1

8

27

64
125
216

7 343
{a) What conclusien can you draw about the acceleration?
Is it constant, increasing, decreasing, ar zero?

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

Two persens manage te push a motercar of mass 1200 kg ata
uniform velocity aleng a level road. The same maotorear can be
pushed by three persons to produce an acceleration of
0.2 m s?, With what force does each persen push the motorcar?
{Assume that all persons push the motorcar with the same
muscular effort.}

A hammer of mass b00 g, meoving at b0 m s, strikes & nail.
The nail stops the hammer in a very short time of 0.01 s. What
i& the force of the nail on the hamme:?

A moetorcar of mass 1200 kg is moving along a straight line
with a uniform velocity of 90 km/h. Its velocity iIs slowed down
to 18 km/h in 4 5 by an unbalaneed external foree. Calculate
the acceleration and change in mementum, Also calculate the
magnitude of the force required.

) B I - I e
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Chapter 10

In Chapters 8 and 9, we have learnt about
the motion of chjects and force as the cause
af motion, We have leamti that a force iz
needed ta change the speed or the direction
of moticn of an object. We always cbserve 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 thege cases, there must be some
force acting on the objects, the planets and
an the moon. Isaac Newion could grasp that
the same force is responsible for all these.
This force is called the gravitational force.

In this chapter we shall learm about
gravitation and the universal law of
gravitation. We shall discuss the motion of
cbjects 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
cbjects to float in liguids.

10.1 Gravitation

We know that the moon goes around the
earth. An cobject when throwm upwards,
reaches a certain height and then falls
dowrrwards. 1t 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 maon? Is the foroe
the same in bath cases? e conjectured that
the same type of force is responsible in both
the cases. He argued that at each point of its
orhit, the moon falls towards the earth,
instead of going off in a straight line. So, it
must be atiracied by the earth. But we do
not really see the moon falling towards the
earth.

GRAVITATION

Let us try to understand the motion of
the meeon by recalling activity 8.11.

Activity 10.1

# Take a piece of thread.

- Tie a Small stone at one end. Hold the
other end of the thread and whird it
round, a2 shown In Fig. 10.1.

Note the moton of the stone.

. Release the thread.

» Again, nate the direction of maotion of

“ the stone,

PFig. 10.1: A stone desrribing a circulor path with a
velocily gf consionl magnilide,

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 1s 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 cirele

A B C

g
k-
5
&

A straight line that meets the circle
at one and only one peint is called a
tangent to the circle. Straight line
ABC 1s a tangent to the circle at

oint B,
= &

The mation of the moon arpund 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
motorn.

It is seen that a falling apple is attracted
towards the earth. Does the apple attract the
earth? If s0. we do not see the carth 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 arguinerit
for why the earth does not move towards the
maogon,

In our solar system, all the planets go
around the Sun. By argning the same way,
we can say that there exists a force between
the S5un and the planets. From the above facts
Newton concladed that not only does the
earth atiract an apple and the moor, but all
objects i the universe attract each other. Thds
force of attraction between objects is called
the gravitational force.

132

10.1.1 UNIVERSAL IAW OF GRAVITATION

Every object in the universe atiracts every
other object with a feree which 1s proportianal
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 graviiaional force belingen two
urifform ohjerts i directed along the line
Jotridnygy their ceritres,

Let two abjects A and B of masses M and
ntlie at a distance o from each other a=s 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 praduct
of their masses. That 1s,

F Mxm {10.1)
And the force hetween two objects is inversely
proportional to the square of the distance
between them, that is,

!
F —

1 (10.2)

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

M m
F T

= (10.3)

or, F=G

e (10.4)

where (5 i3 the constant of proportionality and

is called the universal gravitation constant.

By multiplying crosswise, Eq. (10.4] gives
Frdi=GMxm

Semice



Isaac Newton was hort
in Waolsthorpe near
Grantham, England.
He iz pgenerally
regarded as the most
original and
influential theorist i
the history of science.
He was born in a poor
farming family. Buthe
was not good at
farming. TTe was sent
to studyat Cambridge
University in 1661. n
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 moomn i its orbit.
This led him to the universal law aof
gravitation. Itisremarkable that many great
scientists before him knew of gravity but fadled
1o realise it.

Newton formulated the well known laws of
motion. He worked on theories of light and
colour, TTe designed an astrenomicaltelescape
to carry out astronomical observations.
Newton was also a great mathematician. He
inverited anewbranch cfmathematics, called
calculus, TTe used it to prove that for objects
outside a sphereofuniformdensity, 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
of the selentific revolution of the seventeenth
ceniury, Newton's work combined the
contributions of Copernicus, Kepler, Galileo,
and others into a new powerful synthesis.

It 18 remarkable that though the
gravitational theory could not be verified at
that time, there was hardly any doubt about
its cotrecimness, Thizis because Newton based
his theory on sound scientific reasoning and
backed it with mathematics. This made the
theorysimple and elegant. These qualitiesare
now recognised as essentlal requirements of a
good scientific theory.

Isoere Netidon
(1842 — 1737}

How did Newton guess the
inverse-square rule?

There has always been a great interest
in the moticn 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. Theze are:
1. The orbit of a planet is an ellipse with
the Sun at one of the foeid, as shown in
the figure given below. In this figure O
1z the posttion of the Sun.

2. The line joining the planet and the Sun

sweep equal areas in equal intervals
af ime, Thus, if the me of travel from
Ato B is the same as that from C toc I,
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 orhital pericd T. Or,

2/ T¢ = constant.

It 1s impaortant 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 c
of Kepler toa D
calculate the
gravitational force B
of atiraction. 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 1s vand the radius of the
crbit is . Then the force acting on an
orbiting planet is given by ' 02/r.

If Tdenctes the period, then v= 2m/T,
so that v /T

We can rewrite this as v*  (1/1] =
[ v/ TH. Since 4/ T¢is constant by Kepler's
third law, we have » 1 /r. Comhbining
thiswith ¥ ?/r,weget, F 177

CRAVTTATION
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2

Fd
M m

The 51 unit of G can be obtained hy
suhstituting the units of force, distance and
mass in Eq, (10.5) as N m? kg2,

The value of G was found out by
ITenry Cavendish (1731 — 1810) by using a
sensitive balance. The accepted value of G is
B.ET3x 1O Nm*kg®,

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

ar (10.5)

The law is universal in the sense that
it is applicable to all hodies, whether
the badies are hig 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

5
:
S

1
35 times smaller.

Example 10.1 The mass of the earth 1s
6 x 10?* kg and that of the moon is
7.4 10° kg, If the distance between
the earth and the maon 1s 3.84 10°km,
calculate the force exerted by the earth
on the moon. G =6.7 107" N m? kg™

Solution:

The mass of the earth, M=6 10% kg
The mass of the moon,

m=7.4 10° kg
The distance between the earth and the

oor,
d= 3.84 1Fkm
= 3.84 1 1000 m
= 354 10¢Fm
G= B.7 10" N m? kg*
134

From Eq. (10.4), the force exerted by
the earth on the moon is

Mxm
d:!

F=0

67 10N *kg® 6 10Mkg 74 102 kg
(3.84 10*m)*
=201 x 10™N.

Thus, the foree exerted by the earth on
the moon is 2.01 x 10 N.

uestions

1. State the universal law of
gravitation.

2. Write the formula fo find the
magnitude of the gravitational
Joree between the earth dned an
abfect on the surface of he earth,

10.12 IMPORTANCE OF THE UNIVERSAL
LAW OF GRAVITATION

The universal law of gravitation successfully
explained several phenomena which were
Believed to be unconnected:
{i] the forge that hinds us to the earth;
(ti] the maotion of the moon around the
earth;
[iii] the motion of planets around the Sumn;
and
(iv] the tides due to the moon and the Sun.

102 Free Fall

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

Activity
= Take a stome,

# “Throw it upwards.
» It Teaches a certain height and then 1t

starts falling dowmn.

We have learnt that the earth attracts
objects towards it. This is due 1o the
gravitational force, Whenever objects fall
towards the earth under this force alone, we
gay that the objects are In free fall, Is there

10,2
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any change in the velocity of falling objects?
While falling, there is no change in the
direction of motion of the objects. But due to
the earth’s attraction, there will be a change
in the magnitude of the velocity. Any change
in velocity involves acceleration. Whenever an
cbject 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 gravityl. 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 moticn
that force is the product of mass and
acceleration. Let the mass of the stone in
activity 10.2 be m. We already knmow that there
is acceleration invelved in falling objects due
to the gravitational force and is denoted by g.
Therefore the magnitude of the gravitational
force Fwill be equal to the product of mass
and acceleration due to the gravitational
force, that is,

F=mg (10.6)
From Egs. [10.4) and (10).5] we have
ma e M m
g= e
or g=4G :——g (10.7)

where M is the mass of the earth, and dis
the distance between the object and the earth.
Let an object be on or near the surface of
the earth. The distance din Eq. (10.7) will be
equal to R, the radius of the earth. Thus, for
cbjects on or near the surface of the earth,

M=m
mg =G i (10.8)
M
g=G =z (10.9)

The earth is not a perfect sphere. As the
radius of the earth increases from the poles
to the equator, the value of g becomes greater
at the poles than at the equator. For most
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calculations, we can take g to be more or less
constant on or near the earth. But for objects
far from the earth, the acceleration due to
gravitational force of earth is given by
Eq. [10.7).

102.1 To CALCULATE THE VALUEOF (

To calculate the value of g, we should put
the values of G, M and R in Eg. [10.9],
namely, universal gravitational constant,
G = 6.7 x 1011 N m® kg2, mass of the earth,
M=46x 10¢ kg, and radius of the earth,
R=64» 1 m.

M
g=G—

2

_67 10"Nm kg” 6 10 kg
B4 10°Pm)°

=9.8ms"

Thus, the value of acceleration due to gravity
of the earth, g =9.8 m 7%

1022 MoTION OF GBJECTS UNDER THE
INFLUENCE OF GRAVITATIONAL
FORCE OF THE EARTH

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

Activity 10.3

Take a sheet of papeT and a stone. DTop
therm gimultaneoushy from the first floor
of a building, Observe whether both of
them Teach the grownd simultateously.
We See that paper reaches the ground
little Tater than the stome. This happens
because of alr resistance. The air offers
resistance due to friction to the roton
of the falling objects. The resistance
offered by alr ta the paper is more than
the resistance ofered 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.
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We know that an chject experiences
acceleration during free fall. From Eqg. [10.9,
this acceleration experienced by an ohject is
independent of its mass. This mears 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 Maly te prove
the same,

As g is constant near the earth, all the
equations for the uniformly accelerated
motion of ohjects become valid with
acceleration areplaced by g (see section 8.5).
The equations are:

v=u+at (10.10]
s:ut+%ﬂﬁ [10.11]
=1+ 208 (1D.12]

where v and v are the initial and final
velocities and = is the distance covered in
time, t,

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

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).
@ What i= itz speed on striking the
ground?
(1]) What is its average speed during the
0.5 s7
(iiif How high is the ledge from the
ground?

Solution:

Time, £ = [ second

Initial velocity, v = 0 m s

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

[dowmward)
(i} speed ¢ = at
v = 10m=s2x0.5s
= 5ms!
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U+
fil} average speed= 5
= [Oms'+bmse-}f2
= 25omg’
[iii] distance travelled, s =0 n #
Ox10m =% x [0.5 sf
Ox 10 m 5% x 0.25 &°

1,25 m

Thus,

i) its speed on striking the ground

=5mg!

({l) 1its average speed during the 0.5 g
=25ms?!

(iiil 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 (1) the velocity with
which the cbject was thrown upwards
and [1i] the time taken by the object to
reach the highest point.

Solution:

Digtance travelled, s=10m
Final velocity, v = 0 m 5!
Acceleration due to gravity, g = 9.8 m s*
Acceleration of the object, a = 9.8 m 5@
(upward maotior)
(i) p2=if+2as
0= u*+2x9.8ms%= 10m
—ui=—2x 9.8x10 m?s?

U= .flgg ms’
=l4mg!

il U=u+at
O=14ms'-98ms?*xt
t=1.453=.

Thus,

il  Tnitial velocity, u= 14 m 87, and
[ii) Time taken, t=1.43 =.

uestions

1. Whai do you mean by free fall?
2, What do you meon by acoeleration

due ko grauvity?
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103 Mass

We have leamt in the previous chapter that
the mass of ann 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 an
the earth, the moon or even in cuter 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 atiracts 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=mmxaq, (10,13
that is,

F=muxg. (10.14)

The force of attraction of the earth on an
chject is Eknown as the weight of the object. It
1z 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
5I unit of weight is the same as that of force,
thatis, newton (N). The weight is a force acting
vertically downwards; it has hoth 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 cbject is directly
proportional to the mass, say m of the object.
that is, W . It is due to this reason that
at a given place, we can use the weight of an
chject as a measure of its mass. The mass of
an object remains the same everywhere, that
1z, on the earth and on any planet whereas
its weight depends on its location.

104.1 WEGHT OF AN OBJECT ON
THE MOON

We have learnt that the weight of an object
an the earth 12 the force with which the earth
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attracts the object. In the same way, the
weight of an ohject on the moon is the force
with which the moon attracts that abject, The
mass of the moon is less than that of the
earth. Due to this the moon exerts lesser force
of attraction ocn 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 K.

By applying the universal law of
gravitation, the weight of the cbject on the
moon will be
M, m

R,

Let the weight of the same object on the
earth be W . The mass of the earth is M and

its radiu= i=s R.
Radius (m)

6.37 l0¢
1.74 10¥

W, G (10.186)

Table 10.1

Celestial Mass (kg)

h.88 10
7.36 10*

Earth

Maoaon

From Eqgs. (10.2) and {10.15) we have,

M m
W, G—s

(10.17)

Substituting the values from Table 10.1 in
Egs. (10.16] and (10.17), we get

7.36 10°%kg m

WJTI. G 2
B
1.74 10"m
W_ 2431 10°Gxm (10.18a)
and W, 1.474 100G xm (10.15h]

Dividing Eq. (10.18a) by Eq. [10.18b), we get
10
W, 2431 10
W, 1474 1D

We_ 065 L
G

or (10.19)

[
Weight of theobject onthemoon 1
Weightof thechject 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 1z its weight on the earth?

Solution;

Mass, = 10kg

Acceleration due to gravity, g = 2.8 ms™
W=mxg
W=10kZr=9.8ms*=08N

Thus, the weight of the object is 98 N.

Example 10.3 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 lmow,
Weight of object on the moon

= (1/6) » its weight on the earth.
That is,

w,_10
L0y

W = =—
B

= 1.67 N.
Thus, the weight of abject on the

surface of the moon would be 1.67 N.

nestions

1. What are fhe differences betlween
the mass of an obfect and (s
welghi?

2. Why is the weight of an obiject on

1
Hhe moon E”‘-u's welght an the
earth?

10.5 Thrust and Pressure

Have you ever wondered why a camel cannim
in a desert easily? Why an atmy 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? Tn order to address these
questions and understand the phenomena
invalved, it helps to introduce the concepts
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of the net force in a particular direction
[thrust] and the force per unit area (pressure)
acting on the cbject 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 foree acts on a smaller area
at the tip of the pin.

Fig. 10.3: Tu fix a paster, droubing pins dre pressed
with the thumb perpendicular Lo ihe boand.

Situation 2: You stand on loose sand. Your
feet go deep into the sand. Now, He down on
the sand. You will find that your bedy 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 dowmwards. Here the force
is acting perpendicular 1o the surface of the
sand. The force acting on an ohbject
perpendicular to the surface is called thrust.

When yvou stand on loose sand, the force,
that is, the weight of your bady is acting an
an area equal to area of your feet. When you
lie dowr, 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 1s the same. But effects are
differenit. Therefore the effect of thrust
depends on the area on which it acts.

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

thrust

area

Substituting the ST unit of thrust and area in
Eq. (10.20), we get the 5] unit of pressure as
N/m® or N m™.

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

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

(10.20)

Pressure =

Example 10.6 A block of woed is kept an a
tabletop. The mass of woaden block 1s
5 kg and its dimensions are 40 ecm x 20
cm x 10 cm. Find the pressure exerted

4 nm
{al fk}
Fig. 10.4

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 em,

Solution:

The mass of the woodern block = 5 kg
The dimensions

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

That is,

Thrust=F = mxg
= 5kgx 9.6 ms"?
= 49N

Area of a side = length x breadth

= 20cm x 10 cm

= 200 em? = 0.02 m*
From Eq. (10.20),

49N
PI‘ESBUIE = ﬂ.mmﬂ

= 2450 N m™.

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

= 40 cm » 20 cm

= B0 cm®=008m?
From Eq. (10.20),

49N
T’I‘ESSLII‘E = D Dsmﬁ

&= '512;5 M
The pressure exeried by the side 20 cm
x 10 ¢m 1z 2450 N m? and by the side
40 cx 20 em i 612.5 N m™

Thus, the same force acting on a smaller
area exerts a larger pressure, and a smaller
pressure on 4 larger area. This is the reason
why a nail has a pointed tip, knives have sharp
edges and huildings have wide foundations.

10.5.1 PRESSURE IN FLUIDS

All ligquids 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 Buovancy

Have yvou ever had a swim in a pool and felt
lighter? Have yvou ever drawn water from a
well and felt that the bucket of water is heavier
when it is out of the water? ITave you ever
wondered why a ship made of iron and steel
does naot sink in sea water, but while the same
amount of iton and steel in the form of a sheet
wiould sink? These questions can be answered
by talking bucyancy in consideration. Let us
understand the meaning of bhuoyancy hy
doing an activity.

Activity 10.4

#  Take an empty plaste bottle. Close the
mouth of the bottle with an airtight
Stopper. Put it in a bucket flled with
water. You see that the bottle floats.

. Push the bottle into the water. You feel
an upward push. Try ta push it further
doem. Yo will find it difficult to push
deeper and deeper. This indicates that
water exeris a force on the hottle in the
upward direction. The upward force
exeried by the waler goes on inCreasing
as the bottle 1s pushed deeper till it 1s
oompletely immersed.

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

»  Does the force due to the gravitational

attraction of the sarth act on this

hottle? If so, why doesn't the bottle Stay
immersed in water atter it is releaged?

How can yvou immerse the bottle in

water?

The force due to the gravitational
attraction of the earth acts on the bottle n
the downward direction. 5o the hottle i=
pulled downwards. But the water exerts an
upward force on the bottle. Thus, the bettle
iz 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
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by the water on the hottle is greater than its
weight. Therefore it rdses up when released.

To keep the botile 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 imimersed in a fluid.
The magnitude ef this buoyant force depends
on the density of the fluid.

10.5.3 WHY OBJECTS FLOAT OR SINK WHEN
PLACED ON THE SURFACE OF WATERS

Let us do the following activitles to arrive at
an answer for the above question,

Activity 10.5
| Take a heaker filled with water,
Take an iron nail and place it on the

surface of the water.
2 Ohserve 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 an the nail, which pushes
it upwards. But the downward force acting
on the nall is greater than the upthrust of
water on the nail. So it sinks [Fig. 10.5].

e 7

Y

N 4

Fig. 10.5: An lron natl sinks and a cork floais when
placed on the surface of waker,

Scmice



Activity 10.6

®  Take a beaker filled with water.

®»  Takea piece of cork and an iron nail of
equal mass.

» PFPlace them on the surface of water.

®  Obzerve what happens.

The cork floats while the nail ginks. This
happens hecause of the difference in their
densgities. 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
cotk. 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 13 less than
the weight of the nail. So it sinks.

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

uestions

1. Why is it difficult to hold a school
b hawtng d stragp mede of o hin
and strong string?

2, What do you mean By buoyancy?

3. Why does an object_float or sink
when placed on the suface af

treiter?
10.6 Archimedes’ Principle
10.7

Activity

® Take z piece of stgme and tie it to gne
end of a rubber string or a spring
halance,

# Suzpend the stone by holding the
balange or the siring as shown in
Fig. 10.5 (a).

. Note the clongation of the string or the

[ reading on the spring balance due {0
the weight of the stone,

# Now, slowly dip the Stone in the water
iIn a c¢ontainer as shown in

Fig. 10.6 [b).
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{a}

Fig, 10.6: o} Observe the elongafion of the rchber
string due o the welght of a plece of stone
suspended from it in air. (bl The elongation
decreases as Llhe stone is immersed
TR LG beET.

Cbserve what happens to elongatiom
of the string or the reading an 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.
ITowever, 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 siring 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 alsc decreases. As discussed
earlier, this upward force exerted by water is
known as the foree of buoyancy.

What is the magnitnde of the buoyant
force experienced by a body? Is it the same
in all flnids for a given body? Do all bodies in
& given fluld experience the same buoyant
force? The answer to these guestions is
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contained in Archimedes’ pringiple, stated as
fallows:

When a body (s immersed fully or porfialiy
in a_fluid, it experiences an upward force that
Is equal to the welght of the fluld displaced
by it.

Now, can you explain why a further
decrease in the elongation of the string was
not ohserved 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
S noticing that the water in a
{ bathtub overflowed when he
1 stepped into it. He ran
" through the streets shouting

“*Eurekal”, which means “T
have got it". This knowledge helped him to
determine the purity of the gold in the crown
marle for the king,

Hi= 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 artny.

10.7 Relative Density

As you know, the density of a substance is
defined as mass of a unit volume. The unit of
density iz kilogram per metre cube kg m.
The density of a given substance, under
specifled conditions, remains the same.
Therefore the density of a substance iz one
of its characteristic properties. Tt is different
for different substances. For example, the
density of gold is 18300 kg nr® while that of
water is 1000 kg nr®, 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 saubstance in comparison with that of
water. The relative density of a substance is
the ratic of its density to that of water:

Density of a substance
Density of water

Relativedensity =

Since the relative density is a ratlo of
similar gquantities, 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
Hguids, are based on this principle.

uestions

1. You find your mass fo be 42 kg
o o weighing machine. Is your
wiss more ot less than 42 kg?

2. You have a bag of cotton and an
fron bar, eqch indicating @ mass
af 100 kg when mensured on o
weilghing machine. n reallfy, one
Is heavier than other. Can you
say which one s heauier
and why?
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Exampl 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 sitver
= Density of water

Density of silver
= Relative density of silver

» demsity of water

=10.8x 10°kgm™
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The law of gravitation states that the foree of attracticn hetween
any two objects is proportional to the product of thelr 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 sald to be universal.

