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PREFACE
It gives me great pleasure in presenting the Study Material in Physics for Summative
Assessment (SA) - II. It is in accordance with the syllabus of the session 2016–17 for second term
(CCE pattern).
Each chapter has a large number of Numerical Problems along with all concepts and
descriptions of topics in such a simple style that even the weak students will be able to understand the
topic very easily. The most important feature of this material is that NCERT book questions(intext
questions) and exercises included along with answers. All concepts and formulas based on Numerical
and HOTS Numerical are also included in the material. It is also helpful to all the students for
competitive examinations.
Keeping the mind the mental level of a child, every effort has been made to introduce simple
Numerical Problems in starting before HOTS Numerical so that the child solve them easily and gets
confidence.
I avail this opportunity to convey my sincere thanks to respected sir, Shri U. N. Khaware,
Additional Commissioner(Acad), KVS Headquarter, New Delhi, respected sir, Shri S. Vijay Kumar,
Joint Commissioner(Admn), KVS Headquarter, New Delhi, respected sir Shri P. V. Sairanga Rao,
Deputy Commissioner(Acad), KVS Headquarter, New Delhi, respected sir Shri. D. Manivannan,
Deputy Commissioner, KVS RO Hyderabad, respected sir Shri Isampal, Deputy Commissioner, KVS
RO Bhopal, respected sir Shri Jagdish Mohan Rawat, Director, KVS ZIET Chandigarh, respected sir
Shri P. Deva Kumar, Deputy Commissioner, KVS RO Bangalore, respected sir Shri Nagendra Goyal,
Deputy Commissioner, KVS RO Ranchi, respected sir Shri Y. Arun Kumar, Deputy Commissioner,
KVS RO Agra,, respected sir Shri Sirimala Sambanna, Assistant Commissioner, KVS RO Jammu,
respected sir Shri. K. L. Nagaraju, Retd-AC, KVS RO Bangalore and respected sir Shri M.K.
Kulshreshtha, Retd-AC, KVS RO Chandigarh for their blessings, motivation and encouragement in
bringing out this project in such an excellent form.
I also extend my special thanks to respected sir Shri. P. S. Raju, Principal, KV Gachibowli,
respected madam Smt. Nirmala Kumari M., Principal, KV Mysore & respected sir Shri. M.
Vishwanatham, Principal, KV Raichur for their kind suggestions and motivation while preparing this
Question Bank. I would like to place on record my thanks to respected sir Shri. P. K. Chandran,
Principal, presently working in KV Bambolim. I have started my career in KVS under his guidance,
suggestions and motivation.
Inspite of my best efforts to make this notes error free, some errors might have gone
unnoticed. I shall be grateful to the students and teacher if the same are brought to my notice. You may
send your valuable suggestions, feedback or queries through email to kumarsir34@gmail.com that
would be verified by me and the corrections would be incorporated in the next year Question Bank.

M. S. KUMARSWAMY
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CHAPTER - 10
GRAVITATION
THRUST AND PRESSURE
Force acting normally on a surface is called the thrust i.e. the force that acts on an
object perpendicular to its surface is the thrust, measured in newton in the SI system.
When you stand on loose sand, the force, that is, the weight of your body is acting on
an area equal to area of your feet. When you lie down, the same force acts on an area
equal to the contact area of your whole body, which is larger than the area of your
feet. Thus, the effects of forces of the same magnitude on different areas are different.
In the above cases, thrust is the same. But effects are different. Therefore the effect of
thrust depends on the area on which it acts. The effect of thrust on sand is larger while
standing than while lying.
The thrust acting on unit area of the surface is called the pressure.
If a thrust F acts on an area A, then
Thrust ( F )
Pr essure( P) 
Area ( A)
P

F
A

Thus, the same force acting on a smaller area exerts a larger pressure, and a smaller
pressure on a larger area. This is the reason why a nail has a pointed tip, knives have
sharp edges and buildings have wide foundations.
The SI unit of pressure is called pascal(Pa).
1 Pa = 1 N/m2
One pascal is defined as the pressure exerted on a surface of area of 1 m2 by a thrust
of 1 N acting normally on it.
Other units of pressure are bar and millibar(m bar)
where 1 bar = 105 N/m2 and 1 millibar = 102 N/m2
or 1 bar = 105 Pa and 1 m bar = 102 Pa
1 atmospheric pressure (1 atm) = 101.3 k Pa = 1.013 bar = 1013 m bar
NUMERICALS
1. A cube of edge length 10 cm is placed inside a liquid. The pressure at the centre of
the face is 15 Pa. Find the force exerted by the liquid on this face.
2. A force of 16 N is distributed uniformly on one surface of a cube of edge 8 cm.
Find the pressure on this surface.
3. A force of 100 N is applied on an object of area 2 m2. Calculate the pressure.
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4. The force on a phonogram needle is 1.2 N. The point has a circular cross-section
of radius 0.1mm. What pressure does it exert on the record in (i) Pa (ii) atm ?
5. A force of 15 N is uniformly distributed over an area of 150 m2. Find the pressure
in pascals.
6. How much force should be applied on an area of 1 cm2 to get a pressure of 15 Pa?
7. A block weighing 1.0 kg is in the shape of a cube of length 10 cm. It is kept on a
horizontal table. Find the pressure on the portion of the table where the block is
kept.
8. The pressure due to atmosphere is 1.013 x 105 Pa. Find the force exerted by the
atmosphere on the top surface of a table 2.0 m long and 1.0 m wide.
9. Find the thrust acting on the human body due to atmospheric pressure. Take the
surface area of a man of middle size to be 1.5 m2 and atmospheric pressure (1
atm) = 1.013 x 105 Pa.
10. A boy weighing 60 kg f is wearing shoes with heel area of cross section 20 cm2
while a girl weighing 45 kg f is wearing shoes with heel of area of cross section
1.5 cm2. Compare the pressure exerted on ground by their heels when they stand
on the heel of one floor.
11. A nail is driven into a wooden board by using a hammer. The impact of the
hammer on the head of nail produces a thrust of 25 N. If the area of the head is 0.5
mm2 and of the tip 0.1 mm2, find the pressure on the head and the tip of the nail.
12. A car weighs 1200 kg. This weight is evently distributed on 4 wheels. If the
pressure in each tyre is 15 kg wf/cm2, what is the area of each tyre in contact.
13. Calculate the greatest and the least pressure exerted by a metal block of size 20
cm x 8 cm c 5 cm and having a mass of 5 kg.
14. A hydraulic automobile lift is designed to lift cars with a maximum mass of 3000
kg. The area of the piston carrying the load is 425 cm2. What maximum pressure
would the smaller piston have to bear?
15. A block of wood is kept on a table top. The mass of the wooden block is 5 kg and
its dimension are 40 cm x 20 cm x 10 cm. Find the pressure exerted by the
wooden block on the table top if it is made to lie on the table with its sides of
dimensions
(a) 20 cm x 10 cm (b) 40 cm x 20 cm. Given g = 9.8 m/s2.
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PRESSURE IN FLUIDS
Those substances, which can flow easily, are called fluids. All liquids and gases
are fluids. A solid exerts pressure on a surface due to its weight. Similarly, fluids
have weight, and they also exert pressure on the base and walls of the container
in which they are enclosed. Pressure exerted in any confined mass of fluid is
transmitted undiminished in all directions. In other words, a fluid (liquid or gas)
exerts pressure in all directions – even upwards.

BUOYANCY
When a body floats or immerses in a liquid, the pressure on the bottom surface is
more than that the pressure on the top surface. Due to the difference in pressure, an
upward force acts on the body. This upward force is called upthrust or buoyant force.
The buoyant force is equal to the weight of the liquid displaced.
The buoyant force (upthrust) acts through the centre of gravity of the displaced liquid
which is known as centre of buoyancy. Due to the upthrust exerted on the body by
the liquid, the weight of the body appears to be less when the body is immersed in the
liquid.
For example, when we immerse a mug into a bucket of water, the mug filled with
water appears to be lighter as long as it is under water. But when it is lifted up out of
the water we feel that the mug is heavier. This shows that the weight of the body
under water is less than its weight when it is above the surface of water.
WHY OBJECTS FLOAT OR SINK WHEN PLACED ON THE SURFACE OF
WATER?
If the density of the material of the body is less than that of density of water, it floats
and in case if the density of the material of the body is more than that of density of
water, it sinks.
The cork floats while the nail sinks. This is because of the difference in their
densities. The density of cork is lesser than the density of water. This means that the
upthrust of water on the cork is greater than the weight of the cork. So it floats.
The density of the iron nail is more than the density of the water. This means that the
upthrust of water on the iron is lesser than the weight of the nail. So it sinks.

