


















































































































46 Laws of Motion

Reflections on Concepts
1) Explain the reasons for the following. (AS1)

a) Why dust comes out of a carpet when it is beaten with a stick?
b) Luggage kept on the roof of a bus is tied with a rope.
c) Why a pace bowler in cricket runs from a long distance before he bowls?

2) Illustrate an example of each of the three laws of motion.(AS1)
3) Explain the following (AS1)

a) Static Inertia b) Inertia of motion c) momentum
d) impulse e)impulsive force

Application of Concepts
1) Two objects have masses 8 kg and 25 kg. Which one has more inertia?

Why?(AS1)

2) What is the momentum of a 6.0 kg ball bowling with a velocity of 2.2 m/s?
(Ans: 13.2 kg m/s2)(AS1)

3) Two people push a car for 3 s with a combined net force of 200 N. (AS1)
(a) Calculate the impulse provided to the car.
(b) If the car has a mass of 1200 kg, what will be its change in velocity?

(Ans: (a) 600 N.s      (b) 0.5 m/s)
4) A force acts for 0.2 sec on an object having mass 1.4 kg initially at rest. The force

stops to act but the object moves through 4m in the next 2 seconds find the magnitude
of the force?  ( Ans: 14 N )(AS1)

5) An object of mass 5 kg is moving with a velocity of 10 ms-1. A force is applied so
that in 20 s, it attains a velocity of 25 ms-1. What is the force applied on the object?
( Ans: 3.75 N )(AS1)

6. A hammer of mass 400 g, moving at 30 m s-1, strikes a nail. The nail stops the
hammer in a very short time of 0.01 s. What is the force of the nail on the hammer?
(AS1) (Ans: 1200 N)

7.  A man of mass 30 kg uses a rope to climb which bears only 450 N. What is the
maximum acceleration with which he can climb safely? ( Ans: 15 m/s2 )    (AS7)

Let us Improve our learning
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5. The S.I unit of momentum is [ ]
a) m/sec b) Kg-m c) k.g.m/sec d) Kg. m/sec2

Suggested Experiments

1. Conduct an experiment to prove Newton’s first law of motion and write a report.

2. Conduct an experiment to show the action and reaction forces acting on two

different objects.

Suggested Projects

1. Observe some daily life examples for Newton’s first law of motion and explain

the situaions. Write a report on your observations.

2. Write a report on the action and reaction in the systems that you have observed

in your daily life which are the evident of Newton’s third law of motion.









Refraction at Plane Surfaces52 IX Class

Material medium Refractive index Material medium Refractive index
Air 1.0003 Canada balsam 1.53
Ice 1.31 Rock salt 1.54
Water 1.33 Carbon Diasulphide 1.63
Kerosene 1.44 Dense flint glass 1.65
Fused quartz 1.46 Ruby 1.71
Turpentine oil 1.47 Sapphire 1.77
Crown glass 1.52 Diamond 2.42
Benzene 1.50

in vacuum to the speed of light in that
medium is defined as refractive index ‘n’.
It is called absolute refractive index.
Absolute refractive index

speed of light in vacuum = 
speed of light in medium

n = 
c
v ...............(1)

It is a dimensionless quantity because
it is a ratio of the same physical quantities.
Refractive index gives us an idea of how

fast or how slow light travels in a medium.
The speed of light in a medium is low
when refractive index of the medium is
high and vice versa. The refractive index
‘n’ means that the speed of light in that
medium is nth part of speed of light in
vacuum.

For example the refractive index of

glass is 
3
2 .Then the speed of light in glass

is 8 82 3 10 2 10
3

× × = ×  m/s.
Table:1 Refractive indices of some material media.

Note :  From table 1, you know that  an
optically denser medium may not possess
greater mass density. For example,
kerosene with high refractive index is
optically denser than water although its
mass density is less than water.
• Why do different material media

possess different values of refractive
Indices?

• On what factors does the refractive
index of a medium depend?
Refractive index depends on the

following factors.
(1) nature of material (2) wavelength

of light used. (You will learn about this in
your higher classes).

Relative refractive index
The refractive index of a medium with

respect to another medium is defined as
the ratio of speed of light in the first
medium to the speed of light in the second
medium. Let v1 and v2 be the speeds of
light in the first and second media
respectively. Then,

Refractive index of second medium
with respect to  first medium is given by

n21 = 
speed of light in medium - 1
speed of light in medium - 2

n21 = 1

2

v
v

Dividing both numerator and
denominator by c we get
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Above experiments and activities show
that refraction of light occurs according to
certain laws.

Following are the laws of refraction.
1. The incident ray, the refracted ray

and the normal to interface of two
transparent media at the point of
incidence all lie in the same plane.

2. During refraction, light follows
Snell’s law

 n1 sin i = n2 sin r  (or)  sin i constant
sin r

= .

• Is there any chance that angle of
refraction is equal to 900? When does
this happen?
Let us find out

Total Internal Reflection

Activity 5
Use the same materials as used in lab

activity 1. Place the semi circular glass
disc in such a way that its     diameter
coincides with interface line MM  and its
centre coincides with point ‘O’ as we have

EC = v1  Δt and DF = v2  Δt
1

1

EC v
DF v

= ————(3)

Let i and r be the angles measured between the path ACB and normal NN,
perpendicular to shore line X.
• Can you find sin i and sin r from figure 6(c)?

Note : Sin of any acute angle in a right angled triangle can be defined as a ratio of
opposite side of that angle to the Hypotenuse.

sin θ = 
BC
AC

From figure 6(c), we get;

 sin i = 
EC
DF  and sin r = 

DF
DC

Therefore,

 
sin i
sin r  = 

EC
DF ——————(4)

from equations (3) and (4), we have
 sin i / sin r =  v1 / v2 ––—————(5)
Thus to save the person, one should take such a path to satisfy the above equation.

We used the principle of least time to derive the above result. Hence we can apply the
same for the light ray also. From (5) we get,

1 1

2 2

sin i v n
sin r v n

= = ,       (since 1 1

2 2

v n
v n

= )

 n1 sin i = n2 sin r.
This is called Snell’s law.

A B

C

θ
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2. Refractive index of glass relative to water is 9/8. What is the refractive index of water
relative to glass? (AS1)  (Ans: 8/9)

3. The absolute refractive index of water is 4/3. What is the critical angle? (AS1)
(Ans: 48.50)

4. Determine the refractive index of benzene if the critical angle of benzene with respect to
air is 420.(AS1)       (Ans: 1.51)

5. Explain the formation of mirage? (AS1)
6. Explain the refraction of light through a glass slab with a neat ray diagram. (AS5)
7.  Why do stars appear twinkling? (AS7)
II. Application of concepts
1. A light ray is incident on air-liquid interface at 450and is refracted at 300. What is the

refractive index of the liquid? For what angle of incidence will the angle between reflected
ray and refracted ray be 900?  (AS7)                                          (Ans: 1.414, 54.70)

2. In what cases does a light ray not deviate at the interface of two media?(AS7)
3. Place an object on the table. Look at the object through the transparent glass slab. You

will observe that it will appear closer to you. Draw a ray diagram to show the passage of
light ray in this situation. (AS5)

4. Why does a diamond shine more than a glass piece cut to the same shape? (AS7)
III. Higher Order Thinking Questions
1. Why is it difficult to shoot a fish swimming in water? (AS1)
2. Explain why a test tube immersed at a certain angle in a tumbler of water appears to have

a mirror surface for a certain viewing position? (AS7)
3.  When we sit at a camp fire, objects beyond the fire are seen swaying. Give the reason for

it. (AS7)

1. Which of the following is Snell’s law. [ ]
a) n1 sin i = sin r/ n2 b) n1/n2 = sin r / sin i
c) n2 / n1 = sin r / sin i d) n2 sin i = constant

2. The refractive index of glass with respect to air is 2. Then the critical angle of glass-air
interface is .................. [ ]
a) 0o b) 45o c) 30o d) 60o

3. Total internal reflection takes place when the light ray travels from............... [ ]
a) rarer to denser medium b) rarer to rarer medium
c) denser to rarer medium d) denser to denser medium

Multiple choice questions































80 Gravitation

Think and discuss

Key words

• Where does the centre of gravity of a sphere and triangular lamina lie?
• Can an object have more than one centre of gravity?
• Why doesn't the leaning tower of Pisa topple over?
• Why must you bend forward when carrying a heavy load on your back?

Uniform circular motion, centripetal acceleration centripetal force, centre of
gravity, law of gravitation, weight, weightlessness, stability, free fall.

• Motion of body with constant speed in a circular path is called uniform circular
motion .

• The acceleration which causes changes only in direction of the velocity of a body
in circular motion is called centripetal acceleration and it is always  directed towards
the center of the circle.

• The net force required to keep a body in uniform circular motion is called
"Centripetal force". FC = Mv2 / R.

• Every object in the universe attracts other bodies.  The force of attraction between
the bodies is directly proportional to the product of masses and inversely
proportional to the square of the distance between them.

• All the bodies have the same acceleration (9.8m/s2) near the surface of the earth.
But this acceleration slightly decreases as we move away from the surface of the
earth.

• A body is said to be in free fall when only gravity acts on it. (its acceleration  is 'g')

• Weight of an object is the force of gravity acting on it.

W = mg

• During free fall condition, the body is in state of 'weightlessness'.

• The center of gravity is the point where total weight of the body acts.

• The body is in equilibrium when the weight vector goes through the base of the
body.

What we have learnt
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Higer Order Thinking questions
1. A man is standing against a wall such that his right shoulder and right leg are in

contact with the surface of the wall along his height. Can he raise his left leg at this
position without moving his body away from the wall? Why? Explain. (AS7)

2. An apple falls from a tree.  An insect in the apple finds that the earth is falling
towards it with an acceleration 'g'.  Who exerts the force needed to accelerate the
earth with this acceleration?  (AS7)

1. The acceleration which  can change only the direction of velocity of a body is
called [ ]
a) Acceleration due to gravity b) Uniform acceleration
c) Centripetal acceleration d) Centrifugal acceleration

2. The distance between the Earth and the Moon is [ ]
a) 3,84,400 Km b) 3,84,400 cm c) 84,000 Kmd) 86,000 Km

3. The value of Universal Gravitaitonal Constant is [ ]
a)6.67 x 10-11N.m2Kg-2 b) 9.8 m/ Sec 2

c) 6.67 x 10-12N.m2Kg-2 d)  981 m/ Sec2

4. The weight of an object whose mas is 1 Kg is [ ]
a) 1 Kg/m2 b) 9.8 m/Sec2 c) 9.8 N d) 9.8 N/m2

5. The state of a freely falling body is [ ]
a) Heavy wiehgt b) Less weight c) Weight less d) Constant weight

Suggested Experiments
1. Conduct an experiment to find the Centre of Gravity of an object and write a

report.

2. Conduct an experiment to find 2

2s
t  value for a freely falling body and also find the

value of 'g'.

Suggested Projects
1. Collect the information about the base area and stability of some objects with

different shapes and write a report.
2. Collect information about the path of revolution of moon around the earth and

write a report.

Multiple choice questions
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• Can you give few more examples  of
this kind?
You have observed in the above

activity  the salt added to kerosene has not
dissolved in it. It is a heterogeneous
mixture.  A heterogeneous mixture is a
mixture made up of different substances,
or the same substance in different states
which are not uniformly distributed in it.

For example the mixtures “oil and
vinegar’’, “naphthalene and water’’ are
heterogeneous mixtures.

Thus we can conclude that mixtures are
of two types homogeneous and heterogeneous.
Do you know that these can again be classified
into different kinds? Let us find out.

Solutions
All of us enjoy drinking soda water

and lemonade. We know that they are
examples of  homogeneous mixtures. The
homogeneous mixture of two or more
substances from which we can not seperate
its components by the process of filteration
is called a solution. Solutions can be in
the form of solids, liquids, or gases. A
solution has minimum two components, a
solvent and a solute.The component of the
solution that dissolves the other
component in it (usually the component
present in larger quantity) is called
solvent. The component of solution that
is dissolved in the  solvent (usually the
component present in lesser quantity) is
called  solute.

A  solution of sugar is  prepared by
dissolving the sugar in water.  In this
solution, sugar (solid) is the solute and
water (liquid) is the solvent. In the solution
of iodine in alcohol (tincture of iodine)
iodine (solid) is the solute and alcohol

(liquid) is the solvent. All the aerated drinks
are liquid solutions containing carbon
dioxide (gas) as solute and water as solvent.

Can you give some more examples for
solutions and tell the solute and solvent
present in those solutions?

Think and discuss

 •“All the solutions are mixtures, but not
all mixtures are solutions”. Discuss
about the validity of  the statement and
give reasons to support your argument.

 •Usually we think of a solution as a
liquid that contains either a solid,
liquid or a gas dissolved in it. But,
we can have solid solutions. Can
you give some examples?

Properties of a solution
In a solution the particles are  so small

in size that we cannot see them with our
naked eyes. They do not scatter a beam of
light passing through the solution and
hence the path of light is not visible in a
solution.

• Can you prove this with an experiment?

• If the solution is diluted, can the path
of light be visible?
One more interesting property of

solution is that, the solute particles do not
settle down when left undisturbed.  Can
you give a reason? If the solute particles
are settling down in a solution can we call
it as a homogeneous mixture?

• What would happen if you add a little
more solute to a solvent?

• How do you determine the percentage
of the solute  present in a solution?
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Mass of solute
Mass of solution

Volume of solute
Volume of
solution

Solution
Mass of solute (salt) = 50g
Mass of solvent (water) = 200g

Mass of solution = Mass of solute + Mass
of solvent

     = 50g + 200g = 250g
Mass percentage of a solution  =

Example - 2
80ml of solution contains 20 g of solute.
Calculate the concentration in terms of mass
by volume percentage of the solution.

Suspensions and Colloidal Solutions

Activity-5

Finding of heterogeneous
mixtures- suspensions and
colloids

Take some chalk powder in a test tube.
Take a few drops of milk in another test
tube. Add water to these samples and stir
with a glass rod. Observe whether the
particles in the mixtures are visible. Can
you call these mixtures as solutions?
(Hint: Are the above solutions heterogeneous
or homogeneous?)

Now do the following steps and
write your observations in the table-1.

• Direct a beam of light from a torch or a
laser beam on the test tubes. Is the path
of the light beam visible in the liquid?

•  Leave the mixture undisturbed for some
time. What changes do you observe? Does
the solute settle down after some time?

Mass of solute

Mass of solution
X 100

50
250

=            X 100 = 20%

What are the factors that affect the  rate
of the solubility of a solute?

From this activity we can conclude
that the temperature size of the solute
particles, and stirring are some of the
factors that affect the rate of solubility of
solute in a solvent.

You know that solubility is the
measurement of amount of solute that
dissolves in a solvent at a certain
temperature. If the amount of solute present
is little, the solution is said to be dilute,
and if the amount of solute present is more,
the solution is said to be concentrated.

There are many ways of expressing the
concentration of a solution,  we learn only
about two of those.