Gravitatlon is a weak force unless large masses are involved.

Force of gravitation due to the earth is called gravity.

The force of gravity decreases with altitude. It also varies on
the surface of the sarth, decreasing from peles to the equator.
The weight of a bedy 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 ferce of bucyancy when they are
immersed in a fluid,

Objects having density less than that of the lgquid in which
they are immersed, float on the surface of the lquid. If the

density of the abject 13 more than the density of the liguid in
which it 1s immersed then it sinks in the Hguid.

Exercises

How does the force of gravitation between two chjects change
when the distance hetween them is reduced to half ?
Gravitational force acts on all objects in preopertion te their

masses. Why then, a heavy object does not fall faster than a
Hght object?

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

The earth and the moon are atiracted to each other hy
gravitational force. Dees the earth attract the moen with a force
that 1s greater or smaller or the same as the foree with which
the moon attracts the earith? Why?

If the moen attracis the earth, why does the earth not move
towards the moon?
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o

10,

11.

12,

13.

14,

15.

18,

17.

15.

What happens te the force between two objects, if
(i} the mass of ane cbject 13 doubled?
{{f} the distance between the objects is doubled and tripled?
{iil} the masses of boih chjects are doubled?
What is the importance of universal law of gravitation?
What is the acceleration of free fall?
What do we call the gravitatienal force between the earth and
an ohject?

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 geld
bought? If net, why? [Hint: The value of g is greater at the
peles than at the equator.]

Why will a sheet of paper fall slower than one that is crumpled
inte a bhall?

Gravitaticnal force on the surface of the meon is only % as
strong as gravitational force on the earth, What is the weight
in newtons of a 10 kg object on the moen and on the earth?
A hall is thrown vertically upwards with a velocity of 49 m/s.
Calculate

i} the maximum height to which it rises,
(1} the total tme 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 veloclty just before touching the ground.

A stone 1s thrown vertically upward with an initial velocity of
40 m/s. Taking g= 10 m/<?, find the maxmum height reached
by the stone, What is the net displacement and the tetal
distance covered by the stoneg?

Calculate the force of gravitation between the earth and the
Sun, given that the mass of the earth = & x 10** kg and of the
Sun = 2 x 10 kg, The average distance beiween the two 1s
1.5x 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 prejected vertically
upwards from the ground with a velocity of 25 m/s, Calculate
when and where the two stones will meet.

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

[a) the velecity with which it was thrown up,

{b) the maximum height it reaches, and

[c) its position after 4 s.

Semice



CRAVTTATION

19,

20.

21.

22,

In what direction does the bucyant force on an chject 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 em®. 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 cn *? What
will he the mass af the water displaced by this packet?
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Chapter 1 1

WoRKk 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 nm. 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 acrass. 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.

1111 Nor MuceH *"WoORK® IN SPITE OF
WORKING HARD!

Kamali is preparing for examinations. She
gpends lot of me 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 seientific definition of work.

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

¥ou 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 “world’
in science, work is not done.

You climmb 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, waiching a movie, attending
a funcition are sometimes not considered to
be work, What constituies 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

F We have discussed in the abgve
paragraphs a number of activities
£ which we normally consider to be work




in day-tp-day life. For each of these
activitles, ask the following questicns
and ansSwer them:

{1] What is the work being done on?
fiff What i5 happening to the object?
fill} Who [what) 15 doing the work?

11.12 SCIENTIFIC CONCEPTION OF WORK

Ta 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 pitl 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 moust apply a foree. The bocok rises up.
There is a force applied on the book and the
book has moved. Hence, work is done.

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

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

A bullock iz 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

Think of some situatens from your
daily hife involing work,

List them.

Discusg with your friends whether
work s being done in =ach sttuation.
Try to reason out your response,
Ifwork 1= done, which is the foree acting
on the object?

What is the object on which the work
is dome?

What happens to the object on which
work 13 done?

WaRK AND ENERGY

Activity 11.3

Think of situatdoms when the object 15
nat displaced in spite of a foree acting
on 1t.

Alsq think of sttuations when an object
gets displaced in the absence of a foree
acting on it.

Ligt all the situations that you can
think of for each.

Dscuss with your friends whether
work i2 dome in these situations,

11.1.3 WORE DONEBY A CONSTANT FORCE

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

Let a constant force, Fact on an object.
Let the object be displaced through a
distance, s in the direction of the force [Fig.
11.1]. Let Whe the work dome. We define work
to be equal to the product of the force and

displacement.
Work dane = force x displacement
W =Fs {11.1)

Fig. 11.1

Thus, wark done by a foree acting on an
object iz 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.

I Eg. (11.1),1f F=1Nand s =1 mthen
the work done by the force will be 1 N m,
TTere the unit of work is newton metre [ m)
or joule (J). Thus 1J is the amount of wark
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done on an object when a farce of 1 N
displaces it by 1 m along the line of action of
the force.

Lock 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 13 zero? Refer
to the conditions that are to be satisfied o
gay that work 1z done.

Example 11.1 Aforce of B N is acting en an
object. The object is displaced through
2 m in the direction of the force (Fig.
11.2). If the force acts on the cbject all
through the displacement, then work
doneis B Nx2m =10 Nmor 10.J,

21 P

Fig. 11.2

uestion

1. A jJorce of 7 N acts on an chject.
The displacement (s, say 8m, In
the direction of the jforce
fFig. 11.3). Letus take it that the
Joree aets on the ohject through
the displacement. Wheat s the
waork done in this cass?

Hm e

-

7n— [

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 haby
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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Consider a sttuation in which an object is
moving with a uniform velocity along a
particular direction. Now a retarding force, F.
is applied in the opposite directien. That is,
the angle between the two directions 1z 180T
Let the object stop after a displacement s. In
such a situation, the work done by the force,
Fis taken as megative and denoted by the
minus sign. The work done by the force is
Fx (-8 or [-Fx s).

Tt is clear from the above discussicn that
the werk done by a force can be either pesitive
or negative. To understand this, let us do the
fallowing activity:

Activity 11.4

Lift an object up. Work 1s done by the
force exerted by you on the object. The
cbject moves upwards, The force you
exerted iz in the direction of
displacement. However, there 15 the
forge of gravigy acting on the chject.
Which one of these forces 12 doing
posittve work?

Which one iz doing negative work?
Give Teasons.,

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 lnggage of 15
kg from the ground and puis it on his
head 1.5m above the ground. Calculate
the work done by him on the luggage.

Solution:

Mass of luggage, m =
displacement, s = 1.5 m.

15 kg and

Scmice



Workdome, W = Fxs=mgxs
= 15kgx10ms?x1.5m
= 225 kgms*m
= 225 Nm= 225.J
Work done {5 225 J.
uestions
I. When do we say that work (s
dona?

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

displacement,

3. Define 1J gf wark.

4, A pair of bullocks exerts a force
of 140 N on o plough. The feld
being ploughed 1s 15 m long.
Houw mueh 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
cnergy sources are derived from the Sun, We
can alsa get energy from the nuclad of atoms,
the interlor of the carth, and the tides. Can
vou think of other sources of energy?

Activity 11.5

 Afewsourcesof cnorgy are listed abowe,
There are Many other sources of
II[: energy. List them.
Discuss in small groups how ceriain
sources of energy arc duc to the Sun.
= Are there sources of energy which are
&= not duc to the Sun®

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
fallowing cxamples: when a fast moving
cricket ball hits a stationary wicket, the wicket
is thrown away. Similarly, an cobject when
raised to a certain height gets the capability
to do work. You must have seen that when a

WaoRK AND ENERGY

raiscd hammer falls on a nail placed on a
piece of wood, it drives the nail into the wood.
We have also obscrved children winding a
toy (such az a toy car] and when the toy is
placed on the floor, it starts moving. When a
ballgon is filled with air and we press it weo
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
cxplode produeing a blasting sound, Tn all
these examples, the objects acquire, through
different means, the capability of doing work.
An object having a capability to do weork is
said to possess energy. The object wiiich 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 ohjcet that posscases cnoergy can oxert a
force on another objeet. When this happens,
cnergy 1s transferred from the former to the
latter. The second ohject may move as it
receives energy and therefore do some work.
Thus, the first cbject had a capacity to do
work, This implics that any objcet that
possceses cnergy can do worl,

The energy posscascd by an objeet 13 thus
measured in terms of its capacity of doing
work. The unit of energy is, therefore, the same
as that of wark, that is, joule (J). 1 J 18 the
energy required to do 1 joule of work.
Somctimes a larger unit of cnergy called kilo
Joule [kKJ) is used. 1 kJ equals 1000 J.

11.2.1FORMS OF ENERGY

Luckily the world we live in provides cnergy
in many diffcrent forms., The varlous forms
inchide mechanical energy [potential etergy
+ kinetic energy). heat energy. chemical
cnergy, cleetrical energy and light cnergy.

Think it over !

ITow da you know that some cntity is a
form of cnergy? Discuss with your friends
and teachers.
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COTLS

James Prescotl Joule
1818 — 1889)

James Prescott
Joule was an
outstanding
British physicist.
ITe 1z bhest known
for his research in
electricity and
thermodynamics.
Amongst other
things, he
formulated a law
for the heating
effect of electric
current. He also

verified experimentally the law of

ervation of energy and discovered

the value of the mechanical equivalent

of heat. The unit of energy and work
called joule, i3 named after him.
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Activity

" N B ¥

:

Activity

KINETIC ENERGY

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 cn the sand
bed from height of about 25 cm. The
ball creates a depression,

Hepeat this acuvity from helghts of
60 cm, 1m and 1.5 m.

Ensure that all the depressions are
distinctly vigible,

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

Compare their depths.

Which one of them 15 deepest?

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

Digcuss and analyse,

11.7

Set up the apparatuz as shown in
Fig. 11.5.

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

Flace a known mass on the pan So

that the trolley starts moving,

Fig. 11.5

¥ Theirclley moves fgrward and hits the
wooden block

# Fix a stop on the table in such a
manner that the trolley stops after

| hitting the block. The block gets
displaced.

# DNote down the displacement of the
block. This means work is done an the
block by the trolley a2 the block has
gained energy.

From where does this energy come?
Repeat this activity by increasing the

. mass an the pan. In which ¢ase is the
displacement more?

» In which case is the work done more?

*  In this activigy, the moving trolley does

| work and henee it possesses energy.

A moving object can do work. An cbject
moving faster can do more work than an
identical object moving relatively slow. A
moving hullet, blowing wind, a rotating wheel,
a speeding stone can do work. How does a
bullet pierce the target? Ilow dees 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 aiteratt, flowing water, blowing
wind, a running athlete etc. possess kinetic
energy. In short, kinetic energy is the energy
possessed by an chject 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 kingtic energy of a
body moving with a certain velocity 1s equal to
the work done on it to make it acquire that
velocity.

Semice



Let us now express the kinetic energy of
an chject in the form of an equation. Consider
an object of mass, m moving with a uniform
velocity, w Let it now be displaced through a
distance = 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
welocity. Let its velocity change from wto v,
Let @ be the acceleration produced.

In section 8.5, we studied three equations
of motion. The relation connecting the initial
velocity (1) and final velocity ) of an object
moving with a uniforin acceleration o, and
the displacement, sis

- 1E8=32as (8.7)
This gives
v? —uf
5= 11.2
P | )
From section 9.4, we know F = m a. Thus,
using (Eq. 11.2] in Eq. (11.1), we can wrile
the work done by the force, F as
C-R
W=mag yu
2
ar

1 . .
W=Em o —u® (11.3)

If the object is starting from its stationary
position, that is, u =49, then

1
W=—-mruv’
2

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

(11.4)

1
If v = 0, the work done will be Emﬂﬂ.

Thus, the kinetic energy possessed by an
cbject of mass, mand moving with a uniform
welocity, vis

1.

E =§mu (11.5)

k

Exzample 11.3 An object of mass 15 kg is
moving with a uniform velocity of 4
m 5'. What is the kinetic energy
possessed by the object?

WoRK AND ENERGY

Sohition:

Mass of the object, m = 15 kg, velocity
of the object, v=4m s,
From Eq. (11.5),

1 2
E =—mruv
)

1
7 *x15kgx4ms'» 4m s’

=120
The kinetic energy of the object 13 120 4.

Example 11.4 What is the work to be done
to increase the velocity of a car from
30 lkan h™! to 60 km k! if the mass of

the car is 1500 kg?

Solution:

Mass of the car, m =1500 kg,
initial velocity of car, i = 30 km !

A0 =1 000m
60 = 60s

=833ms'.
Similarly. the final velocity of the car,

v=60kmnh!
= 16.67 m =1,
Therefore, the initial kinetic energy of
the car,

Eﬂ ==mu

1
=gX 1500 kg> (8.33 m g
= B2041.68 J,
The final kinetic energy of the car,

1
E. = ox15300 kgx(16.67 m s')?

W3
= 208416.68 J.
Thus, the work done = Change in
kinetic energy
- &, -5,
= 156375 J.
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pestions

1. What is the kinefic enermgy of an
chiect?

2. Write an expression for the kinetic
energiy of dn ohject.

3. The kinetic energy of an obfect of
nuiss, m o moving with d velordiy
of 8 ms~is 25.J What will be fis
idnefe energy when its velocity
s doubled? Wheat will be (is
Kinsfe energy when its veloctiy
Is increased three fimes?

1123 POTENTIAL ENERGY
11.8

Activity
Take a rubber band.
Hold it at ¢ne end and pull from the
cther. The band stretches.
Release the band at ane of the ends.
What happens?
The hand will tend {0 regain its original
length. Obviously the band had
aequired energy in its siretched

position,

# How did it acquire energy when
stretched?

Activity 11.9

Take a slinky as shown below.

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

What happened?
FHow did the slinky acyuire 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.

4 it mave?

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

# Lift an object through a certain
height. The cbject can now da wark.
It beging to fall when released.

» This implies that it has acquired some
energy. If raised to a greater height it
cat da more work and hence possesses
TOTE eneTy,

»  From where did it get the energy? Thinl
and discuss.,

In the above situations, the energy gets
stored due te 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 vou stretch a
rubber band. The energy transferred to the
band is its potential energy. You do work while
winding the key of a tay car. The energy
transferred to the spring inside 1s 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

# Trke a bamboo suick and make a bow
as shoem in Fig, 11.6,

#  Place an arvow made of a Hght stck on
it with one end supported by the
stretched string,

#  DNow stretch the string and release the
ATTOW,

# DNotlce the arrow flying off the bow.
Motice the change in the shape of the
bowr.

» The potentlal energy stared in the bow
due to the change of shape s thms used
in the form of kinetic energy Iin

throwing off the arrow.

Fig.11.8: An dgrrow and the stretched string
odl the Bait,

Scmice



112.4 POTENTIAL ENERGY OF AN OBJECT
AT A HEIGHT

An chject increases its energy when raised
through a height. This is hecause work is
done on it against gravity while it is being
raised. The energy present in such an object
1z the gravitational potential energy.

The gravitational potential energy of an
cbject at a point above the ground is defined
as the work done In ralsing it from the ground
to that paint against gravity.

It 1s easy to arrive at an expression for
the gravitational potential energy of an object
at a height.

Fig 11.7

Consider an object of mass, m. Tet it be
raizsed through a height, hfrom the ground.
A force 1s required to do this. The mintmum
force required te Taise the object is equal to
the weight of the chject, mg. The object gains
energy equal ta the work done on 1t. Tet the
work done on the object against gravity he
W. That is,

worki done, W =foree x displacement

=mgx h
=mgh

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

Epzmgh [11.7)

WoRK AND ENERGY

The potential energy of an object at
a height depends cn the ground level
or the zero level you choose, An
object in & 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.

More to know

s

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 chiject and not on the path along which
the cbject iz moved. Fig. 11.8 shows a case
where a block 1s raised from position Ato B
by taking two different paths. Let the height
AP = h.In both the situations the work done
on the cbject is mgh

7. 2
" b ﬁ E /;,/5
]
Pall: |
h A A Palh 2
]
o e
W /é N /ﬁ
Fig. 11.8

Exzgmple 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. Giver,
g=98ms?

Solution:

Mass of the object, m = 10 kg,
displacement [height]), b = 6 m. and
acceleration due to gravity, g=9.8ms=2,
From Eg. [11.6),
Potential energy = mgh

= 10kgx98ms?*x6m

= BE&.J.
The potential energy is 588 J.
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Example 11.6 An object of mass 12 kg 1s
at a certain height above the ground.
I the potential energy of the object is
480 .J, find the height at which the
object is with respect to the ground.
Givenn, g= 10m 52

Solution:

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

EP = mgh
480 .0 = 12 kgx10ms2x h
A8 J
e B — 5 g = 5
. 120 kg ms L

The cbiect is at the height of 4 m.

112.5 ARE VARIOUS ENERGY FORMS
INTERCONVERTIBLES

Can we convert energy from cone form to
another? We find in nature a number of
instances of conversion of energy from one
farm to anather.
Activity
Sit in mamall graups.
Discuss the various ways of energy
conversion in nature.
«  Discuss following questions in your
ETOUp:
{a] How do preen plants produce food?
{b) Where do they get thelr enengy frona?
(c] Why does the air move fromn place
to place?
. [d) How are fuels, such as coal and
petrolewrn formed?

(e} what Knds of energy comversions
sustain the water oycle?

Activity 11.14

% DMany of the human activities and the
gadgets we use Inwolve conversion of
energy from one form to another.

»  Make a list of such activities and
gadgets,

# ldentfy In each actwvity/gadpet the
kind of energy conversiom that takes
Place.

11.13
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1126 LAW OF CONSERVATION OF ENERGY

In activities 11.13 and 11.14, we leamnt 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 unichanged. This is
the law of conservation of energy. According
to this law, energy can only be converted from
one form to another, it can neither be created
or destroyed. The total energy before and after
the transformation remains the same, The
law of conservation of energy is valid
in all situations and for all kinds of
transformations.

Consider a simple example. Let an ohject
of mass, m be made to fall freely from a
height, h. At the start, the potential energy is
mgh and kinetic energy is zero. Why is the
kinetic energy zerc? It is zero because its
velocity is zero. The total energy of the chject
is thus mgh, As it falls, its patential energy
will change into kinetic energy. If v is the
velecity of the cbject at a given instant, the
kinetic energy would be Um# As the fall of
the object continues, the potential energy
would decrease while the Kinetic energy would
increasze. When the object is about to reach
the ground, k = 0 and v will be the highest.
Therefore, the kinetic energy would be the
largest and potential energy the least.
However, the sum of the potential energy and
kinetic energy of the object would be the same
at all peints. That is,
potential energy + kinetic energy = constant

or
1

mgh+EmU2: canstant. [11.7)
The sum of kinetic energy and potential energy
of an cbject is its total mechanical energy.

We find that during the free fall of the cbject,
the dectease in potential energy, at any point
in its path, appears as an equal amount of
increase in kinetic energy. (Here the effect of
air resistance on the motion of the object has
been ignared.) There iz thus a continual
transformation of gravitational potential
energy into kinetic energy.
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11.15

Activity

# An object of mas=s 20 kg 15 dropped
from a height of 4 m. Fill in the blanks
in the following table by computing
the potential energy and kinetic
energy in each case.

Just above
the ground

®  For simplifying the calculations, take
the value of g as 10 m 5°.

Think it over 1
What would have happened if nature had
not allowed the transformation of energy?
There is a view that life conld not have
been possible without transformation of
energy. Do you agree with this?

113 Rate of Doing Work

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

Activity 11.16

# Consider two children, say A and E.
L=t us say they weigh the same. Bath
start climhbing up a rope Separately.
Both reach a height of B m. Let us say
A takes 15 5 while B takes 20 s to
accomplish the task,

#  What is the work done by each?

#  The work done 1s the same. However,
A has taken less tme than B to do
the work,

# Who has done more vk in a given
tme, say in 1 s7?

WaoRK AND ENERcY

A stronger person may do certain work in
relatively less time. A more powerful vehicle
would complete a journey in a shorter time
than a less powerful one, We talk of the power
of machines ke motorbikes and motorcars.
The speed with which these vehicles change
energy or do work 1z a basis for their
classification. Power measures the speed of
wark done, that is, how fast or slow work is
done. Power is defined as the rate of doing
work or the rate of transfer of energy. If an
agent does a work W in tiime i, then power is
given hy:

Fower = work/time
W

p=2
= t

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

1 watt = 1 joulefsecend or 1 W=1J s,
We express larger rates of energy transfer in

(11.8)

Kilowatts [KW).
1 kilowatt = 1000 wattis
1 kW = 1000 W
1 kW = 1000 J =1,

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

Example 11.7 Two girls, each of weight 400
N climb up a rope through a height of 8
m. We name one of the girls A and the
ather B, Girl A takes 20 s while B iakes
50 s 10 accomplish this task. What is the
power expended by each girl?

Solution:

il Power expended by girl A:
Weight of the girl, mg =400 N
Displacement (height), i=8m
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Time taken, t =20 =
From Eq. [11.8),

Power, P Work done /tirne taken
mgh

Tt

AD0N x 8m

- 20s

160W,

([ill Power expended by girl B:
Weight of the girl, mg = 400 N
Displacement (height), k= 8 m
Time taken, t=503

mgh
t

Powrer, P =

40N = 8m
- 503
= B4 W,

Power expenided by gitl Ais 160 W.
Power expended by girl B is 64 W,

Example 11.8 A hoy of mass 50 kg runs
up a staircase of 45 steps in 9 5. If the
height of each step is 15 cm, find his

power. Take g = 10 m s>

Solution;
Weight of the hoy,

mg=50kgx10m &2 =500 N

Height of the staircase,
h=45x 15/100m=6.75m
Time talken to climb, t=9=s
From Eq. [11.8),
power, P=Work done/time taleen

mgh
f
BN x6.79m
= Us
=375 W.