Therefore objects of density less than that of a liquid float on the liquid. The objects
of density greater than that of a liquid sink in the liquid.
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INTEXT QUESTIONS PAGE NO. 141

1. Why is it difficult to hold a school bag having a strap made of a thin and
strong string?
Ans.: It is difficult to hold a school bag having a thin strap because the pressure on the
shoulders is quite large. This is because the pressure is inversely proportional to the
surface area on which the force acts. The smaller is the surface area; the larger will be
the pressure on the surface. In the case of a thin strap, the contact surface area is very
small. Hence, the pressure exerted on the shoulder is very large.
2. What do you mean by buoyancy?
Ans.: The upward force exerted by a liquid on an object immersed in it is known as
buoyancy. When you try to immerse an object in water, then you can feel an upward
force exerted on the object, which increases as you push the object deeper into water..
3. Why does an object float or sink when placed on the surface of water?
Ans.: If the density of an object is more than the density of the liquid, then it sinks in
the liquid. This is because the buoyant force acting on the object is less than the force
of gravity. On the other hand, if the density of the object is less than the density of the
liquid, then it floats on the surface of the liquid. This is because the buoyant force
acting on the object is greater than the force of gravity.
ARCHIMEDES’ PRINCIPLE
When a body is immersed in fluid (liquid or gas) it experiences an apparent loss of
weight which is equal to the weight of the fluid displaced. The apparent loss in weight
of the body is equal to the upthrust on the body.
Points to be remembered:
When a body is immersed either partially or fully in a liquid, it experiences and
upthrust or buoyant force (FB). This upthrust (FB) is equal to the weight (Wl) of
the liquid displaced by the body i.e. FB = Wl = V.dl.g
where ‘dl’ is the density of liquid in which the body is immersed and V is the
volume of the liquid displaced.
Buoyant Force (FB) depends upon : (a) Volume of the liquid displaced and (b)
density of the liquid.
Apparent weight of a body in a liquid = true weight of the body (W) – weight (Wl)
Loss in weight when a body is immersed in a liquid = FB = Wl.
Archimedes’ principle has many applications. It is used in designing ships and
submarines. Lactometers, which are used to determine the purity of a sample of
milk and hydrometers used for determining density of liquids, are based on this
principle.
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A ship made up of iron floats in water. This is because the ship is hollow and
contains air. The large space inside the ship enables it to displace a volume of water
much greater than the actual volume of iron that was used in the construction. So the
weight of water is placed is greater than the weight of the ship.
A body which floats in a liquid is in equilibrium under the action of the two
forces. (a) It’s weight acting vertically downwards and (b)the resultant thrust on it due
to the liquid acting upwards. These two forces must be equal and opposite. The
resultant upthrust may be equal to or greater than the weight of the liquid by the body,
and that it acts through the centre of gravity of the displaced liquid.
LAWS OF FLOATATION
1. The weight of the floating body is equal to the weight of the liquid displaced by it.
2. The centre of gravity of the floating body and the centre of gravity of the liquid
displaced (centre of buoyancy) are in the same vertical line.
INTEXT QUESTIONS PAGE NO. 142

1. You find your mass to be 42 kg on a weighing machine. Is your mass more or
less than 42 kg?
Ans.: When you weigh your body, an upward force acts on it. This upward force is
the buoyant force. As a result, the body gets pushed slightly upwards, causing the
weighing machine to show a reading less than the actual value.
2. You have a bag of cotton and an iron bar, each indicating a mass of 100 kg
when measured on a weighing machine. In reality, one is heavier than other. Can
you say which one is heavier and why?
Ans.: The iron bar is heavier than the bag of cotton. This is because the surface area
of the cotton bag is larger than the iron bar. Hence, more buoyant force acts on the
bag than that on an iron bar. This makes the cotton bag lighter than its actual value.
For this reason, the iron bar and the bag of cotton show the same mass on the
weighing machine, but actually the mass of the iron bar is more that that of the cotton
bag.
DENSITY
Density of a substance is defined as its mass per unit volume.

Density(d ) 

mass(m)
volume(V )

or

d

m
v

The SI unit of density is kg/m3.
RELATIVE DENSITY

Relative density of a substance is defined as the ratio of its density to that of water at
40C.
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Relative density =

Density of substance
Density of water at 40 C

Relative density can also be defined as the ratio between the mass of the substance
and the mass of an equal volume of water at 40C.
Density of water at 40C = 1 g/cm3 = 1000 kg/m3.
Since the relative density is a ratio of similar quantities, it has no unit

NUMERICALS
1. Calculate the mass of a body whose volume is 2 m3 and density 0.52 g/cm3.
2. A wooden block of dimensions 10 cm x 20 cm x 50 cm weighs 6.5kg. Calculate
the density of the block.
3. A dining hall has dimensions 50m x 15m x 3.5m. Calculate the mass of air in the
hall. Given density of air = 1.30 kg/m3.
4. A thread of mercury of 10.2 g is in a tube of uniform cross-section 0.1cm2.
Calculate the length of the thread. The density of mercury is 13.6 g/cm3.
5. The mass of a empty bucket of capacity 10 litres is 1 kg. Find its mass when
completely filled with a liquid of relative density 0.8.
6. A piece of copper of mass 106g is dipped in a measuring cylinder containing
water at 22 ml mark. The water rises to 34 ml mark. Find (a) volume of the copper
piece (b) the density of copper.
7. A bottle weighs 30g when empty, 53.4 g when filled with a liquid and 48 g when
filled with water. Calculate the density of the liquid. Given, density of water at
40C = 1000 kg/m3.
8. An iron cylinder of radius 1.4 cm and length 8 cm is found to weigh 369.6 g.
Calculate the density of iron.
9. Calculate the mass of air enclosed in a room of length, breadth and height equal to
5m, 3m and 4m respectively. Density of air = 1.3 kg/m3.
10. The mass of a solid rectangle block of iron is 23.6 g and its dimensions are 2.1cm
x 1.2cm x 1.1cm. Calculate the density of iron.
11. The mass of an empty 40 litre petrol tank of a vehicle is 8.0 kg. What will be its
mass when filled completely with a fuel of density 700 kg/m3.
12. A weather forecasting plastic balloon of volume 15m3 contains

hydrogen of

density 0.09 kg/m3. The mass of the empty balloon is 7.15kg. Calculate (a) the
mass of hydrogen in the balloon (b) the mass of the balloon filled with hydrogen.
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13. The mass of a density bottle is 25g when empty, 50g when filled completely with
water and 365g when filled completely with mercury. Find the density of mercury.
14. A bottle can hold 100 g of water at 40C What mass of sea water (density = 1030
kg/m3) can hold it hold?
15. Relative density of silver is 10.8. The density of water is 1000 kg/m3. What is the
density of silver in SI?
16. A piece of rock salt weighs 108.2 g in air and 48.2 g in saturated brine of relative
density 1.2. What is the relative density of the rock salt?
17. A silver ornament is suspected to be hollow. Its weight is 250g and it displaces 50
cc of water. If the relative density of silver be 10, find the volume of the cavity.
18. If 100 cc iron of relative density 7.8 floats on mercury of relative density 13.6,
what volume of iron is immersed?
19. A coil of wire of cross-section 0.75 mm2 weighs 125g in air and 115 g in water.
Find the length of the coil. (Density of water = 1000 kg/m3?
20. A cubical block of water is dipped completely in water. Each edge of the block is
1cm in length. Find the buoyant force acting on the block.
21. A body of mass 2.0 kg and density 8000 kg/m3 is completely dipped in a liquid of
density 800 kg/m3. Find the force of buoyancy on it.
22. A piece of iron of density 7.8 x 103 kg/m3 and volume 100 cm3 is totally
immersed in water. Calculate (a) the weight of iron piece in air (b) the upthrust
and (c) apparent weight in water.
23. A solid body of mass 150g and volume 250 cm3 is put in water. Will the body
float or sink?
24. A body of 50 cm3 is completely immersed in water. Find the force of buoyancy on
it.
25. A metallic sphere of radius 2.0 cm is completely dipped in water. Find the force of
buoyancy on it.
26. A body of 2.0 kg floats in a liquid. What is the buoyant force on the body?
27. A solid of density 5000 kg/m3 weighs 0.5 kg f in air. It is completely immersed in
water of density 1000 kg/m3. (a) Calculate the apparent weight of the solid in
water. (b) What will be its apparent weight if water is replaced by a liquid of
density 8000 kg/m3.
28. The mass of block made of certain material is 13.5 kg and its volume is 15 x 10–3
m3. Will the block float or sink in water? Give a reason for your answer.
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29. A solid body of mass 4.0 x 103 kg and volume 2m3 is put in water. Will the body
float or sink?
30. A cube 8.5 cm on each side has a mass of 0.65 kg. Will the cube float or sink in
water? Give reason for your answer.
EXERCISE QUESTIONS PAGE NO. 145