The concentration of a solution can be
defined as the  amount in grams(mass) of
solute present in 100 grams of (mass)
solution or the amount (mass) in grams of
solute present in 100 ml of the solution.

(i) Mass percentage of a

solute   =      X 100

(ii) Volume percentage of a

solute   =      X 100

(iii) Mass by volume percentage of a

solution =       X 100
Example - 1

A solution contains 50g of common
salt in 200g of water. Calculate the
concentration in terms of mass by mass
percentage of the solution?

Mass of solute
Volume of
solution
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Think and discuss

• Arrange the gases present in air in
increasing order of their boilling
points. What do you observe?

• Which gas forms the liquid first as
the air is cooled?

Types of pure substances
So far we have studied about mixtures

example – substances whose components
can be separated by physical methods. What
about substance that cannot be separated
further by any of the methods of separation?
We call them as pure substances. Let us
explore further about them.

Activity-10

Can we separate Sulphur and
Oxygen from Copper sulphate

Take concentrated solution of copper
sulphate in beaker and drop a piece of
aluminum foil in it. After some time you
will observe a layer of copper deposited
on the aluminum foil. The solution
becomes colourless. Why did this happen?
(recall activities of the chapter on Metals
and Non-metals)

We know that a chemical reaction
takes place among the copper ions present
in the solution with aluminum and copper
metal is separated. Does it mean that
copper sulphate is a mixture? No it is not.

Here copper cannot be separated
from sulpher and oxygen by any physical
process. It can be separated only by a
chemical reaction. Substances such as
copper sulphate are called compounds.

We can define compounds as pure
substances that can be separated into two
or more components only by means of a
chemical reaction.

We now have two types of pure
substances - compounds and elements.

Elements can be divided into metals,
non-metals and metalloids. We have
already studied properties of metals and
non-metals. Can you write down the names
of some elements that you know?

Elements have been used since the
early days of civilisation. Metals such as
iron, lead, copper, helped in the
development of civilizations. For
thousands of years, alchemists – up to and
including Isaac Newton – attempted to
unearth new elements, and study their
properties. Hennig Brand, a German

Table-4 : Mixtures and Compounds
Mixtures                 Compounds

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

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

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

4. The constituents can be separated fairly easily by 4. The constituents can be separated only by
physical methods. chemical or electrochemical reactions.
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alchemist, boiled  urine to discover
phosphorus in 1669. But it was not until
the late 18th century that our knowledge
of the elements really took off, as chemists
developed new ways to purify and isolate
elements.

Sir Humphry Davy, was extremely
successful in discovering many elements
- sodium, magnesium, boron, chlorine and
many  more. Robert Boyle used the term
element and Lavoisier was the first to
establish a useful definition of element. He
defined an element as a basic form of
matter that cannot be broken down into
simpler forms by chemical reactions.

If any substance can be separated
into two or more constituent parts by a
chemical reaction, that substance is
definitely a compound.

What do we get when two or more
elements are combined?  We can
understand through an activity.

Activity-11

Understanding the nature of
elements, compounds and
mixtures

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

Activity for group-1:

Mix and crush iron fillings and
sulphur powder. Check for magnetism in
the material obtained. Bring a magnet near

the material and check if the material is
attracted towards the magnet.

Activity for group-2:

Mix and crush iron fillings and
sulphur powder. Heat this mixture strongly
till it becomes red hot. Remove it from
flame and let the mixture cool. Check for
magnetism in the material obtained.
Compare the texture and colour of the
material obtained by the two groups.

The next part can be done if you
have a lab set up in the school.

Each group should divide the
material obtained into two parts. Add
carbon disulphide to one part. Stir well and
filter.

Add dilute sulphuric acid or dilute
hydrochloric acid to the other part.
Observe the changes.

Do the same reactions separately
with sulphur and iron. Observe the
changes.

Now answer the following
• Did the material obtained by the two

groups look the same?
• Which group has obtained a material

with magnetic property?
• Can we separate the components of the

material obtained?
• On adding dilute sulphuric acid or

dilute hydrochloric acid did both the
groups obtain a gas?

• Did the gas in both the cases smell the
same or different?
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The gas obtained by group 1 due to
reaction of material with dilute HCl (or)
H2SO4 solution is hydrogen. It is
colourless, odourless and combustible.

The gas obtained by group 2  due to
reaction of material with dilute HCl (or)
H2SO4 solution is hydrogen sulphide. It is
a colourless gas with the smell of rotten
eggs. You must have observed that the
product of the both groups shows different
properties though the starting material was
same.

Group 1 has carried out the activity
involving a physical change. Where as
group 2 examined a chemical change. The
material obtained by group 1 is a mixture

of two substances. i.e. iron and sulphur,
which are elements.

The properties of mixture are the
same as that of its constituents. The
material obtained by the group 2 is a
compound. On heating the two elements
strongly we get compound, which has
totally different properties, compared to
the properties of the combining elements.
The composition of a compound is the
same throughout. We can also observe that
the texture and colour of the compound is
the same throughout its volume.

The chemical and physical nature of
the matter is better understood by the
following flow chart.

Matter (Solid,
liquid or gas)

Pure substance
(Fixed composition)
Can’t be separated by normal

physical methods

Mixtures
(No fixed composition)
Can be separated by normal

physical methods

Compounds
...........................................

Have fixed composition canbe
broken down into elements by
chemical or electrochemical

reactions
...............................................
for example, water, methane,

sugar, salt, etc

Heterogeneous
.............................

Non uniform composition
.............................

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

Homogeneous
.................................
Uniform composition

.....................................
for example, sugar in water,
salt inwater, sulphur in carbon
disulphide,water in alcohol etc

Elements
...........................................

cannot be broken down to simpler
substances

...............................................
for example, copper, oxygen, iron,

hydrogen, mercury, etc
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What we have learnt

Key words

Pure substances, Mixture,  Heterogeneous mixture, Homogeneous mixture, Solution,
Suspension, colloids,  solvent, solute, concentration of solution, Tyndall effect, Evaporation,
Centrifuge, Immiscible liquids, Miscible liquids, Chromatography, distillation, Fractional
distillation,  Elements, Compounds. Disperse  phase, dispersion medium.

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

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

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

The concentration of a solution is the amount of solute in grams present per 100
ml or per 100 g of the solution.

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

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

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

Properties of a compound are different from its constituent elements, whereas a
mixture shows the properties of its constituting elements or compounds.
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Reflections on concepts
1. Which separation techniques will you apply for the separation of the following? (AS1)

(a) Sodium chloride from its solution in water.
(b) Ammonium chloride from a mixture containing sodium chloride and
       ammonium   chloride.
(c) Mixture of oil and water.
(d) Fine mud particles suspended in water.

2. Explain the following giving examples.(AS1)
(a) Saturated solution (b) Pure substance (c) colloid (d) Suspension

3. Classify the following into elements, compounds and mixtures. (AS1)
(a) Sodium (b) Soil (c) Sugar solution (d) Silver
(e) Calcium carbonate (f) Tin (g) Silicon (h) Coal (i) Air
(j) Methane (k) Carbon dioxide  (l) Sea water

Application of concepts
1. Determine the mass  by mass percentage concentration of a 100g salt solution which

contains 20g salt? (AS1)                                                      Ans: (20% )
2. Calculate the concentration interms of mass by volume percentage of the solution

containing 2.5g potassium chloride in 50ml of potassium chloride (KCl)solution?
(AS1)                                                                                                                Ans: (5%)

3. Classify the following substances in the below given table. (AS1)
Ink, soda water, brass, fog, blood, aerosol sprays, fruit salad, black coffee, oil and
water, boot polish, air, nail polish,  starch solution, milk.

       Solution     Suspension Colloidal dispersion

Higher Order Thinking Questions
1. How would you confirm that a colourless liquid given to you is pure water? (AS1)
2. Write the steps you would use for making tea. Use the words given below and write

the steps for making tea (AS7)
Solution, solvent, solute, dissolve, soluble, insoluble, filtrate and residue.

Let us Improve our learning
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1. The machine used to separate the masive particles and light particles from a mixture
is [ ]

a)  Atwood machine      b) Centrifuge        c) Filter paper        d) Separating funnel
2. Which is not formed by the physical mixture of two substances [ ]

a) Mixture b) Compound c) Colloid d) Suspension
3. The substance which is relatively less in quantity in a solution is [ ]

a) Solute b) Solvent c) Dispersion phase   d) Dispersion medium
4. The amount of solute present in a saturated solution at constant temperature is known

as its [ ]
a) Solubility     b) Concentration       c) Volume percentage     d)Weight percentage

5. If the quantity of solute is more in a solution then the solution is said to be[ ]
a) Saturated solution b) Dilute Solution
c) Concentrated solution d) Unsaturated Solution

6. The phenomenon of scattering of a visible light by the particles of colloid is known as
[ ]

a) Tyndall effect b) Chromotography    c) Sublimation d) Reflection
7. Immiscible liquids can be separated by [ ]

a) Distillation process b) Fractional distillation
c) Chromotography d) Separating funnel

8. Miscible liquids can be separated by [ ]
a) Distillation process b) Fractional distillation
c) Chromotography d) Separating funnel

9. The scientist who invented the elements like Sodium, Magnesium, Boron, Chlorine
etc is [ ]
a) Issac Newton b) Henning brad
c) Sir Humpry Davby d) Robert Boyle.

Suggested Experiments
1. Which of the following will show Tyndall effect? How can you observe the tyndall

effect in them?
a) Salt Solution b) Milk c) Solution of Copper Sulphate    d) Starch Solution
2. Take  a solution, a colloid, and a suspension in three different beakers. Pass a light

beam from the side of the beaker and test whether they show Tyndall effect or not?
Suggested Projects
1.  Make a list of solids, liquids and gases from your surroundings. (These substance

maybe organic or chemical). Separate mixtures from them and classify them into
solutions, colloids and suspensions.

Multiple choice questions
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some shortcuts.  Using short forms or
symbols for naming the elements is one
solution.

Over a 118 elements have been
discovered so far. How do we decide
their symbols?

Table-2: Symbols for some elements

 How do we write the symbols for
Calcium, Chlorine, Chromium?

We have already used the letter 'C' for
Carbon. Look at the elements after Carbon
and before Aluminium in the table.

Discuss with your teacher and friends
how the symbols have been decided for
these elements. Notice the following:

• A symbol can have either one or
two letters of English.

• The first letter of the symbol is
always upper case and the second
letter is always lower case.

Activity-1
Some elements and their possible

symbols are given  in  table-3.  Correct
them and give reasons for your corrections.

Table-3

   Element Possible symbol

Aluminium al

Carbon c

Chromium Chr

Chlorine CL

Beryllium Be

Usually, the first letter of the name of
the element in English becomes the symbol
of that element and is always written as a
capital letter (upper case).

Element Name Symbol

Hydrogen H

Oxygen O

Nitrogen N

Sulphur S

Carbon C

Calcium Ca

Chlorine Cl

Chromium Cr

Boron B

Barium Ba

Bromine Br

Beryllium Be

Aluminium Al

Iron Fe

Gold Au

Sodium Na

Potassium K
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Some unusual symbols
This is not the end of the problem. We observe that symbols for some elements come

from their names but some don't, which can be seen in Table-4. Certain elements have
symbols based on their Latin names (or older names in other languages).

• Would you be able to recognise  the elements of  the table-2, have symbols of this
category?

Activity-2

Write the symbols for given elements
Look up a periodic table and try to find the symbols for the given elements in table 4 and

write them against their names.

Elements with more than one
atom in their molecules

We have learnt that several elements
have more than one atom in their smallest
constituent particles. It means these
elements contains two or more atoms
combined together to form a molecule.
Oxygen, hydrogen and nitrogen are
examples of such elements.

For example, a molecule of oxygen
has two atoms. We need a formula to
represent such a molecule in a simple way.
The formula for oxygen molecule is O2.

Why don't we write it as 2 O ? Writing
a formula in this way indicates two
separate atoms of oxygen. Hence first
write the symbol for oxygen. and then
write 2 as a subscript after the letter O.

Subscript number indicates number of
atoms of Oxygen combined to form its
molecule.

You might have heard about Ozone gas.
This gas is found in large quantities in the
upper layers of the earth's atmosphere. It
protects us by shielding the earth from
harmful ultra violet rays of the sun. Every
molecule of ozone has three atoms of
oxygen. Can you write the formula of
ozone?

Atomicity
Molecules of many elements, such as

Argon (Ar), Helium(He), etc are made up
of only one atom of that element. But this
is not the case with the most of non metals.
In non metals the molecules contain more
than two atoms of same element.

Element    Sodium   Silver    Tungsten  Potassium  Copper  Gold Iron     Lead Mercury

Latin name  Natrium Argentum  Wolfram      Kalium        Cuprum   Aurum Ferrum Plumbum  Hydragyrum

   Symbol

Table-4
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The number of atoms constituting a
molecule is known as its atomicity.

For example, a molecule of hydrogen
consists of two atoms of hydrogen. Here
the atomicity is two; hence it is known as
diatomic molecule.  Helium (He),

Valency
Till now, there are over 118 elements

known.  These elements react with each
other to form compounds. Every element
has a definite combining capacity, that
determines the atomicity of its molecules.
Every element reacts with other element
according to its combining capacity, which
we call as its valency.

Argon(Ar) exist  as  single atom. Hence
they are known as monoatomic.

Observe the following table to know
atomicity of  molecules of few elements
and try to write the symbol of molecule
based on its atomicity.

• Why do some elements be
monotomic?

• Why do some elements  form
diatomic or triatomic molecules?

• Why do elements have different
atomicities ?

To understand the atomicities of
molecules of elements and  compounds we
need to understand the concept of valency.

• What is valency?

Name of the element Formula Atomicity

Argon Ar Monoatomic

Helium Monoatomic

Sodium Na Monoatomic

Iron Monoatomic

Aluminum Monoatomic

Copper Monoatomic

Hydrogen H2 Diatomic

Oxygen Diatomic

Nitrogen Diatomic

Chlorine Diatomic

Ozone O3 Triatomic

Phosphorus Tetratomic

Sulphur S8 Octatomic

Table-5
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What is an ion?
Compounds formed by metals and non

metals contain charged particles . The
charged particles are known as ions.  A
negatively charged ion is called anion and
the positive charge ion is cation.

For example sodium chloride does not
contain discrete molecules as its
constituent units. Its constituent particles
are positively charged sodium ions (Na+)
and negatively charged chloride ions (Cl–).

Ions may be a charged independent
atoms or a group of atoms (polyatomic)
that have a net charge on them. Hence ions
are charged particles.So atoms of the elements have power to

combine with atoms of  other elements.
This is known as its valency.

* elements which show variable valency.