Power is 370 W.
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pestions

1. What is pouer?
2, Define 1 wall of power,
3. A lamp consumes 1000 J of

electrical energy tn 108, What 15
fts powery
4. Iefine querage power.

113.1 COMMERCIAL UNIT OF ENERGY

The unit joule is too small and hence is
inconvenient to express large quantities of
energy. We use a bigger unit of energy called
ldlowatt hour (KW h).

What is 1 kW h? Let us say we have a
machine that uses 1000 J of energy every
second. If this machine is used continuously
for one hour, it will consume 1 KW b of energy.
Thus, 1 KW h is the energy used in one hour
at the rate of 1000 J 51 [or 1 XW).

1TKWh = 1kKW=xlh
= 1000W x 3600 =3
= 3600000 .J
1TkWh = 36x 100],

The energy used in houscholds, industries
and commercial establishments are usually
expressed in ldlowatt hour. For example,
electtical energy used during a month is
expressed in terms of ‘units’. Here, 1 ‘unit’
means 1 kilowatt hour.

Example 11.9 An electric bulb of 60 W is
used for 6 h per day. Calculate the units'
of energy consumed in one day by the

hulb,
Solution:
Fower of electric bulb = 60°W
= 0.06 kW.

Time nsed, t = 6h
Energy = power X time taken
= 00EKW=x6h
= 036 kW h
= 0.36 ‘units’.
The energy consumed hy the bulb is
0.36 ‘units’.
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Activity

11.17

Take a close look at the electric meter
installed in your house. Observe its
features closely.

Take the readings of the meter each
day at 6.20 am and .30 pm.

How many "units’ are conaumed

4 * 7 =

How many "anits’ are aused during
night?

Do thiz activity for about a weelk.
Tabulate your ohservations.

Draw Inferences from the data.
Compare your obaervationa with

the detalls given in the monthly
electriciy bill.

during day tme?

s What
you bave

learnt

B Work dene on an object is defined as the magnitude of the
force multiplied by the distance moved by the object in the
direction of the applied force. The unit of work is joule:
1 joule = 1 newten x 1 metre.

* Work done on an object by a ferce would be zere if the
displacement of the object is zero,

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

5 An object in maotion possesses what is known as the kinetic
energy of the object. An chject of mass, m moving with velecity

v has a kinetic energy of zlml’ﬂ

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

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

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

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

. The energy used in cne hour at the rate of 1kW 1s called 1 kW
h.
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10,

11.

12,

Look at the activities listed below. Reason cut whether or not
work is dene in the Hght of your understanding of the term

‘work',

. Suma 1s swimmirng In a pond.

= A donkey s carrying a load on its back.
= A wind-mill is lifing water from a well.

. A green plant is carrying out photosynthesis,
= An engine 18 pulling a train.

= Food grains are getting dried in the sun.

. A sailboat is moving due te wind energy.

An object thrown at a certain angle to the ground moves in a
cutrved path and falls back te the ground. The indtial and the
final points of the path of the object lie en the same horizontal

line, What is the work dene by the force of gravity on the object?
A battery lights a bulb. Describe the energy changes involved
in the process.

Certain force acting on a 20 kg mass changes its velocity from
bms'to 2ms', Calculate the work done by the foree.
Amassof 10 kg is at a peint A on a table. It 1s moved to a point

B. I the line joining A and B is horizontal, what is the work
dene on the object by the gravitational ferce? Explain your

answer.
The patential energy of a freely falling chject decreases
progressively. Does this violate the law of conservatlon of
energy? Why?

What are the various energy transformatiens that accur when
you are riding a bicycle?

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

A certain honsehold has consumed 250 uniis of energy during
a month. How much energy 1s this in joules?

An object of mass 40 kg is raised to a height of b m above the
ground. What 1s its potential energy? If the object 1s allowed to
fall, find its kinetic energy when it is half-way dewn.

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

Can there be displacement cof an abject in the absence of any
force acting cn 1t? Think. Discuss this question with your
friends and teacher.
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L5

14.

15.

16,

17.

15,

19.

20.

21.

A person holds a bundle of hay over his head for 30 minuates
and gets tired. Has he done some work or not? Justify your
arswer.

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

Mustrate the law of conservatlon of energy by discussing the
energy changes which occur when we draw a pendulum
bob te one side and allow 1t to oscillate. Why does the bob

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

An object of mass, m is moving with a constant velocity, .
How much work sheuld be done on the object in erder te bring
the chject to rest?

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

In each of the following a force, F is acting on an object of
mass, m. The direction of displacement is from west to east
shown by the longer arrow. Observe the diagrams carefully
and state whether the work dene by the force 1s negative,

positive ar zero.

P

1 F F
- —~— <~

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

Find the energy in kW h consumed in 10 heours by four
devices of pawer 500 W each.

A freely falling object eventually stops en reaching the
ground. What happenes te its kinetlc energy?
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Chapter 12

Everyday we hear sounds from various
sources like humans, hirds, bells, machines,
vehicles, televisions, radios etc. Sound is a
form of energy which produces a sensation
of hearing in our ears. There are alsc other
forms of energy like mechanical energy, heat
energy, light energy ete. We have talked about
mechanical energy in the previous chapters.
You have been taught about conservation of
energy, which states that we can neither
create nor destroy energy. We can just
change it from one farm to another. When
you clap, a sound is produced. Can ycu
produce sound without utilising your energy?
Which form of energy did you use to produce
gound? In this chapter we are going to learn
how sound 1z produced and how it is
transmitted through a medium and received
b¥ our ear.

12.1 Production of Sound

Activity 12.1

¥  Take a tuning fork and set it vibrating

by striking its prong on & rubber pad.

Bring it near your ear.

Do you hear any scund?

Touch one of the prongs of the vibrating

tuning fork with vour finger and share

. your experience with your friends.

& DNow, suspend & table tennis ball or a
small plastic ball by a thread from a

I support [Take a big needle and a
thread, put a knot at one end of the
thread, and then with the help of the
needle pazs the thread through the
hall]. Touch the ball gently with the
prong of a wvibrating tuning
fork (Fig. 12.1).

#  Observe what happens and discuss
with your friends.

Sounp

e e e W, W O, Wi .
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& d
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e Wihwalings turiingg ook

Fig. 12.1: Vibraiing tuning fork _fust iouching the
suspended table tennis fall

Activity 12.2

#»  Fill water in a beaker or a glass up to

§  thebrim, Gently touch the water surtace
with ane of the prongs of the vibrating
tuning fork, as shown in Fig, 12,2,

# DNext dip the prongs of the vibrating
tundng fork in water, as showmn in Fig,

12.3.

» Observe what happens in both the
Cases.,

# Discuss with your friends why this
happens.

!—----—----—Vib'raﬂng tuning fork

Fig. 12.2: One of the prongs of the olbrating tuning
Jork touching the water surface.



— —Vibrabing taning fork

Fig. 12.3: Boilt the prongs of the vibrating tuning
Jark dipped i1 water.

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

In the above activitles we have produced
sound by striking the tuning fork, We can
also produce sound by plucking, scratching,
rubbing, blowing or shaking different chjects.
As per the above activities what do we do to
the objects? We set the objects vibrating and
produce sound. Vibration means a kind of
rapid to and fro motion of an cbject. The
sound of the huiman voice is produced due
to vibrations in the vocal cords, When a bird
flaps its wings, do you hear any sound? Think
how the buzzing scund accompanying a bee
is produced. A stretched rubber band when

plucked vibrates and produces sound. If you
have never done this, then do it and observe
the vibration of the stretched rubber band.

Activity 12.3

»  Malke alist of different types of musical
instruments and dizcuss with your
friends which part of the instrument
vibrates tq produce sound.

122 Propagation of Sound

Sound is produced by vibrating abjects. The
matter or substance through which sound
is transmitted is called a medivm. It can be
solid, iquid or gas. Sound moves through a
medium from the point of generation to the
listener. When an object vibrates, it sets the
particles of the medium arcund it vibrating,.
The particles do not travel all the way from
the vibrating obfect to the ear, A particle of
the medinm in contact with the vibrating
ohject iz first displaced from its equilibrium
position, It then exerts a force on the adjacent
particle. As a result of which the adjacent
particle gets displaced from its position of
rest. After displacing the adjacent particle the
first particle comes back to its original
position. This process continues in the
mediuim till the sound reaches your ear. The
disturbance created by a source of sound in

- I"‘ ------ Strefehed balloon

=== Food ran

Can sound make a light spot. dance?

Take a tin can. Remove both ends to make it a hollow cylinder. Take a balloon and stretch
it over the can, then wrap a rubber band around the balloon. Take a small piece of mirror.
Use a drop of ghue to stick the piece of mirror to the balloon. Allow the light through a slit
to fall on the mirror. After reflection the light spot is seen on the wall, as shown in Fig.
12.4, Talk or shout directly into the apen end of the can and observe the dancing light spot
on the wall. Discuss with your friends what makes the Llight spot dance.

I

Fig. 12 4: A beom of ight from a light souroe is mode to foll on a mirmor. The refleried lighi is falling on the wall

Swroe.ofhght

Samo
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the medinm travels through the medium and
neot the particles of the medium.

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

Alr is the most common medium through
which scund travels. When a vibrating chject
moves forward, it pushes and compresses the
air in front of it creating a region of high
pressure. This region is called a compression
[C), as shown in Fig. 12.5. This compression
starts to move away from the vibrating object.
When the vibrating object moves backwards,
it creates a region of low pressure called
rarefaction (R), as shown in Fig, 12.5. As the
object moves back and forth rapidly, a series
of compressions and rarefactions is created
in the air. These make the sound wave that
propagates through the medium,
Compressicn is the region of high pressure
and rarefaction is the region of low pressiure.
Pressure 13 related to the number of particles
of a medinm in a given volume. More density
of the particles in the medinm gives more
pressure and vice versa. Thus, propagation
of sound can be visualized as propagation of
density variations or pressure variations in
the medium.

Fig. 12.5: A vibrafing oblect creating a series of
compressions (O] and rarefactions f) i
the medium,
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uestion

1. Hout does the sound produced by
a vibrating object in a medium
redch Yo edr?

122.1 SotuND NEEDS A MEDIUM TO TRAVEL

Sound is a mechanical wave and needs a
material medium like air, water, steel ete. for
its propagation. It cannot travel through
vacuum, which can be demonstrated by the
following experiment.

Take an electric bell and an airtight glass
bell jar. The electric bell is suspended inside
the airtight bell {ar. The bell jar is connected
to a vacuum pump, as shown in Fig. 12.6. i
you press the switch you will be able to hear
the bell. Now start the vacuum pump. When
the air in the jar is pumped out gradually,
the zound becemes fainter, although the
same current is passing through the bell,
After some time when less air is left inside
the bell jar you will hear a very fecble sound.
What will happen If the air is removed
completely? Will you still be able to hear the
sound of the bell?

To cloctre connection

[| » Ut vaLGLILT rLTTEE

Fig. 12.6: Bell jar experiment showing sound cannoi
fravel i1 Loeute,
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uestions
1. Explain how sound s produced
by your school bell.

2. Why are sound wwaves called
mechanideal weaves?

3. Suppose you and your friend are
an the moon, Will you be able o
hear any sound produced by

your friend?

1222 SOUND WAVES ARE LONGITUDINAL
WAVES

Activity 12.4

» Take aslnky. Askyour friend to hold
one end, You hold the other end,

Now stretch the slinky az shown in
Fig. 12.7 [a). Then give it a sharp push
towmmrds your friend.

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

= If you mark a dot on the shnky, you
will chserve that the dot on the slinky
will move back and forth parallel tothe
ditection of the propagation of the
disturbange.

R C R C R ©C R

it

Fig. 12.7: Longitudinal wave in a slinkg,.

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

There is also ancther type of wave, called
a transverse wave. In a transverse wave
particles de not oselllate along the line of
wave propagation but cscillate up and down
about their mean position as the wave travels.
Thus a transverse wave is the one in which
the individual particles of the medium move
about their mean positions in a direction
perpendicular to the direction of wave
propagation. Light iz a transverse wave hut
for light, the oscillations are not of the
medium particles or their pressure or density
—it is not a mechanical wave. You will come
to know more about transverse waves in
higher classes.

1223 CHARACTERISTICS OF A SOUND WAVE

We can describe a sound wave by its

= fregquency
«  amplitude and
= speed.

A sound wave in graphic form is shown
in Fig. 12.8(c). which represents how density
and pressure change when the sound wave
moves in the medium. The density as well as
the pressure of the medium at a given time
varies with distance, above and below the
average value of density and pressure.
Fig. 12.8(a) and Fig. 12.8(b) represent the
density and pressure variations, respectively,
as a sound wave propagates in the mediom.

Compressions are the regions where
particles are crowded together and
represented by the upper partion of the curve
in Fig. 12.8(c). The peak represents the region
of maximum compression. Thus,
compressions are regions where density as
well as pressure is high, Rarefactions are the
regions of low pressure where particles are
gpread apart and are represented by the
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Density variations

' Pr‘t‘:ss-urc Vi

I.lm'ls-

= ]‘ I‘ “‘ “ ‘ “

Densily

Pressure

or Pressure

VARV

DHslancs —

Fig. 12.8: Sound propagates as densily or pressure varigions as shown in {a) and (8, o) represenis
graphically the densiry and pressure variaions,

valley, that is, the lower portion of the curve
in Fig. 12.8[c). A peak 1z ¢alled the crest and
a valley 1s called the trough of a wave.

The distance between two consecutive
compressions (C] or two consecutive
rarefactions (R) iz called the wavelength, as
showm in Fig. 12.8(c), The wavelength is
usually represented hy L (Greek letter
lambda). Ttz 51 unit 1z meire (m).

W" * | Heinrich Rudolph Hertz
o ﬁi was born on 22 February
hi 1857 in Tlamburg,
\ . Germany and educated at

5 the University of Berlin. He
confirmed J.C. Maxwell's
electromagnetic theory by
his experiments. He laid the
foundation for future
development of radio, telephone, telegraph
and even television. He al=so discovered the
photoelectric effect which was later
explained by Alhert Einstein. The S1 unit

H. R Herlx

of frequency was named as hertz in his
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Fregquency tells us hew frequently an
event occcurs. Suppose you are beating a
drum. TTow many times you are beating the
drum per unit time is called the frequency of
your beating the drum. We kmow that when
sound is propagated through a medium, the
density of the medium oscillates between a
maximum value and a minimum value. The
change in density from the maximum value
to the minimum value, again to the maximm
value, makes one complete oscillatiori. The
number of such oscillations per unit time is
the frequency of the sound wave. If we can
count the number of the compressions or
rarefactions that cross us per unit time, we
will get the frequency of the sound wave. Ttis
uzually represented by v [Greek letter, nu).
Its SI umnit is hertz (symbol, Hz).

The time taken by two consecutive
compressions or rarefactions to cross a fixed
point is called the time period of the wave. In
other words, we can say that the time taken
far ane complete ascillation in the density of
the medium is called the time periocd of the

Scmice



sound wawve. Tt is represented by the symbol
T. Its SI unit is second (s]. Frequency and

time pericd are related as follows:
1

T
A violin and a flute may both be played
at the same time In an orchestra. Both
sounds travel through the same medium,
that is, air and arrive at our ear at the same
time. Both sounds travel at the same speed
irrespective of the source. But the sounds
we receive are different. This is due to the
different characteristics associated with the
sound. Pitch is one of the characteristics.
How the hrain interprets the frequency of
an emitted sound is called its pitch. The faster
the vibration of the source, the higher iz
the frequency and the higher is the pitch,
as shown in Fig. 12.8. Thus, a high pitch
sound corresponds to more number of
compressions and rarefactions passing a
fixed point per unit time.
Objects of different sizes and conditions
vibrate at different frequencies to produce
sounds of different pitch.

Waue
disturhes

AN
AN AN

Waooe shape for o low piiched sound

Wane
disturbance

A AL AA LA P
AVAVAVAVAVAVATR

Wave shape_for a Righ pitched sotumnd

Fig. 12.9: Law piiel sound has low freguency aned
High pitch of sound has high frequency.,
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The magnitude of the maximum
disturbance in the medium on either side of
the mean value is called the amplitude of the
wave. It is usually represented by the letter
A, as shown in Fig. 12.8(¢). For zcund lis
unit will be that of density or pressure.

The loudness or softness of a sound is
determined basically by its amplitude. The
amplitude of the sound wave depends upon
the force with which an chject is made to
vibrate. If we strike a table lightly, we heara
soft sound because we produce a sound wave
of less energy (amplitude). If we hit the table
hard we hear a loud seund. Can you tell why?
L.oud sound can travel a larger distance as it
is associated with higher energy. A sound
wave spreads out from its source. As it moves
away from the source its amplitude as well
as its loudness decreases. Fig. 12.10 shows
the wave shapes of a loud and a soft sound
of the same frequency.

Waue
disiimrhanee

Ve aNyawe
VARV VAN

Enft soumnd

Wane
dixtamhririee

NN
/BVAVAY

Louder sound

PFig 12,1 Soft sound has small emplitude and
lovder sound has large amplifude.

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

unpleasant to the ear]! Music is pleasant to
hear and is of rich quality.

nestions

1. Which wave property determines
{al loudness, (b} ptich?
2. Guess which sound has a highsr

pitch: guitar or car horm?

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

We know,
speed, v = distance / time

T
ITere & 1z the wavelength of the sound wave,
It is the distance travelled by the sound wave
in one time period [T) of the wave. Tlus,

L
p=Ay T

or  p=Av
That is, speed = wavelength x frequency.
The speed of sound remains almost the
same for all frequencies in a given medium

urnider the same physical conditions.

Example 12.1 A sound wave has a
frequency of 2 kHz and wave length
35 cim. How long will it take to travel
1.5 lan?

Solution:

CGiiven,
Frequency, v = 2 kHz = 2000 Hz
Wavelength, A = 35 cm =0.35m
We know that speed, v of the wave
= wavelength x frequency
=Av
=0.35m »x 2000 Hx = 700 m/s
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The time taken by the wave to travel a
distance, f of 1.5 lon is

Thus scund will talte 2.1 5 to travel a
distance of 1.5 km.

uestions

1. What are wavelength, frequency,
Hmwe period and ampliiude of a
sound wone?

2. How are the wovelength and
frequency of a sound wave
relafed to its speed?

3. Calculafe the wavelength of a
souird weve whose frequenciy 15
22011z and speed is 440 m/zin
a glven medium,

4. A person is listernting fo a fons of
A0 Hz siffing af a distance of
450 m from the souwrce of the
sotirel What s fhe fime interoal
befiveen successive comprassions
from the source?

The amount of sound energy passing each
gecond through unit area is called the
intensity of sound. We sometimes use the
terms “londness”™ and Cintensity”
interchangeably, but they are riot the same.
Loudness is a measure of the response of the
ear to the sound. Even when two sounds are
of equal intens=ity, we may hear one as louder
than the cther simply because our ear detects
it better.

nestion
1. Disfinguish befueen loudness
and intensity of sotired.

1224 SPEED OF SQUND IN DIFFERENT
MEDIA

Sound propagates through a medium at a
finite speed. The scund of a thunder is heard
a little later than the flash of light is seen.
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5o, we can make ont that sound travels with
a speed which is much less than the speed
of light. The speed of sound depends on the
properties of the medivm through which it
travels. You willlearn about this dependence
in higher classes. The speed of sound in a
medium depends on temperature of the
medham. The speed of sound decreases when
we go from =solid to gaseous state. In any
medium as we increase the temperature the
speed of sound increases. For example, the
speed of sound in air iz 331 m &' at OTC
and 344 m s-' at 22 TC. The speeds of scund
at a particular temperature in varicus media
are listed in Table 12.1. You need not
memorise the values.

Table 12.,1: Speed of sound in
different media at 25 TC

Substance Speed in mfa

Solids Aluminium 6420
Nickel 6040
Steel 5860
Irom 5550
Brass 4700
Glass [Flint) 3280
Liquids Water [Sea) 1521
Water [distilled) 1498
Ethanol 1207
Methanol 1103
Gases  ITydrogen 1284
Helium 965
Adr 346
Oxygen 316
Sulphur dicxide 213
uestion

1. In which of the three medlia, air,
water ar iron, does sound travel
the fastest at a particular
temperature?
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Sonic boom: When the speed of any object
exceeds the speed of sound it is said to be
travelling at supersonic speed. Bullets, jet
airerafts ete. often travel at supersonic
speeds. When a sound, producing source
moves with a speed higher than that of
gound, it produces shock waves 1n air,
These shock waves carty a large amount
of energy. The air pressure variation
associated with this type of shock waves
produces a very sharp and loud sound
called the “sonic boom”. The shock waves
produced by a supersonic aircraft have
enough energy to shatter glass and even
damage huildings.

12.3 Reflection of Sound

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

Activity 12.5

# Take two identcal pipes, as shown in
Fig. 12.11. You can make the pipes
using chart paper. The length of the
pipes should be sufficiently long
as showm.

®  Arrange them ¢n a table near a wall,

»  HKeep a clock near the apen end of ane
of the pipes and try to hear the sound
of the clock through the other pipe.

#  Adjust the posidon of the pipes So that
you can best hear the sound of
the clock,

»  Now, measure the angles of Incldence
and reflection and see the relationship
between the angles.