19. In what direction does the buoyant force on an object immersed in a liquid
act?
An object immersed in a liquid experiences buoyant force in the upward direction.
20. Why does a block of plastic released under water come up to the surface of
water?
Two forces act on an object immersed in water. One is the gravitational force,
which pulls the object downwards, and the other is the buoyant force, which
pushes the object upwards. If the upward buoyant force is greater than the
downward gravitational force, then the object comes up to the surface of the water
as soon as it is released within water. Due to this reason, a block of plastic
released under water comes up to the surface of the water.
21. The volume of 50 g of a substance is 20 cm3. If the density of water is 1 gcm–3,
will the substance float or sink?
If the density of an object is more than the density of a liquid, then it sinks in the
liquid. On the other hand, if the density of an object is less than the density of a
liquid, then it floats on the surface of the liquid.
Here, density of the substance =

Mass of the substance
50

 2.5 g / cm3
Volume of the substance 20

The density of the substance is more than the density of water (1 g cm−3). Hence,
the substance will sink in water.
22. The volume of a 500 g sealed packet is 350 cm3. Will the packet float or sink
in water if the density of water is 1 g cm–3? What will be the mass of the
water displaced by this packet?
Mass of the packet
500
Density of the 500 g sealed packet=

 1.428 g / cm3
Volume of the packet 350
The density of the substance is more than the density of water (1 g/cm3). Hence, it
will sink in water.
The mass of water displaced by the packet is equal to the volume of the packet,
i.e., 350g.
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CHAPTER - 11
WORK AND ENERGY
WORK
Work (W) is said to be done, when a force (F) acts on the body and point of
application of the force is displaced (s) in the direction of force.
Work done = force x displacement
W=Fxs
i). If the body is displaced in the same direction of force, work is done by a force
ii). If the displacement is against a force, the work is done against the force.
iii). If the displacement is perpendicular to the direction of the force, work done is
zero.
Unit of work
Unit of work is joule (J).
One joule of work is said to be done when a force of 1 newton acting on a body
displacing it by a distance of 1 m.
Larger units of work are
i) kilojoule (1000 joule)
ii) megajoule (10 lakh joule)
NUMERICALS
1. A force of 10 N acts on an object. The object is displaced through 12 m, in the
direction of the force. If the force acts all through the displacement, find the work
done by the force.

2. A porter lifts a luggage of 15 kg from the ground and puts it on his head 1.5 m
above the ground. Calculate the work done by him on the luggage.
3. A boy pushes a book by applying a force of 40 N. Find the work done by this
force on the book is displaced through 25 cm along the path.
4. A ball of mass 1 kg thrown upwards, reaches a maximum height of 4 m. Calculate
the work done by the force of gravity during the vertical displacement. (g =
10m/s2)
5. Find the amount of work done by a labourers who carrier ‘n’ bricks of ‘m’ kg each
to the roof of a house ‘h’ metre high by climbing a ladder.
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6. An engine pulls a train 1 km over a level track. Calculate the work done by the
train given that the frictional resistance is 5 x 105 N.
7. A man weighing 70 kg carries a weight of 10 kg on the top of a tower 100 m high.
Calculate the work done by the man (g = 10m/s2).
8. A boy of mass 55 kg runs up a flight of 40 stairs, each measuring 0.15m.
Calculate the work done by the boy.
9. Calculate the work done in lifting 200 kg of water through a vertical height of 6
metres (g = 10m/s2).
10. A crane pulls up a car of mass 500 kg to a vertical height of 4 m. Calculate the
work done by the crane.
11. A force of 5 N acts on an object. The object id displaced through 8 m, in the
direction of the force. If the force acts all through the displacement, find the work
done by the force.

12. A porter lifts a luggage of 15 kg from the ground and puts it on his head 1.5 m
above the ground. Calculate the work done by him on the luggage.
13. Calculate the work done by a student in lifting 0.5 kg book from the ground and
keeping it on a shelf 1.5m high.
14. A collie carries a load of 50 kg on his head and walks on a level road upto 100 m.
What is the work done by him?
15. A car weighing 1000 kg and traveling at 30m/s stops at a distance of 50m
decelerating uniformly. What is the force exerted on it by the brakes? What is the
work done by the brakes?
INTEXT QUESTIONS PAGE NO. 148
1. A force of 10 N acts on an object. The displacement is, say 8 m, in the direction of
the force. Let us take it that the force acts on the object through the displacement.
What is the work done in this case?

Ans: When a force F acts on an object to displace it through a distance S in its
direction, then the work done W on the body by the force is given by:
Work done = Force × Displacement
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W=F×S
where, F = 7 N , S = 8 m
Therefore, work done, W = 7 × 8 = 56 Nm = 56 J
INTEXT QUESTIONS PAGE NO. 149
1. When do we say that work is done?
Ans: Work is done whenever the given conditions are satisfied:
(i) A force acts on the body.
(ii) There is a displacement of the body caused by the applied force along the
direction of the applied force.
2. Write an expression for the work done when a force is acting on an object in
the direction of its displacement.
Ans: When a force F displaces a body through a distance S in the direction of the
applied force, then the work done W on the body is given by the expression:
Work done = Force × Displacement
W=F×s
3. Define 1 J of work.
Ans: 1 J is the amount of work done by a force of 1 N on an object that displaces
it through a distance of 1 m in the direction of the applied force.
4. A pair of bullocks exerts a force of 140 N on a plough. The field being
ploughed is 15 m long. How much work is done in ploughing the length of the
field?
Ans: Work done by the bullocks is given by the expression:
Work done = Force × Displacement
W=F×d
Where,
Applied force, F = 140 N
Displacement, d = 15 m
W = 140 × 15 = 2100 J
Hence, 2100 J of work is done in ploughing the length of the field.
ENERGY
The energy of the body is defined as its capacity to do work.
Unit of energy
Energy is measured in terms of work. Unit of energy is also joule. One joule of energy
is required to do one joule of work.
DIFFERENT FORMS OF ENERGY
We live in a world where we have energy in many different forms. Some important
forms of energy are mechanical energy, chemical energy, light energy, heat energy,
electrical energy, nuclear energy and sound energy.
MECHANICAL ENERGY
The energy used to displace a body or to change the position of the body or to deform
the body is known as mechanical energy.
Mechanical energy is of two types
i) Kinetic energy ii) Potential energy
Prepared by: M. S. KumarSwamy, TGT(Maths)
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KINETIC ENERGY
Energy possessed by an object due to its motion is called kinetic energy.
Kinetic energy of an object increases with its speed. Kinetic energy of an object
moving with a velocity is equal to the work done on it to make it acquire that velocity.
Example-1 Kinetic energy of a hammer is used to drive a nail into the wall.
Example-2 Bullet fi red from a gun can penetrate into a target due to its kinetic
energy.

EXPRESSION FOR KINETIC ENERGY
Let a body (ball) of mass m is moving with an initial velocity v. If it is brought to rest
by applying a retarding (opposing) force F, then it comes to rest by a displacement S.
Let, Ek = work done against the force used to stop it.
Ek = F . S -----> (1)
But retarding force F = ma-----> (2)