Element Valency

Helium 0

Hydrogen 1

Fluorine 1

Chlorine 1

Nitrogen 3

Carbon 4

Table-6
Valencies of some elements

Oxygen 2

Table-7: Some common, simple and polyatomic ionsNet Charge Cation Symbol Anion Symbol
Hydrogen H+ Hydride H -

Sodium Na+ Chloride Cl -

Potassium K+ Bromide Br -

Silver Ag + Iodide I -

Copper* Cu+ Hydroxide OH -

Ammonium NH4
+ Nitrate NO3

-

Magnesium Mg+2 Oxide O-2

Calcium Ca+2 Sulphide S -2

Zinc Zn+2 Sulphate SO4
-2

Copper* Cu+2 Carbonate CO3
-2

Iron* Fe+2 Dichromate Cr2O7
-2

Aluminium Al+3 Nitride N -3

Iron* Fe+3 Phosphate PO4
-3

1 unit

2 units

3 units

Table-7: Some common, simple and poly atomic ions.
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Do you know?
1. Atomic weights of elements were

determined in the beginning with
reference to hydrogen by John
Dalton.
While searching various atomic mass
units scientists initially took 1/16th
of the mass of an atom of naturally
occurring oxygen as a 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.

2. During nineteenth century there were
no facilities to determine the mass
of an atom.  Hence, chemists
determined the mass of one atom
relative to another by experiments.
Today, atomic mass of an atom can
be determined very accurately with
the help of an instrument called mass
spectrometer.

Molecules of compounds
A molecule may contain one or more

atoms. A molecule may be formed by the
combination of atoms of same element or
different elements. For example, a
molecule of water is formed by the
combination of two atoms of hydrogen and
one atom of oxygen. All the molecules of
water are identical.

Is it possible for any number of atoms
of hydrogen to combine with any number
of atoms of oxygen to form a molecule of
water?

For all the molecules of water to be
identical, it is essential that the atoms of
hydrogen and oxygen that are present in
the molecule must be in fixed numbers.
If this number is not fixed, how could all
the particles of water be identical?

Each molecule of water contains 2
atoms of hydrogen and 1 atom of oxygen.
Chemical formulae of
compounds

While writing the formula of a
compound we must keep two things in
mind.  First, we must see the elements
present in a molecule of the compound.
Second, we must see the number of atoms
of each element present in that molecule.
2 atoms of hydrogen and one atom of
oxygen are present in a molecule of water,
its formula is H2O.

Another rule is that if the molecule of a
substance contains only one atom, subscript
need not be written in the formula.

Now look at another example. A
molecule of carbon dioxide contains one
atom of carbon and two atoms of oxygen.
carbon and oxygen also react to form
another compound called carbon
monoxide. A molecule of carbon
monoxide contains one atom of carbon
and one atom of oxygen.
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• Can you write the formula of carbon
dioxide and carbon monoxide? Try
to write formula for them as we have
done in case of water molecule.

Let us try to write chemical formulae
of  compound in criss - cross method by
using valency.

For eg. Sodium carbonate.The following
steps should be taken while writing the
chemical formula of sodium carbonate.

1. Write the symbols of each atom or
group of atoms side by side, usually
the cation first  and anion next -

       Na    CO3

2. Write the valency of each atom or
group of atoms the top of its symbol
Na1     (CO3)

2

3. Divide the valency numbers by their
highest common factor if any to get
the simple ratio. Na1     (CO3)

2

4. Inter change the valency and write
the numbers  as the subscript to right
side of the constituents as their
subscripts.  Na2 (CO3)1

5. If any constituent receives the
number 1, ignore it while writing
the formula.

6. If a constituent has more than one
atom enclose it with in brackets, if
it carries 2 or more mention as
subscripts.

Hence the formula for the sodium
carbonate is Na2CO3.

Examples
Formula of hydrogen chloride

formula: HCl
Formula of magnesium  chloride

formula: MgCl2

Formula of calcium oxide
     Ca2 O2

    Ca1 O1 formula: CaO

Formula of aluminium sulphate is Al2 (SO4) 3

Table-9: Formulae of some compounds

Compound Formula
Sodium Carbonate Na2CO3

Sodium bicarbonate NaHCO3

Sodium hydroxide NaOH
Copper Sulphate CuSO4

Silver Nitrate AgNO3

Hydrochloric Acid HCl
Sulphuric Acid H2SO4

Nitric Acid HNO3

Ammonium Chloride NH4Cl
Potasium Dichromate K2Cr2O7

Potasium Permanganate KMnO4

Molecular mass
We have already discussed the concepts

of atomic mass. This concept can be
extended to calculate molecular masses.

The molecular mass of a substance is
the sum of the atomic masses of all the
atoms present in a molecule of the
substance. As atomic mass is a relative, it
is therefore the moleculer mass is also
relative. Mass of a molecule expressed in
unified Mass (u).

H1         Cl1

H1         Cl1

Mg2         Cl1

Mg1         Cl2

 Ca1          O1

1.

2.

3.

4.





115Free distribution by T.S. Government 2019-20

Molar mass
Having defined mole, it is easier to know

the mass of 1 mole of substance. The mass
of 1 mole of a substance which is expressed
in grams is called its molar mass.

The molar mass and molecular mass are
numerically equal but molar mass has units
grams and molecular mass has unified mass
units.

For example molecular mass of water
(H2O) =18u.

Molar mass of water= 18 g
18 u water has only one molecule of

water. But 18 g water has one mole
molecules of water that is 6.022X1023

molecules.

Fig-5: Diagram on concept of mole

MOLE

1g of hydrogen
atoms

6.022 x 1023

atoms of hydrogen

16 g of oxygen
atoms

32 g of oxygen
molecules

6.022 x 1023

atoms of oxygen
6.022 x 1023

molecules of oxygen

2 g of hydrogen
molecules

6.022 x 1023

molecules of hydrogen

Chemical Reactions
In chemical reactions atoms are

neither created nor destroyed. A chemical
reaction is a process that is usually
characterized by a chemical change in which
the starting materials (reactants) are different
from the products. Chemical reactions occur
with the formation and breaking of chemical
bonds. (you will learn about chemical
bonding in class 10) Some common reaction
types are discussed below.

Types of Chemical Reactions
Chemical Combination

Activity 3

(This activity needs Teacher’s assistance)
- Take a small piece (about 3 cm long)

of magnesium ribbon.
- Rub the magnesium ribbon with sand

paper.
- Hold it with a pair of tongs.
- Burn it with a spirit lamp or burner.
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pole will be interrupted due to formation
of the metal oxide layer on the electric
wire. This metal oxide is an electrical
insulator. On removing the metal oxide
layer formed on the wire with a sand paper,
supply of electricity can be restored.

4)  Rancidity
• Have you ever tasted or smelt the

fat/oil containing food materials
left for a long time?
When fats and oils are oxidized they

become rancid. Their smell and taste
change.

Thus we can say that oxidation
reactions in food material that were left

for a long period are  responsible for
spoiling of food.

Rancidity is an oxidation reaction.
• How can we prevent the spoiling

of food?
The spoilage of food can be

prevented by adding preservatives like
Vitamin C and Vitamin E.

Usually substances which prevent
oxidation (Antioxidants) are added to food
containing fats and oil. Keeping food in
air tight containers helps to slow down
oxidation process.

Manufacturers of potato chips
flush bags of chips with nitrogen gas to
prevent the chips from getting oxidized.

• The total mass of the products formed in a chemical reaction is exactly equal to the
mass of the reactants. This is known as the law of conservation of mass.

• In a chemical substance the elements are always present in fixed proportions by
mass. This is known as the law of constant proportion.

• An atom is the smallest particle of an element that can participate in a chemical
reaction  and retain all its properties.

Key words

Law of conservation of mass, Law of constant proportion. Atom, Symbol, Atomic
mass, Atomic mass unit (amu), Unified mass (u), Molecule, Molecules of
elements, Molecules of compounds, Formula, Ion (cation, anion), Atomicity,
Valency, Molecular mass, Formula unit mass, Mole, Avogadro constant, Molar
mass, Chemical combination, Chemical decomposition, Displacement reaction,
Double Displacement reaction, Oxidation, Reduction, Corrosion, Rancidity,
Antioxidants.

What we have learnt
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• A molecule is the smallest particle of an element or a compound that is capable of
independent existence and retains all the properties of that substance.

• Symbols represents  atoms and formula represents molecules and compounds.

• Scientists use the relative atomic mass scale to compare the masses of different
atoms of elements.

• The number of times one atom of a given element is heavier than 1/12th part of
mass of carbon -12 atom is called its atomic mass.

• By using criss - crosss method we can write the chemical formula of a compound.

• The number of particles present in one mole of any substance is called Avogadro
constant (NA). It is a fixed  value of 6.022  x 1023.

• Mass of one mole of a substance is called its molar mass.

• In a combination reaction two or more substances combine to form a new single
substance.

• In a decomposition reaction a single substance decomposes to give two or more
substances.

• Reactions in which heat energy is absorbed by the reactants are endothermic
reactions.

• In exothermic reaction heat energy is released by the reactants.

• A displacement reaction occurs, when an element displaces another element
from its compound.

• Two different atoms or ions are exchanged in double displacement reactions.

• Oxidation is the gain of Oxygen or loss of Hydrogen.

• Loss of oxygen or gain of Hydrogen is Reduction.

• Corrosion causes damage to iron appliances.

• When fats and oils are oxidized, they become rancid.

• Precipitate is an insoluble substance.
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Reflections on concepts
1. Explain the process and precautions in verifying law of conservation of

mass.   (AS-3)
2. 0.24g sample of a compound of oxygen and boron was found by analysis to

contain 0.144g of oxygen and 0.096g of boron. Calculate the percentage
composition of the compound by weight.  (AS-1)

3. In a class, a teacher asked students to write the molecular formula of oxygen
Shamita wrote the formula as O2 and Priyanka as O. which one is correct? State
the reason.  (AS-1)

4. Lakshmi gives a statement "CO and Co both represent element". Is it correct?
State reason. (AS-1)

5. Find out the chemical names and formulae for the following common household
substances. (AS-1)
a) common salt        b) baking soda        c) washing soda        d) vinegar

6. Calculate the mass of the following  (AS-1)
a) 0.5 mole of N2 gas. b) 0.5 mole of N atoms.
c) 3.011 x 1023 number of N atoms. d) 6.022 x 1023 number of N2 molecules.

7. Calculate the number of particles in each of the following  (AS-1)
a) 46g of Na               b) 8g of O2 c) 0.1 mole of hydrogen

8. Convert into mole   (AS-1)
a) 12g of O2 gas. b) 20g of water.      c) 22g of carbon dioxide.

9. Write the valencies of Fe in FeCl2 and FeCl3   (AS-1)

10. Calculate the molar mass of Sulphuric acid (H2SO4) and glucose (C6H12O6)(AS-1)

11. Which has more number of atoms - 100g of sodium or 100g of iron? Justify your
answer. (atomic mass of sodium = 23u, atomic mass of iron = 56u)   (AS-1)

Let us Improve our learning
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12. Fill the following table

13. Complete the following table:

13. Write an equation for decomposition reaction where energy is supplied in the
form of  Heat / light / electricity.  (AS-1)

14. How chemical displacement reactions differ from chemical decomposition reac-
tion? Explain with an example for each.  (AS-1)

15. Name the reactions taking place in the presence of sunlight? (AS-1)

16. Why does respiration considered as an exothermic reaction? Explain.   (AS-1)

17. What is the difference between displacement and double displacement reactions?
Write equations for these reactions?  (AS-1)

18. Give two examples for oxidation-reduction reaction. (AS-6)

19. In the refining of silver, the recovery of silver from silver nitrate solution in-
volved displacement by copper metal. Write the reaction involved.  (AS-1)

20. Draw the digarm to show the experimental setup for the law of conservation of
mass. (AS-5)

Application of concepts
1. Why do we apply paint on iron articles?  (AS-1)
2. What is the use of keeping food in air tight containers? (AS-6)

Sl.No. Name Symbol/formula Molar mass Number of particles
present in molar mass.

1 Atomic oxygen 16g 6.022 x 1023 atoms of
oxygen

2 Molecular oxygen

3 Sodium

4 Sodium ion 23g

5 Sodium chloride 6.022 x 1023 units of
sodium chloride

6 water
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Multiple choice questions

Higher Order Thinking Questions

1. 15.9g. of copper sulphate and 10.6g of sodium carbonate react together to give
14.2g of sodium sulphate and 12.3g of copper carbonate. Which law of chemical
combination is obeyed? How?  (AS-1)

2. Carbon dioxide is added to 112g of calcium oxide. The product formed is 200g of
calcium carbonate.  Calculate the mass of carbon dioxide used. Which law of
chemical combination will govern your answer.  (AS-1)

3. Imagine what would happen if we do not have standard symbols for elements?(AS-2)

1. Fe2O3 + 2Al J Al2O3 + 2 Fe. [ ]
       The above reaction is an example of:

a) Combination reaction
b) Decomposition reaction
c) Displacement reaction
d) Double decomposition reaction

2. What happens when dil. hydrochloric acid is added to iron filings? Choose the
correct answer.
a) Hydrogen gas and iron chloride are produced. [ ]
b) Chlorine gas and iron hydroxide are produced.
c) No reaction takes place.
d) Iron salt and water are produced.

3. 2 PbO(s)  +  C (s) J 2Pb(s)  +   CO2 (g) [ ]
Which of the following statements are correct for the above chemical reaction?
a) Lead oxide is reduced b) Carbon dioxide is oxidized
c) Carbon is oxidized d) (a) and (c) are correct

4. The chemical equation BaCl2 + Na2SO4 J BaSO4  + 2NaCl represents

following type of chemical reaction. [ ]

       i) displacement ii) combination

iii) decomposition iv) double-displacement
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5. The reaction of formation hydrogen chloride from hydrogen and chloride

represents following type of chemical reaction [ ]

i) decomposition ii) displacement

iii) combination iv) double-displacement

Suggested Experiments

1. Do an experiment to understand the changes in weight of reactants and products

in a chemical reaction, write a report.

Suggested Project

1. Collect the information about the symbols, atomic weights of first thirty elements

in the periodic table and write a report.
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To understand the results of the above
activity you must understand the meaning
of the term heavy. We use this word in our
everyday life in two ways. We say “two
kilograms  of wood is heavier than one
kilogram of iron”. At the same time,  we
also say “iron is heavier than wood”.

Can you explain the difference in
meaning of the word ‘heavier’ in both
these sentences? In science, we try to
ensure that each word we use, has the same
meaning for everyone. So let’s see in what
way these two sentences differ.

The first sentence says that, if we keep
two kilograms of wood in one pan of a
balance and one kilogram of iron in the
other, the beam of balance will tilt towards
the pan with wood in it. What is the
meaning of the second sentence?

 In second sentence, when we say iron
is heavier than wood, it means if we take
a piece of iron and a piece of wood of the
same size (that is, they have the same
volume) and weigh them, the iron will
weigh more than the wood.

In the language of science, it may be
stated as “the density of iron is more than
that of the wood”. Density is defined as
mass per unit volume.

Density =

Units for density is              or

We therefore say, the denser object is
‘heavy’ and the less dense object is ‘light’.