# Lift the pipe on the right vertecally
to a small height and observe
what happens.
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Fig. 12.11: Reflection of sound

12.3.1 EcHo

If we shout or clap near a suitable reflecting
object such as a tall building or a mountain,
we will hear the same socund again a little
later. Thiz scund which we hear is called an
echo, The sensaticn of sound persisis in our
brain far gbout 0.1 s, To hear a distinet echo
the time interval between the original scund
and the reflected one must be at least 0.1s.
If we take the speed of sound to be 344 m/fs
at a given temperature, say at 22 TC in air,
the sound must go to the obstacle and reach
back the ear of the Hstener on reflection after
{. 1s. Henee, the total distance covered by the
sound from the peint of generation to the
reflecting surface and back should be at least
(344 m/g)x 0.1 5 = 34.4 m, Thus, for hearing
distinct echoes, the minimuam distance of the
ohstacle from the source of sound must be
half of this distance, that is, 17.2 m. This
distance will change with the temperature of
air. Echoes may be heard more than once
due to successive or multiple reflections. The
rolling of thunder is due to the successive
reflections of the spund from a number of
reflecting surfaces, such as the clouds and
the land.

12 3.2 REVERBERATION

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

Example 12.2 4 person clapped his hands
near a cliff and heard the echo after
5 5. What is the distance of the cliff
from the persom if the speed of the
sound, 1ris taken as 346 m s7'?

Solution:

Given,
Speed of sound, v = 346 m 57!
Time taken for hearing the echa,
t=5s
Distance travelled by the sound
=uxt=36msg'x53=1730m
In & s scund has to travel twice the
diztance between the cliff and the
person. Hence, the distance between
the ¢liff and the person
= 1730 m/2 = A65 m,

nestion

1. An echo retumnerd in 3s. What is
the distance of the reflecting
surface from the source, glven

that the speed of sound is
J42m 517

1233 UsEs OF MULTIPLE REFLECTION
OF SOUND

1. Megaphones or lpudhailers, horns,
musical insiruments such as irumpets
and shehanais, are all designed to
send sound in a particular direction
without spreading it in all directions,
as shown in Fig 12,12,
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Fig 12.12: A megaphone and o harn.

In these instruments, a tube followed
by a comical opening reflects sound
successively to guide most of the sound
waves from the source in the forward
direction towards the audience.
Stethoscope 18 a medical instrument
used for Hstening to sounds produced
within the bady, chiefly in the heart or
hungs. In stethoscopes the sound of the
patient’s heartheat reaches the doctor's
ears by multiple reflection of sound, as
shown in Fig.12.13.

Fig, 12,13: Stethosoope

Generally the ceilings of concert halls,
corference halls and cinema halls are
curved sa that sound after reflection
reaches all comers of the hall, as shown
in Fig 1214, Sometimes a curved

soundhboard may he placed behind the
stage =0 that the sound, after reflecting
from the sound board, spreads evenly
across the width of the hall (Fig 12.15).
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Pig. 12.15: Sound board used in a big hall.

nestion
1. Why are the ceflings of concert
halls curved?

124 Range of Hearing

The andible range of sound for human beings
extends= from about 20 Hz to 20000 Hz (one
Hz = one cycle/s). Children uinder the age of

169




five and some anfmals, such as dogs can hear
up to 25 kHz [1 kHz = 100D Hz). As people
grow older their ears become less sensitive to
higher frequencies. Sounds of frequencies
below 20 Hz are called infrasonic sound or
infrasound. If we could hear infrasound we
would hear the vibrations of a pendulum just
as we hear the vibrations of the wings of a
bee. Rhinoceroses communicate using
infrasound of frequency as low as 5 Iz,
Whales and elephants produce sound in the
infrasound range. It is observed that some
animals get disturbed before earthquakes.
Earthquakes produce low-frequency
infrasound before the main shock waves
begin which possibly alert the animals.
Frequencies higher than 20 kHz are called
ultrasonic sound or ultrasound. Ultrasound
is produced by dolphins, bais and porpoises.
Maths of certain families have very sensitive
hearing equipment. These moths can hear
the high frequency squeaks of the bat and
know when a bat 1s flying nearby. and are
able to escape capture. Rats also play games
by producing ulirasound.

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

1. What = the audible range of the
auerage tmern ear?
2. Whaut is the range of frequencles
I associated with
1/ fal Infrasound?
o (b} Mirasound?

170

12.5 Applications of Ultrasound

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

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

» T[litrasounds can be used to detect
cracks and flaws in metal blocks.
Metallic components are generally
used in construction of big structures
like burildings, bridges, machines and
also scientific equipment. The cracks
or holez inside the metal blocks, which
are invisible from cutside reduces the
strength of the structure. Ultrasonic
waves are allowed to pass through the
metal block and detectors are used to
detect the transmitted waves. If there
is even a small defect, the nltrasound
gets reflected back Indicating the
presence of the flaw or defect, as shown

in Fig. 12.186.
Defect or fleow
= & i_'L_
= =
o> 2
O I GED [ =%
g LY 7 A &
SN % | 1
> L —
hletal Block

Fig 12.16: Dirasound is reflecied back from ihe
defeciive locations inside a mefal blocik.
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Ordinary sound of longer wavelengths
cannot be used for such purpose as it will
hend arcund the corners of the defective
location and enter the detector.

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

»  Ultrascund scanner is an instrument
which uses ultrasomic waves for
getting images of internal organs of
the human hedy. A docter may image
the patient's organs such as the liver,
gall bladder. uterus, kidney, ete. It
helps the doctor to detect
abnormalities, such as stones in the
gall bladder and kidney or tumours
in different organs. I this technigque
the ultrasonic waves travel through
the tissues of the body and get
reflected fram a reglon where there is
a change of tissue density. These
waves are then converted into
electrical signals that are used to
generate images of the organ. These
images are then displayed on a
maniter or printed on a film, This
technique is called ‘ultrasonography’.
Ultrasonography is also used for
examination of the feetus during
pregnancy to detect congenial defects
and growth abnormalities.

»  Ultrasound may be employed to break
smadil ‘stones’ formed in the lhidneys
into fine grains, These grains later get
flushed out with urine,

12.5.150NAR

The acronym SONAR stands for SOund
Navigation And Ranging. Sonar is a device
that uses ulirasonic waves to measure the
distance, direction and speed of underwater
abjecis. TTow does the sonar work? Sonar
consizts of a transmitter and a detector and iz
instailed in a boat or a ship, as shown in Fig.
12.17.

Samo
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Fig, 12.17: Ultrasound sent by the ransmitier and
recatped by the detector,

The transmitter produces and transmits
ultrasonic waves. These waves travel through
water and after striking the object on the
seabed, get reflected back and are sensed
by the detector. The detector converts the
ultrasonic waves inta electrical signals which
are appropriately interpreted. The distance
of the object that reflected the sound wave
can be calculated by knowing the speed of
sound in water and the time interval between
transmission and reception of the
ultrascund. Let the time interval between
transmission and reception of ultrascund
signal be t and the speed of sound through
seawater be v The total distanece, 2d travelled
by the ultrasound is then, 2d=vxt

The above methed is called echo-ranging.
The sonar techrdque i2 used to determine the
depth of the sea and to lecate underwater
hills, valleys, submarine, icebergs, sunken
ship etc.

Exzample 12.3 A ship sends out ultrasound
that returns from the seabed and is
detected after 3.42 s. If the speed of
ultrasound through seawater is
15631 m/s, what is the distance of the
seabed from the ship?

Solution:

Given,
Time between transmiss=ion and
detection, ¢t = 2.42 g,
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Speed of ultrasound in sea water,
v = 1531 my/s
Distance travelled by the ultrasound
= 2 % depth of the sea = 2d
where d is the depth of the sea.
2d = speed of sound » titne
= 1531 mysx3.42 5 =5H236 m
d = 5236 m/2 = 2618 m,
Thus, the distance of the seabed from
the ship is 2618 m or 2.62 kun.

nestion

1. A submarine emits a sonar pulse,
which  returns from  dn
underibater cliff in 1.02 s, If the
speed of sound n sall waler 1s
1531 m/s, how for away is the

cliff?

As mentioned earlier, bats search out prey
and fly in dark night by emitting and
detecting reflections of ultrascnic waves. The
high-pitched ultrasonic squeaks of the bat
are reflected from the obstacles or prey and
returned to bat's ear, as shown in Fig. 12.18.
The nature of reflections tells the bat where
the abstacle or prey i3 and what it is like.
Porpoises alse use ultrasound for navigation
and lecation of food in the dark,

Fig, 12,18: Ultrasound s emiited by a bat and I is
reflected bock by the prey or an ob siacle.
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12.6 Structure of Human Ear

How do we hear? We are able to hear with
the help of an extremely sensitive device
called the ear. It allows us to cortvert pressire
variations in air with audible frequencies into
eleciric signals that travel to the brain via the
auditery nerve. The auditery aspect of human
ear is discussed below.

THnma,

Hammor

Amvil

SHrup

Ol weiltuelorsr
Auditory nerve
Coachlea

Tyinpatde wetnboade
or eardtwin

\ Auditory mtnal
\— Kuslachian tube

1 |11 ]
Cater oot AMiddle Toner
ear Car

Fig. 12.18: Auditory parts of human ear.

The outer ear is called "pinna’. It collects
the sound from the surroundings. The
collected sound passes through the anditory
canal. At the end of the auditory canal there
is a thin membrane called the ear dum or
ympanic membrane. When a compression
of the medium reaches the eardrum the
pressure on the outside of the membrane
increases and forces the eardrum inward.

Similarly, the eardrum moves cutward when
a rarefaction reaches it. In this way the
eardrum wvibrates. The vibrations are
amplified several times by three bones (the
hammer, anvil and stirruip) in the middle ear.
The middle ear transmits the amplified
pressure variations received from the sound
wave to the inner ear. In the inner ear, the
pressure variations are turned into electrical
gignalz by the cochlea. These electrical signals
are sent to the brain via the auditory nerve,
and the brain interprets them as sound.
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Sound is produced due to vibration of different chjects.
Sound travels as a longitudinal wave through a material
medium.

Sound travels as successive compressions and rarefactions in
the medium.

In sound propagation, it 1s the energy of the sound that travels
and not the particles of the medium.

Scund cannet travel in vacuum.

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

The distance between tweo consecutive compressions or two
consecutive rarefactions 1s called the wavelengih, A,

The time taken by the wave for one complete oscillation of the
density or pressure of the medium is called the time period, T.
The number af complete oscillations per unit time is called the

1
frequency [v), T

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

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

The law of reflection of sound states that the directions in which
the sound 1s Incident and reflected make equal angles with
the normal to the reflecting surface at the peint of incidence
and the three lie in the same plane.

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

Loudness is a physiolegical response of the ear to the intensity
of scund,

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

The audible range of hearing for average human beings is
in the frequency range of 20 Hz — 20 kHz.
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10.

11.

12,
13,

14.

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

Ultrascund has many medical and industrial applications.
The SCNAR technique is used to determine the depth of the
sea and to locate under water hills, valleys, submarines,
lcebergs, sunken ships etc.

What 15 sound and how 15 it produced?
Describe with the help of a diagram, hew compressions and
rarefactions are produced In air near a source af scund.

Clte an experiment to show that sound needs a material
medium for its propagation.

Why 1= sound wave called a longitudinal wave?

Which characteristic of the scund helps yeu to identify your
friend by his veice while sitting with ethers in a dark rcom?
Flash and thunder are produced simultaneously. But thunder
13 heard a few seconds after the flash is seen, why?

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

Two children are at cpposite ends of an aluminium red, One
strikes the end of the rod with a stone, Find the ratic of times
taken by the scund wave in air and in aluminium to reach the
second child,

The frequency of a scurce of scund is 100 Hz, How many times
does it vibrate in a minute?

Daes sound fallow the same laws of reflection as light does?
Explain.

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

Give two practical applications of reflection of scund waves,
A stone is dropped from the tep of a tower 500 m high inte a
pond of water at the base of the tower. When 13 the splash
heard at the top? Given, g = 10 m 8™ and speed of sound =
340 m s’.

A spund wave travels at a speed of 339 m 3 ', If 1ts
wavelength is 1.5 cm, what is the frequency of the wave?
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15.
16.
17.
15
19,
20,

2].

22,

Wil it be andible?

What is reverberation? How can it be reduced?

What i3 loudness of sound? What factors does it depend on?
Explain how bats use ultrasound to catch a prey.

Howr is ultrasound used for cleaning?

Explain the working and application of a sonar.

A sonar device on a submarine sends out a signal and receives
an eche b s later. Calculate the speed of sound in water if the
distance of the object from the submarine is 3625 m.

Explain how defects iIn a metal block can be detected using
ultrasound,
Explain how the human ear works,
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Chapter 13

Wy Do WE FaLL ILL

Activity 13.1

. We have all heard of the earthquakes
in Latur, Ehuj, Kashmir ete. or the
cyvclones that attack the coastal
reglons. Think of as many different
ways as possible in which people's
health would be affected by such a
disaster if it took place In our
nelghbourhood.

*  How many of these ways we can think of
are events that would occur when the
disaster 1= actually happening?

»  How many ¢f these health-related events
would happen long after the actual
dizsaster, but wauld still be because of the
dizagter?

»  Why would one effect an health fall into
the first group, and why would another
fall into the secomd group?

When we do this exercise, we realise that
health and disease in humarn communities
are very complex issues, with many
interconnected causes. We also realise that
the ideas of what ‘health’ and ‘disease’ mean
are themselves very complicated. When we
ask what causes diseases and how we prevent
them, we have te begin by asking what these
nations mean,

We have seen that cellz are the basic uniis
of living beings. Cells are made of a variety of
chemical substances - proteins, carbo-
hydrates, fats or lipids, and so on. Although
the pictures lock quite static, in reality the
living cell is a dynamic place. Something or
the other is always happening. Cells move
from place to place. Even in cells that do not
mave, there 1s repair going on. New cells are
being made. Tn pur organs or tissues, there
are various specialized activitlies going on -
the heart is beating, the lungs are breathing,

the kidney is fillering urine, the brain is
thinking.

All these activities are intercommected. For
example, if the kidneys are not filtering uring,
poisonous substances will accumulate. Under
such conditions, the brain will not be able to
think properly. Fer all these interconnectad
activities, energy and raw material are needed
from outside the body. In other words, food
is a necessity for cell and tissue functions.
Anything that prevents proper functioning of
cells and tissues will lead to a lack of proper
activity of the body.

It is in this context that we will now look
at the notions of health and disease.

13.1 Health and its Failure

13.1.1 THE SIGNIFICANCE OF ‘HEALTH'

We have heard the word ‘health’ used guite
frequently all around us. We use it curselves
as well, when we say things like ‘'my
grandmather's health is net good'. Our
teachers use it when they scold us saying ‘this
is not a healthy attitnde’. What does the word
‘health’ mean?

If we think about it, we realize that it
always implies the idea of ‘being well’. We can
think of this well-heing as effective
functioning. For our grandmothers, being ghle
to go out to the market or to visit neighbours
is heing well', and neot heing able to da such
things is ‘poor health’. Being interested in
following the teaching in the classroom =o that
we ¢an understand the world is called a
‘healthy attitnde’; while not being interested
is called the opposite. ‘Health’ is therefore a
state of being well enough to function well
physically, mentally and socially.



13.1.2 PERSONAL AND COMMUNITY ISSUES
BOTH MATTER FOR HEALTH

K health means a state of physical, mental
and social well-being, it cannot be something
that each one of us can achieve entirely on
our owi. The health of all organisms will
depend on their surroundings or their
environmernt. The environment includes the
physical environment. So, for example, healtth
is at risk in a cyclone in many ways.

But even more importantly, human beings
live in societies. Our social envirorument,
therefore, is an important factor in our
individaal health. We live in villages, towns
ar citles. n such places, even our physical
environment is decided by our social
environmert.

Consider what would happen if no agency
is ensuring that garbage is collected and
disposed. What would happen if no cne takes
responsibility for clearing the drains and
ensuring that water does net collect in the
streets or open spaces?

So, if there is a great deal of garhage
thrown in our streets, orif there is open drain-
water lying stagnant arcund where we live,
the possibility of poor health increases.
Therefore, public cleanliness 1s important for
individual health,

Activity 13.2

= Find gut what provisions are made by
your local authority [panchayat/
municipal eorporation) for the supply
of clean drinking water.

»  Are all the people 1 your locality able
to access this?

Activity 13.3

» Find ogut how your local authority
manages the solld waste generated in
your neighbourhood.

#  Are these measures adequate?

¥ T not, what improvemenis would you
suggest?

»  What could your family dao to reduce
the amount of sc0lid waste generated
during a day/week?

Wirr Oo WE Far iz

We need food for health, and this food will
have to be earned by doing work. For this,
the opportunity to do work has to be available.
Good economie conditions and jobs are
therefore needed for individual health.

We need to be happy in order to be truly
healthy, and if we mistreat each cther and
are afraid of each other. we cannoct be happy
or healthy. Social equality and harmony are
therefore necessary for individual health. We
can think of many other such examples of
connections between community issues and
individual health.

13.13 DisTINCTIONS BETWEEN ‘HEALTHY
AND “DISEASE-FREE’

If this iz what we mean by ‘health’, what do
we mean by ‘disease™ The word 1s actually
gself-explanatory — we can think of it as
‘dizease’ — disturbed ease. Disease, In other
wards, literally means being uncomfortable.
ITowever, the word is used in a more Imited
meaning. We talk of disease when we can find
a specific and particular cause for discomfort.
This does not mean that we have to know the
absolute final cause; we can say that
someone 18 suffering from diarrhoea without
knowing exactly what has caused the loose
motions.

We can now easily see that it is possible
1o be in poor health without actually suffering
from a particular disease. Simply not being
diseaszed i= not the same as heing healthy.
‘Good health' for a dancer may mean being
able to stretch his bedy into difficult but
graceful positions. On the cther hand, good
health for a musician may mean having enough
breathing capacity in his/her lungs to control
the notes from his/her fluie. To have the
opportunity to realise the unique potential
in all of us is also necessaty for real health.

S0, we can be in poor health without there
being a simple cause in the form of an
identifiable disease. This is the reason why,
when we think abont health, we think about
societies and communities. On the other
hand, when we think about disease, we think
ahout individual sufferers.
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uestons
1. Stdte any o condifions
essentiol for good healih,
2. State any fwo condifions
essential for being free of disecse.
3. Are the answers Io the above

questions necessanly the same
or different? Why?

132 Disease and Its Causes

1321 WHAT DOES DISEASE LOOK LIKES

Let us now think a little more about discases.
In the first place, how do we know that there
iz a disea=e? In other words, how do we know
that there is something wrong with the body?
There are many tissues in the body, as we
have seen in Chapter 6. These tissues make
up physiological systems or organ systems
that carry out body functions. Each of the
organ systems has specific organs as its parts,
and it has particular functicns. Se, the
digestive system has the stomach and
intestines, and it helps to digest food taken
in from outside the body. The musculoskeletal
system, which i= made up of bones and
muscles, holds the body parts together and
helps the hody move.

When there is a disease, either the
functicning or the appearance of one or more
systems of the body will change for the worse.,
These changes give rise to symptoms and
signs of disease. Sympioms of disease are the
things we feel as being ‘'wrong'. So we have a
headache, we have cough, we have loose
motions, we have a wound with pus; these
are all symptoms. These indicate that there
may be a disease, but they don't indicate what
the disease is. For example, a headache may
mean just examination stress or, very rarely,
it may mean meningitis, or any one of a dozen
different discases.

Signs of disease are what physicians will
lock for an the basis of the symptoms, Signs
will give a little more definite indication of
the presence of a particular disease.
Ihysicians will also get laboratory tests done
to pinpoint the disease further.
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13.22 AcUTE AND CHRONIC DISEASES

The manifestations of disease will be different
depending on a number of factors. One of the
most obvious factors that determine how we
perceive the disease is its duration. Some
diseases last for only very short periods of
time, and these are called acute diseases, We
all know from experience that the common
cold lasts only a few days. Other ailments can
last for a long time, even as much as a lifetime,
and are called chronie diseazses. An example
i= the infection causing elephantiasis, which
i= very commeon in =ome parts of India.

Activity 13.4

&  Survey your nelghbourhood to find out:
{1} how many pe=gple suffered from
acute diseases during the last three
manths,
(2] how many people developed chronic
diseases during this same perlod,
{31 and finally, the total number of
people suffering from chronic
dizeases in your neighbourhood.
= Are the answers to questions [1] and
(2] differe=nt?
= Are the answers to questions [2] and
(3] differe=nt?
= What do you think could be the reason
for these differences? What do you think
would be the effect of these differences
on the general healtth of the populaton’?

13.2.3 CHRONIC DISEASES AND POOR
HEALTH

As we can imagine, acute and chronic
diseases have different effects on our health.
Any disease that causes poor functioning of
same part of the body will affect cur general
health as well. This is because all functions
of the body are necessary for general health.
Hut an acute disease, which is over very soon,
will not have time to cause major effects on
general health, while a chronic disease will
do so.

As an example, think about a cough and
cald, which all of us have from time to time,
Most of us get better and become well within
a weel or so. And there are no bad effects on
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cur health. We do not lose weight, we do not
hecome short of breath, we do not feel tived
all the time because of a few days of cough
and cold. But if we get infected with a chronic
disease such as tuberculosis of the lungs,
then being ill aver the years does make us
lose weight and feel tired all the time.

We may not go to school for a few days if
we have an acute disease. But a chronic
dizease will make it difficult for us to follow
what is being taught in school and reduce
our ahility to learn. In other words, we are
likely to have prolonged general poor health
if we have a chronie disease, Chronie diseases
therefore, have very drastic long-term effects
on people's health as compared to acute
diseazes.

13.2.4 CAUSES OF DISEASES

What causes disease? When we think about
causes of diseases, we must remember that
there are many levels of such causes, Let us
lock at an example. If there is a baby suffering
from loose motions, we can say that the cause
of the loose motions is an infection with a
virus. 5o the immediate canse of the disease
1z 8 viras,

But the next question is — where did the
viras come from? Suppose we find that the
viras came through unclean drinking water.
But many babies must have had this unclean
drinking water. So, why is it that one baby
developed locse motions when the other
babies did not?

Omne reason might be that this haby is not
healthy. As a result, it might be more likely
to have disease when exposed to risk, whereas
healthier babies would not. Why is the baby
not healthy? Perhaps because it is not well
nourished and does not get encugh food. So,
lack of good nourishment becomes a second-
level cause of the disease the baby is suffering
from. Further, why is the baby not well
nourished? Perhaps because it is from a
household which 1s poor.