Let initial velocity u = v, fi nal velocity v = 0
From III equation of motion, v2 = u2 + 2as applying,
0 = v2 – 2as ( a is retardation)
2as = v2
v2
displacement, s 
---------------->(3)
2a
substituting (2) and (3) in (1), we get
v2
Ek  ma.
2a
1 2
 Ek  mv
2
Kinetic Energy of a moving object is defined as half the product of the mass of the
object square of the speed of the object.
Work done (W) = Change in kinetic energy(Ek)
1
1
W = mv2 – mu2 (when v > u)
2
2
1
1
Or W = mu2 – mv2 (when u > v)
2
2
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INTEXT QUESTIONS PAGE NO. 152
1. What is the kinetic energy of an object?
Ans:
Kinetic energy is the energy possessed by a body by the virtue of its motion.
Every moving object possesses kinetic energy. A body uses kinetic energy to do
work. Kinetic energy of hammer is used in driving a nail into a log of wood,
kinetic energy of air is used to run wind mills, etc.
2. Write an expression for the kinetic energy of an object.
Ans:
If a body of mass m is moving with a velocity v, then its kinetic energy Ek is given
1
by the expression, Ek  mv 2 . Its SI unit is Joule (J).
2
3. The kinetic energy of an object of mass, m moving with a velocity of 5 ms–1 is
25 J. What will be its kinetic energy when its velocity is doubled? What will
be its kinetic energy when its velocity is increased three times?
1
Ans: Expression for kinetic energy is Ek  mv 2
2
m = Mass of the object
v = Velocity of the object = 5 m/s
Given that kinetic energy, Ek = 25 J
(i) If the velocity of an object is doubled, then v = 5 × 2 = 10 m/s.
Therefore, its kinetic energy becomes 4 times its original value, because it is
proportional to the square of the velocity. Hence, kinetic energy = 25 × 4 = 100 J.
(ii) If velocity is increased three times, then its kinetic energy becomes 9 times its
original value, because it is proportional to the square of the velocity. Hence,
kinetic energy = 25 × 9 = 225 J.
NUMERICALS
1. How far should a man of mass 60 kg run so that his kinetic energy is 750 J?
2. Find the mass of the body which has 5 J of kinetic energy while moving at a speed
of 2 m/s.
3. A player kicks a ball of mass 250 g at the centre of a field. The ball leaves his foot
with a speed of 10m/s. Find the work done by the player on the ball.
4. A body of mass 5 kg, initially at rest, is subjected to a force of 20 N. What is the
kinetic energy acquired by the body at the end of 10 s?
5. A bullet of mass 20g moving with a velocity of 500m/s, strikes a tree and goes out
from the other side with a velocity of 400m/s. Calculate the work done by the
bullet in joule in passing through the tree.
6. An object of mass 15 kg is moving with a uniform velocity of 4m/s. What is the
kinetic energy possessed by the object?
7. What is the work done to increase the velocity of a car from 30 km/hr to 60 km/he
if the mass of the car is 1500kg?
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8. A bullet of mass 0.03kg moving with a velocity of 400m/s, penetrates 12 cm into
fixed a constant resistive force of 1000 N to the motion of the bullet, find (a) the
initial kinetic energy of the bullet (b) the distance through which the bullet has
penetrated.
9. Two bodies of equal masses move with uniform velocities v and 3v respectively.
Find the ratio of their kinetic energies.
10. The mass of a ball A is double the mass of another ball B. The ball A moves at
half the speed of the ball B. Calculate the ratio of the kinetic energy of A to the
kinetic energy of B.
11. A truck weighing 5000 kgf and a cart weighing 500 kgf are moving with the same
speed. Compare their kinetic energies.
12. A bullet of mass 20g is found to pass two points 30m apart in 4s? Assuming the
speed to be constant find its kinetic energy.
POTENTIAL ENERGY
The energy possessed by a body by virtue of its position or due to state of strain, is
called potential energy. The work done to lift a body above the ground level gives the
potential energy of the body. Eg. weight lifting.
Example: Water stored in reservoir has large amount of potential energy due to
which it can drive a water turbine when allowed to fall down. This is the principle of
production of hydro-electric energy.
EXPRESSION FOR POTENTIAL ENERGY OF A BODY ABOVE THE
GROUND LEVEL
Work is done in raising an object from the ground to certain height against the gravity
is stored in the body as a potential energy.
Consider an object of mass m. It is raised through a height h from the ground. Force is
needed to do this.
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The downward force acting on the body due to gravity = mg.
The work has to be done to lift the body through a height h against the force of gravity
as shown in above figure.
The object gains energy to do the work done (w) on it.
work done = force x displacement
w=Fxh
w = mgh
[Since F=ma and a=g, therefore F=mg]
Work done is equal to potential energy of an object.
Ep = mgh.
NOTE: The potential energy of an object at a height depends on the ground level or
the zero level you choose. An object in a given position can have a certain potential
energy with respect to one level and a different value of potential energy with respect
to another level.
NUMERICALS
1. A body of mass 4 kg is taken from a height of 5m to a height 10m. Find the
increase in potential energy.
2. An object of mass 1 kg is raised through a height ‘h’. Its potential energy
increases by 1 J, find the height ‘h’.
3. A 5 kg ball is thrown upwards with a speed of 10m/s. (a) Find the potential energy
when it reaches the highest point. (b) Calculate the maximum height attained by it.
4. A 5 kg ball is dropped from a height of 10m. (a) Find the initial potential energy
of the ball (b) Find the kinetic energy just before it reaches the ground and (c)
Calculate the velocity before it reaches the ground.
5. A body is thrown up with a kinetic energy of 10J. If it attains a maximum height
of 5m, find the mass of the body.
6. A rocket of mass 3 x 106 kg takes off from a launching pad and acquires a vertical
velocity of 1 km/s and an altitude of 25 km. Calculate its (a) potential energy (b)
kinetic energy.
7. Find the energy possessed by an object of mass 10 kg when it is at a height of 6m
above the ground. Given, g = 9.8 m/s2.
8. An object of mass 12 kg is at a certain height above the ground. If the potential
energy of the object is 480 J, find the height at which the object is with respect to
the ground. Given, g = 10 m/s2.
9. Calculate the increase in potential energy as a block of 2 kg is lifted through 2m.
10. A ball of mass 1 kg is dropped from a height of 5m. (a) Find the kinetic energy of
the ball just before it reaches the ground (b) What is the speed at this instant?
11. A block of mass 30 kg is pulled up by a rope as shown in below figure with a
constant speed by applying of 200 N parallel to the slope. A and B are the initial
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and final positions of the block. Calculate (a) work done by the force in moving
the block from A to B. (b) the potential energy gained by the block (c) account for
the difference in work done by the force and the increase in potential energy of the
block.

12. A body of mass 5 kg falls from height of 5m. How much energy does it possess at
any instant?
13. A 800g ball is pulled up a slope as shown in the diagram. Calculate the potential
energy it gains.

14. A spring is compressed by a toy cart of mass 150g. On releasing the cart, it moves
with a speed of 0.2m/s. Calculate the elastic potential energy of the spring.
15. An object of mass 40 kg is raised to a height of 5 m above the ground. What is its
potential energy? If the object is allowed to fall, find its kinetic energy when it is
half-way down.
16. A box has a mass of 5.8kg. The box is lifted from the garage floor and placed on a
shelf. If the box gains 145 J of Potential Energy (Ep), how high is the shelf?
17. A man climbs on to a wall that is 3.6m high and gains 2268J of potential energy.
What is the mass of the man?
18. Below figure shows a ski- jump. A skier of mass 60 kg stands at A at the top of
the ski-jump. He moves from A to B and takes off his jump at B. (a) Calculate the
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change in the gravitational potential energy of the skier between A and B (b) If
75% of the energy in part (a) becomes the kinetic energy at B, calculate the speed
at which the skier arrives at B.

19. Consider the case of freely falling body given in
the figure:
At A,
Kinetic energy=0 and
Potential energy=mgh
At B,
Kinetic energy=mgx
At C,
Kinetic energy=mgh and Potential energy=0
a) Find the potential energy of the body at B.
b) Find the total energy at A,B and C.
c) Is there any variation in total energy?
What do you infer from the result?

20. A bag of wheat weighs 200 kg. To what height
should it be raised so that its potential energy may
be 9800 joules? (9.8 m/s2)

POWER
Power is defined as the rate of doing work or the rate of transfer of energy. If an agent
does a work W in time t, then power is given by:
Work Energy
Power 

Time
Time
W
P
t
The unit of power is watt having the symbol W. 1 watt is the power of an agent,
which does work at the rate of 1 joule per second.
Power is 1 W when the rate of consumption of energy is 1 J/s.
1 watt = 1 joule/second or 1 W = 1 J/s.
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Larger Units of Power
1 kilowatt = 1000 watts
1 kW = 1000 W
1 kW = 1000 J/s.
Commercial unit of energy is kilo watt hour.
A unit which is exclusively used in engineering is called a horse power (hp)
1 hp = 746 W
Commercial unit of energy: kilowatt hour (kWh)
1 kWh = 1 kW x 1 h = 1000 W x 3600 s = 3600000 J
= 3.6 x 106 J = 3.6 MJ(Mega Joule)
One kilowatt hour is the amount of energy consumed by an agent in one hour working
at a constant rate of one kilowatt. It is also called unit of electrical energy
INTEXT QUESTIONS PAGE NO. 156
1. What is power?
Ans:
Power is the rate of doing work or the rate of transfer of energy. If W is the
amount of work done in time t, then power is given by the expression,
Work Energy
W
Power 

P
Time
Time
t
It is expressed in watt (W).
2. Define 1 watt of power.
Ans:
1 watt is the power of an agent, which does work at the rate of 1 joule per second.
Power is 1 W when the rate of consumption of energy is 1 J/s.
1 watt = 1 joule/second or 1 W = 1 J/s.
3. A lamp consumes 1000 J of electrical energy in 10 s. What is its power?
Ans: Here, electrical energy consumption, W = 1000 J, time, t = 10 s.
W 1000
Power 

 100W
T
10
4. Define average power.
Ans: A body can do different amount of work in different time intervals. Hence, it
is better to define average power. Average power is obtained by dividing the total
amount of work done in the total time taken to do this work.
total energy consumed
Average power =
total time taken
NUMERICALS
1. Two girls each of weight 400N, climb up a rope through a height of 8m. We name
one of the girls A and the other B. Girl A takes 20s while B takes 50s to
accomplish this task. What is the power expended by each girl?
2. A boy of mass 50kg runs up a staircase of 45 steps in 9s. If the height of each step
is 15cm, find his power. Take g = 10 m/s2.
Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 18 -