Comparing density – relative
density

  Activity-1
Take two test-tubes of the same size.

Fill one to the brim with water and the
other with oil.

z Which will weigh more?
z  Which liquid is denser?
Take two equal sized blocks made of

wood and rubber.
z Which of these two blocks is

heavier?
z Which one is denser?

Think and discuss

Let us suppose  you have two blocks
and you do not know what material they
are made of. The volume of one block
is 30 cm3 while the other is 60 cm3. The
second block  is heavier than the first.
Based on this information, can you tell
which of the two blocks is denser?

When the volume of two objects is
unknown, it is difficult to tell which object
is denser solely on the basis of their
weights. One way to compare the density
of objects is to take equal volumes of the
two objects and compare their weights, but
this may not be possible for some solids.

For this we can use a simple method of
comparing the density of each object with
water. In the following activity we shall find
out, how many times more dense each solid
object is compared to water. This is known
as relative density of that object.

mass
volume

gm
cm3

kg
m3
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Repeat this for other liquids and record
the weights in column 3. Calculate the
weight of each liquid by subtracting the
weight of the empty bottle and record it
in column 4. Calculate the relative density

of each liquid by comparing the weight
of the liquid with the weight of same
volume of water and record these values
in column 5.

Answer the following questions by
comparing Table 1 and Table 2
z Which liquid will float on top if

groundnut oil is poured over water ?
z If we put a wooden block in kerosene,

will it float or sink? Give reasons for
your answer.

z A piece of wax floats in water but the
same piece sinks in a liquid say liquid
‘X’. Will the relative density of liquid
‘X’ be less than 1 or greater than 1?
How can you say ?
Can we use relative density to find out

whether water has been added to milk?
Let’s try and find out.
z If we mix some water in milk, will the

relative density of the mixture be less
than or more than the relative density
of milk? Refer to Table 2 to find the
answer.

z If we take two bottles of equal volume
and pour pure milk in one and milk
mixed with  water in the other, which
one will be heavier?
We can use a simple instrument to find

this out. It is called lactometer.

Activity-2

Making of lactometer
Take an empty ball pen refill. It should

have a metal point. Take a boiling tube
and fill it with water.

Put the refill in with the metallic point
inside the water as shown in figure 3 (The
refill may not stand vertically in the water
as shown in figure, it may slant and cause
the top of the refill to touch the wall of
the boiling tube. Think what to do to make
the refill to stand as shown in figure 3.)

Table -2

(1) (2) (3) (4) (5)

1 Milk

2 Groundnut oil

3 Kerosene

S.
No.

Name of liquid Weight of the
liquid (gm)

Relative
density of
the liquid

Weight of  the
bottle filled with

liquid (gm)
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      The effective density of the mixture( ρρρρρeff)= Total mass / Total volume

=

=

=

ii) when they are taken with same volume ‘V’ and their masses are m1 and m2

the volume of water V = m1
 /

 ρ1

That is            m1 = Vρ
1

and the volume of milk V = m2
 /

 ρ2

That is    m2 = V ρ2

Total mass of water and milk is m1 + m2 = V ρ1 + V ρ2

        = V (ρ1 + ρ2)
Total volume of water and milk is      V + V  = 2V
The effective density of the mixture   ( ( ( ( ( ρρρρρeff ) = Total mass / Total volume

ρ
eff    = V (ρ1 + ρ2)

        2V
        =         (ρ1 + ρ2)

1
2

2 m
m (ρ1 + ρ2)  /  ρ1 ρ2

2
 (ρ1 + ρ2)  /  ρ1 ρ2

2   ρ1 ρ2

 ρ1 + ρ2

When do objects float on water?

Activity-3

Do  objects denser than water
float in it ?

Collect small objects as you did for
Lab Activity 1. Place them one by one in a
glass of water and observe whether they
sink or float in water? Record your
observations in Table 3.

Take the values of relative densities
from table 1.

Table -3
Object               Relative density     Floats / Sinks

Rubber eraser

Rubber ball

Plastic cube

Plastic pen

Iron nail

Geometry box

Glass marble

Wood

Stone
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z Do the two pans balance?
z Is the weight of the water displaced by

the wooden block less than, equal to or
more than the weight of the wooden
block?
Repeat this experiment with several

other substances that float or sink. Things
Table -4

S. Name of the substance Weight of the substance Weight of displaced water
No.
1 Plastic bowl

2 Ball

3 Steel container

4 A fruit that floats

5 A fruit that sinks

6

7

8

On the basis of the table 4, explain the
relationship between the weight of the
substances that float and the weight of the
water displaced by them.

Can you express this special property
of substances that makes the substance to
float in the form of a principle?

(The special property of floating
substances that you identified in this
activity was first discovered by
Archimedes. You will know about this
further in this chapter.)

Can you think of a way to make iron
float on water? Perhaps, the following
activity will give you some ideas about
how you can make iron float on water.

Activity-5
Making aluminium to float

Take a small sheet of aluminium foil.
Fold it four or five times, pressing the foil
tight after each fold. You already know the
relative density of aluminium from an
earlier Lab activity 1. With this given value
of the relative density of aluminium, can
you guess whether the aluminium foil will
float or sink in water?

Drop the folded aluminium foil in the
water and test whether your guess is
correct or not.

Now unfold the aluminium foil and
make it as a small bowl. Place this bowl in
the water and see whether it floats or sinks.

that float could include a plastic bowl, a
ball, a steel container, fruits etc.

In each case, check whether the weight
of the water displaced is less than, equal
to or more than the weight of the
substance.  Note your observations in the
table 4.
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Do you know?

Weight of the mercury column (W) = mass of mercury (m)  g
                                                       = (Volume) (density) g

= (cross sectional area of the tube) (height of
    the column) ρ g
 = Ahρg

Let ‘Po’ be the atmospheric pressure.
Force on the column due to the atmospheric pressure = Po A
then,
A hρg = Po A
Po = ρgh (of mercury)
ρ,g are constants. So the height of the mercury column depends on atmospheric pressure.
we can calculate the value of atmospheric pressure ‘Po’, by substituting the values of
height of the mercury column ‘h’ , density of the mercury ‘ρ’ and acceleration due to
gravity ‘g’.
Height of the mercury column h = 76cm = 76  10-2 m
Density of the mercury ρ= 13.6 gm/cc = 13.6 X 103 kg/m3

Acceleration due to gravity      g = 9.8 m/s2

Po = hρg
Po = (76  10-2 m)  (13.6  103 kg/m3)  (9.8 m/s2)
Po = 1.01  105 kg.m/m2.s2

1 kg.m/s2  = 1 Newton
hence, Po = 1.01  105 N/m2

This value is called one atmospheric pressure.
1 Atmosphere = 1.01  105 N/m2

(1 N/m2 is called Pascal)

The mass of air that would occupy a cylindrical tube with cross sectional area of
1cm2 and that extends 30km upto the top of the atmosphere is about 1kg. The weight
applied on the surface area of 1cm2 on the earth is the atmospheric pressure.

Atmospheric pressure
Po = mg/A = 1 kg X 10 m/s2 /1 cm2   =10 N/cm2  or  105 N/m2 (105 Pascal)
This value is nearly equal to 1atm.
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z When an object floats on the surface of a liquid, it displaces a weight of liquid
equal to its own weight.

z The pressure exerted by a liquid increases with depth below the surface of liquid.
z External pressure, applied to an enclosed volume of fluid, is transmitted equally in

all directions throughout the fluid volume.(Pascal's principle)

Reflections on concepts
1. Why do some objects float on the water? And some sink? (AS1)
2. Explain density and relative density and write their formulae. (AS1)
3. Explain buoyancy in your own words. (AS1)
4. How can you find the relative density of a liquid? (AS3)
5. Draw the diagram of a mercury barometer. (AS5)

Application of concepts
1. A solid sphere has a radius of 2 cm and a mass of 0.05 kg. What is the relative

density of the sphere? (AS1) [Ans: 1.49 ]
2. A small bottle weighs 20 g when empty and 22 g when filled with water. When it is

filled with oil it weighs 21.76 g. What is the density of oil ? (AS1) [ Ans: 0.88 g/
cm3]

3. An ice cube floats on the surface of  water  filled  in glass tumbler  (density of
ice = 0.9 g/cm3). Will the water level in the glass rise?  When the ice melts completely
(AS1)

4. Find the pressure at a depth of 10m in water if the atmospheric pressure is 100kPa.
[1Pa=1N/m2] [100kPa = 105 Pa = 105 N/m2 = 1  atm.]       (AS1)  [Ans: 198 kPa]

5. How can you appreciate the technology of making ships those float on water using
the  material which sink in water ? (AS6)

Higher Order Thinking Questions
1. Can you make iron to float in water? How? (AS3)
2. Where do you observe Archimedes principle in daily life? Give two examples.(AS7)
3. Do all objects that sink in water, sink in oil? Give reason. (AS1)

1. Unit of relative density is [ ]
a) g/cm3 b) cm/g3 c) N/m2 d) No units

Multiple choice questions

Let us Improve our learning
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2. The instrument used to measure the purity of milk is [ ]
a) Barometer b) Hygrometer c) Lactometer   d) Speedometer

3. If P0 = Pressure, ñ = Density, h= height, and g = accelaration due to gravity then
the atmospheric pressure = [ ]
a) P0 = ñhg b) P = mgh c) P = vgh d) P = ½ mgh

4. The first barometer with mercury was invented by [ ]
a) Pascal b) Archimedis c) Newton d) Torecelli

5. The hydrolic jockey which is used in automobile work shops, works on the
principle of [ ]
a) Archimedes b) Pascal c) Torecelli d) Newton

6. The density of water at 250C is [ ]
a) 1g/cm3 b) 2g/cm3 c) 3g/cm3 d) 0.99g/cm3

Suggested Experiments
1. Conduct an experiment to find the relative densities of different substances and

write a report.
2. Conduct an experiment to understand the phenomenon that a stone immersed in

water loses its weight. Write a report on it.

Suggested Projects.
1. The oil brakes in vehicles works on the Pascal’s principle. Collect the information

on working of air brakes in vehicles and write a report.
2. Find the relative densities of different fruits and vegetables and write a report.
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changed as new information is gathered.
Dalton proposed that atoms could not be
divided. Experimental evidence began to
show that atoms were divisible and are
made up of small particle(s). Since these
particles are smaller than the atom and are
present inside an atom, they are called
sub - atomic particles.

Since atoms are neutral they should
have at least two types of sub-atomic
particles, one is positively charged and
another is  negatively charged. In fact,
three different subatomic particles have
been discovered, the third one is a particle
without any charge. Let us see how  ideas
about atoms have changed over the time
with the discovery of sub-atomic particles.

Electrons, Protons and Neutrons
You read about Faraday's electrolysis

experiments earlier. Other experiments on
gases were carried out in the latter part of
19th century. Scientists studied the effects
of applying electric current to gases at low
pressure by using  discharge tubes. Other
scientists did similar experiments in
vacuum tubes. In 1897, a British physicist
Joseph John Thomson demonstrated on the
basis of these experiments that negatively
charged particles are present in the atoms.

Intially, Thomson thought that the
negative particles would be different for
each element. But after carrying out
experiments with many different
materials, he found that the negatively
charged  particles from all the materials

were  always identical. He concluded that
same type of negatively charged particles
are present in the atoms of all the elements.
These particles had a very small mass and
are now called electrons.

Electrons were the first sub-atomic
particles discovered and studied. An
electron is represented as 'e-'. The mass of
an electron is considered to be negligible
and its charge is considered as to be one
unit negative.

Think and Discuss

An atom is electrically neutral. But the
electrons present in it are negatively
charged particles. If only negative
charges were present, the atom would
not be neutral.Then, why are atoms
considered to be neutral ?

The atom must also contain some
positively charged particles so that the
overall charge on it becomes neutral. This
sub-atomic particle would have a charge
that balances the charge of the electrons.
This sub-atomic particle was named as
proton in 1920. Its mass was
approximately 1836  times greater than that
of the electron. It is represented as 'p+' and
its charge is taken as one unit positive.

In 1932, James Chadwick discovered
another sub-atomic particle which had no
charge and had a mass nearly equal to that
of a proton. It was eventually named as
neutron. In general, a neutron is
represented as 'n0'.
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K L M N
He 2
Ne 2 8
Ar 2 8 8

Think and discuss

• Phosphorus and sulphur show
multiple valency. See table 2. Why
some elements show multiple
Valency? Discuss with your
friends and teachers.

What is the importance of
valency?

See electron distribution in helium in
figure 7 and table '2'. You will notice that
the shell of helium has two electrons in
outer most shell and the shell is filled to
its full capacity. Neon and Argon have 8
electrons in their outer most shells. These
three gases are very stable and have low
reactivity. Scientists, studying the

distribution of electrons in different shells
concluded that  the special arrangements
of electrons in He, Ne and Ar make them
stable or un reactive with other elements.
They do not react with other elements to
form compounds. In other words we can
say that these gases are chemically inactive
and also known as inert or noble gases.

Atoms of all the noble gases except
those of helium have 8 electrons' in their
outer most shell. Thus an atom with eight
electrons or an octet in their outer most

Name of element Symbol Atomic Number of Number of Number of Distribution of electrons Valency
number  Protons Neutrons Electrons K L M N

Hydrogen H 1 1 - 1 1 - - - 1

Helium He 2 2 2 2 2 - - - 0
Lithium Li 3 3 4 3 2 1 - - 1

Berilium Be 4 4 5 4 2 2 - - 2

Boran B 5 5 6 5 2 3 - - 3

Carbon C 6 6 6 6 2 4 - - 4
Nitrogen N 7 7 7 7 2 5 - - 3

Oxygen O 8 8 8 8 2 6 - - 2

Fluorine F 9 9 10 9 2 7 - - 1

Neon Ne 10 10 10 10 2 8 - - 0
Sodium Na 11 11 12 11 2 8 1 - 1

Magnesium Mg 12 12 12 12 2 8 2 - 2

Aluminium Al 13 13 14 13 2 8 3 - 3

Silicon Si 14 14 14 14 2 8 4 - 4
Phosphorus* P 15 15 16 15 2 8 5 - 5,3

Sulphur* S 16 16 16 16 2 8 6 - 2,6

Chlorine Cl 17 17 18 17 2 8 7 - 1

Argon Ar 18 18 22 18 2 8 8 - 0

 Table 2

*   Multiple valency elements
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Atomic mass number
• Should we consider the number of

neutrons as a characteristic of an
atom?

The mass of an atom which is a
characteristic of an atom depends on the
number of neutrons and protons its nucleus
contains. Number of protons in a nucleus
is denoted by Z (atomic number) and
number of neutrons of a nucleus  is
denoted by N.

The number of nucleons, is the total
number of protons and  neutrons in an
atom. It is called the atomic mass number
and is denoted by the letter A.
Atomic mass number = atomic number
+ neutron number

A = Z + N
• Mass number is a nearest

numerical to the mass of an
individual atom.