It is also possible that the baby has some
genetic difference that malees it more likely
to suffer from locose motions when exposed
to such a virus, Without the virus, the genetie
difference or the poor nourishment alone
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would not lead to loose motions. But they do
become contributory causes of the disease.

Why was there no clean drinking water
for the baby? Perhaps because the public
services are poor where the baby's family
lives. So, poverty or lack of public services
become third-level causes of the baby's
dizease.

R will now be obvious that all diseases
will have immediate causes and contributory
causes. Also, most diseases will have many
causes, rather than one single cause.

13.2.5 INFECTIOUS AND NON-INFECTIOUS
CAISES

As we have seen, it is important to keep puhlic
health and community health factors in mind
when we think about causes of diseases. We
can take that approach a little further. It is
usgefil to think of the immediate canses of
disease as belonging to twa distinet types. One
group of causes is the infectious agents,
mostly microbes or micro-organisms.
Dizgeases where microbes are the immediate
causes are called infectlous diseases. This is
because the microbes can spread in the
comumunity, and the diseases they cause will
apread with them,.

Things to ponder

1. Do all diseases spread to people
coming in contact with a sick person?

2. What are the diseases that are not
spreading?

3. How would a person develop those
diseases that don't spread by contact
with a sick person?

Om the other hand, there are also diseases
that are not caused by infections agents. Their
causes vary, hut they are not external causes
like microbes that can spread in the
community. Instead, these are mostly
internal, non-infections causes.

Far example, some cancers are caused by
genetle gbnormalities. TTigh blood pressure
can be caused by excessive weight and lack
of exercise. You can think of many other
diseazes where the immediate causes will nat
be infectious.
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Peptic ulcers and the Nobel prize

For many vears, evervhody used to think
that peptic ulcers, which cause acidity-
related pain and bleeding in the stamach
and duadenum, were because of lifestyle
reascons. Everybody thought that a
stressful life led to a lot of acld secretion
in the stomach, and eventually caused

peptic ulcers.
Then two Australians made a discovery

that a bacterium, Helicobrcter pylori, was
responsible for peptic uleers. Robin Warren
(horn 1937), a pathologist from Perth,
Ausiralla, saw these small curved bacteria
in the lower part of the stomach in many
patients. He noticed that signs of
inflammation were always present around
these bacteria. Barry Marshall (born 185 1),
a young clinical fellow, became interested
in Warren's findings and succeeded in
cultivating the bacteria from these sources.

In treatment studies, Marshall and
Warren showed that patients could be
cured of peptic ulcer only when the
bacteria were killed off from the stomach.
Thanks to this pioneering discovery by
Marshall and Warren, peptic ulcer diseaze
1z no longer a chronie, frequently disabling
condition, but a disease that can be cured
by a short period of treatment with
antibictics.

For this achievement, Marshall and
Warren [seen in the picture] received the
Nobel prize for physiology and medicine

in 2005.

The ways in which diseases spread, and
the ways in which they can be treated and
prevented at the comumunity level would be
different for different diseases. This would
depend a lot on whether the immediate
causes are infections or non-infectious.

1. List any three reasons why you

} woudd think that you are sick and

ought to see a doctor. [f only one

i af these symploms were presertf,
would you still go fo the dector?
Why or why net?

2. Inwhich of the following case do
you think the iong-term effects on
your health are likely fo be most
unplegsant?

* if you get jaundice,

+ ffyouget lice,

= {f you gef dene.
Why?

13.3 Infectious Diseases

13.3.1 INFECTIOUS AGENTS

We have seen that the entire diversity seen in
the lving world can be classified into a few
groups. This classification is hased on
comimon characteristics between different
organisms. Organisms that can cause disease
are found in a wide range of such categories
of classificationn. Some of them are vituses,
some are bacteria, some are fungi, some are
gingle-celled animals or protozoans. Some
diseases are alsc caused by multicellular
organisms, such as worms of different kinds.

Semice



Fig. 13.Ifa}: Picture of SARS viruses coming out (see
arrows for examples] of the surfuoe of
an infecied cell. The while scale line
represenis S0 nanomeires, which is
half a micromeire, which is one-
thousandih of @ mifitmetre, The scale fine
gives us an idea of how small the iings
we are leoldng at are.,

Courtesy: Emerging Infertious
Deseases, ajourmal gf COC, TS,

Fig, 13.1fd): Pichure of Lelshmania, the profozoan
organism thal rouses kalo-ozar, The
organisms gre ovai-shaped, and each
futs ofle oy whip-tike sfracture. One
organismm frrowy) s dividing, while g eell
of the tmmune system dowsr right! has
gripped on. the e whips of the dividing
orgardsm and s sending celf processes
up to eod up the argendsnl The fmoane
cell iz aboil ien micrormeires indiomeber.

Fig. 13.1b: Pictire of staphylococt, the Bocterio
whirh can cause eone, The scale gf the
mage 15 indicated by the line af iop loft,
which is 5 mitcrometres lang.

Fig. 13.Me): Pichure of Trypanosomd, the protosoel
organism responsible for sleeping
sichness. The organdsm is g next (o Fig. 13.1fek: Picture of an aduli roundivanm (Asooris

o souteer-shoped red blood cell to gite
ain idea of the scale,

Copyright: Gregon I lealih aned Sclence
Umniversity, LLS.

Win- Do WE Fawz [z

lurmbrirnides is the technicel name] from
ther small indestine, The mder nexdt to il
shows four centimelres o give us an

idea of the scale,
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Common examples of dizeases caused by
viruses are the common cold, influenza,
dengue fever and AIDS, Diseases like typhoid
fever, chalera, tuberculesis and anthrax are
caused by bacteria. Many common skin
infections are caused by different kinds of
fungi. Protozoan microbes cause many
familiar diseases, such as malaria and kala-
azar. All of us have also come across intestinal
worm infections, as well as diseases like
elephantiasis caused by diffferent species of
WOorins.

Why is it important that we think of these
categories of infections agents? The answer
is that these categories are important factors
in deciding what kind of treatment to use.
Members of each one of these groups -
viruses, bacteria, and so0 on — have many
biclogical characteristics in commeorn.

All viruses, for example, live inside host
cells, whereas bacteria very rarely do. Viruses,
barcteria and fungl multiply very quickly, while
worms multiply very slowly i compariscon.
Taxonomically, all bacteria are closely related
to each other than to viruses and vice versa.
This means that many important life
processes are similar in the bacteria group
bt are not shared with the virus group. Asa
result, drugs that block one of these life
processes in one member of the group is likely
to be effective against many other members
of the group. But the same drug will not work
against a microbe belonging te a different
group.

As an example, let us talee antibiotics.
They commonly block bicchemical pathways
impartant for bacterla. Many bacteria, for
example, make a cell-wall to protect
themselves. The antibiotic penicillin blocks
the bacterial processes that build the cell-
wall. As a result, the growing bacteria become
unahle to make cell-walls, and die easily.
TTuman cells don't make a cell-wall anyway.,
80 penicillin cannot have such an effect on
us. Penicillin will have this effect on any
bacteria that use such processes for making
cell-walls, Stmilarly, many antibiotice work
against many species of bacteria rather than
simply working against one.
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Hut viruses do not use these pathways at
all, and that is the reason why antibiotics do
not work against viral infections. If we have a
common cold, taking antibiotics does not
reduce the severity or the duraticn of the
disease. However, if we also get a bacterial
infection along with the viral cold, taking
antiblotics will help, Even then, the antibiotic
will work enly against the bacterial part of
the infection, not the viral infection.

Activity 13.5

» Find out how many of you in your class
had cold feough ffever recently.

= Howlong did the illness last?

» How many of you tock antbigties (ask
your parents it you had antibiotics)?

* How long were those who fook

antbiotics M7

& How long were those who didn't take
antihigties 17

. Is there a difference between these twa
Eroups?

= Tf yes, why? If not, why ngt?

1332 MEANS OF SPREAD

ITow do infectious diseases spread? Many
microbial agents can commonly move from
an affected persan to someone else In a variety
of ways. In other words, they can be
‘communicated’, and =so0 are also called
communicable diseases.

Such disease-causing micrcbes can
spread through the air. This occurs through
the little droplets throwm out by an infected
perzon who sneezes ar coughs, Someone
standing close hy can breathe in these
droplets, and the microbes get a chance to
start a new infection. Examples of such
diseases spread through the air are the
common cold, pneumonia and tuberculosis.

We all have had the experience of sitting
near someone suffering from a cold and
catching it ourselves. Obvicusly, the mere
crowded our living conditions are, the more
likely it is that such airhorne diseases will

spread.
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Bmall droplets s
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Fig. 13.2: Air-transmiled discases ore edsier (o
catch the closer we are to the Infocted
persan. flotvever, n closed oreas, the
droplel nuclei rectroulrie and pose o sk
i everybody. OQuercrouwded and prorly
venilated housing s fherefore a magjor

Jactorin the spreoad of airbome discases,

Diseases can also be spread through
water. This occurs if the excreta from someone
suffering from an infectious gut disease, such
as cholera, get mixed with the drinking water
used by people living nearby. The chelera-
causing microbes will enter new hosts
through the water they drink and cause
dizeasze in them. Such diseases are much
mare likely to spread in the absence of safe
supplies of drinking water.

The sexual act is one of the closest
physical contact two pecple can have with
each other. Not surprisingly, there are
microhial diseases such as syphilis or ATDS
that are transmitted by sexual contact from
one partner to the other. However, such
sexually transmitted diseases are not spread
by casual physical contact. Casual physical
contacts include handshakes or hugs or
sports, like wrestling, or by any of the other
ways In which we touch each other socially.
Other than the sexual contact, the ATDS virus
can alse spread through blocd-to-blood
contact with infected people or from an
infected mother to her baby during pregnancy
ot through breast feeding.

We live in an environment that is full of
many other creatures apart from us. 1t is
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inevitable that many diseases will be
transmitted by other animals. These animals
carry the infecting agents from a sick person
to ancther potential host. These animals are
thus the intermediaries and are called
vectors. The commonest vectors we all know
are mosquitoes. In many species of
mosquitoes, the females need highly
mairitious food in the form of bloed in order
1o be able to lay mature eggs. Mosquitoes fead
on many warm-blooded animals, including
us. In this way, they can transfer diseases
from person to persomn.

Tyirect 1
R T T
e
T

| 1 dirert
L —_—
Ft’é{f_gma\f . irIHcElth:.r!
L = | PCIaon
|| I, fi ¥ % _— "f|l

Rahid animal

Fig. 13.8: Common methods of transmission af
cliSeases,

1333 ORGAN-SPECIFIC AND TISSUE-
SPRECIFIC MANIFESTATIONS

The disease-causing microbes enter the body
through these different means. Where do they
go then? The body is very large when
compared 1o the microbes, 5S¢ there are many
possible places, organs or tlzsues, where they
could go. Do all microbes go to the same tissue
or organ, or do they go to different ones?
Different specles of microbes seem to have
evolved to home in on different parts of the
body. In part, this selecton is connected to
their point of entry. If they enter from the air
via the nose, they are likely to go to the lungs.
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This 1z seen In the bacteria causing
tuberculosis, T they enter through the maouth,
they can stay in the gut lining like typhoid-
causing bacteria. Or they can go to the liver,
like the viruses that cause jaundice.

But this needn’t always be the case. An
infection like HIV, that comes into the body
via the sexual organs, will spread to Immph
nodes all aver the bady. Malaria-causing
microbes, entering through a mosquito bite,
will go to the liver, and then to the red blead
cells, The wvirus causing Japanese
encephalitis, or brain fever, will similarly enter
through a mosquite bite. But it goes on to
infect the brain.

The signs and symptoms of a disease will
thus depend on the tissue or organ which
the microbe targets. If the lungs are the
targets, then symptoms will be cough and
breathlessness, If the liver is targeted, there
will be jaundice. If the brain is the target, we
will cbserve headaches, vomiting, fits or
unconsciousness. We can imagine what the
gymptoms and signs of an infection wAll be if
we know what the target tissue or organ is,
and the functions that are carried out by this
tissue or orgar.

In addition to these tissue-specific effects
of infectious disease, there will be other
common effects too. Most of these common
effects depend on the fact that the body's
immune system is activated in response to
infection. An active immune system recruits
many cells to the affected tissue to kill off the
diseasecausing microbes. This recruitment
process is called inflammmation. As a part of
this process, there are local effects such as
swelling and pain, and general effects such
as fever.

In some cases, the tissue-specificity of the
infection leads to very general-seeming
effects. For example, in ITIV infection, the
virus gaes to the immune system and
damages iis function. Thus, many of the
effects of TTTV-AIDS are because the bady can
na longer fight off the many minor infections
that we face everyday. Instead, every small
cold can hecome pneumonia. Similarly, a
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minor gut infection can produce major
diarthoea with blocd loss. Ultimately, it is
these other infections that kill people
suffering from HIV-AIDS.

It 1s also impartant to remember that the
severity of disease manifestations depend on
the number of microbes in the body. If the
number of microbes is very small, the discase
manifestations may be minor or unnoticed.
But if the number is of the same microbe
large, the disease can be severe enough to be
life-threatening. The immune system is a
major factor that determines the number of
microbes surviving in the body. We shall lock
into this aspect a little later in the chapter.

13.3.4 PRINCIPLES OF TREATMENT

What are the steps taken by your family when
you fall sick? Have you ever thought why you
sometimes feel better if you sleep for some
time? When does the treatment involve
medicines?

Baszed on what we have learnt so far, it
wouild appear that there are two ways to treat
an infections diseaze. One would be to reduce
the effects of the diseaze and the other to kill
the canse of the disease. For the first, we can
provide treatment that will reduce the
symptoms. The symptoms are usually
because of inflammation. For example, we can
take medicines that bring down fever, reduce
pain or loose motions. We can take bed rest so
that we can conserve our energy. This will
enable s to have more of it available to focus
on healing.

But this kind of symptom-directed
treatment by itself will not make the infecting
microbe go away and the disease will not be
cured. For that, we need to be able to kill off
the microbes.

How do we kill microbes? One way is to
use medicines that kill microbes. We have seen
earlier that micrcbes can be classified into
different categories. They are viruses, bacteria,
fungi or protozoa. Each of these groups of
organisms will have some essential
hiochemical life process which i= peculiar to
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that grcup and naot shared with the cther
groups. These processes may be pathways for
the synthesis of new substances or respiraticn.
These pathways will not be used by us
cither, For ¢xample, our cells may make new
substances by & mechanism different from
that used by bacteria. We have to find a dmig
that blocks the bacierial synthesis pathway
without affecting our own. This is what is
achlieved hy the antibiotics that we are all
familiar with. Similarly, there are drugs that
kil protozaa such as the malarial parasite.
One reasomn why making anti-viral
medicines is harder than making anti-
bacterial medicines is that viruses have few
Wochermical mechanisms of their owm. They
enter our cells and use our machinery for
their life processes. This means that there
are relatively few virus-specific targeis to aim
at. Despite this imitation, there are now
effective anti-viral drugs. for example, the
drugs that keep TTIV infection under control.

13.3.5 PrRINCIPLES OF PREVENTION

All of what we have talked about so far deals
with how ic get rid of an infection in someone
who has the disease. But there are three
limitatioms of this approach to dealing with
infectious disease. The first is that onee
somecnie has a disease, their body fumctions
are damaged and may never Tecover
completely. The second is that treatment will
take time, which means that someone
suffering from a disease is likely to be
hedridden for some time even if we can give
praper ireatment. The third 1z that the perscn
suffering from an infectious disease can serve
as the source from where the infection may
spread to other people. This leads to the
multiplication of the above difficultes. It is
because of such reasons that prevention of
dizeases i= better than their cure.

How can we prevent diseases? There are
two wayvs, ane genieral and one specific to cach
disease, The general ways of preventing
infections mosily relate ioc preventing
exposure. How can we preveni exposure to
infectious microbes?

I we look ai the means of their spreading,
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we can get some easy answers. For airborrie
microbes, We can prevent exposure by
providing living conditions that are not
overcrowded. For water-borne microbes, we
can prevent exposure by providing safe
drinking water. This can he done by treating
the water to Kill any microbial cortamination.
For vector-borne infections, we can provide
clean environments. This would nat, for
example, allow mosquito breeding. Tn other
words, public hygiene 13 ane basic key to the
prevention of infections diseases.

In addition to these issues that relaie to
the environment, there are some other general
principles to prevent infectious diseases. To
appreciate those principles, let us ask a
question we have not loocked at so far.
Normally, we are faced with infections
everyday. If someone is suffering from a cold
and cough in the class, it is likely that the
children sitting around will he exposed to the
infecticn, But all of them do niot actually suffer
from the disease. Why not?

This iz because the imimumne systerm of our
body iz normally fighting off microhes. We
have cells that specialise in killing infecting
microbes, These cells go into action each time
infecting microbes enter the body., If they are
successful, we do not actually come down
with any disease. The ltmmine cells manage
to kil off the infection long before it assumes
major proporticns. As we noted earlier, if the
number of the Infecting microbes is
contralled, the manifestations of disease will
be minor. In ather words, becoming exposed
ta or infected with an infeciious microbe does
not necessarily mean developing noticeable
dizease.

S0, one way of looking at severe infecticus
diseases is that it represents a lack of success
of the immune sysiem. The functoning of the
immmine system, like any other sysiem in our
body, will not be good if proper and sufficient
nourishmeni and food is noi available.
Therefore. the second basie principle of
prevention of infectious disease is the
availability of proper and sufficient food for

EVETYODE.
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Activity 13.6

# Conduct a survey in your locality.
Talk to ten familiez who are well-off
and ten who are very poor (in your
estimatign]. Both sets of families
should have children who are below
five years of age. Measure the heights
of these children. Draw a graph of the
height of each child against its age
for both sets of families,

. Iz there a difference between the
groups? If yes, why?

» If there is no difference, do you think
that your findings mean that heing
well-off or poor does not matter for
health?

These are the general ways of preventing
infections. What are the specific ways? They
relate to a peculiar property of the immune
system that uwsually fights off microbial
infections. Let us cite an example to try and
understand this property.

These days, there is no smallpox
anywhere in the world. But as recently as a
hundred years ago. smallpox epidemics were
not at all uncominon. Il such an epidemic,
people used to be very afraid of coming near
someone suffering from the disease since they
were afraid of catching the disease.

However, there was one group of people
who did not have this fear. These people would
provide nursing care for the victims of
smallpox. This was a group of people who had
had smallpox earler and survived it, although
with a lot of scarring. In other words, if you
had smallpox cnce, there was no chance of
suffering from it again. So, having the discase
once was a means of preventing subsequent
attacks of the same disease.

This happens hecause when the immune
system first sees an infections microbe, it
responds against it and then remembers it
specifically. So the next time that particular
migrobe, or its close relatives enter the body,
the immune system respornds with even
greater vigour. This eliminates the infection
even more quickly than the first time around.
This iz the basis of the principle of
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hmnnnﬂsatiﬂn.
Immunisation

Traditional Indian and Chinese medicinal
gystems sometimes deliberately rubbed the
skin grusts from smallpox victims into the
skin of healthy people. They thus hoped
to induce a mild form of smallpox that
would create resistance against the
dizease.
Famously, two centuries ago, an
English physician
| named Edward
Jenner, realised
that milkmaids
who had had
cowpox did not
catch smallpox
even during
epidemics.
Cowpox 15 a very
mild disease.
Jennear tried
deliberately giving
cowpox to people
{as he can be seen doing in the picture), and
found that they were now resistant to
smallpox. Thiz was because the smallpox
virus is closely related to the cowpox viras.
‘Cow’ i8 ‘vacca’ in Latin, and cowpox is
‘vaccinia’. From these roots, the word

“accination’ has come into owr usafe.

‘We can now =ee that, as a general principle,
we can ‘fool' the immune system into
developing a inemory for a particular infection
Ly putiting something, that mimics the micrabe
we want to vaccinate against, into the body.
This does not actually cause the disease but
this would prevent any subsequent exposure
to the infecting microbe from turning into
actual disease.

Many such vaccines are now available for
preventing a whole range of infectious
diseases, and provide a disease-specific
means of prevention. There are vaccines
against tetamus, diphtheria, whooping cough,
measles, polic and many others. These form
the public health programme of childhood
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immunisation for preventing infectious
diseases.
Of course, such a programime can he

the c¢ontrol of rabies in your
neighbourhood. Are these measures
adequate? If not, what improvements

useful only if such health measures are would you suggest?
available to all children. Can you think of .
reasons why this should be so? uestions

Some hepatitis viruses, which cause
jaundice, are transmitted through water.
There is a vaccine for one of them, hepatitis
A, in the market. But the majority of children
in many paris of India are already immune

[

Why are we normaoldly advised to
take Bland and nourishing food

when we are sick?

Whit are the different means by
trhich infectious disedses are

to hepatitis A by the time they are five years spread?
ald. This i3 because they are exposed o the 3. What precautions can you take
. 4. What (s immunisafon?
Ath"ty 13.7 5. What are the immunisation
#  Hables virus 18 spread by the bite of

praogrammes avaflable at the

infected dogs and other animals, There nearest fiealth cenire in your

are anti-rabies vaccines for both locality? Which of these diseases

©  bhumansg and animals. Find out the are the meyor health problems in
plan of your local authority for

your drea?

I What
you have
learnt

. Health is a state of physical. mental and social well-being.

- The health of an individual is dependent on his/her physical
surrcundings and his/her economic status.

’ Diseases are classified as acute or chronic, depending on their

duration.
- Disease may be due to infectious or non-infectious causes.
. Infecticnis agents belong to different categories of organisms

and may be unicellular and micrescopic or multicellular.

- The category to which a disease-causing crganism belongs
decides the type of treatment.

» Infecticus agents are spread through air, water, physical contact
Or Vectors.

s Prevention of disease is more desirable than its successiual
treatment,

. Infectious diseases can be prevented by public health hygiene
measures that reduce exposure to infectious agents.
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Infectious diseases can alse be prevented by using
Immunisation.