3. An electric bulb of 60W is used for 6 hr per day. Calculate the ‘units’ of energy
consumed in one day by the bulb.
4. A 60 kg person climbs stairs of total height 20 m in 2 min. Calculate the power
delivered.
5. The work done by the heart is 1 J per beat. Calculate the power of the heart if it
beats 72 times/min.
6. A man exerts a force of 200 N in pulling a cart at a constant speed of 16m/s.
Calculate the power spent by the man.
7. Calculate the power of an engine required to lift 105 kg of coal per hour from a
mine 360m deep.
8. A man does 200 J of work in 10 s and a boy does 100 J of work in 4s. (a) Who is
delivering more power? (b) Find the ratio of the power delivered by the man to
that delivered by the boy.
9. A boy of mass 40 kg runs up a flight of 50 steps, each of 10cm high in 5s. Find the
power developed by the boy.
10. A car of mass 2000 kg is lifted up a distance of 30m by a crane in 1 min. A second
crane does the same job in 2 min. What is the power applied by each crane? Do
the carne consume the same or different amounts of fuel? Neglect power
dissipation against friction.
11. What should be the power of an engine required to lift 90 metric tones of coal per
hour from a mine whose depth is 200m?
12. How much time does it take to perform 500 J of work at a rate of 10 W?
13. Calculate the units of energy consumed by 100 W electric bulb in 5 hours.
14. A lift is designed to carry a load of 4000 kg through 10 floors of a building,
averaging 6 m per floor, in 10s. Calculate the power of the lift.
ENERGY TRANSFERMATION
Water from dam: Potential energy into Kinetic energy
Microphone : Sound energy into Electrical energy
TV Camera : Light energy into Electrical energy
Solar Cell : Light energy into Electrical energy
Iron Box : Electrical energy into Heat energy
Loud speaker : Electrical energy into Sound energy
Fan : Electrical energy into Mechanical energy
Light : Electrical energy into Light energy
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LAW OF CONSERVATION OF ENERGY
Energy in a system may take on various forms (e.g. kinetic, potential, heat, light). The
law of conservation of energy states that energy may neither be created nor destroyed.
Therefore the sum of all the energies in the system is a constant.
The most commonly used example is the pendulum:

The formula to calculate the potential energy is: PE = mgh
The mass of the ball = 10kg
The height, h = 0.2m
The acceleration due to gravity, g = 9.8 m/s^2
Substitute the values into the formula and you get:
PE = 19.6J (J = Joules, unit of energy)
The position of the blue ball is where the Potential Energy (PE) = 19.6J while the
Kinetic Energy (KE) = 0.
As the blue ball is approching the purple ball position the PE is decreasing while
the KE is increasing. At exactly halfway between the blue and purple ball position
the PE = KE.
The position of the purple ball is where the Kinetic Energy is at its maximum
while the Potential Energy (PE) = 0.
At this point, theoretically, all the PE has transformed into KE> Therefore now
the KE = 19.6J while the PE = 0.
The position of the pink ball is where the Potential Energy (PE) is once again at its
maximum and the Kinetic Energy (KE) = 0.
We can now say and understand that:
PE + KE = 0
PE = – KE
The sum of PE and KE is the total mechanical energy:
Total Mechanical Energy = PE + KE
COMMERCIAL UNIT OF ENERGY
The unit joule is too small and hence is inconvenient to express large quantities of
energy. We use a bigger unit of energy called kilowatt hour (kW h).
The commercial unit of electric energy is kilowatt hour (kW h), commonly known as
'unit'.
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1 kWh is the amount of energy consumed by an electrical gadget in one hour at the
rate of 1000 J/s or 1kW.
1 kW h = 1 kW  1 h
= 1000 W  3600 s
= 3600000 J
1 kW h = 3.6  106 J.
The energy used in households, industries and commercial establishments are usually
expressed in kilowatt hour. For example, electrical energy used during a month is
expressed in terms of ‘units’. Here, 1 ‘unit’ means 1 kilowatt hour.

EXERCISE QUESTIONS PAGE NO. 158 AND 159

1. Look at the activities listed below. Reason out whether or not work is done in
the light of your understanding of the term ‘work’.
a). Suma is swimming in a pond.
b). A donkey is carrying a load on its back.
c). A wind-mill is lifting water from a well.
d). A green plant is carrying out photosynthesis.
e). An engine is pulling a train.
f). Food grains are getting dried in the sun.
g). A sailboat is moving due to wind energy.
Ans:
Work is done whenever the given two conditions are satisfied:
(i) A force acts on the body.
(ii) There is a displacement of the body by the application of force in or opposite
to the direction of force.
(a) While swimming, Suma applies a force to push the water backwards.
Therefore, Suma swims in the forward direction caused by the forward reaction of
water. Here, the force causes a displacement. Hence, work is done by Seema
while swimming.
(b) While carrying a load, the donkey has to apply a force in the upward direction.
But, displacement of the load is in the forward direction. Since, displacement is
perpendicular to force, the work done is zero.
(c) A wind mill works against the gravitational force to lift water. Hence, work is
done by the wind mill in lifting water from the well.
(d) In this case, there is no displacement of the leaves of the plant. Therefore, the
work done is zero.
(e) An engine applies force to pull the train. This allows the train to move in the
direction of force. Therefore, there is a displacement in the train in the same
direction. Hence, work is done by the engine on the train.
(f) Food grains do not move in the presence of solar energy. Hence, the work done
is zero during the process of food grains getting dried in the Sun.
(g)Wind energy applies a force on the sailboat to push it in the forward direction.
Therefore, there is a displacement in the boat in the direction of force. Hence,
work is done by wind on the boat.
2. An object thrown at a certain angle to the ground moves in a curved path
and falls back to the ground. The initial and the final points of the path of the
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object lie on the same horizontal line. What is the work done by the force of
gravity on the object?
Ans: Work done by the force of gravity on an object depends only on vertical
displacement. Vertical displacement is given by the difference in the initial and
final positions/heights of the object, which is zero.
Work done by gravity is given by the expression,
W = mgh, where, h = Vertical displacement = 0
W = mg × 0 = 0 J
Therefore, the work done by gravity on the given object is zero joule.
3. A battery lights a bulb. Describe the energy changes involved in the process.
Ans: When a bulb is connected to a battery, then the chemical energy of the
battery is transferred into electrical energy. When the bulb receives this electrical
energy, then it converts it into light and heat energy. Hence, the transformation of
energy in the given situation can be shown as:
Chemistry Energy  Electrical Energy  Light Energy + Heat Energy
4. Certain force acting on a 20 kg mass changes its velocity from 5 m s–1 to 2 m
s–1. Calculate the work done by the force.
Ans: Kinetic energy is given by the expression, ( Ek ) v 