• Mass number is the number of
protons plus the number of
neutrons.

shell, is chemically stable, or does not
combine with other atoms. An atom with
two electrons  in its outer most shell, also
is more stable when there is only one shell
present in it.

An outermost-shell which has eight
electrons is said to possess an octet. Atoms
of an element thus react with other atoms,
so as to achieve an octet in their outermost
shell. From the above discussion, we can
conclude that when an element reacts to
form compounds their atoms must combine
in such way that they can attain the stable
electron distribution of noble gases.

An atom can achieve an octet by two
ways. 1) by transfer of electrons 2) by sharing
of electrons. Both the processes result in the
formation of bonds between atoms.

Let us go back to the question of  why
do atoms of different elements are
different? How can you distinguish
between the atoms of one element from
the atoms of other element? An element
can be recognised by certain
characteristics of its atoms.
Atomic number

We know that, the nucleus is at the
centre of the atom and contains the protons
and neutrons. Elements differ from one
another according to the number of
protons in their atomic 'nuclei'. This value
is called the element's atomic number and
is denoted by the letter Z.
Atomic number is the number of
protons in the nucleus of an atom

Writing  symbols of atoms
In standard notation to represent an

atom, the atomic number, mass number
and symbol of the element are written as:

atomic mass number

atomic number

number of protons +
no.of neutrons

number of protons

19
9 F↓

↓

Read as F - 9-19
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The average atomic mass of chlorine
atom, on the basis of above data, will be

Applications of isotopes
Some isotopes are used for solving

chemical and medical mysteries. Isotopes

are also commonly used in the laboratory
to investigate the steps of a chemical
reaction.

• The  isotope of uranium is used as
a fuel in nuclear reactors.

• The isotope of iodine is used in the
treatment of goitre (thyroid).

• The isotope of cobalt is used in the
treatment of cancer.

Key words

Atom, sub-atomic particle, electron, proton, neutron, nucleus, atomic number
(Z), Atomic mass number (A), valency, isotopes

• An atom is the smallest particle of an element that retains the identity of the element.

• John Dalton's atomic theory described elements in terms of atoms, which he believed
to be small, indivisible particles that make up all matter. He stated that all the
atoms of the same element are identical in mass and size, but atoms of different
elements are different.

• The three sub-atomic particles of an atom are: (i) electron, (ii) proton (iii) neutron.
• Electron is a negatively charged particle of the atom.
• Proton, a positively charged particle is the part of  atomic nucleus.
• Neutron, an uncharged particle is the part of  atomic nucleus.
• Credit for the discovery of electron and neutron goes to J.J. Thomson and J.

Chadwick respectively.
• Thomson determined that atoms contain negatively charged particles, which are

now called electrons. He developed a model of the atom that shows electrons
embedded throughout the mass of positively charged material.

• Rutherford's alpha-particle scattering experiment led to the discovery of the atomic
nucleus.

• Ernest Rutherford's model of the atom has large empty space, with a small, dense,
positively charged nucleus in the centre.

What we have learnt
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• Neils Bohr modified Rutherford's model of the atom by stating that electrons move
in specific energy levels around the nucleus.

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

• The mass number of an atom is equal to the number of nucleons in its nucleus.
• Valency is the combining capacity of an atom.
• An atom with eight electrons or an octet in their outer most shell is chemically

stable, or does not combine with other atoms.
• Isotopes are atoms which have the same number of protons, but a different number

of neutrons

Reflections on concepts
1. What are the three subatomic particles? (AS1)
2. What were the three major observations Rutherford made in the gold foil experiment?

(AS1)
3. Give the main postulates of Bohr’s model of an atom. (AS1)
4. State the valencies of magnesium and sodium  (AS1)

Application of concepts
1. Compare the sub-atomic particles electron, proton and neutron.(AS1)
2. What are the limitations of J.J. Thomson’s model of the atom?(AS1)
3. Define valency by taking examples of nitrogen and boron.(AS1)
4. What is the main difference among the isotopes of the same element?(AS1)
5. If Z = 5, what would be the valency of the element? (AS2)
6. Fill in the missing information in the following table.(AS4)

Name Symbol Atomic Mass Number of Number of
Number (Z) Number (A) Neutrons  Electrons

Oxygen 16
8O 8 16 8 8

7 7
34

16S
Beryllium 9

12 24

12 25

Let us Improve our learning

7. Sketch Rutherford’s atomic model. Why Rutherford’s model of the atom is called the
planetary model?(AS5)
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Higher Order Thinking Questions
1. Cl - has completely filled K, L & M shells. Explain it based on Bhor-Bury theory. (AS1)
2. Explain the efforts made by scientists to explain the structure of atom by developing

various atomic models?(AS6)

1. Electron was invented by [ ]
a)  Thomson b) Chadwick c) Goldstein d) Stoney

2. Proton was invented by [ ]
b)  Thomson b) Chadwick c) Goldstein d) Stoney

3. Neutron was invented by [ ]
a)  Thomson b) Chadwick c) Goldstein d) Stoney

4. α  -  particles are made up of the following primary particles [ ]
a)  2 protons and 2 neutrons b) 2 Protons and 2 Electrons
c) 2 Neutrons and 2 Positrons d) 2 Protons and 2 Neutrinos

5. Which model of atom is known as Planetary model [ ]
a)  Thomson’s model b) Rutherford’s model
c) Bohr’s model d) Modern atomic  model

6. Valency of Aluminium is [ ]
a)   1 b)  2 c) 3 d) 4

7. The gas which is stable without octet configuration is [ ]
a)  Neon b) Argon c) Radon d) Helium

8. The sum of the number of protons and neutrons in an atom is known
as its [ ]
a)  Mass number b) Atomic number c) Valency d) Ion number

9. Deuterium and Tritium are the Isotopes of — [ ]
a)  Nitrogen b) Oxygen c) Hydrogen d) Helium

10. The electronic configuration of Sodium is [ ]
a)  2,8 b) 8,2,1 c) 2,1,8 d) 2,8,1

Suggested Projects
1. Write a report on the history of unveiling the structure of atom from John Dalton to

Neils Bohr.

Multiple choice questions
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Suppose that a constant force (F) acts
on an object and object is moved through a
distance (s) along the direction of the force
(F) as shown in figure 5.

  In science, we define work to be equal
to the product of the force (F) and the
displacement (s) moved along the direction
of the force.

Work done  =  Force x Displacement.

                W =  FS

      This formula for work is used in
only translatory motion of the object.

Work has only magnitude but no
direction. So work is a scalar.

       We measure force (F) in newtons
(N) and distance (S) in meters (m). In
equation W=FS, if  F=1 and  S=1 then the
work done by the force will be ‘1 N-m’.
Hence the unit of work is ‘newton-meter’
(N-m) or ‘joule’ (j)

  Thus 1 joule (j) is the amount of work
done on an object when a force of 1 newton
(1N) displaces it by 1m along the line of
action of the force.

Look at the equation W = FS

• What would be the work done when
the force on the object is zero?

• What would be the work done when
the displacement of the object is zero?

• Can you give some examples, where
the displacement of the object is zero?

Think and discuss

• A wooden chair is dragged on the level
floor and brought to the same place. Let
the distance covered be 's' and frictional
force acted on the chair by the floor be
'f' . What is the work done by the
frictional force ?

Example 1
A boy pushes a  book kept  on a table by

applying a force of 4.5 N. Find the work
done by the force if the book is displaced
through 30 cm along the direction of push.
Solution
 Force applied on the book (F) = 4.5 N
Displacement (s)   = 30 cm = (30/100) m

            = 0.3m
  Work done,    W = FS

                    = 4.5 x 0.3
       = 1.35 J

Example 2
Calculate the work done by a student in
lifting a 0.5 kg book from the ground and
keeping it on a shelf of 1.5 m height.
(g=9.8 m/s2)
Solution
The mass of the book = 0.5 kg
The force of gravity acting on the book is
equal to ‘mg’
That is  mg = 0.5 x 9.8
                    = 4.9 N

  The student has to apply a force equal
to that of force of gravity acting on the
book in order to lift it.
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supported by the string of the bow as shown
in figure13 (a) and stretch the string gently
and release the arrow.
• What do you notice?

Now place the arrow on the bow
with one  end supported by the string and
stretch the string applying more force and
release the arrow as shown in figure13 (b)
• What differences do you notice in these

two instances with respect to motion
of arrow?

• Is there any change in the shape of the
bow when  the string is stretched by
applying more force?
You may notice that in the first instance,

figure13(a), when you release the arrow it
gets separated from the bow and falls down
on ground. But in second instance,
figure13(b), you will notice the arrow flies
with great speed into the air.

From this activity we can conclude that
the bow in normal shape is not able to push
the arrow but when we stretch the string, it
acquires energy to throw the arrow into air
with a great speed. The energy acquired by
the bow due to change in its shape is known
as its potential energy.

Where does the bow get this energy
from?

Why is it not able to throw off the arrow
in the first case?

Can we increase the potential energy
of the bow?

 Discuss with friends about changes you
need to make to the bow for increasing its
potential energy .

In the first instance of above activity,
you have gently stretched the string of the
bow. Thus the work done by the force on
the bow is negligible and energy transferred
to the bow due to this work is also
negligible. Hence the bow is not able to
push the arrow.

In the second instance, you have applied
more force on the string to stretch it. Thus
the work done by you on bow changed its
shape and it acquires large amount of
energy. This energy is stored as potential
energy in the bow which is responsible   for
throwing the arrow into air with a great
speed.

In our daily life we come across many
such situations where the work done on an
object is stored as potential energy in it and
used to do various other works.

For example the work done in winding
the key of toy car is stored as potential
energy in it and forces the car to move on
the ground when released.

Do the following activities for the
better understanding of potential energy.

Activity-5

Observing the energy in
stretched rubber band

Take a rubber band hold it at one end
and pull it from the other end and then
release the rubber band at one of the ends.

What happens?
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Mechanical energy
The sum of the kinetic energy and the

potential energy of an object is called its
mechanical energy.

Consider the following example
The kinetic energy of an aeroplane at

rest is zero. Its potential energy when it is
on ground is also considered as zero.  Thus
its mechanical energy is zero while it rests
on the ground.  When the same aeroplane
flies it has kinetic energy as well as
potential energy, the sum these energies
gives the total mechanical energy of the
aeroplane in flight.
Conservation of energy

We find in nature a number of instances
of conversion of energy from one form to
another form. Sun is the big source of
energy in nature. The solar energy from the
Sun is converted into various forms like
light energy, heat energy, wind energy etc.

Apart from this, we observe various
instances of energy conversions in day to
day activities, like conversion of electrical
energy into heat energy by Iron box,
chemical energy into light energy by a torch
etc.

Activity-7
Listing the energy conversions in
nature and in day to day life

Discuss various ways of energy
conversions in nature as well as in our day
to day activities and make a separate list
of situations for natural conversions of
energy and energy conversions in day-to-
day life and write them in table-2, table-3.

Since the work done on the object is
equal to ‘ mgh’ an energy equal to ‘mgh’
units is gained by the object, This is the
potential energy of the object at a height
‘h’.

 P.E. = mgh.

Think and discuss

• Does the international space station
have gravitational potential energy ?

Example 7
A block of 2 kg is lifted up through 2m

from the ground. Calculate the potential
energy of the block at that point.
[Take g=9.8m/s2]

Solution
Mass of the block, m = 2 kg
Height raised, h = 2 m
Acceleration due to gravity, g = 9.8 m/s2

Potential Energy of the block,
P.E. = m g h

                                 = (2) (9.8) (2)
         = 39.2 J

Example 8
A book of mss 1 kg is raised through a

height ‘h’. If the potential energy increased
by 49 J, find the height raised.

Solution
The increase in potential energy = mgh
That is,           mgh   = 49 J
               (1)(9.8)h   = 49 J
The height raised, h = (49) / (1x 9.8)
                                   = 5m
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Table -2: Energy conversions taking place in nature

S.No. Situation of energy conversion in Nature

1 Heat energy from the Sun used for preparing food by plants gets
converted into chemical energy.

2

3

4

Table -3 Energy conversions taking place in  day to day activities.

S.No. Situation of energy conversion Gadgets/appliances used for
                     energy conversion

1 Conversion of electrical energy Electric fan
into mechanical energy

2

3

4

Discuss about the following questions
with your friends
• How do green plants produce food?
• How are fuels like coal and petroleum

formed?
• What kind of energy conversions

sustain the water cycle in nature?
We see other energy conversions in

nature, for example snow deposited at
altitudes melts and the water so formed
flows down to seas. In the process, its
potential energy is converted into kinetic
energy. We convert the kinetic energy of
water to electrical energy in hydroelectric
power plants.

Dead plants buried deep below the
earth’s surface for millions of years get
converted to fuels like petroleum and coal,
which have chemical energy stored in them.

The food we eat comes from plant
sources or animal sources which in turn
take plant parts as their food.

When we eat food, several chemical
processes take place and the chemical
energy stored in food gets converted in to
various forms needed by the body. For
example when we walk, run, exercise etc.,
the energy from food is used for kinetic
energy.
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Height at
which object

located
in meters (m)

Velocity of
object at
different

height [in m/s]

Potential energy
Ep= mgh

[in Joules (J)]

Kinetic
energyEk = mv2 /2

[in Joules (J)]

Total energy
( Ep+ Ek)

[in Joules (J)]

Table-4

4.0 0

3.55 3

3.0 √ 20

2.35 √ 33

0.8 8
• What do you say about total energy of

system of freely falling body?
• Is the mechanical energy conserved in

the system?

Think and discuss

• Someone wants to sell you a super
ball claims that it will bounce to a
height greater than the height from
which it is dropped. Would you buy
this ball ? If yes explain, if not
explain.

• A ball, intially at the top of the
inclined  hill, is allowed  to roll down.
At the bottom its speed is 4 m/s. Next
the ball is again rolled down the hill,
but this time it does not start from
rest. It has an initial speed of 3 m/s.
How fast is it going when it gets to
the bottom ?

Power
In our day to day life we observe many

situtation where same activity is being
completed in different time intervals. For

example a hefty rickshaw puller is able to
reach the destination in less time when
compared other thinner rickshaw puller.
Sometimes we notice that a grinder in our
home takes more time to grind 1kg of ‘ dal’
when compared to the grinder in  the
neighbours house.

• Do all of us do  work at the same rate?
• Is the energy spent by the force doing

work the same every time?
• Do machines consume or transfer

energy at the same rate every time
while doing a particular work?

Let us consider the following example.
Raheem wanted to do some repairs in

the first floor of his building. He brought
100 bricks as advised by the mason. A
labourer was asked to shift these bricks
from ground floor to first floor.  The
labourer completed the work of shifting
bricks to first floor in one hour and asked
Rs 150/- for the work.