Effective prevention of infections diseases in the community
requires that everyone should have access to publc hyglene
and immunisation.

I Exercises

How marny times did you fall 11l in the last one year? What were
the illnesses?

{a) Think of cne change you could make in your habits in order
to avoid any af/maost of the above 1llnesses.

(bl Think of one change you would wish for in your
surroundings in order to avoid any of/most of the above
IInesses.

A dector /nurse fhealth-worker 1s exposed to more sick peeple
than others in the community. Find out how she/he avoids
getting sick herself/himself.

Conduct a survey in your neighbourhoed to find out what the
three most commeoen diseases are. Suggest three steps that could
be taken by your local autharities to bring down the incidence
af these diseases.

A baby is not able to tell her/his caretakers that she/he is
gick. What would help us to find out

{(a) that the baby is sick?
(b] what 15 the sickness?

Under which of the following cenditions is a person mest likely
to fall sick?

(a] when she is recovering from malaria.

{b) when she has recovered from malaria and is taking care of
someene suffering from chicken-pox,

lc) when she is on a four-day fast after recevering from malaria
and is taking care of somecne suffering from chicken-pox.

Why?
Under which of the following conditions are you most likely te
tall sick?

{a) when you are taking examinations.
{b) when you have travelled by bus and train for two days.
[c) when your friend is suffering frem measles.

Why?
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Chapter 14

NATURAL RESOURCES

Our planet, Earth is the only one on which
life, as we know it, exists. Life on Earth is
dependent on many factors. Most life-forms
we know need an ambient temperature,
water, and food. The resources available cn
the Earth and the energy from the Sun are
necessary to meet the basic requirements of
all life-forms on the Earth.

What are these resources on the Earth?

These are the land, the water and the air.
The outer crust of the Earth is called the
lithosphere. Water covers 75% of the Earth's
surface. It is also found underground. These
comprise the hydrosphere. The air that covers
the whole af the Earth Hke a hlanket, is called
the atmosphere. Living things are found
where these three exist. This life-supporting
zone of the Earth where the atmosphere, the
hydrosphere and the lithosphere interact and
make life possible, is known as the bicsphere.

Living things constitute the hiotic
component of the hicsphere. The air, the
water and the soil form the non-living or
abiotic component of the bicsphere. Let us
study these abiotic components in detail in
crder to understand their role in sustaining
life on Earth.

14.1 The Breath of Life: Air

We have already talked about the composition
of air in the first chapter. It is a mixture of
many gases like nitrogen, oxygen, carbon
dioxide and water vapour. 1t is interesting to
note that even the composition of air is the
result of life on Earth. In planets such as
Venus and Mars, where no life is known to
exist, the major component of the atmosphere
is found to be carbon dicadde. In fact, carbon

dioxide constitutes up to 95-57% of the
atmosphere on Venus and Mars.

Eukaryotic cells and many prokaryoeiic
cells, discussed in Chapter 5, need oxygen to
break down ghicose molecules and get energy
for their activities. This results in the
production of carbon dioxide. Another process
which results in the consumption of oxygen
and the concomitant production of carbon
dioxide is combustion. This includes not just
human activitles, which burn fuels to get
energy, but also forest fires,

Despite this, the percentage of carbon
dicxide in gur atmosphere 12 a mere fraction
of a percent because carhon dioxide is ‘fixed’
in two ways: (i) Green plants convert carbon
dioxide into glucose in the presence of
Sunlight and (ii) many marine animals use
carbonates dissolved in sea-water to male
their shells.

14.1.1 THE ROLE OF THE ATMOSPHERE IN
CLIMATE CONTROL

We have talked of the atmosphere covering
the Earth, like a blanket. We know that air is
a bad conductor of heat. The atmosphere
keeps the average temperature of the Earth
fairly steady during the day and even during
the course of the whole year. The atmaosphere
prevents the sudden increase in temperature
during the daylight hours. And during the
night, it slows down the escape of heat into
outer space. Think of the moon, which is
ahout the same distance from the Sun that
the Earth is. Despite that, on the surface of
the moon, with no atmosphere., the
temperature rarges from —190T C to 110T C.



Activity 14.1
® Measure the temperature of the
following :

Take (1] a beaker full of water, [ii] &
beaker full of spil /sand and (1] a closed
bottle comtaining a thermometer, Keep
them in bright Sunlight ior three hours.
Now measure the temperature of all 3

vessels. Also, take the temperature
reading in shade at the same time.

Now answer

[. Is the temnperature reading more in
activify (it or (i)2

2. Buased on the above finding, which
woiild become hot faster — the land or
the sea?

3. Is fhe thermometer reading of the
temperaiure of air fin shads) the same
as the femperature of sand or water?
What de you think s the reason for
this? And iy dees the temperaiure
have to be measured in the shade?

4. [Is the temperaiure of air in the closed
glass vesselfbotile the same as the
temperniure taken in open air? i) What
do you think is the reason for this?
{il} Do e ever come doross this
phenomenan i daily life?

As we have seen above, sand and water
do not heat up at the same rate. What do you
think will be their rates of cooling? Can we
think of an experiment to test the prediction?

14.12 THE MOVEMENT OF AIR! WINDS

We have all felt the relief hrought by cool
evening hreezes after a hot day. And
sometimes, we are lucky encugh to get rains
after some days of really hot weather, What
causes the movement of air, and what decides
whether this movement will be in the form of
a gentle breeze, a strong wind or a terrible
storm? What brings us the welcome rains?
All these phenomena are the result of
changes thai take place In oqur atmosphere
due to the heating of air and the formation of
water vapour. Water vapour is formed due to

the heating of water bodies and the activities
of living organisms. The atmosphere can be
heated from below by the radiation that is
reflected back or re-radiated hy the land or
water bodies. On being heated, convection
currents are set up in the air. ln order to gain
gome understanding of the nature of
convection currents, let us perform the
following activity:

Activity 14.2

. Flace a candle In & beaker ar wide-
mouthed bottle and light it. Light an
Incense stick and take it to the mouth
of the above bottle (Figure 14.1).

#  Which way does the smoke flow when
the incense stick 1s kept near the edge
of the mcuath?

#  Which way does the smoke flow when
the lncense stick is kept a litte above
the candle?

» Which way does the smoke flow when
the incense stick 15 kept in other
regions?

|
P

Fig. 14.1: Air currents belng carsed by the wuneven
heting of air.

The patterns revealed by the smaoke show
us the directions in which hot and cold air
move. In a similar manner, when air is heated
by radiation from the heated land or water, it
rises. But since land gets heated faster than
water, the air over land would alsc be heated
faster than the air over water bodies.

So, if we lock at the situation in coastal
reglons during the day, the air above the land
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gets heated faster and starts rising. As this
airt rises, a region of low pressure is created
and air over the sea moves into this area of
low pressure. The movement of air from one
region to the other creates winds. During the
day, the direction of the wind would be from
the sea to the land.

At night, both land and sea start to coal.
Since water cools down slower than the land,
the air above water would be warmer than
the air above land.

(On the basis of the shove discussion, what
can you say about:

1. the appearance of areas of low and
high pressure in coastal arcas at night?

2. the direction in which air would flow
at night in coastal areas?

Similarly, all the movements of air
resulting in diverse atmospheric phenomena
are caused hy the uneven heating of the
atmosphere in different regions of the Earth.
But varicus other factors also influence these
winds — the rotation of the Earth and the
presence of mountain ranges in the paths of
the wind are a couple of these factors. We
will not go inte these factors in detail in this
chapter, but think about this: how do the
presence of the Himalayas change the flow of
a wind blowing from Allahabad towards the
north?

14.13 Ramn

Let us go back now ta the question of how
clouds are formed and bring 1s rain. We could
start by doing a simple experiment which
demanstrates some of the factors influencing
these climatic changes.

Activity 14.3

# Teke an empty bottle of the sort in
which bottled water is 2old. Pour about
510 ml of water Into it and close the
botile tightly. Shake it well or leave it
out in the Sun far ten minutes, This
causes the air in the bottle to be
H saturated with water vapour,
#  Now, take a lighted incense stick. Open

the cap of the bottle and allow some of
the smcke thom the ingense stick to
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enter the bottle. Quickly close the bottle
once mote, Make sure that the cap is
fiting dphtly. Press the bottle hard
between your hands and crush it as
much as possible, Wait for a few
geconds and release the hottle, Again
press the bottle as hard as you can.

Now answer

I. When did you obserpe that the air
inside seemed fo become Togou™?

2. When does this fogq disappear?

3. When is the pressure inside the bottie
higher?

4. Isthe fog observed wbhen the pressiive
in e bottle 1s high or when i is low?

&, What (s the need for smoke particles

inside fhe boHle for this experiment?
€. What might happen 1If you do fhe
experiment without the smoke from the
incense stick? Now try it and check if
ihe prediction was correct. Whet midghi

e happening it the above experiment
in the aksence of smoke parficles?

The above experiment replicates, on a very
small scale, what happens when air with a
very high content of water vapour goes from
a region. of high pressure to a region of low
PIESSITE OF ViCE VErsd.

When water bodies are heated during the
day, a large amount of water evaporates and
goes into the air. Some amount of water
vapour alan get into the atmosphere because
of various hiological activitles. Thiz air also
gets heated. The het alr rises up carrying the
water vapour with it. As the air rises, it
expands and cools. This cooling causes the
water vapour in the air to condense in the
form of tiny droplets. This condensation of
water is facilitated if some particles could act
as the ‘nucleus’ for these drops te form
around. Normally dust and other suspended
particles in the air perform this function,

Once the water droplets are formed, they
grow bigger by the ‘condensation’ of these
water droplets. When the drops have grown
big and heavy, they fall down in the form of
Tain, Sometimes, when the temperature of air
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is low encugh, precipitation may cccur in the
form of snow, =sleet or hail.

Rainfall patterns are decided by the
prevailing wind patteriis. In large parts of
India, rains are mostly brought by the south-
west or north-east monsoons. We have also
heard weather reports that say ‘depressions’
in the Bay of Bengal have caused rains in
game areas (Figure 14.2),

Fig. 12.2: Saielltie pictitre showbing elouds over i,

Activity 14.4
®  Collect information fromm newspapers
o weather Teports on television about
rainfall patitens across the country.,
Alsa find out how to construct a rain-
gauge and make one. What precautions
are necessary In order to get reliable
data from this rain-gauge? Now answer
the tollowing questions ;
» In which month did vour city/town/
~  village get the maximum rainfall?
» In which month did your state funion
territory get the maxdimum rainfall?
15 rein aAlways accompanied by thimder
and lightning? I not, in which season
do vou get more of thunder and
lightning with the rain?

Activity 14.5

Find out more about monsSoons and
cyclones from the library, Try and find
out the rainfall pattern of any other
country. 15 the monsoon responsible for
rains the world over?
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14.14 AR POLLUTION

We keep hearing of the increasing levels of
oxides of nitrogen and sulphur in the news.
Ieople often hemoan the fact that the quality
of air has gone down since their childhood.
How iz the quality of air affected and how
does this change in quality affect us and other
life forma?

The fossll fuels Hke ceal and petroleum
econtain small amounts of nitragen and
sulphur, When these fuels are burnt, nitrogen
and sulphur too are burnt and this produces
different oxides of nitrogen and sulphur. Not
only is the inhalation of these gases
dangerons, they also dissolve in rain to give
rize 1o acid rain. The combustion of fossil fuels
also Increases the amount of suspended
particles in air. These suspended particles
could he unburnt carbon particles or
gubstances called hydracarbons, Presence of
high levels of all these pollutants cause
visibility to be lowered, especially in cold
weather when water alsc condenses out of
adr. This is known as smog and is a visible
indication of air pollution. Studies have
shown that regularly breathing air that
containg any of these subsiances increases
the incidence of allerfies, cancer and heart
diseases. An increase In the content of these
harmful substances in air is called air
pollution.
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Activity 14.6

#  Organizms called lichens are found to
be very sensitive to the levels of
contaminants like sulphur dicedde in
the air. As discussed earlier In Section
7.3.3, lichens can be commonly found
growing on the barks of trees a8 a thin
greenish-white crust. See if you can
find lichen growing on the trees in your
locality,

# Compare the lichen on trees near busy
roads and irees some distance away.
# Om the trees near Toads, compare the
incidence of Hchen an the side facing
the road and ¢gn the gide away from the
road.

What can you say about the levels of
pelluting substances near roads and away
from roads en the basis of your findings
above?

uestions

1. Houris our atmosphere different
from the afmospheres on Venus
aned Mars?

2. How does the atmosphere act as

a blankeat?

Whrt causes winds?

Howr are clouds formed?

List any three human octivifies

theit gow thinde world lead fo alr

poliution.

14.2 Water: A Wonder Liquid

Water occupies a very large area of the Earth's
surface and is also found underground. Some
amount of water exists in the form of water
vapour in the atmosphere. Most of the water
on Earth's surface 1= found in seas and oceans
and is saline. Fresh water is found frozen in
the ice-caps at the two poles and on snow-
covered mountains. The underground water
and the waier in rivers, lakes and ponds 1z
also fresh, Tlawever, the availability of fresh
water varies from place to place. Practically
every summer, most places have to face a
shortage of water. And in rural areas, where
water supply systems have not been installed.,

Gk L
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people are forced to spend comnsiderable
amcunts of time in fetching water from far-
away SOUICes.

Activity 14.7

¥ Many municipal corporations are trying
water-harvesting techniques 1o
improve the availability of water.

» Find out what these techniques are and
how they would increase the water that
is avallable for use.

But why is water so necessary? And do
all organisims require water? All cellular
processes take place i a water medium. All
the reactions that take place within owr body
and within the cells occur between
substances that are dissolved in water.
Substances are also transported from one
part of the body to the other in a dissclved
form. TTence, organisms need te maintain the
level of water within their bodies in order to
stay alive. Terrestrial life-forms require fresh
water for this because their bodies cannot
tolerate or get rid of the high amounts of
diszolved salts in saline water. Thus, water
sources need to he easily accessible for
animals and plants to survive on land.

Activity 14.8

' Select a small area [say, 1 m¥ near a
water-body, it may be a river, stream,
lake or pond. Count the number of
different animals and plants in this
area. nlso, check the number of
individuals of each type or Species.

+ Compare this with the number of
individuals [oth animals and plants)
found in an area of the same Size In a
dry, mocky region.

rr 5 the varlety of plant and animal life
the same in bgih these areas?

14.9

Zelert and mark out a Small area [about
1 m?] in some unused land in or near
your school.

As 1n the above activity, count the
number of different animals and plants
in this area and the number of
individuals of each species.

Activity
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#»  Remember todao this in the same place
twice in a year, once during summer
or the dry season and anee after it has
rained,

Now answer

1. Were the numbers similar both times®?

2. In which season did you find more
variety of plarnts and animals?

3. In which season did you find more
rnumber of indiiduals of each carlety?

After compiling the results of the above
two activities, think if there is any relationship
between the amount of available water and
the number and variety of plants and animals
that can live In a glven area. If there is a
relationship, where do you think you weould
find a greater variety and abundance of life —
in a region that receives b cm of rainfall m a
year or a region that receives 200 cm of
rainfall in a year? Find the map showing
rainfall patterns in the atlas and predict
which States in India would have the
maximum Modiversity and which would have
the least. Can we think of any way of checking
whether the prediction 1z correct?

The availability of water decides not only
the number of individuals of each species that
are able to survive in a particular area, but it
also decides the diversity of life there. Of
course, the availability of water is not the only
factor that decides the sustainability of life
m a region. Other factors like the temperature
and nature of soil also matter. But water is
one of the major resources which determine
life on land.

142.1 WATER POLLUTION

‘Water dissolves the fertilisers and pesticides
that we use on cur fanns. So some percentage
of these substances are washed into the water
bodies. Sewage from our towns and cities and
the waste from factories are also dumped inte
Tivers or lakes. Specific industries also use
water for cocling in vartous aperations and
later return this hot water to water-hadies.
Anocther manner in which the temnperature of
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the water in rivers can be affected is when water
is released from dams. The water inside the
deep rezervoir would be colder than the water
at the surface which geis heated by the Sun.
All this can affect the lfe-forms that are
found in these water bodies in various ways.
It can encourage the growth of some life-forms
and harm some other life-forms. This affects
the balance between various organisms which
had been established m that system. So we
usze the term waier-pollution to cover the
fallowing effects:
1. The addition of wundesirable
substances to water-bodies. These

substances could be the fertilisers and
pesticides used in farming or they
could be poisorious substances, like
mercury salts which are used by
paper-industries. These could also be
disease-causing organisms, like the
bacteria which ¢cause cholera,

2. The remaoval of destrable subsiances
from water-bodies, Dissolved oxygen
is used by the antmals and plants that
live in water. Any change that reduces
the amount of this dissolved oxygen
would adversely affect these aquatic
organisms. Other nutrients could alsc
be depleted from the water hodies.

3. A change in temperature. Aquatic
organisms are used to a certain range
of temperature in the water-body
where they Iive, and a sudden marked
change in this temperature would be
dangerous for them or affect their
breeding. The eggs and larvae of
various animals are particularly
susceptible to temperature changes.

pestions

1. Why do organisms need water?

2. What is the mafor source of fresh
water in the cify/town/village
where you live?

3. Do you know of any achivity
tehiel ey e polliiting fhis water

sourcer
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143 Mineral Riches in the Soil

Soil is an important resource that decides the
diversity of lfe in an area. But what is the
soil and how is it formed? The outermost layer
of our Earth is called the crust and the
minerals found in this layer supply a variety
of nutrients to life-forms. But these minerals
will not be available toc the organisms if the
minerals are bound up in huge rocks. Over
long periods of time, thousands and millions
of years, the rocks at or near the surface of
the Earth are broken down by various
physical, chemical and some biclogical
processes. The end product of this breaking
dowmn iz the fine particles of soil. But what
are the factors or processes that make scil?

» The Sun: The Sun heats up rocks
during the day so that they expand.
At night, these rocks cool down and
contract. Since all parts of the rock
do not expand and contract at the
same rate, this results in the
formation of cracks and ultimately the
huge rocks break up inte smaller
pleces.

» Water: Water helps in the formation
of soil in two ways. One, water could
get into the cracks in the rocks formed
due to uneven heating by the Sun, If
this water later freezes, it would cause
the cracks to widen, Can you think
why this should be s0? Two, flowing
water wears away even hard rock over
long periods of time. Fast flowing water
cften carries big and small particles
of rock downstream. These rocks rub
against cther racks and the resuliant
abrazion causes the rocks to wear
down intoc smaller and smaller
particles. The water then takes these
particles along with it and deposits 1t
further downm its path. Scil is thus
found in places far away from its
parent-rock.

*» Wind: In a process similar to the way
in which water Tubs against rocks and
wears them down, strong winds also
crade rocks down, The wind also
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carries sand frem one place to the
other lilke water does.

» Living crganisms also influence the
formation of sqil. The Hehen that we
read about eartlier, alsc grows con the
surface of rocks. While growing, they
release certain substances that cause
the rock surface to powder down and
form a thin layver of scil. Other small
planis like moss, are able to grow on
this surface new and they cause the
rock to break up further. The roots of
big trees sometimes go into cracks in
the rocks and as the roots grow bigger,
the crack is forced bigger.

Activity 14.10

# Take some z0il and put it into a beaker
containing watet. The water should be
at least five tmes the aonount of soll
taken. Stir the sofl and water vigorousty
and allgw the 3a6il to zettle down,
Chserve after Some Hme.

= Is the z0il at the bottom of the heaker
homogenous or have layers formed?

» Iflayers have formed, how is one layer

||| different from another?

» Is there anything floating on the

' surface of the water?
[L D vou think some substances would
have dissotved in the water? Home wold
you check?

As you have seen, soil is a mixture. It
contains small particles of rock (of different
sizes). It also containg bits of decayved living
organisms which is called humus. In addition,
s0il also contains varicous forms of
microscepic life. The type of seil is decided
by the average size of particles found n it
and the quality of the socil is decided by the
amount of humus and the microscopic
orgardsms found in it. Homus is a major
factor in deciding the soil strocture hecause
it causes the scil to become more porous and
allows water and air to penetrate deep
underground. The mineral nutrients that are
found 1n a particular soil depends on the
rocks it was formed from. The nutrient
content of a soil, the amount of humus
present in it and the depth of the scil are
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some of the factors that decide which plants
will thrive omn that scil. Thus, the topmost
layer of the scil that contains bumus and
living organisms in addition to the socil
particles is called the topscil. The quality of
the topsoilis an important factor that decides
hiodiversity in that area.

Modern farming practices involve the use
of large amounis of fertilizers and pesticides.
Use of these substances over long periods of
time can destroy the soil structure by killing
the soil micro-organisms that recycle
nutrients in the sqil. Tt alza kills the
Earthworms which are instrumental in
making the rich humus. Fertile scil can
guickly he turned barren if sustainahle
practices are not followed. Removal of useful
components from the soil and addition of
other substances, which adversely affect the
fertility of the soil and kill the diversity of
organisms that live init, is called soil pollution.

The soil that we see today in one place
has been created over a very long perlod of
time. However, some of the factors that
created the soil in the first place and brought
the soil to that place may be responsihle for
the removal of the =ail toe. The fine particles
of soil may be carried away by flowing water
or wind. If all the =soil gets washed away and
the rocks underneath are exposed, we have
lost a valuable resource hecause very little
will grow on the rock.

Activity 14.11

# Take two identical trays and fill them
with soil. Flant mustard or green gram
ar paddy in gne of the trays and water

| both the trays regularly for a few days,
till the AfArst tray is covered by plant
growth. Now, tilt bgih the trays and fix

. them in that position. Make sure that

‘ both the trays are tlted at the same
| l angle. Pour equal ampunt of water

!

gently on both trays such that thewater
flows qut of the trays [Fig. 14.4).

= Siudy the amount of 20il that is carried
out of the trays. I2 the amount the
same In both the trays?