1 2
mv
2

where, Ek = Kinetic energy of the object moving with a velocity, v
m= Mass of the object
(i) Kinetic energy when the object was moving with a velocity 5 m s−1
1
( Ek )5   20  52  250 J
2
Kinetic energy when the object was moving with a velocity 2 m s−1
1
( Ek )2   20  22  40 J
2
Work done by force is equal to the change in kinetic energy.
Therefore, work done by force = ( Ek )2  ( Ek )5 = 40 − 250 = −210 J
The negative sign indicates that the force is acting in the direction opposite to the
motion of the object.
5. A mass of 10 kg is at a point A on a table. It is moved to a point B. If the line
joining A and B is horizontal, what is the work done on the object by the
gravitational force? Explain your answer.
Ans: Work done by gravity depends only on the vertical displacement of the
body. It does not depend upon the path of the body. Therefore, work done by
gravity is given by the expression,
W = mgh
where, Vertical displacement, h = 0
Therefore, W = mg × 0 = 0
Hence, the work done by gravity on the body is zero.
6. The potential energy of a freely falling object decreases progressively. Does
this violate the law of conservation of energy? Why?
Ans: No. The process does not violate the law of conservation of energy. This is
because when the body falls from a height, then its potential energy changes into
kinetic energy progressively. A decrease in the potential energy is equal to an
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increase in the kinetic energy of the body. During the process, total mechanical
energy of the body remains conserved. Therefore, the law of conservation of
energy is not violated.
7. What are the various energy transformations that occur when you are riding
a bicycle?
Ans: While riding a bicycle, the muscular energy of the rider gets transferred into
heat energy and kinetic energy of the bicycle. Heat energy heats the rider’s body.
Kinetic energy provides a velocity to the bicycle. The transformation can be
shown as:
Mechanical Energy  Kinetic Energy + Heat Energy
During the transformation, the total energy remains conserved.
8. Does the transfer of energy take place when you push a huge rock with all
your might and fail to move it? Where is the energy you spend going?
Ans: When we push a huge rock, there is no transfer of muscular energy to the
stationary rock. Also, there is no loss of energy because muscular energy is
transferred into heat energy, which causes our body to become hot.
9. A certain household has consumed 250 units of energy during a month. How
much energy is this in joules?
Ans: 1 unit of energy is equal to 1 kilowatt hour (kWh).
1 unit = 1 kWh
1 kWh = 3.6 × 106 J
Therefore, 250 units of energy = 250 × 3.6 × 106 = 9 × 108 J
10. An object of mass 40 kg is raised to a height of 5 m above the ground. What is
its potential energy? If the object is allowed to fall, find its kinetic energy
when it is half-way down.
Ans: Gravitational potential energy is given by the expression,
W = mgh
Where,
h = Vertical displacement = 5 m
m = Mass of the object = 40 kg
g = Acceleration due to gravity = 9.8 m s−2
Therefore, W = 40 × 5 × 9.8 = 1960 J.
1960
At half-way down, the potential energy of the object will be
= 980 J.
2
At this point, the object has an equal amount of potential and kinetic energy. This
is due to the law of conservation of energy. Hence, half-way down, the kinetic
energy of the object will be 980 J.
11. What is the work done by the force of gravity on a satellite moving round the
earth? Justify your answer.
Ans: Work is done whenever the given two conditions are satisfied:
(i) A force acts on the body.
(ii) There is a displacement of the body by the application of force in or opposite
to the direction of force.
If the direction of force is perpendicular to displacement, then the work done is
zero.
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When a satellite moves around the Earth, then the direction of force of gravity on
the satellite is perpendicular to its displacement. Hence, the work done on the
satellite by the Earth is zero.
12. Can there be displacement of an object in the absence of any force acting on
it? Think. Discuss this question with your friends and teacher.
Ans: Yes. For a uniformly moving object
Suppose an object is moving with constant velocity. The net force acting on it is
zero. But, there is a displacement along the motion of the object. Hence, there can
be a displacement without a force.
13. A person holds a bundle of hay over his head for 30 minutes and gets tired.
Has he done some work or not? Justify your answer.
Ans: Work is done whenever the given two conditions are satisfied:
(i) A force acts on the body.
(ii) There is a displacement of the body by the application of force in or opposite
to the direction of force.
When a person holds a bundle of hay over his head, then there is no displacement
in the bundle of hay. Although, force of gravity is acting on the bundle, the person
is not applying any force on it. Hence, in the absence of force, work done by the
person on the bundle is zero.
14. An electric heater is rated 1500 W. How much energy does it use in 10 hours?
Ans: Energy consumed by an electric heater can be obtained with the help of the
W
expression, P 
T
where, Power rating of the heater, P = 1500 W = 1.5 kW
Time for which the heater has operated, T = 10 h
Work done = Energy consumed by the heater
Therefore, energy consumed = Power × Time = 1.5 × 10 = 15 kWh
Hence, the energy consumed by the heater in 10 h is 15 kWh.
15. Illustrate the law of conservation of energy by discussing the energy changes
which occur when we draw a pendulum bob to one side and allow it to
oscillate. Why does the bob eventually come to rest? What happens to its
energy eventually? Is it a violation of the law of conservation of energy?
Ans: The law of conservation of energy states that energy can be neither created
nor destroyed. It can only be converted from one form to another.
Consider the case of an oscillating pendulum.

When a pendulum moves from its mean position P to either of its extreme
positions A or B, it rises through a height h above the mean level P. At this point,
the kinetic energy of the bob changes completely into potential energy. The
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kinetic energy becomes zero, and the bob possesses only potential energy. As it
moves towards point P, its potential energy decreases progressively. Accordingly,
the kinetic energy increases. As the bob reaches point P, its potential energy
becomes zero and the bob possesses only kinetic energy. This process is repeated
as long as the pendulum oscillates.
The bob does not oscillate forever. It comes to rest because air resistance resists
its motion. The pendulum loses its kinetic energy to overcome this friction and
stops after some time.
The law of conservation of energy is not violated because the energy lost by the
pendulum to overcome friction is gained by its surroundings. Hence, the total
energy of the pendulum and the surrounding system remain conserved.
16. An object of mass, m is moving with a constant velocity, v. How much work
should be done on the object in order to bring the object to rest?
Ans: Kinetic energy of an object of mass, m moving with a velocity, v is given by
1
the expression, Ek  mv 2
2
1 2
To bring the object to rest,
mv amount of work is required to be done on the
2
object.
17. Calculate the work required to be done to stop a car of 1500 kg moving at a
velocity of 60 km/h?
1
Ans: Kinetic energy, Ek  mv 2
2
Where, Mass of car, m = 1500 kg
5
Velocity of car, v = 60 km/h  60  ms 1
18
2

1
5

 Ek  1500   60    20.8 104 J
2
18 

Hence, 20.8 × 104 J of work is required to stop the car.

18. In each of the following a force, F is acting on an object of mass, m. The
direction of displacement is from west to east shown by the longer arrow.
Observe the diagrams carefully and state whether the work done by the force
is negative, positive or zero.

Ans: Work is done whenever the given two conditions are satisfied:
(i) A force acts on the body.
(ii) There is a displacement of the body by the application of force in or opposite to
the direction of force.
Case I
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In this case, the direction of force acting on the block is perpendicular to the
displacement. Therefore, work done by force on the block will be zero.
Case II

In this case, the direction of force acting on the block is in the direction of
displacement. Therefore, work done by force on the block will be positive.
Case III

In this case, the direction of force acting on the block is opposite to the direction of
displacement. Therefore, work done by force on the block will be negative.
19. Soni says that the acceleration in an object could be zero even when several
forces are acting on it. Do you agree with her? Why?
Ans: Acceleration in an object could be zero even when several forces are acting
on it. This happens when all the forces cancel out each other i.e., the net force
acting on the object is zero. For a uniformly moving object, the net force acting on
the object is zero. Hence, the acceleration of the object is zero. Hence, Soni is
right.
20. Find the energy in kW h consumed in 10 hours by four devices of power 500
W each.
Ans: Energy consumed by an electric device can be obtained with the help of the
W
expression for power, P 
T
where, Power rating of the device, P = 500 W = 0.50 kW
Time for which the device runs, T = 10 h
Work done = Energy consumed by the device
Therefore, energy consumed = Power × Time = 0.50 × 10 = 5 kWh
Hence, the energy consumed by four equal rating devices in 10 h will be 4 × 5
kWh = 20 kWh = 20 Units
21. A freely falling object eventually stops on reaching the ground. What
happenes to its kinetic energy?
Ans: When an object falls freely towards the ground, its potential energy
decreases and kinetic energy increases. As the object touches the ground, all its
potential energy gets converted into kinetic energy. As the object hits the hard
ground, all its kinetic energy gets converted into heat energy and sound energy. It
can also deform the ground depending upon the nature of the ground and the
amount of kinetic energy possessed by the object.
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CHAPTER - 12
SOUND
Sound is a mechanical wave and needs a material medium like air, water, steel etc. for
its propagation.
A medium is the substance or material through which a pulse or a wave moves.
INTEXT QUESTIONS PAGE NO. 162

1. How does the sound produced by a vibrating object in a medium reach your ear?
Ans: When an object vibrates, it forces the neighbouring particles of the medium
to vibrate. These vibrating particles then force the particles adjacent to them to
vibrate. In this way, vibrations produced by an object are transferred from one
particle to another till it reaches the ear.
LONGITUDINAL AND TRANSVERSE WAVE

A longitudinal wave is a wave where the particles in the medium move parallel to
the direction of propagation of the wave.
“If the particles of a medium vibrate in a direction, parallel to or along the direction
of propagation of wave, it is called longitudinal wave”
Sound waves are pressure waves caused by objects which are vibrating. Sound waves
need a medium through which to travel.

A compression is a region in a longitudinal wave where the particles are closest
together. A rarefaction is a region in a longitudinal wave where the particles are
furthest apart.
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TRANSVERSE WAVE
“If the particles of the medium vibrate in a direction, perpendicular to the direction of
propagation, the wave is called transverse wave.”
Example: water waves, vibrations of stretched string.

Transverse waves propagate in a medium in the form of crests and troughs as shown
in fig:

Crest : The maximum displacement along the upward direction.
Trough: The maximum displacement along the downward direction.
INTEXT QUESTIONS PAGE NO. 163

1. Explain how sound is produced by your school bell.
Ans: When the school bell vibrates, it forces the adjacent particles in air to
vibrate. This disturbance gives rise to a wave and when the bell moves forward, it
pushes the air in front of it. This creates a region of high pressures known as
compression. When the bell moves backwards, it creates a region of low pressure
know as rarefaction. As the bell continues to move forward and backward, it
produces a series of compressions and rarefactions. This makes the sound of a bell
propagate through air.

2. Why are sound waves called mechanical waves?
Ans: Sound waves force the medium particles to vibrate. Hence, these waves are
known as mechanical waves. Sound waves propagate through a medium because
of the interaction of the particles present in that medium.
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3. Suppose you and your friend are on the moon. Will you be able to hear any sound
produced by your friend?
Ans: Sound needs a medium to propagate. Since the moon is devoid of any
atmosphere, you cannot hear any sound on the moon.