Next day the mason asked Raheem to
bring 100 bricks more to complete the
repair work. Raheem brought another 100

SCERT T
ELA

NGANA



183Free distribution by T.S. Government 2019-20

bricks and assigned the work of shifting
bricks to some another labourer. He
completed the work and demanded Rs 300/
- for completing the assigned work.
Raheem said that he paid Rs 150/- to the
labourer the day before. But the labourer
argued that he worked more hours hence
he was eligible for more money.
• Whose argument is correct?
• Is work done in two cases same?
• Why is there a change in rate of doing

work?
In the above example the amount of

work done is same in both cases. But the
time taken to complete the work is
different. This means that rate of doing
work is different.

A stronger person as in the first case
of above mentioned example, may do
certain work in relatively less time
compared to another person, similarly a
powerful machine can do a work assigned
to it  in relatively short time compared with
another  machine.

We talk about the power of machines
like motorbikes, motorcar, water pumping
motors etc., the speed at which these
machines do work is the basis for their
classification. Power is a measure of the
rate of doing work, that is how fast or how
slow work is done.

Power is defined as the rate of doing
work or rate of transfer of energy.

If an agent does a work W in time t,
then power is given by

Power = Work / time
P = W/t

The unit of power is ‘watt’ and denoted
by symbol ‘W’

1 watt   is the power of an agent, which
does work at the rate of 1 joule per second.

We express larger rate of energy
transfer in kilowatts (kW)

   1 kilowatt (kW)     1000 watts (W)
           1kW        1000 J. s-1

Think and discuss

• The work done by a force F1 is larger
than the work done by another force
F2. Is it neccesary that power
delivered by F1 is also larger than that
of F2 ? Why ?

Example 9
A person performs 420 J of work in 5

minutes. Calculate the power delivered by
him.
Solution
Work done by the person,W = 420 J
Time taken to complete the work,

       t = 5 min = 5 x 60s = 300s
Power delivered, P = W / t
                                = 420/300 = 1.4 W
Example 10

A woman does 250 J of work in 10
seconds and a boy does 100 J of work in 4
seconds. Who delivers more power?
Solution
Power, P = W / t
Power delivered by woman=250/10=25W
Power delivered by boy = 100/4 = 25W

Both woman and boy deliver same
power. That is, rate of doing the work by
woman and boy are equal.
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SOURCES OF ENERGY

In activity 8, we have learnt that
energy can be transformed from one form
to another. Energy is of different forms and
one form can be converted to another form.
Example, observe fall of a coconut from a
coconut tree. Potential energy of coconut
gets converted into Kinetic energy. In this
case the source for energy conversion is
gravitational force. From this example we
also understand that the energy
transformations need a source responsible
for their transformations.

A source of energy is one which
can provide adequate amount of energy in
a convenient form over a long period of
time.

• What is a good source of
energy?

Good source of energy may be
understood based on the following features:

¾ That does a large amount of work
per unit volume or unit mass of
the source.

¾ That is cheap and easily available.

¾ That which is easier to use, store
and transport.

¾ That is most economical and that
causes no or minimum pollution.

Fuels:

• What is the source of energy to cook
food?

• What is the source of energy to ride
your vehicle?

• What is the source of energy to
run a thermal power plant?

• What do you call these sources
of energy?

We use LPG, Kerosene, Wood,
Petroleum, coal, etc..as sources of energy
for doing the above mentioned works. These
sources of energy are known as fuels.

• Where do we get most of these
fuels?

We know that most of these fuels
can be obtained from earth crust. These
fuels are known as fossil fuels.

• How are these fossil fuels
formed?

Plants, animals and other living
organism after their death got buried under
the soil due to floods and other natural
disaster for long period of the time. During
course of time more soil, mud and rock
sediments deposited over them. Due to
absence of oxygen, high pressure, heat and
action of bacteria, this organic matter
convert into fossil fuels.

• What could be the main source of
energy which helps to form fossil
fuels?

We know that plants and animals
grow using solar energy. This solar energy
was trapped in this organic matter through
natural processes millions of years ago.
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What we have learnt

Key words

Work, Energy, Transfer of energy, Sources of energy, Conservation of energy,
Kinetic energy, Potential energy, Mechanical energy, Gravitational potential,
Renewable sourcess of energy.

• Two conditions need to be satisfied in order to say that work has taken place. One is, a
force  should act on the object and another is, the object must be displaced or there
must be change  in the position of the object.

• The work done by a force acting on an object is equal to the magnitude of force (F)
multiplied  by the distance moved (s). This formula for work is used in only translatory
motion of the object.

•  Work has only magnitude, no direction. So work is a scalar.

• If the force acting on an object and displacement are in opposite directions then the
work done   by the force is taken as negative.

• If work has positive value, the body on which work has been done would gain energy. If
work has negative value, the body on which work has been done loses energy.

• Capability of doing work by an object or energy possessed by an object   depends on
position and state of the object which is doing work.

• Whenever work has been done on an object its energy either increases or decreases.

• Sun is the biggest natural source of energy to us. Many other sources are derived from
it.

• The energy possessed by an object due to its motion is called kinetic energy.

• The energy possessed by an object because of its position or shape is called its potential
energy.

• The sum of the kinetic energy and the potential energy of an object is called its
mechanical energy.

• Energy can neither be created nor destroyed. It can only be changed from one form to
another. This is the law of conservation of energy.

• Power is defined as the rate of doing work or rate of transfer of energy.SCERT T
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Reflections on concepts
1. What is work according to science and write its units. (AS1)
2. Give few examples where displacement of an object is in the direction opposite to

the force acting on the object. (AS1)
3. Write few daily life examples in which you observe conservation of energy. (AS6)
4. Draw a diagram to show conservation of mechanical energy in case of a free

falling body. (AS5)
5. Give some examples for renewable sourcess of energy (AS1)

Application of concepts
1. A man carrying a bag of total mass 25kg climbs up to a height of 10m in 50

seconds. Calculate the power delivered by him on the bag.    (AS1)  ( Ans : 49J)
2. A 10 kg ball is dropped from a height of 10m. Find (a) the initial potential energy

of the ball , (b) the kinetic energy just before it reaches the ground, and (c) the
speed just before it reaches the ground.       (AS1)   (Ans: 980J, 980J, 14m/s)

3. Calculate the work done by a person in lifting a load of 20 kg from the ground and
placing it 1m high on a table. (AS1)

4. Find the mass of a body which has 5J of kinetic energy while moving at a speed
of 2m/s. (AS1)

5. A cycle together with its rider weighs 100kg. How much work is needed to set
it moving at 3 m/s. (AS1)

6. Which of the renewable sourcess of energy would you think soutable to
produced in you native place. Why? (AS7)

Higher Order Thinking Questions
1. What is potential energy? Derive an equation for gravitational potential energy of

a body of mass ‘m’ at a height ‘h’.  (AS1)
2. What is kinetic energy? Derive an  expression for the kinetic energy of a body of

mass ‘m’ moving at a speed ‘v’. (AS1)
3. When you lift a box from the floor and put it on an almirah the potential energy of

the box increases but there is no change in its kinetic energy. Is it violation of
conservation of energy? Explain. (AS7)

4. When an apple falls from a tree what happens to its gravitational potential energy
just as it reaches the ground? After it strikes the ground? (AS7)

Let us Improve our learning
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1. S.I. unit of work [ ]
a) N-m b) Kg-m c) N/m d) N-m2

2. The energy possessed by a body by virtue of its motion is called as [ ]
a) Potential energy b) Kinetic energy
c) Attractive energy d) Gravitational energy

3. Two objects with same masses have been dropped from same height at same time.
Which of the following will remain same in case of these objects [ ]
a)Speed b) Gravitational force c) Potential energy d) Kinetic energy

4. A person is climbing a ladder with a suitcase on his head. Then the work done by that
person on that suitcase is [ ]
a) Positive b) Negative c) Zero d) Can not be defined

5. If you have lifted a suitcase and kept it on a table., then the work done by you will
depend on [ ]
a) The path of the motion of the suitcase b) The time taken by you to do the work
c) Weight of the suitcase d) Your weight.

Suggested Experiments

1. Conduct an experiment to prove the conservation of mechanical energy and write a
report on it.

2. Conduct an experiment to calculate the total energy of a freely falling body at different
heights.

Suggested Projects

1. How will the increasing energy needs and conservation of energy influence
international peace, cooperation and security? Collect information on this and write
a report.

2. Collect information about different sources of energy and write a report on the
advantages and disadvantages in harnessing energy from these sources.

3. Make different models showing the harnessing energy from different energy sources.

Multiple choice questions
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lower ‘temperature’ as compared to the
wooden piece, when they are taken out of
the fridge.

• Why does transfer of heat energy take
place between objects ?

• Does transfer of heat take place in all
situations?

• What are the conditions for transfer
of heat energy?

Let us find out

Thermal equilibrium-heat and
temperature

When two bodies are placed in thermal
contact, heat energy will be transferred from
the ‘hotter’ body to the ‘colder’ body. This
transfer of heat energy continues till both
bodies attain the same degree of hotness
(or) coldness. At this stage, we say that the
bodies have achieved ‘thermal equilibrium’.
Thus, the state of thermal equilibrium
denotes a state of a body where it neither
receives nor gives out heat energy.

If you are not feeling either hot or
cold in your surroundings, then your body
is said to be in thermal equilibrium with
the surrounding atmosphere. Similarly, the
furniture in the room is in thermal
equilibrium with air in the room. So we
can say that the furniture and the air in the
room are at the same temperature.

Heat
• What is temperature?
• How can you differentiate it from

heat?
Let us find out

Activity-2
Take two glass tumblers and fill one

of them with hot water and another with
cold water. Now take a laboratory
thermometer, observe the mercury level
in it and note it in your book. Keep it in
hot water. Observe changes in the mercury
level. Note the reading.

• What change did you notice in the
reading of the thermometer? (mercury
level)?

• Did the mercury level increase or
decrease?

Now place the thermometer in cold
water and observe changes in the mercury
level. Did the level decrease or increase?

We know that bodies in contact
achieve thermal equilibrium due to
transfer of heat energy. When you keep
the thermometer in hot water you observe
that there is a rise in mercury level. This
happens because heat got transferred from
the hotter body (hot water) to the colder
body (mercury in thermometer). Similarly
in the second case you will observe that
the mercury level comes down from its
initial level because of the transfer of heat
from mercury (hotter body) to water
(colder body). Thus we define heat as
follows:

“Heat is a form of energy in transit,
that flows from a body at higher
temperature to a body at lower
temperature.”
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The steadiness of the mercury column
of the thermometer indicates that flow of
heat between the thermometer liquid
(mercury) and water, has stopped. Thermal
equilibrium has been attained between the
water and thermometer liquid (mercury). The
thermometer reading at thermal equilibrium
gives the “temperature”. Thus ‘temperature’
is a measure of thermal equilibrium.

If two different systems, A and B in
thermal contact, are in thermal equilibrium
individually with another system C
(thermal contact with A and B), will the
systems A and B be in thermal equilibrium
with each other?

We know that if A is in thermal
equilibrium with C, then they both have
the same temperature. Similarly, B and C
have the same temperature. Thus A and B
will have the same temperature and would
therefore be in thermal equilibrium with each
other. (A,B and C are in thermal contact).

The SI unit of heat is joule (J) and
CGS unit is calorie (cal).The amount of
heat required to raise the temperature of
1gram of water by 10C is called calorie.

1cal = 4.186 joules

The SI unit of temperature is kelvin
(K). It can also be expressed as degree
celsius (0C).

00C = 273K

• How would you convert degree
celsius to kelvin?

Temperature in kelvin = 273 +
temperature in degree celsius

K = 273 + T

Add 273 to the value of temperature
in degree celsius to get the temperature
on the kelvin scale.

Note: Temperature measured on
Kelvin scale is called absolute temperature.

Temperature and Kinetic energy

Activity-3
Take two bowls one with hot water

and second with cold water. Gently
sprinkle grains of food colour on the
surface of the water in both bowls
.Observe the motion of the small grains
of food colour.

• How do they move?
• Why do they move randomly?
• Why do the grains in hot water move

more rapidly than the grains in cold
water?

You will notice that the grains of
food colour jiggle (move randomly). This
happens because the molecules of water
in both bowls are in random motion. We
observe that the jiggling of the grains of
food colour in hot water is more when
compared to the jiggling in cold water.

We know that bodies possess kinetic
energy when they are in motion.

As the speed of motion of particles
(grain of food colour) in the bowls of water
is different, we can say that they have
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that means, for the same mass (m) of water
the change in temperature is proportional
to amount of heat (Q) absorbed by it.

Q ∝ΔT  ( when ‘m’ is constant ) ….(2)

From equation (1) and (2), we get

Q ∝ mΔT         Q = msΔT

Where ‘s’ is a constant for a given
substance. This constant is called
“specific heat” of the substance.

             Q
                s =    ––––

                        mΔT
The specific heat of a substance is

the amount of heat required to raise the
temperature of unit mass of the substance
by one unit.

• How much heat energy is required to
raise the temperature of unit mass of
substance by 1°C ?

CGS unit of specific heat is cal/g-
oC  and SI unit of it is J / kg - K

1 cal/g- oC = 1 kcal /kg-K

= 4.2 x 103J/kg-K

= 420  J/kg-K

We have seen that the rise in
temperature depends on the nature of the
substance; hence the specific heat of a
substance depends on its nature. If the
specific heat is high, the rate of rise (or
fall) in temperature is low for same
quantity of heat supplied.  It gives us an
idea of the degree of ‘reluctance’ of a
substance to change its temperature.

• Why is the specific heat different for
different substances?

Let us find out.

We know that the temperature of a
body is directly proportional to the average
kinetic energy of particles of the body.The
molecules of the system (body or substance)
have different forms of energies such as
linear kinetic energy, rotational kinetic
energy, vibrational energy and potential
energy between molecules. The total energy
of the system is called internal energy of
the system. When we supply heat energy
to the system the heat energy given to it
will be shared by the molecules among the
various forms of energy.

This sharing will vary from
substance to substance. The rise in
temperature is high for a substance, if the

Substance       Specific heat
In cal/g-oC In  J/kg-K

Lead 0.031 130
Mercury 0.033 139
Brass 0.092 380
Zinc 0.093 391
Copper 0.095 399
Iron 0.115 483
Glass(flint) 0.12 504
Aluminum 0.21 882
Kerosene oil 0.50 2100
Ice 0.50 2100
Water 1 4180
Sea water 0.95 3900
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maximum share of heat energy is utilised
for increasing its linear kinetic energy.
This sharing of heat energy of the system
also varies with temperature .That is why
the specific heat is different for different
substances.

If we know the specific heat of a
substance, we can determine how much heat
(Q) is needed to raise the temperature of a
certain mass of the substance through certain
degrees by using the equation Q = msΔT

Applications of Specific heat capacity
1. The sun delivers a large amount of

energy to the Earth daily. The water
sources on Earth, particularly the
oceans, absorb this energy for
maintaining a relatively constant
temperature. The oceans behave like
“heat store houses” for the earth.
They can absorb large amounts of
heat at the equator without
appreciable rise in temperature due
to high specific heat of water..
Therefore, oceans moderate the
surrounding temperature near the
equator. Ocean water transports the
heat away from the equator to areas
closer to the north and south poles.
This transported heat helps moderate
the climates in parts of the Earth that
are far from the equator.