» HNow pour equal amounts of water on
both the trays from a height. Pour three
or four Himes the amount that you

poured earlier,
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» Study the amount of soil that iIs
carried gut of the trays now, Is the
amount the same in both the trays?

®  Izthe amount of soil that is carried cut
mare or less or equal to the amount

washed out earlier?

L

Fig. 14.4: Effeci of floiing waoler on the lop-soil

The roots of plants have an important role
in preventing soil ercsion. The large-scale
deforestation that is happening all over the
world not only destroys biodiversity, it alsc
leads to scil erosien, Tapscll that is bare of
vegetation, 1s Hkely to be removed very
quickly. And this is accelerated in hilly or
mountainous regions. This process of soil
erosion is very difficult to reverse. Vegetative
cover on the ground has a role to play in the
percolation of water into the deeper
layers too.

nestions

1. How is soil formed?

2. What is soll eroslon?

3. What are the methods of
preventing or reducing soil
erosion?

144 Biogeochemical Cycles

A constant interaction between the biotic and
abictic components of the biosphere makes
it a dynamic, but stable systemn. These
interactions consist of a transfer of matter
and energy between the different components
of the bicsphere. Let us look at some
processes iInvolved In the maintenance of the
above halance.
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1441 THE WATER-CYCLE

You have seen how the water evaporates from
the water bodies and subsequent
condensation of this water vapour leads to
rain. But we don't see the seas and oceans
drying up. So, how is the water returning to
these water bodies? The whole process in
which water evaporates and falls on the land
as rain and later flows back into the sea via
rivers is known as the water-cycle, This cycle
i3 not as straight-forward and simple as this
statement seems to imply. All of the water
that falls on the land does not immediately
flow hack into the sea. Some of it seeps into
the =¢il and becomes part of the underground
reservoir of fresh-water. Some of this
underground water finds its way to the
surface through springs. Or we bring it to
the surface for gur use through wells or tube-
wells, Water is also used by terrestrial animals
and plants for various life-processes

(Fig. 14.5).

E‘.I'EP'-'-‘“"-t 1ot -

Ground water

Fig. 14.5: Water-cycle in nodire

Let us look at another aspect of what
happens to water during the water-cycle. As
you kmow, water is capable of dissolving a
latge number of substances. As water flows
through or over rocks containing soluble
minerals, some of them get dissolved in the
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water. Thus rivers carry many nutrients from
the land to the sea, and these are used by
the marineg organiams,

1442 THE NITROGEN-CYCLE

Nitrogen gas makes up 78% of our
atmosphere and nitrogen 1s also a part of
many molecules essential to life ke proteins.
nucleic acids [DNA and RNA] and same
vitamins. Nitrogen is found in other
biologically important compounds =such as
alkaloids and urea too. Nitrogen is thus an
ezgential mitrient for all life-forms and life
would be simple if all these life-forims could
use the atmospheric nitrogen directly.
ITowever, other than a few forms of bacteria.
life-forms are not able to convert the
comparatively inert nitregen molecule into
forms Hke nitrates and niiriies which can he
taken up and used to make the required
molecules. These ‘nitrogen-fixing” bacteria
may be free-living or be associated with some
species of dicot plants. Most comumonly, the
nitrogen -fixing bacteria are found in the roots
of legumes [generally the plants which give
us pulses) In special structures called root-
nodules. Cther than these bacteria, the only
other manner in which the nitrogen molecule
is converted to nitrates and nitrites 1s by a
physical process. During lightning, the high
temperatures and pressures created in the
ait convert nitrogern into oxides of nitrogen.
These oxides dissolve in water to give nitric
and nitrous acids and fall on land along with
Tain. These are then utilised by various life-
forms.

What happens to the nitrogen once 1t is
converted into forms that can be taken up
and used to make nitrogen-containing
molecules? Plants generally take up nitrates
and nitrites and convert them into amino
acids which are used to male proteins. Some
other biochemical pathways are used to make
the other complex compounds containing
nitrogen. These proteins and other complex
compounds are subsequently consumed by
armimals. Once the antmal or the plant dies.
other bacteria in the sail convert the various
compounds of nitregen back into nitrates and
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nitrites. A different type of bacteria converts
the nitrates and nitrites into elemental
nitrogen. Thus, there 1s a nitrogen-cycle in
nature in which nitrogen passes from its
elemental form in the atmosphere into simple
molecules in the =oil and water, which get
converted to more comoplex molecules in living
beings and back again to the simple nitrogen
molecule in the atmosphere.

1443 THE CARBON-CYCLE

Carbon is found in various forms on the
Earth. It occurs in the elemental form as
diamonds and graphite. In the combined
state, it is found as carbon dioxdde in the
atmosphere, as carbonate and hydrogen-
carbonate salts in varionus minerals, while all
life-forms are based on carbon-containing
malecules ke proteins, carbohydrates, fats,

mueleic acids and vitamins. The endoskeletorns
and exoskeletons of various animals are alzo
formed from carbonate salts. Carbon is
incorporated into life-forms through the basic
process of photosynthesis which is performed
in the presence of Sunlight by all life-forms that
contain chlorephyll. This process converts
carbon dioxide from the atmosphere or
dissolved in water into ghacose molecules.
These glucose molecules are either converted
into other substances or used to provide
energy for the synthesis of other biologically
important molecules [Fig. 14.7).

The utilisation of glucose to provide energy
to living things involves the process of
respiration in which oxygen may or may ot
be used to convert glucose back into carbon
dioxide. This carbon dioxide then goes back
into the atmosphere. Another process that
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Fig. 14.7: Carbon-cycle in naiure

adds to the carbon dioxide in the atmosphere
1z the process of combustion where fuels are
burnt to pravide energy for varicus necds Hke
heating, cooking, transportation and
industrial processes. In fact, the percentage
of carbon dicxdde in the atmosphere is said
to have doubled since the industrial
revolution when human beings started
hurning fossil fuels on a very large scale.
Carbon, ke water, is thus cycled repeatedly
through different forms by the various
physical and biological activities.

14.4.3 (i} THE GREENEIOUSE EFFECT

Recall the reading taken by vou under (iii) in
Activity 14.1. Heat is trapped by glass, and
hence the temperature inzide a glass
enclosure will be much higher than the
surroundings. This phenomenon was used
to create an enclosure where tropical plants

NaTiRAL RESOURCES

could be kept warm during the winters in
colder climates. Such enclosures are called
greenhouses. Greenhouses have also lent
their name to an atmaspheric phenomenon,
Some gases prevent the escape of heat from
the Earth. An increase in the percentage of
such gases in the atmosphere would cause
the average temperatures to increase world-
wide and this is called the greenhouse effect.
Carbon dicxide is one of the greenhouse
gases. An increase in the carbon dicoxide
content in the atmesphere would cause more
heat to be retained by the atmosphere and

lead to global warming.
Activity 14.12

. Find out what the consequences of
global warming would be,
Also, nd out the naones of Some other
greenhouse gases,
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14.4.4 THE OXYGEN-CYCLE

Oxygen iz a very abundant element on our
Earth. It is found in the elemental form in
the atmosphere to the extent of 21%. Tt also
occurs extensively in the combined form in
the Earth's crust as well as also in the airin
the form of carbon dioxide. In the crust, it is
found as the oxides of most metals and
silicon, and also as carbonate, sulphate,
nitrate and other minerals. It is also an
essential component of most biclogical
molecules like carbohydrates, proteins,
nucleic acids and fats (or lipids)].

But when we talk of the oxygen-cycle, we
are mainly referring to the cycle that
maintains the levels of oxygen in the
atmosphere. Oxygen from the atmosphere is
used up in three processes, namely
combustion, respiration and in the formation
of oxides of nittogen. Oxygen is returned to
the atmosphere in only one major process,
that i=, photosynthesis. And this forims the
broad outline of the oxygen-cycle in nature
(Fig. 14.8).

[ Atmoapherie Dxyfon !
ik =
:'f:
| Crganic Molecules
"sL'l CeH,. Oy

Fhulusynlhesis | OXYGEMN CYCLE Rexpirulicmn |

Fig. 14.8: Oxygen-cycle in ruziune

Though we usually think of oxygen as
being necessary to life in the process of
respiration, it might be of interest to you te
learn that some forms of life, especially
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bacteria, are poisoned hy elemental oxyden.
In fact, even the process of nitrogen-fixing by
bacteria does not take place in the presence
of oxygen.

14.5 Ozone Layer

Flemental oxygen is normally found in the
form of a diatomic molecule. However, in the
upper reaches of the atmosphere, a molecule
containing three atoms of oxygen is found.
This would mean a formula of O, and this is
called ozone. Unlike the normal diatomic
malecule of oxygen, ozone 1s poisoncus and
we are lucky that it is not stable nearer to
the Earth's surface. But it performs an
essential function where it is found. It ahsorbs
harmful radiations from the Sun. This
prevents those harmful radiations from
reaching the surface of the Earth where they
may damage many forms of life.

Recently it was discovered that this ozone
layer was getting depleted. Varlous man-made
compounds like CFCs (carbon compounds
having both flnorine and chlorine which are
very stable and riot degraded by any biclogical
pracess) were found to persist in the
atmosphere. Once they reached the ozone
layer, they would react with the ozone
moelecules. This resulted in a reduction of the
ozone layer and recently they have discovered
a hole in the ozone layer above the Antartica.
Tt is difficult to tmagine the consequences for
life on Earth if the ozone layer dwindles
further, but many people think that it would
be better not to talke chances. These people
advocate working towards stepping all further
damage to the czone layer.

{Chetober
1890

October
1985

{retober
1880

Fig. 14.9: Sateliie picture shotiing the haole megentea
colour) in the ozone layer ocper Anfarfica
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Activity 14.13 uestions
Find out which other molecules are 1. What are the different stafes in
thought to damage the oeone layer. which water is_found during the
I Newspaper reports often talk about the water cyele?

hole in the ozone layer.
Find out whether the size of this hole

is changing and in what manner
scientlsts think this would affect life axygen and nitrogen.

on Earth (Fig. 14.9).

2. Name tuwe Mologleally important
compounds fhat coniain both

3. List aruy three human octivities
which would lzad to on ncaease
in the carbon dicxide cortent of air.

4. What s the greenhouse effect?

5. What are the two forms of
axygen found in the almosphere?

— What
ﬂ , you bave

leamt

Life on Earth depends on rescurces like soil, water and air,
and energy from the Sun.

Uneven heating of air over land and water-bodies canses winds.
Evaporation of water from water-bodies and subsequent
condensation give us rain.

Rainfall patterns depend on the prevailing wind patterns in an
area.

Varlous nutrients are used again and again in a cyclic fashion.
This leads to a cextain balance between the various compeonents
of the biosphere.

Pollution of air, water and soil affect the quality of life and
harm the biodiversity.

We need to conserve our natural resources and use them ina
sustainable manner.

I Exercises

NaTiRAL REsOURCES

Why 13 the atmoesphere essential far life?
Why 18 water essential far life?

Howr are Bving organdsms dependent on the soll? Are organisins
that live in water tetally independent of soil as a resource?

You have seen weather reparts an televisicn and in newspapers.
How do you think we are able to predict the weather?
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We linow that many human activitles lead to increasing
levels of pollution of the air, water-bodies and soil. Do you
think that isolating these activities to specific and limited
areas would help in reducing pollution?

Write a note on how forests influence the qualiy of our air,
goil and water resources.

Scmice



C hap ter15

IMPROVEMERNT IN FooD RESOURCES

We knew that all living organisms need foed.
Food supplies proteins, carhohydrates, fats,
vitaming and minerals, all of which we reguire
for body development, growth and health.
Both plants and animals are major sources
of food for us. We obtain most of this food
from agriculure and animal husbandty,

We read in newspapers that efforts are
always being made to improve production
from agriculture and animal hushandry. Why
iz this necessary? Why we cannot make do
with the current levels of production?

India is a very populous country, Our
population is more than one hillion people,
and it iz still growing. As food for this growing
population, we will soon need more than a
guarter of a hillion tonnes of grain every year.
This can he done by farming on more land.
But India is already intensively cultivated. As
a result, we do not have any major scope for
increasing the area of land under cultivation.
Thetefore, it is necessaty to increase our
production efficiency for both crops and
livestoclk.

Efforts to meet the food demand by
increasing food production have led to sotne
successes so far, We have had the green
revolution, which contributed to increased
food-grain production. We have also had the
white revolution, which has led to better and
mare efficient use as well as availability of milk.

However, these revolutions mean that our
natural rescurces are getting used more
intensively. As a result, there are more
chancez of causing damage to our natural
tesources to the point of destroying their
halance completely. Therefore, it iz important
that we should increase food production
without degrading our environment and
disturbing the balances raintaining it.

Hence, there is a need for sustainable
practices in agriculture and animal
husbandry.

Also, simply increasing grain preduction
for storage in warchouses cannot solve the
problem of malnutrition and hunger. People
should have money to purchase food. Food
security depends on hoth availakility of food
and sccess to it. The majority of our
population depends on agriculture for their
livelihood. Increasing the incomea of people
working in agriculture is therefore necessary
to combat the problem of hunger. Scientific
management practices should ke undertaken
to obtain high yields from farma. For
sustained Hvelihood, one should undertake
mixed farming, intercropping, and integrated
farming practices, for example, combing
agriculture with livestock f poultry/ fisheries /
bee-keeping.

The question thus becomes — how do we
increase the yields of crops and livestock?

15.1 Improvement in Crop Yields

Cereals such as wheat, rice, maize, millets
and sorghum provide us carbohydrate for
energy requirernent. Pulses like grarn {chana),
pea (matad, black gram (urad), green gram
{moong), pigeon pea [arhar), lentl {masood,
provide us with protein. And il seeds
ineluding soyabean, ground nut, sesatne,
castor, mustard, linseed and sunflower
provide us with necessary fats {Fig. 15.1).
Vegetables, spices and fruits provide a range
of vitarning and minerals in addition to small
amounts of proteins, carbohydrates and fats.
In addition to these food crops, fodder crops
like berscem, cals or sudan grass are raised
as food for the livestock.



What do we get from cereals,
pulses, fruits and vegetables?

Different crops require different climatic
conditions, temperatare and photoperiods for
their growth and completion of their life eycle.
FPhotoperiods are related to the duration of
sunlight. Growth of plants and flowering ate
dependent on sunlight. As we all know, plants
manufacture their food in sunlight by the
process of photosynthesia. There are some
crops, which are grown in rainy season, called

204

the kharif season from the month of June to
October, and asome of the cropa are grown in
the winter season, called the rabi season fram
November to April. Paddy, sovabean, pigeon
pea, maize, cotton, green gram and black
gram are kharif crops, whereas wheat, gram,
peas, mustard, linseed are rabi crops.

In India there has been a four times
increase in the production of food grains from
1952 to 2010 with only 25% increase in the
cultivable land area. How has this increase
in production been achieved? If we think of
the practices involved in farming, we can see
that we can divide it into three stages. The
first is the choice of seeds for planting. The
second is the nurturing of the crop plants.
The third is the protection of the growing and
harvested crops from loss. Thus, the major
groups of activities for improving crop yields
can be classified as:

¢ Crop variety improvement

»  Crop production improvement

»  Crop protection management,

15.1.1 CROP VARIETY IMPROVEMENT

This approach depends on finding a crop
variety that can give a good vield. Varieties ar
strains of crops can he selected by breeding
for various useful characteristics such as
disease resistance, response to fertilisers,
protuct quality and high yields. One weay of
incorperating desirable characters into crop
varieties is by hybridisation. Hybridizsation
refers to crossing between genetically
disgimilar plants. This crassing may be
intervarietal {between different varieties),
interspecific (between two different species of
the same genus) or intergeneric (between
different genera). Another way of improving
the crop is by introducing a gene that would
provide the desired characteristic. This
results in penetically modified crops.

For new varieties of crops to be accepted,
it is necessary that the variety produces high
yvields under different conditions that are
found in different areas. Farmers would need
to be provided with good quality seeds of a
particular variety, that is, the seeds should
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all be of the same variety and germinate under
the satne conditions.

Cultivation practices and crop yield are
related to weather, soil quality and availability
of water. Since weather conditions such as
drought and fleod situations are
unpredictable, vatieties that can be grown in
diverse climatic conditions are useful,
Similarly, varieties tolerant to high soil salinity
have been developed. Some of the factors for
which variety improvement is done are:

» Higher wield: To increase the
productvity of the crop pet acre.

v Improved guality: Quality
considerations of crop products vary
fram crop to crop. Baking quality is
important in wheat, protein quality in
pulses, oil quality in oilseeds and
preserving guality in fruits and
vegetables.

« Biotic and abiotic resistance: Crops
production can go down due to bictic
{diseases, insects and nematodes) and
abiotic {drought, salinity, water
logging, heat, cold and frost) stresses
under different situations. Varieties
resistant to these stresses can improve
crap production.,

» Change in maturity duration: The
shorter the duration of the crop from
sowing to harvesting, the maore
economical is the variety. Such short
duraticons allow farmers to grow
multiple rounds of crops in a year.
Short duration alse reduces the cost
of crep production. Uniferm maturity
makes the harvesting procesa easy
and reduces losses during harvesting,

» Wider adaptability: Developing
varieties for wider adaptability will
help in stahilising the crop production
under different environmental
conditions. One variety can then be
grown under different climatic
conditions in different areas.

s Desirable agronomic characteristics:
Tallness and prefuse branching are
desirable characters for fodder cropa.
Dwarfness is desired in cereals, so

DEnovEWENT I FooD RESorReEs

that less nutrients are consumed by
these crops. Thus developing varieties
of desired agranomic characters help

give higher productvity.
1. How do bictic and abintic factors
affect crop production?
2. What are the desirabile agronomic
characteristics  for crop
improvements?

15.1.2 CROP PRODUCTION MANAGEMENT

In India, as in many other agriculture-based
countries, farming ranges from small to very
large farms, Different farmers thus have maore
or less landd, money and access to information
and technologies. In short, it is the money or
fBnancial conditions that allow farmers to take
up different farming practices and
agricultural technelogies. There is a
correlation between higher inputs and yields.
Thus, the farmer’s purchasing capacity for
inputs decides cropping syatem and
production practices. Therefare, production
practices can be at different levels. They
include no cost’ production, low cost’
production and ‘high cost’ production
practices.

15.1.2 (1) NUTRIENT MANAGEMENT

Just as we need food for development, growth
and well-being, plants also require nutrients
for growth. Nuttients are supplied to plants
by air, water and aoil. There are sixteen
nutrients which are essential for plants. Air
supplies carbon and oxygen, hydrogen comes
from water, and soil supplies the other
thirteen nutrients to plants. Amongst these
thirteen nutrienta, aix are required in large
guantities and are therefore called macre-
mutrients. The other seven matrients are used
by plants in small quantities and are therefore
called micro-natrients {Table 15.1).




Tahle 15.1: Nutrients supplied
by air, water and soil

Nutrients
Air carbon, oxywen
Water hydrogen, oxygen

{1} Macronutrients:
nitrogen, phosphorus,
potassium, caleium,
mmagnesium, sulphur

{il} Micronutrients:
iron, manganese, botron,
zine, COpPET,
molybdenum, chlorine

Deficiency of these nutrients affects
physiclogical processes in plants including
reproduction, growth and susceptibility to
diseases. To increase the yield, the soil can
be enriched by supplying these nutrients in
the form of manure and fertilizers.

wesns
1. What gre macro-nutrients and
why are they called macro-

nutrients?
2. How do plants get nutrients?

MANURE

Manure contains large quantities of arganic
matter and also supplies small quantities of
nutrients to the soil. Manure is prepared by
the decomposition of animal excreta and plant
waste. Manure helps in enriching soil with
mutrients and organic matter and increasing
sail fertility. The bulk of organic matter in
manure helps in improving the soil structure.
This invalves increasing the water holding
capacity in sandy soils. In clayey soils, the
large guantities of organic matter help in
drainage and in aveiding water logging.

In using manure we use biological waste
material, which is advantageous in protecting
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our environment from excessive use of
fertilizers. Using hiological waste matetial is
alao a way of recycling farm waste. Based an
the kind of bioclogical material used, manure
can be classified as:

(i} Compost and vermi-compost: The
process in which farm waste material
like livestock excreta {cow dung ete.),
vegetable waste, animal refuse,
domestic waste, sewage waste, straw,
eradicated weeds etc. is decomposed
in pits is known as composting. The
compost is rich in organic matter and
nutrients. Cotnpost is also prepared
by using earthworms to hasten the
process of decomposition of plant and
animal refuse. This is called vermi-
compaosat.,

{if} Grreen manure: Prior to the sowing of
the crop seeds, some plants like sun
hemp or guar are grown and then
mulched by pleughing them into the
soil. These preen plants thus turn into
green manutre which helps in
enriching the soil in nittogen and
phosphorus.

FERTILIZERS

Fettilizers atre commercially produced plant
nutrients. Fertilizers supply nitrogen,
phosphorus and potassiurm. They are used
to ensure good vegetative growth {leaves,
branches and flowers), giving rise to healthy
plants. Fertilizers are a factor in the higher
yields of high-cost farming.

Fertilizers should be applied carefully in
terms of proper dese, time, and observing pre-
and post-application precautions for their
complete utilisation. For example, sometimes
fertilizers get washed away due to exvessive
irrigation and are not fully absorbed by the
plants. This excess fertilizer then leads to
water pollution.

Also, as we have seen in the previous
chapter, continuous use of fertilizers in an
area can destroy soil fertility because the
organic matter in the soil is not replenished
and micro-organisms in the secil are harmed
by the fertilizers used. Short-term benefits of
using fertilizers and long-term benefits of
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using marmuare for maittaining sodl fertility have
to be considered while aiming for optimum
yields in crop production.

1. Compare the use of manure and
fertilizers in maintaining soil

Jfertility.