CHARACTERISTICS OF SOUND
Sound can be distinguished from each other by the following three characteristics:
1. Loudness or Intensity
2. Pitch or Frequency
3. Quality or Timbre
1. Loudness
The sensation produced in the ear, which enables us to distinguish between a loud,
and a faint sound is called loudness.
The amplitude of the wave determines the loudness or softness of a sound basically.
Intensity
The intensity of sound is defined as the amount of energy passing per unit time per
unit area in a direction perpendicular to the area.
energy
power 
energy 
Intensity 

 power 

area  time
area 
area 
The unit of intensity is watt/metre2(W/m2) .
Difference between loudness and intensity
Loudness
Intensity
1. It is not an entirely physical quantity
1. It is a physical quantity which can be
accurately measured.
2. It depends upon (i) sensitivity of the
2. It does not depends upon sensitivity
ear and (ii) intensity of the sound
of the ear.
Pitch or Frequency
Pitch is that characteristics of sound which helps in differentiating between a shrill
sound from a grave (flat or dull) sound.
High and low pitched sounds are called treble and bass respectively.

Quality or Timbre
The characteristic of a sound which distinguishes it from another of the same pitch
and loudness is called quantity or timbre.
A sound of single frequency is called a tone.
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A sound which is produced due to a mixture of several frequencies is called a note.

Music and Noise
The difference between music and noise is represented in below figure:

First figure is regular and has a definite amplitude. It represents a musical
sound.
A musical sound can be defined as a pleasant continuous and uniform sound produced
by regular and periodic vibrations. Example: The pleasant sound produced by a guitar,
piano, tuning fork etc.
The second curve represents a noise. The curve is irregular and has no definite
amplitude.
Musical sound is pleasant to hear and is of rich quality. Noise on the other hand is
unpleasant to hear.
Noise can be defined as an irregular succession of disturbances, which are discordant
and unpleasant to the ear.

TERMS RELATED TO SOUND WAVES
The amplitude A is the maximum excursion of a particle of the medium from the
particles undisturbed position.
The wavelength is the horizontal length of one cycle of the wave.
The period is the time required for one complete cycle.
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The frequency is related to the period and has units of Hz, or s–1. The number of such
1
oscillations per unit time is the frequency of the sound wave.  
T
The speed of sound is defined as the distance which a point on a wave, such as a
compression or a rarefaction, travels per unit time.
distance 
We know, speed, v =
=
time
T
Here  is the wavelength of the sound wave. It is the distance travelled by the sound
wave
1

in one time period (T) of the wave. Thus,    v   
T

That is, speed = wavelength × frequency.
The speed of sound remains almost the same for all frequencies in a given medium
INTEXT QUESTIONS PAGE NO. 166

1. Which wave property determines (a) loudness, (b) pitch?
Ans: (a) Amplitude (b) Frequency
(a) The loudness of a sound depends on its amplitude. If the amplitude of a sound
is large, then the sound produced will also be loud.
(b) The pitch of a sound depends on its frequency. A sound will be considered a
high pitched sound, if its frequency is high.
2. Guess which sound has a higher pitch: guitar or car horn?
Ans: The frequency of the vibration of a sound produced by a guitar is greater
than that produced by a car horn. Since the pitch of a sound is proportional to its
frequency, the guitar has a higher pitch than a car horn.
INTEXT QUESTIONS PAGE NO. 166

1. What are wavelength, frequency, time period and amplitude of a sound wave?
Ans: Wavelength: The distance between two consecutive compressions or two
consecutive rarefactions is known as the wavelength. Its SI unit is metre (m).
Frequency: The number of complete oscillations per second is known as the
frequency of a sound wave. It is measured in hertz (Hz).
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Amplitude: The maximum height reached by the crest or trough of a sound wave
is called its amplitude.
2. How are the wavelength and frequency of a sound wave related to its speed?
Ans: Speed, wavelength, and frequency of a sound wave are related by the
following equation:
Speed (v) = Wavelength (  ) × Frequency ( )
v   
3. Calculate the wavelength of a sound wave whose frequency is 220 Hz and speed
is 440 m/s in a given medium.
Ans: Frequency of the sound wave,  = 220 Hz
Speed of the sound wave, v = 440 m s−1
For a sound wave,
Speed = Wavelength × Frequency
v   
v 440
  
 2m
 220
Hence, the wavelength of the sound wave is 2 m.
4. A person is listening to a tone of 500 Hz sitting at a distance of 450 m from the
source of the sound. What is the time interval between successive compressions
from the source?
Ans: The time interval between two successive compressions is equal to the time
period of the wave. This time period is reciprocal of the frequency of the wave
and is given by the relation:
1
1
T

 0.002 s
frequency 500

INTEXT QUESTIONS PAGE NO. 166

1. Distinguish between loudness and intensity of sound.
Ans: Intensity of a sound wave is defined as the amount of sound energy passing
through a unit area per second. Loudness is a measure of the response of the ear to
the sound. The loudness of a sound is defined by its amplitude. The amplitude of a
sound decides its intensity, which in turn is perceived by the ear as loudness.
SONIC BOOM
When the speed of any object exceeds the speed of sound it is said to be travelling at
supersonic speed. Bullets, jet aircrafts etc. often travel at supersonic speeds. When a
sound, producing source moves with a speed higher than that of sound, it produces
shock waves in air. These shock waves carry a large amount of energy. The air
pressure variation associated with this type of shock waves produces a very sharp and
loud sound called the “sonic boom”. The shock waves produced by a supersonic
aircraft have enough energy to shatter glass and even damage buildings.
INTEXT QUESTIONS PAGE NO. 167

1. In which of the three media, air, water or iron, does sound travel the fastest at a
particular temperature?
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Ans: The speed of sound depends on the nature of the medium. Sound travels the
fastest in solids. Its speed decreases in liquids and it is the slowest in gases.
Therefore, for a given temperature, sound travels fastest in iron.
REFLECTION OF SOUND
The reflection of sound follows the law "angle of incidence equals angle of
reflection", sometimes called the law of reflection. The law state that:
1. The incident wave, the reflected wave and the normal(at the pont of incidence), all
lie in the same plane.
2. The angle of reflection is always equal to the angle of incidence. i. e. i  r

ECHO
An echo is the phenomenon of repetition of sound of a source by reflection from an
obstacle. The sensation of sound persists in our brain for about 0.1 s. This property is
called persistence of hearing. Therefore, to hear a distinct echo the time interval
between the original sound and the reflected one must be at least 0.1s.
Let d = minimum distance of the obstacles from the source
v = speed of sound in air
t = total time taken by the sound to reach the listener after reflection.
Then by distance = speed x time formula we have, 2d = v x t
Substituting v = 344m/s (speed of the sound in air at 200C) and t = 0.1s, we get
2d = 344 x 0.1 = 34.4 m
d = 17.2 m
Hence for hearing a distinct echo, the minimum distance of the obstacle from the
source of sound should be 17.2m.
vt
d
2
where d is the distance between the source of sound and the obstacle, t is the time
taken by sound in going to the obstacle and coming back and v is the speed of sound.
d is measured in metre, v in m/s and t in second.
INTEXT QUESTIONS PAGE NO. 168

1. An echo returned in 3 s. What is the distance of the reflecting surface from the
source, given that the speed of sound is 342 m s–1?
Ans: Speed of sound, v = 342 m s−1
Echo returns in time, t = 3 s
Distance travelled by sound = v × t = 342 × 3 = 1026 m
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In the given time interval, sound has to travel a distance that is twice the distance
of the reflecting surface and the source.
1026
Hence, the distance of the reflecting surface from the source 
 513m
2
MULTIPLE ECHOES
When sound is repeatedly reflected from a number of obstacles at suitable distances,
many echoes are heard one after the other. This constitutes multiple echoes.
Uses of Multiple Reflection of sound
The phenomenon of multiple reflection of sound are given below:
1. Megaphones or Speaking tubes.
Megaphones or loudhailers, horns, musical instruments are all designed to send sound
in a particular direction without spreading it in all directions. In these instruments, a
tube followed by a conical opening reflects sounds successively to guide most of the
sound waves from the source in the forward direction.

2. Stethoscope
Stethoscope is a medical instrument used for listening to sounds produced within the
body, chiefly in the heart or lungs. In stethoscopes the sound of the patient’s heartbeat
reaches the doctor’s ears by multiple reflection of sound, as shown in below figure.
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3. Design of concerts Halls, Cinema Halls and Conference Halls
The ceilings of these halls are curved. This enables the sound to reach all corners of
the hall after reflection from the ceiling as shown in below left figure.