2.    Water melon brought out from the
refrigerator retains its coolness for a
longer time than any other fruit
because it contains a large percentage
of water. (water has greater specific
heat).

3.    A samosa appears to be cool outside
but it is hot when we eat it because
the curry inside the samosa contains
ingredients with higher specific heats.

Method of mixtures

Activity - 7
 Situation – 1: Take two beakers of

the same size and pour 200 ml of water in
each of them. Now heat the water in both
beakers till they attain the same
temperature. If you pour this water from
these two beakers into a larger beaker,
what temperature could you expect the
mixture to be? Measure the temperature
of the mixture.

• What do you observe?
• What could be the reason for the fact

you observed?
Situation – 2: Now heat the water

in one beaker to 90oC and the other to
60oC . Mix the water from these beakers
in a larger beaker.

• What will the temperature of the
mixture be?

• Measure temperature of the mixture.
What did you notice?

• Can you give reasons for the change
in temperature?

Situation – 3: Now take 100 ml of
water at 90oC and 200 ml of water at 60oC
and mix the two.

• What is the temperature of the
mixture?

• What difference do you notice in the
change of temperature?

Let us find out.
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Let the initial temperatures of the
samples of masses m1 and m2 be T1 and T2

(the higher of the two temperatures is
called T1, the lower is called T2). Let T be
the final temperature of the mixture.

The temperature of the mixture is
lower than the temperature of the hotter
sample but higher than the temperature of
the colder sample. This means that the
hot sample has lost heat, and the cold
sample has gained heat.

The amount of heat lost by the hotter
sample Q1 is m1S(T1- T).

The amount of heat gained by the
cooler sample Q2 is m2S(T - T2).

Since heat lost by the hotter sample
is equal to the heat gained by the cooler
sample (assuming no loss of heat) i.e

Q1 = Q2

which can be written as
m1S(T1 - T) = m2S(T - T2)

which can be simplified to

T = (m1T1 + m2T2)/(m1 + m2)

You will notice the temperatures of
mixtures in situation – 2 and situation – 3
are not equal.

• Can you guess the reason for this?
• Can we find temperature of the

mixture using a thermometer?
Principle of method of mixtures

When two or more bodies at different

temperatures are brought into thermal
contact, then net heat lost by the hot bodies
is equal to net heat gained by the cold
bodies until they attain thermal equilibrium.
(If heat is not lost by any other process)

Net heat loss = Net heat gain

This is known as principle of method
of mixtures.

Determination of Specific heat of a
solid

Aim: To find the specific heat of given
solid.

Material required: calorimeter,
thermometer, stirrer, water, steam heater,
wooden box and lead shots.

Procedure: Measure the mass of the
calorimeter along with stirrer.

Mass of the calorimeter, m1 = ................

      Now fill one third of the volume of
calorimeter with water. Measure its mass
and its temperature.

Mass of the calorimeter plus water,
m2 = ................

Mass of the water, m2–m1 =

Temperature of water in calorimeter,
T1 = ...........

Note: Calorimeter and water are at
same temperature.

Lab Activity
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Take a few lead shots and place them
in hot water or steam heater. Heat them
upto a temperature 100oC. Let this
temperature be T2.

Transfer the hot lead shots quickly
into the calorimeter (with minimum loss
of heat). You will notice that the mixture
settles to a certain temperature after some
time.

Measure this temperature T3 and mass
of the calorimeter along with contents
(water and lead shots).

Mass of the calorimeter along with
contents, m3 = .........

Mass of the lead shots, m3 – m2 =
............

Since there is no loss of heat to
surroundings, we can assume that the entire
heat lost by the solid (lead shots) is
transferred to the calorimeter and water
to reach the final temperature.

Let the specific heats of the
calorimeter, lead shots and water be Sc, Sl

and Sw respectively. According to the
method of mixtures, we know;

Knowing the specific heats of
calorimeter and water, we can calculate
the specific heat of the solid (lead shots).

Evaporation
When wet clothes dry, you will

notice that water in the clothes disappears.

• Where does the water go?
Similarly, when the floor of a room

is washed with water, the water on the floor
disappears within minutes and the floor
becomes dry.

• Why does water on the floor disappear
after some time?

Let us see.

Activity 8
Take a few drops of spirit on your

palm using a droper.

• Why does your skin become colder?
Take a few drops of spirit (say 1 ml)

in two petri dishes (a shallow glass or
plastic cylindrical lidded dish used in the
laboratory) separately. Keep one of the
dishes containing spirit under a ceiling fan
and switch on the fan . Keep another dish
with its lid closed. Observe the quantity
of spirit in both dishes after 5 minutes.

Heat lost by the solid  =  Heat gain by the calorimeter  +  Heat gain by the water

(m3- m2 ) Sl(T2-T3)  =  m1 Sc(T3-T1)+(m2-m1) Sw(T3-T1)

    [m1Sc+(m2-m1)Sw] (T3-T1)
Sl =  ––––––––––––––––––––––––

   (m3-m2)(T2-T3)
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• What do you notice?
You will notice that spirit in the dish

that is kept under the ceiling fan
disappears, where as you will find some
spirit left in the dish that is kept in the
lidded dish.

• What could be the reason for this
change?

To answer the above questions, you
need to understand the process of
evaporation. The molecules of spirit that
is kept in petri dish, continuously move
with random speeds in various directions.
As a result these molecules collide with
other molecules.

During the collision they transfer
energy to other molecules. When the
molecules inside the liquid collide with
molecules at the surface, the molecules
at the surface acquire energy and may fly
off from the surface.

Some of these escaping molecules may
be directed back into liquid when they
collide with the particles of air. If the number
of escaping molecules is greater than the
number returned, then the number of
molecules in the liquid decreases. Thus when
a liquid is exposed to air, the molecules at
the surface keep on escaping from the
surface till the entire liquid disappears into
air. This process is called evaporation.

During the process of evaporation,
the energy of the molecules inside the

liquid decreases and they slow down.
They transfer this energy to escaping
molecules during the collisions.

“The process of escaping of
molecules from the surface of a liquid at
any temperature is called evaporation”

Let us determine the reason for faster
evaporation of spirit kept under the fan. If
air is blown over the liquid surface in an
open pan or petri dish, the number of
molecules returned is reduced to a large
extent. This is because any molecule
escaping from the surface is blown away
from the vicinity of the liquid. This
increases the rate of evaporation. This is
the reason why the spirit in petri dish, that
is kept under ceiling fan evaporates
quickly when compared to that kept
closed. You will notice that clothes dry
faster when a wind is blowing.

It means that the temperature of a
system falls during evaporation.
Evaporation is a surface phenomenon.

Activity 9

Effect of surface area,
Humidity and wind speed on
evaporation

Take 5ml of water each in a test tube
and in a  china dish separately and keep
them under the fan. Take 5ml of water in
another china dish and keep it in the
cupboard.
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Record room temperatures and time
taken for evaporation of water in all three
cases. If possible, repeat the activity on a
rainy day and record your observations.

• In which case evaporation is fast?

• What do you infer about the effect of
surface area and wind speed on
evaporation?

You must have noticed that the rate of
evaporation in china dish is faster.

Since evaporation is a surface
phenomena, during evaporation process
the particles escape from the surface of
liquid. The increase in the surface area
provides more scope for particles to
escape from the surface. Hence,  increases
the rate of evaporation.

Humidity is another factor that effects
evaporation. The amount of water vapour
present in air is called humidity.

The air around us cannot hold more
than a definite amount of water vapour at
a given temperature.

If the amount of water vapour is high
in air the rate of evaporation will decrease.
So clothes dry slowly during rainy season
but fast on a sunny and windy day.

Because of increase in wind speed,
water vapour particles move away with
the wind, decreasing the amount of water
vapour in the surroundings.

We can also define evaporation as
“the change of phase from liquid to gas
that occurs at the surface of the liquid”. It
is a cooling process, because the particles
of liquid continuously give up their energy
to the particles that are escaping from the
surface.

Let us look at the following example.

• Why do we sweat while doing work?
When we do work, we spend our

energy mostly in the form of heat energy
from the body. As a result the temperature
of the skin becomes higher and the water
in the sweat glands starts evaporating. This
evaporation cools the body.

Rate of evaporation of a liquid
depends on its surface area, temperature
and amount of vapour already present in
the surrounding air.

• Does the reverse process of
evaporation take place?

• When and how does it take place?
Let us find out.

Condensation

Activity 10
Place a glass tumbler on the table.

Pour cold water up to half its height.

• What do you observe on the outer
surface of the tumbler?

• Why do water droplets form on the
outer side of the glass?
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We know that the temperature of
surrounding air is higher than the
temperature of the cold water.

Air contains water molecules in the
form of vapour.

When the molecules of water in air,
during their motion, strike the surface of the
glass tumbler which is cool; they lose their
kinetic energy which lowers their temperature
and they get converted into droplets.

The energy lost by the water
molecules in air is gained by the molecules
of the glass tumbler.  Hence the average
kinetic energy of the glass molecules
increases. In turn the energy is transferred
from glass molecules to the water
molecules in the glass.

In this way, the average kinetic
energy of water molecules in the tumbler
rises. Hence we can conclude that the
temperature of the water in glass
increases. This process is called
‘condensation’. It is a warming process.

Condensation can also be defined as
“the phase change from gas to liquid”.

Let us examine a situation:

You feel warm after you finish your
bath under the shower on a hot day. In the
bathroom, the number of vapour molecules
per unit volume is greater than the number
of vapour molecules per unit volume
outside the bathroom. When you try to
dry yourself with a towel, the vapour

molecules surrounding you condense on
your skin and this condensation makes
you feel warm.

Humidity
Some vapour is always present in

air. This vapour may come from
evaporation of water from the surfaces of
rivers, lakes, ponds and from the drying
of wet clothes, sweat and so on. The
presence of vapour molecules in air is
said to make the atmosphere humid. The
amount of water vapour present in air is
called humidity.

Dew and Fog
In early morning, during winter, you

might have noticed that water droplets
form on window panes, flowers, grass etc.

• How are these water droplets formed?
Let us find out.

During winter nights, the atmospheric
temperature goes down. The surfaces of
window-panes, flower, grass etc, become
still colder. The air near them becomes
saturated with vapour and condensation
begins. The water droplets condensed on
such surfaces are known as dew.

If the temperature falls further, the
whole atmosphere in that region contains
a large amount of vapour. So the water
molecules present in vapour condense on
the dust particles in air and form small
droplets of water. These droplets keep
floating in the air and form a thick mist
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boiling the same?

As you have seen in activity – 8 and
10, the boiling of a liquid differs
essentially from evaporation. Note that
evaporation takes place at any
temperature, while boiling occurs at a
definite temperature called the boiling
point. Let us recall your observation in
activity – 10 that, when boiling process
starts, the temperature of the liquid cannot
be raised further, no matter how long we
continue to heat it. The temperature
remains constant at the boiling point until
all of the liquid has boiled away.

In activity – 10, you have noticed that,
while heating the water in the beaker, the
temperature of water rises continuously till
it reaches 100 0C. But once boiling got
started, no further rise of temperature is
seen though supply of heat continues.
• Where does the heat energy supplied

go?
This heat energy is used to change

the state of water from liquid to vapour
(gas). This is called latent heat of
vapourization.

The heat energy required to change
1gm of liquid to gas at constant
temperature is called latent heat of
vapourization.

Consider a liquid of mass ‘m’ that
requires heat energy of ‘Q’ calories to
change from its state from liquid phase to
gas phase. Then Latent heat of

vaporization is Q/m. Latent heat of
vaporization is denoted by ‘L’.

CGS unit of latent heat of
vaporization is cal/gm and SI unit is J/kg.

The boiling point of water at standard
atmospheric pressure (1atm) is 100°C or
373K and Latent heat of vaporization of
water is 540 cal/gm.

Let us now consider the
transformation of ice into water.
• Why does an ice cube get converted

into water?

Melting

Activity 12
Take small ice cubes in a beaker.

Insert the thermometer into ice cubes in
the beaker. Observe the reading of the
thermometer. Now start heating the beaker
keeping it on a burner. Observe changes
in the thermometer reading every 1 minute
till the ice completely melts and gets
converted into water.

• What changes do you notice in the
reading of thermometer as time passes
by?

• Does the temperature of the ice
change during the process of melting?

You will observe that the temperature
of ice at the beginning is equal to or below
0oC. If the temperature of ice is below  0oC,
it goes on changing till it reaches 00C. When
ice starts melting, you will notice no change
in temperature though you are supplying
heat continuously.
• Why does this happen?
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know that initial temperature of water is
more compared to the temperature of ice.
It means that during the process of
conversion from liquid to solid, the internal
energy of the water decreases so that it
becomes a solid ice. This process is called
freezing.

“The process in which the a
substance in liquid phase changes to solid
phase by losing  some of its energy is
called freezing.”

Freezing of water takes place at 0°C
temperature and at one atmospheric
pressure.

• Are the volumes of water and ice
formed with same amount of water
equal? Why?

Let us find out.

Activity 13
Take small glass bottle with a tight

lid .Fill it with water completely without
any gaps and fix the lid tightly in such a
way that water does not come out of it.
Put the bottle into the deep freezer of a
refrigerator for a few hours. Take it out
from the fridge and you will observe that

the glass bottle breaks.

• Why did the glass bottle break?
We know that the volume of the water

poured into the glass bottle is equal to the
volume of the bottle. When the water
freezes to ice, the bottle is broken .This
means that the volume of the ice should
be greater than the volume of the water
filled in the bottle.

In short, we say that water ‘expands’
(increases in volume) on freezing!

Thus the density of ice is less than
that of water and this explains why ice
floats on water.

Key words

Temperature, Heat, Thermal equilibrium, Specific heat, Evaporation,
Condensation, Humidity, Dew, Fog, Boiling, Latent heat of vaporization,

Melting, Freezing.

Think and discuss

• Why do we wear cotton clothes in
summer?

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

• Why do pigs toil in the mud during
hot summer?

• Why do we store water in matkas
(earthern pots)?
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• Heat is a form of energy, in transit, that flows from a body at higher temperature to a body at
lower temperature.

• SI unit of heat is joul. Its CGS unit is calore.

1 calorie = 4.186 J.

• When two or more bodies are at different temperature are brought into thermal contact, then
net heat lost by the hot bodies is equal to net heat gained by the cold bodies until they attain
thermal equilibrium.

• The average kinetic energy of the molecules is directly proportional to the absolute tempera-
ture.

• The specific heat of a substance is the amount of heat required to raise the temperature of unit
mass of the substance by one unit.
S=Q/mΔt

• The process of escaping of molecules from the surface of a liquid at any temperature is
called evaporation and it is a cooling process.

• Condensation is the reverse process of evaporation.

• Boiling is the process in which the liquid phase changes to gaseous phase at a constant
temperature and constant pressure.