Organic farming is a farming system with
minimal or no use of chemicals as fertilizers,
herbicides, pesticides etec. and with a
maximum input of arganic manures, recycled
farm-wastes (straw and livestock excreta), use
of bioc-agents auch as culture of blue green
glgae in preparation of biofertilizers, neem
leaves or turimeric specifically in grain storage
as big-pesticides, with healthy cropping
systerns [mixed cropping, inter —cropping and
crop rotation as discussed below in
15.1.2.{iii}]]. These cropping systems are
beneficial in insect, pest and wheat control
besides providing nutrients.

15.1.2 (ii) frERIGATION

Most agriculture in India is rain-fed, that is,
the success of crops in most areas is
dependent on timely monscons and aufficient
rainfall spread through most of the growing
season. Hence, poor Monscons cause crop
failure. Ensuring that the crops get watet at
the right stages during their growing season
can increase the expected yields of any crop.
Therefore, many measures are used to bring
more and more agricultural land under
irrigation.

Droughts occur because of acarcity m"\
irregular distributon of rains. Drought
poses a threat to rain-fed farming
areas, where farmera do not use
irrigation for crop production and
depend only an rain. Light scils have
less water retention capacity. In areas
with light soils, crops get adversely
affected by drought conditions.
Scientists have developed some crop

More to know

vatieties which can tolerate drought
conditions, J
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India has a wide variety of water rezources
and a highly varied climate. Under such
conditions, several different kinds of irrigation
gystems are adopted to supply water to
agricultural lands depending on the ldnds of
water resources availakle, These include
wells, canals, rivers and tanks.

¢  Wells: There are two types of wells,
namely dug wells and tube wella. In a
dug well, water is collected from water
bearing atrata. Tube wells can tap
water from the deeper strata. From
these wells, water is lifted by pumps
for irrigation.

+ Canala: This is usually an elaborate
and extensive irrigation gystem. In this
system canals receive water from one
ot more reservoirs or from rivers, The
main canal ia divided into branch
canals having further distributaries to
irrigate ficldsa.

+ River Lift Systems: In arcas where
canal flow is insufficient or irregular
due 1o inadequate reservoir release,
the lift system is more rational. Water
is directly drawn from the rivers for
supplementing irrigation in areas
cloge to rivers,

+ Tanks: These are small atorage
reservoirg, which intercept and store
the run-off of smaller catchment
arcas.

Fresh initiatives for increasing the water
available for agriculture include rainwater
harvesting and watershed management. This
involves building small check-dams which
lead to an increase in ground water levels.
The check-dams stop the rainwater from
flowing away and also reduce soil erosion.

15.1.2 (iii) CROPPING PATTERNS

Different ways of growing crops can be used
to give maximum benefit,

Mixed cropping is growing two or more
craps simultaneously on the same piece of
land, for exatnple, wheat + gram, or wheat +
mustard, or groundnut + sunflower, This
teduces risk and gives sotne insurance
againgt failure of one of the crops.




Inter-cropping is growing two or maore
crops simultaneously on the same field in a
definite pattern (Fig. 15.2). A few rows of one
crop alternate with a few rows of a second
crop, for example, soyabean + maize, or inger
tnillet (bafra) + cowpea {lobia). The crops ate
selected such that their nutrient
requirements are different. Thiz ensures
maximum utilisation of the nutrients
supplied, and alsoc prevents pests and
discases from spreading te all the plants
belonging to one crap in a field. Thizs way,
both craps can give better returns.
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Fig. 15.2 : Intereropping

NSl
LS L
(X ia

The grewing of different crops on a piece
of land in a pre-planned succession is known
ag crop rotation. Depending upon the
duration, crop rotation is done for different
crop combinations. The availability of
toisture and irrigatdon facilities decide the
choice of the crop to be cultvated after one
harvest. If crop rotation is done properly then
two or three craops can be grown in a year
with pood harvests.

15.1.3 CROP PROTECTION MANAGEMENT

Field cropa are infested by a large number of
weeds, insect pesta and dizeases. If weeds and
pests are not controlled at the appropriate
time then they can damage the craps so much
that most of the crop is lost,

Weeds are unwanted plants in the
cultivated field, for example, Xanthium
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{gokhroo), Parthenium (gajar ghas),
Cyperinus rotundus (motha). They compete
for food, aspace and light. Weeds take up
nutrients and reduce the growth of the crop.
Therefore, removal of weeds from cultivated
fields during the early stages of crop growth is
essential for a goed harvest.

CGenerally insect pests attack the plants
in three ways: {i} they cut the root, stem and
leaf, (ii] they suck the cell sap from vatious
parts of the plant, and (iii} they bore into stern
and fruits. They thus affect the health of the
crop and reduce yields.

Diseasesa in plants are caused by
pathogens auch as bacteria, fungl and viruses.
These pathogens can be present in and
transmitted through the acil, water and air.

Weeds, insects and diseases can be
controlled by various methods, One of the
most commonly used methods is the use of
pesticides, which include herbicides,
insectcides and fungicides. These chemicals
are spraved on crop plants or used for treating
seeds and soil. However, excessive use of
these chemicals creates prohlemns, since they
can be poisonoua to many plant and animal
species and cause environmental pollution.

Weed control methods alsoe include
mechanical removal. Preventive methods
such as proper seed bed preparation, timely
sowing of crops, intercropping and crop
totation also help in weed control. Soine other
preventve measutres against pests are the use
of resistant varietes, and summer ploughing,
in which fields are ploughed deep in summers
to destroy weeds and pests.

uesam

1. Which of the following conditicns
will give the most benefita? Why?
fa} Farmers use high-quality
secds, do not adopt

irrigation or use fertilizers.
fbj Farmers use ordinary
seeds, adopt irrigation and

use ferfilizer
{cj Farmers use gualify seeds,
adopt irrigation, use

fertilizer and use crop
protecticn measures.
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Table 15.2: Nutritional values of animal products

*Present in very small amounts

15.1

. Visit & weed-infested field in the month
of July or August and make a st of
the weeds and insect pests in the feld.

Activity

STORAGE OF GRAINS

Storage losaea in agricultural produce can be
very high, Factors responsible for such losses
are biote— insects, rodents, fung, mites and
bacteria, and abiotic— inappropriate
moisture and temperatures in the place of
storage. These factors cause degradation in
guality, loss in weight, poor germinability,
dizcolouration of produce, all leading to poor
tnatrketahility. These factors can be controlled
by proper treatment and by systematic
management of warchouses.

Preventive and control measures atre used
before grains are stored for future use. They
include strict cleaning of the produce before
storage, proper drying of the produce first in
sunlight and then in shade, and fumigation
using chemicals that can kill pests.

cestns

1. Why should preventive measures
and Bological control methods be
preferred for protecting crops?
What factors may be responsible
for losses of grains during
storoge?

12.
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animat | Fp———
aAar i

Fat Protein ngar
Milk [Cow)  3.60 4.00 4.50
Epp 12.00 13.00 *
Meat 3.60 21.10 *
Fish 2.50 19.00 *

Minerals Water Vitamins
0.70 B7.20 B1, B2, B12, D, E
1.00 T4.00 B2, D
1.10 74.20 B2, B12
1.30 ¥7.20 Niacin, D, A

Activity 15,2

. Make a herbartum of cereals, pulses
arnd oil seeds and identifyy the seasons
of their soting and harvesting.

15.2 Animal Husbandry

Animal husbandry iz the scientific
management of animal liveatock. It includes
varigus aspects such as feeding, breeding and
disease control. Animal-based farming
includes cattle, goat, sheep, poultry and figh
farming. As the population increases and as
living standards increase, the demand for
milk, eggs and meat is also going up. Also,
the growing awareness of the need for
humane treatment of livestock has brought
in new limitations in livestock farming. Thus,
liveatock production alac needa to be
improved.

15.2.1 CATTLE FARMING

Cattle husbancdry is done for two purposes—
milk and draught labour for agricultural work
such as tlling, irrigation and carting, Indian
cattle belong to two different species, Bos
indicus, cows, and Bos bubsalis, buffaloes.
Milk-producing females are called milch
animals [dairy animals), while the ones used
for farm labour are called draught animals.
Milk production depends, to some extent,
ot the duration of the lactation peried,
tneaning the petiod of milk production after
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Fig. 15.3: mdigenous milch breed of cotile

the hirth of & calf. 3o, milk producton can be
increased by increasing the lactation period.
Exotic ot foreign hreeds {for example, Jersey,
Brown Swigs) are selected for long lactation
periods, while local breeds [for example, Red
Sindhi, Sahiwal) show excellent resistance to
diseases. The two can be cross-bred to get
animals with both the desired qualities.

Which method is commorndy used
for improving catile breeds and
| why?

\
“Activity 15.3

+  Visit a lvestock farm,. Note the
following:
1) Number of cattle and number of
different breeds.
(2] The ampunt of daily milk production
from the different bresds.

Froper cleaning and shelter facilities for
cows and buffaloes are required for humane
farming, for the health of the animals and
for production of clean milk as well. Animals
require regular brushing to remove dirt and
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looge hair. They should be sheltered under
well-ventilated roofed sheds that protect them
from rain, heat and cold. The floor of the cattle
shed needs to be sloping so as to stay dry
and to facilitate cleaning.

The food requirements of dairy animals
are of two types: (a) maintenance
requirernent, which is the food required to
support the animal to live a healthy life, and
{k) milk producing requirement, which ig the
type of food reqguired during the lactation
period. Animal feed includes: (a) roughage,
which is larsely fibre, and (h) concentrates,
which are low in fibre and contain relatively
high levels of proteins and other nutrients.
Cattle need balanced rations containing all
nutrients in proportionate arnounts. Besides
such nutritous food material, certain feed
additives containing micronutrients promote
the health and milk cutput of dairy animals.

Cattle suffer from a number of discases.
The diseases, besides causing death, reduce
milk preduction. A healthy animal feeds
regularly and has a normal pesture. The
parasites of cattle may be both external
parasites and internal parasites. The external
parasites live on the skin and mainly cause
gkin diseases. The internal parasites like
wormas, affect stomach and intestine while
flukes damage the liver. Infectious diseaszes
are also caused by bactetia and viruses.
Vaccinations are given to farm animals
against many major viral and bacterial
dizeases.

15.2.2 T'OULTRY FARMING

Poultry farming is undertaken to raise
domestic fowl for egg proaduction and chicken
meat. Therefore, improved poultry breeda are
developed and farimed to produce layers for
exws and broilers for meat.

The cross-breeding programmes betweesn
Indian {indigenous, for example, Aseel) and
foreign fexotic, for example, Leghorn) breeds
for variety improvemnent are focused on to
develop new varieties for the following
desirable traits—

i number and guality of chicks;
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{iy dwarf broiler parent for commercial
chick production;

{fiil summer adaptation capacity/
tolerance to high temperature;

{iv] low maintenance requirements;

{vi reduction in the size of the egg-laying
hird with ahbility to utilise more
fibrous cheaper diets formulated
using agricultural by-products.

1. Discuss the implications of the
following statement;
“It is interesting to note that
paultry is India’s most efficient
converier of low fikre food shuff
{which iz unfit for human

consumption) Into highly
nutritious animal protein food.”

EGG AND BROILER PRODUCTION

Breiler chickens are fed with vitamin-rich
supplementary feed for pood growth rate and
better feed efficiency. Care is taken to avoid
tnortality and to maintain feathering and
carcass quality. They are produced as broilers
and sent to market for meat putposes.

For good production of poultry birds, good
management practices are important. These
include maintenance of temperatire and
hywienic conditons in housing and poultry
feed, az well ag prevention and contrel of
diseases and pests.

The housing, nutriticnal and
environmmental requirements of broilers are
somewhat different from those of egg layers.
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The ration {daily food requirement) for brailers
is protein tich with adequate fat. The level of
vitaming A and K is kept high in the poultry
feeds.

Poultry fowl suffer from a number of
diseases caused by virus, bacteria, fungi,
parasites, as well as from nutritional
deficiencies. Theae necessitate proper
cleaning, sanitation, and aspraying of
disinfectants at regular intervals. Appropriate
vaccination can prevent the occurrence of
infectious diseases and reduce loss of poultry
during an outhreak of disease.

SIS

1. What management practices are
common in dairy and poultry
farming?

2. What are the differences betiveen
broilers and layers and in their
managenent?

Activity 15.4

e Vizitalocal poultry farm. Observe types
of breeds and note the type of ration,
housing and lighting facilitiea given to
thean. Identify the growers, layers and
broilers.,

15.2.3 Fi5H PRODUCTION

Fish iz a cheap source of animal protein for
our food. Fish praduction includes the finned
true figh as well as gshellfish such as prawns
and molluscs. There are two ways of obdaining
fish. One is from natural resoutrces, which is
called capture fishing. The other way is by
fish farming, which is called culture fishery.

The water source of the figh can be either
seawater ar fresh water, such as in rivers and
ponds. Fishing can thus be done both by
capture and culture of fish in marine and
freshwater ecosystems,

15.2.3 (i} MARINE FISHERIES

India’s marine figshery rescources include
7500 km of coastline and the deep seas

211




beyond it. Popular marine fish varieties
include pomphret, mackerel, tuna, sardines,
and Bombay duck. Marine fish are caught
using many kinds of fishing nets from fishing
boats. Yields are increased by locating laree
schools of fish in the open sea using satellites
and echo-sounders.

Some maring fish of high econemic value
are also farmed in seawater. Thizs includes
finned fishes like mullets, bhetki, and pear]
spota, shellfish such as prawns (Fig. 15.5),
mussels and oysters as well as seaweed.
Cyaters are also cultivated for the pearls
they make,

Macrebrachivm msenbergi
ffresh wated}

FPereaus monodon
{marinag)

Fig. 15.5 : Fresh water and marine prowns

As marine fish stocks pet futther depleted,
the demand for mere fish can only he met by
such culture fisheries, a practice called
mariculture.

15.2.3 (ii) Ivr4ND FISHERIES

Fresh water resources include canals, ponda,
reservoirs and rivers. Brackish water
respurces, where seawater and fresh water
tnix together, such as estuaries and lagoons
are also important fish reservoira. While
capture fishing is alse done in such inland
water bodies, the yield is not high. Most fish
producton from these resources is through
aquaculture.

Fish culture is sometimes done in
combination with a rice crop, so that fish are
grown in the water in the paddy field. Motre
intensive fish farming can be done in
composite fish culture systetns. Both local
and imported fish speciea are used in such
systems.
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In such a system, a combination of five ar
six fish species is used in a single fishponed.
These species are selected so that they do
not compete for food among them having
different types of food habits. As a result, the
food available in all the parts of the pond is
used. Aa Catlas are surface feeders, Rohus
feed in the middle-zone of the pond, Mrigals
and Common Carps are bottom feeders, and
Grass Carps feed on the weeds, together these
apecies (Fig. 15.6) can use all the food in the
potiel without cornpeting with each othet. This
increases the fish yield from the pond.

Fig. 15.6; o) Catlee (b Silver carp {ol Rahw (d) Grass
Carp (e Mrgal {f] Cammon Carp

One problemn with such composite fish
culture is that many of these fish breed only
during monsoon. Even if fish seed is collected
from the wild, it can be mixed with that of
other species as well. So, a major problemm in
fish farming is the lack of availability of good-
gquality seed. To overcomne this problemn, ways
hawve now been worked out to breed these fish
in ponds using hormonal stimulation. This
has ensured the supply of pure fish seed in
desired quantites.
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uesins
1. How are fish obtained?

2. What are the advantages of
composite fish culfure?

Activity 15.5

. Viait a fiah farm in fiah breeding

season and note the following:

{1) Varieties of fish in the ponds

(2] Types of ponds

{3) Feed ingredients belng used in
the farm

(4} Find out what the production
capacity of the farm is

15.2.4 BEE-KEEPING

Honey is widely used and therefore bee-
keeping for making heney has become an
agricultural enterprise. Since bee-keeping
needs low investments, farmers use it as an
additional income generating activity. In
addition to heney, the bechives are a source
of wax which iz used in various medicinal
preparations.,

The local varieties of bees used for
commetrcial honey production are Apis cerana
indica, commeonly known as the Indian bee,
A, dorsata, the rock bee and A florae, the
little bee. An Italian bee variety, A. mellifers,
hasg algso been brought in to increase yield of
honey. This is the variety commonly used far
commercial honey production.

ren  you have
Lg) ¥
” learnt

@) (b}

Fig. 15.7: (o] Arrangement of Beehite in an apicry
{bl huoriety exdrractor

The Halian bees have high honey collection
capacity. They sting somewhat less. They stay
in a given bechive for long periods, and breed
very well, For commercial honey production,
bee farms or apiaries are established.

The value or quality of honey depends
upon the pasturage, or the flowers available
to the bees for nectar and pollen collecton.
In addition to adequate quantity of pasturage,
the kind of flowers available will determine
the taste of the honey.

1. What are the desirable
characters of bee varieties
suffable for honey production?

2. What is pasturage and how is it
related to honey production?

" There are thirteen nutrients essential for crops. Of these, six

are required in large quantities and are known as macro-
nutrients whereas seven nutrients are required in small
guantities and are known as micro-nutrients.

: Marmre and fertilizers are the main sources of nutrient supply

to crops.

DEnovEWENT I FooD REsorReEs

213




214

Organic farming is a farming system with minimal or no
use of chemicals as fertilizers, herbicides, pesticides etc.
and with s meaximum input of organic manures, recyled
farm wastes, and bic-agents, with healthy cropping systems,
Mixed farming is a system of farming on a particular farm
which includes crop production, raising of livestock ete.

Mixed cropping is growing of two or more crops simultanecusly
on the same piece of land.

Growing two or more crops in definite row patterns is known
as inter-cropping.

The growing of different crops on a piece of land in pre-planned
succession is called crop rotation.

Varigtal improvement is required for higher yigld, good quality,
biotic and akiotic resistance, shortening the maturity duration,
wider adaptability and desirable agronomic characteristics.
Farm animals require preper care and management such as
shelter, feeding, breeding and disease control. This is called
anitnal husbandry.

Poultry farming is done to raize domestic fowls, Poultry
production includes egg production and broiler production for
poultry meat.

To enhance poultry production, cross breeding is done between
Indian and exotic breeds for variety improvement.,

Fish mey be obtained fromn tmaritie resources as well as inland
Tes0urces,

To increase production of fish, they can be cultured in marine
and inland ecosystems.

Marine fish caphure is done by fishing nets puided by echo-
sounders and satellites.

Composite fish culture system is commonly used for fish
farming.

Bee-keeping is done to get honey and wax,

Exercises

1. Explain any one method of erop production which ensures
high vyield.

2. Why are manure and fertilizers used in fields?

3.  What are the advantages of inter-cropping and crop rotation?

4.  What is penetic manipulation? How is it useful in apricultural

practices?
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How do storage grain losses occur?
How do good animal husbandry practices benefit farmers?
What are the benefits of cattle farming?

o I

For ingreasing production, what is common in poultry, fisheries
and bee-keeping?
9. How do you differentiste between capture fishing, mariculture
and aquaculture?
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Answers

Chapter 3

4. fa) MgCl
(b} CaO
o] Cu [NOJ,
fd) AICL
(e] CaCO,

5. (@) Calclum, oxygen
(bl Hydrogen, bromine
{c) Sodium, hydrogen, carbon and oxygen
{d} Potassium, sulphur and oxygen

6 f(a) 26g
(b) 256¢
fc] 124 g
[d} 36.5g
(] G63g

7. fa) 1ag
(b) 10Bg
€] 1260g

3. fa 0375 maole
bl 1.11 mole
fc] 0.5 mole

9. f{a) 32g
(b) 9.0g

10, 3.768% 1{F? molecules
11. 65.022x 10°% lons

Chapter4

10, BO.ODE

1. 9 —gow, ¥ 10%

12,  Valency = 1, Name of the element is lithdum,
13, Mass number of X =12, ¥=14, Relationship is Tsotope.

14. [ F by F ] T (d F
15. fa) ¥ by x i) x d =
16. [a) = (b) = (c] + d] =
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Atomic Mpass

Numhber |Mumber

19 10 9 9 Fluorine
16 32 16 16 16 Sulphar
12 24 12 12 12 Magnesinm
a1 2 01 1 01 Deuterinm
a1 1 O 1 O Praothim

Chapter 8
1. [a] distance = 2200 m; displacement = 200 m.
2. [a] awverage speed = average velocity = 2.00 m a
(b) average speed = 1.90 m s '; average velocity = 0,952 m s |
3. average speed = 24 km n
4, distance travelled = 96 m
7. velocity =20m s Hime =2 s
10. speed = 3.07 km s~

Chapter 9
4. ©
5 14000 M
6. - 4N
7. (@l 350CGON
B 25ms?
(c) 28000 N
8. 2550 N in a direction oppostte to the motion of the vehicle
8 d
10. Z0ON
11, 0ms'

13. 3kgmas!

14, 2.25m: 50N

15 10kgms'; 10kgmsa;;5/3mal
16, B kgms", 800k ms"; 30N
18, 40 kgmsz!

A2 240N

A3, 200N

Ad, Bms? 240 kgm 57 6000 N
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Chapter 10

3. 98N
12. Weight on earth 15 98 N and on moon is 16.3 N.
13, Maximum height iz 122.5 m and total time is 55 +5s5= 1035,
14, 196 mi=s
15. Maximum helght = 80 m, Net displacement = 0, Total distance covered = 160 m.
18, Gravitational force = 3.536x 10% N,
17. 4 s, B0 m from the top.

18. TInitial velocity = 29.4 m 7, height = 44.1 m, After 4 s the ball will be at a distance of 4.9 m
from the top or 34.2 m from the bottom.

21, The substance will sink,
22. The packet will sink. The masa of water displaced 18 350 g.

Chapter1l
2. Zero
4. 2104
5. Zero
a  9x108J
10. 20004, 1000 J
11. Zero

14, 15 kWh (Unit)
17. 20B333.3J
18. [i] ZFero

(i} Posithve
fiil] Negative
20. 20 kwh
Chapter 12
7.0 172 m, 00172 m
g. 18.55
4. &a000
13. 11.4¥ s

14, 22800 H=
20, 1450 ms!
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