• The heat energy is used to change  the state of water from liquid to vapour is called Latent
heat of vapourisation.

• The heat energy required to convert 1 gm of solid completely into liquid at a constant tem-
perature is called latent heat of fusion.

Reflections on concepts
1. Why do we get dew on the surface of a cold soft drink bottle kept in open air? (AS1)

2. Your friend is asked to differentiate between evaporation and boiling. What questions could
you ask to make him to know the differences between evaporation and boiling? (AS2)

3. Water can evaporate at any temperature Explain with an example? (AS3)

4. What role does specific heat play in keeping a watermelon cool for a long time after remov-
ing it from a fridge on a hot day? (AS7)

5. Equal amounts of water are kept in a cap and in a dish. Which will evaporate faster? Why? (AS3)

Let us Improve our learning
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6. Why specific heat is different for different substances? Explain (AS1)

7. If you are chilly outside the shower stall, why do you feel warm after the bath if you stay in
the bathroom? (AS7)

Application of concepts

1. Using the concept of evaporation explain why does pant during hot summer days? (AS1)

2. If 50g of water at 20oC temperature and 50 g of water 40oC temperature are mixed, what is
the final temperature of the mixture of? (AS1)

3. What do you observe in the surroundings in terms of cooling or heating when water vapour
is getting condensed (AS1)

4. Convert following into kelvin scale (AS1)   (i)  20oC (ii)  27oC (iii)  −273oC

Higher Order Thinking Questions
1. How do you appreciate the role of the higher specific heat of water in stabilizing atmo-

spheric temperature during winter and summer seasons? (AS6)

2. Answer these (AS1)
(a) How much energy is transferred when 1 g. of boiling water at 100oC condenses to water

at 100oC?
(b) How much energy is transferred when 1 g. of boiling water 100oC cools to water at 0oC?
(c) How much energy is released or absorbed when 1 g. of water at 0oC freezes to ice at

0oC?
(d) How much energy released or absorbed when 1 g. of steam at 100oC cools to ice at 0oC?

3. Suppose that 1 L of water is heated for a certain time to rise its temperature for 2oC. If 2L of
water is heated for the same time, how much of its temperature would rise?(AS7)

1. Which of the following is a warming process [   ]

a) Evaporation b) condensation c) boiling d) all the above

2. Melting is a process in which solid phase changes to [   ]

a) liquid phase b) liquid phase at constant temperature

c) gaseous phase d) Gaseous phase at constaint temperature

3. Three bodies A, B and C are in thermal equilibrium. The temperature of B is 45oC. then the
temperature of C is [   ]

a) 45oC b) 50oC c) 40oC d) any temperature

Multiple choice questions
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4. The temperature of a steel rod is 330K. Its temperature in oC is [  ]

a) 55oC b) 57oC c) 59oC d) 53oC

5. Specific heat S = [   ]

a) Q/ΔT b) QΔT c) Q/mΔT d) mΔT/Q

6. Boiling point of water at normal atmospheric pressure is [ ]

a) 0oC b) 100oC c) 110oC d) -5oC

7. When ice melts, its temperature [  ]

a) remains constant b) increases

c) decreases d) first decrease and then increase

Suggested Experiments

1.   Find the specific  heat of solids experimentally write a report.

2.   Perform an experiment to prove that the rate of evaporation of a liquid depends on its surface
area and vapor already  present in  surrounding air write a report.

3.  Take different metal  pieces  of same size and heat them to same temperature,  dip them
immediately  in the beakers containing   water of same level. Observe the temperature
differences in the water. Write  your observations

Suggested Projects
1.  Take 2kg of ice is at -5oC.   Supply heat is continuously  to ice.  Till it starts boiling.  Note

the temperature every minute. Draw a graph between temperature and time using the values
you get. What do you understand from the graph. Write the conclusions. ( You know that ice
melts at 0oc  and boils at l00°C.

2. Observe the evaporation process and write the report in the form of a table for the following
substances’ are given in the table for given  conditions.

Substance Petrol,  kerosene, alcohol,  water,  glycerin, camphor

Conditions Inside the room, outside the room, exposing to sunlight,  outside shadow

3. Observe the evaporation process of water which  is kept inside ,and outside the house and
repeatedly do this activity with different shaped dishes. Write the report.
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Larger units of frequency

Kilo hertz (KHz) 103 Hz
Mega hertz (MHz) 106 Hz
Giga hertz ( GHz) 109 Hz
Tera hertz (THz) 1012Hz

Example-1
Find the time period of the wave whose

frequency is 500Hz?
Solution
 from T = 1/ υ    =1/500 s

                      =0.002 s

Think and discuss

• Does the frequency of sound waves
depend on the medium in which it
travels? How?

• The frequency of source of sound is
10Hz. How many times does it
vibrate in one minute?

• Gently strike a hanging bell (temple
bell) and try to listen to the sound
produced by it with a stethoscope
keeping it both at bottom portion and
top portion of the bell.  Is the pitch
and loudness of the sound same at
the two portions ? Why ?

4. Speed of Sound wave
The distance by which a point on the

wave, such as a compressions or
rarefaction, travels in unit time is called
speed of sound wave.

Let the distance travelled by a wave in
T seconds = λ metres

The distance travelled by a wave in

1second = λ/T metres
Thus by definition, speed of sound

wave  v = λ/T ——————— (1)
We know that frequency  υ = 1/T —(2)
   From equation (1) & (2) we get v = υ λ
Speed of a
sound wave      = frequency x wave length.

The speed of a sound wave depends on
the properties such as the temperature and
nature of the medium in which it is
travelling. But the speed of sound remains
almost the same for all frequencies in a
given medium under the same physical
conditions.

In  common, speed of sound refers to
the speed of sound waves in air. However
speed of sound varies from substance to
substance. Sound travels faster in liquids
and nonporous solids than it does in air. It
travels about 4.3 times faster in water
(1484 m/s) and nearly 15 times as fast in
iron (5120 m/s) than in air at 200 C. In dry
air at 200 C the speed of sound is 343.2 m/
s. this is 1236 km/hr or about 1km in 3s.

Think and discuss

• During a thunderstrom if you notice
a 3 second delay between the flash
of lightning and sound of thunder.
What is the approximate distance of
thunderstrom from you.

Example-2

1. In a certain gas, a source produces
40,000 compression and 40,000
rarefaction pulses in 1 sec. When the
second compression pulse is produced; the
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Do you know?

In an auditorium or big hall excessive
reverberation is highly undesirable. To
reduce reverberation, the roof and walls of
the auditorium are generally covered with
sound – absorbent materials like
compressed fibre board, rough plaster or
draperies. The seat materials are also
selected on the basis of their sound
absorbing properties.

Think and discuss

• In a closed box if you say hello, the
sound heard will be Hellooooo…..
What does it mean?

Relation between Echo and
Reverberation

Reverberation is quite different from
an echo. A reflected sound, arriving at the
position of listener more than 0.1s after
the direct sound is called an echo.  A
reflection of sound, arriving at the listener
in less than 0.1s after the direct sound is
called reverberation.

Uses of multiple reflection of
sound
1.  A megaphone and a horn

Megaphones, horns, musical
instruments such as trumpets, shehanai and
loud speakers are all designed to send sound
in a particular direction without spreading
it in all directions, as shown in figure 14.

In these instruments, a tube followed
by a conical opening reflects sound
successively to guide most of the sound

Thus, total distance travelled by sound
wave     = 2d

Let echo time be ‘t’ sec

Speed = total distance travelled/echo time
           = 2d/t

The roaring of thunder is due to the
successive reflections of the sound from
a number of reflection surfaces, such as
the clouds and the land.

Think and discuss

• Why is an echo weaker than the
original sound ?

Example-3
An echo is heard after 0.8s, when a boy

fires a cracker, 132m away from a tall
building. Calculate the speed of sound?
Solution

 Echo time (t) = 0.8s
Total distance travelled by sound wave
                         2d = 2x132 m = 264m

From, speed of sound V =2d/t
                    V = 264m/0.8s = 330 m/s

Reverberation
A reverberation is perceived when the

reflected sound wave reaches your ear in
less than 0.1s after the original sound wave.
Since the original sound and reflected sound
waves tend to combine, we get to hear one,
prolonged sound wave.
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Ultrasound is used extensively in
industries and for medical purposes.

Industrial applications of
ultrasonic waves
 1. Drilling holes or making cuts    of
      desired shape

Holes can also be drilled using
ultrasonic vibrations produced in a metallic
rod, called a horn. This acts like a hammer,
hammering the plate about a hundred
thousand times per second.

 The shape of the hole is the same as
that of the tip of the horn. Ultrasonic
cutting and drilling are very effective for
fragile materials like glass, for which
ordinary methods might not succeed.

 2. Ultrasonic cleaning
We normally clean dirty clothes, plates

or other large objects by dipping them in a
detergent solution and then rubbing and
washing.  Parts located in hard-to-reach
places, cannot be easily cleaned by this
method.

Ultrasonics help in cleaning such
objects which are placed in a cleaning
solution and ultrasonic waves are sent into
the solution.  This causes high-frequency
vibrations in the solution. These vibrations
knock off all dirt and grease particles from
the objects, which are then removed using
ordinary water.
3. Ultrasonic detection of defects in
    metals

Metallic components are used in
buildings, bridges, machines, scientific
equipment, and so on.

Do you know?

12 KHz. However, we take 20-20,000 Hz
as the audible range for an average person.

Even in the audible range, the human
ears are not equally sensitive to all
frequencies. It is the most sensitive to
frequencies around 2,000-3,000 Hz, where
it can hear even a very low-intensity sound.

Sound of frequency less than 20 Hz is
known as infrasonic sound or infrasound.
Sound of frequency greater than 20 KHz is
known as ultrasonic sound or ultrasound.

Different animals have different
ranges of audible frequencies.  A dog can
hear sounds of frequencies up to about
50 KHz and a bat, up to about 100 KHz.
Dolphins can hear sounds of even higher
frequencies.  These animals can also
produce ultrasonic waves and
communicate using them. Bats use
ultrasonic waves to navigate, as we shall
see a little later.  Animals such as
elephants and whales produce sounds of
frequencies less than 20 Hz . Scientists
have found that elephants grieve over
their dead by producing infrasonic
sounds. Some fishes can hear sounds, of
frequencies as low as 1-25 Hz.
Rhinoceroses communicate using
infrasonic sounds of frequency around
5 Hz.

Applications of ultrasound
Ultrasounds are high frequency sound

waves. They are able to travel along a well
defined path in gaseous and liquid media.
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What we have learnt

Key words

Mechanical energy, tuning fork, longitudinal wave, transverse wave,
compression, rarefaction, crest, trough, density of medium, pressure, wavelength,
amplitude, frequency, pitch, loudness, quality of sound, echo, reverberation,
infrasonic, audible   range, ultrasonic and SONAR.

• Sound is a form of mechanical energy which produces sensation of hearing.

• A tuning fork is an acoustic resonator, which resonates at constant pitch when set into
vibration.

• If the particles of the medium move to and fro along the direction of propagation of
the wave, the waves are called longitudinal waves.

• Sound waves are longitudinal.

• The region of high density of particles in the medium during propagation of sound is
called compression and low density regions are called rarefaction.

• The distance between two consecutive compressions or rarefactions is called
wavelength.

• The maximum variation in density or pressure from the mean value is called amplitude
or the maximum disturbance of particles of a medium from their mean position is
called amplitude.

• The time taken to complete one oscillation of density in the medium is called time
period of sound wave.

• The number of oscillations of the density of the medium at a place per unit time is
called frequency.

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

• Loudness of sound is defined as the degree of sensation produced in the ear.

• The quality of sound is the characteristic which enables us to distinguish between
musical notes emitted by different musical instruments.
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• A reflection of sound, arriving at the listener in more than 0.1s after direct sound  is
called an echo.

• A reflection of sound, arriving at the listener in less than 0.1s after direct sound  is
called reverberation.

• Sound of frequency between 20Hz – 20KHz is called sonic or audible limit.

• Sound of frequency less than 20Hz is known as infrasonic sounds.

• Sound of frequency higher than 20KHz is known as ultrasonic sounds.

• SONAR stands for Sound Navigation and Ranging.

Reflections on concepts

1. Explain the following terms

a) amplitude b) wavelength c) frequency  (AS1)

2. Write the relation between wavelength, frequency and speed of sound (AS1)

3. Which has larger frequency – infrasonic sound or ultrasonic sound?   (AS2)

4. What do you understand by a sound wave? (AS1)

5. Why is soft furnishing avoided in concert halls?   (AS7)

6. Define the wavelength of a sound wave. How is it related to the frequency and the

wave speed? (AS1)

Application of concepts

1. Does the sound follow same laws of reflection as light does? (AS1)

2. Two sources A and B vibrate with the same amplitude. They produce sounds of

frequencies 1kHz and 30kHz respectively. Which of the two waves will have larger

power? (AS1)

3. You might have observed  that sometimes your pet dog starts barking though no

one  is seen near in its surroundings or no disturbance heard nearby. Does this

Let us Improve our learning
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observation raise any doubts in your mind about the peculiar behavior of dog

after your understanding about ‘range of hearing the sound’. If yes, write them.

(AS2)

4. With the help of a diagram describe how compression and rarefaction pulses are

produced in air near a source of sound. (AS5)

5. How are multiple reflections of sound helpful to doctors and engineers?

(AS7)

Higher Order Thinking Questions

1. Explain the working and applications of SONAR. (AS1)

2. How do you appreciate efforts of a musician to produce melodious sound using a

musical instrument by simultaneously controlling frequency and amplitude of the

sounds produced by it.   (AS6)

3. How do echoes in a normal room affect the quality of the sounds that we hear?

(AS7)

1. When can you say that the sound is propagating thourgh a medium [ ]

a) If the medium is travelling b) The particles of a medium are travelling

c)  When the source of sound is travelling      d) When the disturbance is  travelling.

2. The unit for the number of waves produced in a second are [ ]

a) hertz b)  joule c) meter d) pascal

3. The sounds of frequency less than 20 Hz are known as [ ]

a) Ultra sounds b) Soft sounds c) Louder sounds d) Infrasonics

4. The sound limit between the frequency of  20Hz – 20000Hz is called as [ ]

a) Audible range b) Ultra sound rangec) Low sound range d) Sonic boom

Multiple choice questions
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5. The characterstic feature of sound which conveys the sensation of sound to our

brain is [ ]

a)Pitch b) Loudness c) Quality d) amplitude

Suggested Experiments

1. Conduct an experiment to listen the reflected sound and write a report.

Suggested Projects

1. Collect the information about the animals which communicate through Infrasonics

or ultrasonics. Collect their pictures and write a report on their communication

technique.

2. “We know that the sound is a form of energy. So, the large amount of energy produced

due to the sound pollution in cosmopolitan cities can be used to our day to day

needs of energy. It also helps us to protect biodiversity in urban areas”. Do you

agree with this statement? Collect information onthis and write a report.
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