A sound board, which is a curved sound reflecting surface, is placed behind the stage.
The source is located at the focus of this reflecting surface. Sound waves coming from
the source become parallel after reflection from the sound board and spread evenly
throughout the width of the hall as shown in above right sided figure.
REVERBERATION
A sound created in a big hall will persist by repeated reflection from the walls until it
is reduced to a value where it is no longer audible. The repeated reflection that results
in this persistence of sound is called reverberation.
INTEXT QUESTIONS PAGE NO. 169

1. Why are the ceilings of concert halls curved?
Ans: Ceilings of concert halls are curved so that sound after reflection (from the
walls) spreads uniformly in all directions.
RANGE OF FREQUENCIES
There are three categories of longitudinal mechanical waves which cover different
range of frequencies:
1. Sound waves or Audible waves
These waves have frequencies which lie between 20 Hz to 20 kHz.
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2. Infrasonic waves or Infrasound
Those longitudinal mechanical waves whose frequencies are below 20 Hz are
called infrasonic waves.
3. Ultrasonic waves or Ultrasound
Those longitudinal mechanical waves whose frequencies are lie above 20 kHz are
called ultrasonic waves.
APPLICATIONS OF ULTRASOUND
INDUSTRIAL USES OF ULTRASOUND
1. Cleaning instruments and electronics components
Ultrasound is generally used to clean parts located in hard-to-reach places, for
example, spiral tube, odd shaped parts, electronic components etc. Objects to be
cleaned are placed in a cleaning solution and ultrasonic waves are sent into the
solution. Due to the high frequency, the particles of dust, grease and dirt get detached
and drop out. The objects thus get thoroughly cleaned.
2. Plastic welding
Application of small pressure and ultrasonic vibration to two similar surface produce
sufficient thermal energy to bond the surfaces together
3. Detecting flaws and cracks in metal blocks.
Ultrasounds can be used to detect cracks and flaws in metal blocks. Metallic
components are generally used in construction of big structures like buildings,
bridges, machines and also scientific equipment. The cracks or holes inside the metal
blocks, which are invisible from outside reduces the strength of the structure.
Ultrasonic waves are allowed to pass through the metal block and detectors are used
to detect the transmitted waves. If there is even a small defect, the ultrasound gets
reflected back indicating the presence of the flaw or defect, as shown in figure.

Medical uses of Ultrasound
1. Echocardiography
Ultrasonic waves are made to reflect from various parts of the heart and form the
image of the heart. This technique is called ‘echocardiography’.
2. Ultrasonography
Ultrasound scanner is an instrument which uses ultrasonic waves for getting images of
internal organs of the human body. A doctor may image the patient’s organs such as
the liver, gall bladder, uterus, kidney, etc. It helps the doctor to detect abnormalities,
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such as stones in the gall bladder and kidney or tumours in different organs. In this
technique the ultrasonic waves travel through the tissues of the body and get reflected
from a region where there is a change of tissue density. These waves are then
converted into electrical signals that are used to generate images of the organ. These
images are then displayed on a monitor or printed on a film. This technique is called
‘ultrasonography’. Ultrasonography is also used for examination of the foetus during
pregnancy to detect congenial defects and growth abnormalities.
3. Surgical uses.
Ultrasound is used for bloodless brain surgery as well as painless extraction of
teeth etc. Ultrasound may be employed to break small ‘stones’ formed in the
kidneys into fine grains. These grains later get flushed out with urine.

4. Therapeutic uses.
Ultrasound is used for treatment of neuralgic and rheumatic pains.
Communication (SONAR)
It is an acronym which means SOund Navigation And Ranging.
A sonar is a device which measure the distance, direction and speed of objects lying
under water using ultrasonic waves.
How does the sonar work?

The transmitter produces and transmits ultrasonic waves. These waves travel through
water and after striking the object on the seabed, get reflected back and are sensed by
the detector. The detector converts the ultrasonic waves into electrical signals which
are appropriately interpreted. The distance of the object that reflected the sound wave
can be calculated by knowing the speed of sound in water and the time interval
between transmission and reception of the ultrasound.

Let the time interval between transmission and reception of ultrasound signal be t and
the speed of sound through seawater be v. The total distance, 2d travelled by the
ultrasound is then, 2d = v x t. The above method is called echo-ranging.
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The sonar technique is used to determine the depth of the sea and to locate underwater
hills, valleys, submarine, icebergs, sunken ship etc.
INTEXT QUESTIONS PAGE NO. 170

1. What is the audible range of the average human ear?
Ans: The audible range of an average human ear lies between 20 Hz to 20,000
Hz. Humans cannot hear sounds having frequency less than 20 Hz and greater
than 20,000 Hz.
2. What is the range of frequencies associated with
(a) Infrasound?
(b) Ultrasound?
Ans: (a) Infrasound has frequencies less than 20 Hz.
(b) Ultrasound has frequencies more than 20,000 Hz.

INTEXT QUESTIONS PAGE NO. 172

1. A submarine emits a sonar pulse, which returns from an underwater cliff in 1.02 s.
If the speed of sound in salt water is 1531 m/s, how far away is the cliff?
Ans: Time taken by the sonar pulse to return, t = 1.02 s
Speed of sound in salt water, v = 1531 m s−1
Distance of the cliff from the submarine = Speed of sound × Time taken
Distance of the cliff from the submarine  1.02  1531  1561.62m
Distance travelled by the sonar pulse during its transmission and reception in
water = 2 × Actual distance = 2d
Distance of the cliff from the submarine
Actual distance, d 
2
1561.62

 780.31m
2
NUMERICALS
1. A boy hears an echo of his own voice from a distant hill after 1 s. the speed of
sound is 340m/s. What is the distance of the hill from the boy?
2. A boy is standing in front of wall at a distance of 85m produces 2 claps per
second. He notices that the sound of his clapping coincides with the echo. The
echo is heard only once when clapping is stopped. Calculate the speed of sound.
3. A man stationed between two parallel cliffs fires a gun. He hears the first echo
after 1.5 s and the next after 2.5 s. What is the distance between the cliffs and
when does he hear the third echo? Take the speed of sound in air is 340 m/s.
4. A man fires a shot and hears an echo from a cliff after 2s. He walks 85m towards
the cliff and the echo of a second shot is now heard after 1.4s What is the velocity
of sound and how far was the man from the cliff when he first heard the echo?
5. A boy hears an echo of his own voice from a distant hill after 2.5 s. the speed of
sound is 340m/s. Calculate the distance of the hill from the boy.
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6. A person clapped his hands near a cliff and heard the echo after 5 s. What is the
distance of the cliff from the person if the speed of the sound, v is taken as 346
m/s?
7. A child hears an echo from a cliff after the sound of powerful cracker is produced.
How far away is the cliff from the child? (Take speed of the sound in air as 340
m/s).
8. An observer standing between two cliffs fires a gun. He hears one echo after 1.5 s
and another after 3.5 s. If the speed of sound is 340 m/s, find (a) the distance of
the observer from the first cliff and (b) distance between the cliffs.
9. A boy stands 60m in front of a tall wall and claps. The boy continues to clap every
time an echo is heard. Another boy finds that the time between the first (1st) and
the fifty first (51st) clap is 18s. Calculate the speed of the sound.
10. A person standing between two vertical cliffs and 680m away from the nearest
cliff, shouted. He heard the first echo after 4s and the second echo 3s later.
Calculate (a) the speed of sound in air and the distance between the two cliffs.
11. A man standing at 51m from a wall fires a gun. Calculate the time after which an
echo is heard. The speed of sound is 340 m/s.
12. A man fires a gun towards a hill and hears its echo after 5s. He then moves 340m
towards the hill and fires his gun again. This time he hears the echo after 3s.
Calculate the speed of the sound.
13. An engine is approaching a hill at constant speed. When it is at a distance of
0.9km, it blows a whistle, whose echo is heard by the driver after 5s. If the speed
of sound is 340m/s, calculate the speed of the engine.
14. It takes 2.4a to record the echo of a sonar. If the speed of sound in water is 1450
m/s, find the depth of the ocean floor.
15. A ship which is stationary, is at a distance of 2900 m from the seabed. The ship
sends an ultrasound signal to the seabed and its echo is heard 4s. Find the speed of
sound in water.
16. A ship sends out ultrasound that returns from the seabed and is detected after
3.42s. If the speed of the ultrasound through sea water is 1531 m/s, what is the
distance of the seabed from the ship?
17. A sonar device on a submarine sends out a signal and receives an echo 5s later.
Calculate the speed of sound in water if the distance of the object from the
submarine is 3625m.
18. A sonar emits pulses on the surface of water which are detected after reflection
from its bottom at a depth of 1531m. If the time interval between the emission and
detection of the pulse is 2s, find the speed of sound in water.

Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 39 -

19. A sonar device on a submarine sends out a signal and receives an echo 10 s later.
Calculate the speed of sound in water if the distance of the object from the
submarine is 7650m.
20. A man standing at 68m from a wall fires a gun. Calculate the time after which an
echo is heard. The speed of sound is 340 m/s.
EXERCISE QUESTIONS PAGE NO. 174 AND 175

1. What is sound and how is it produced?
Ans: Sound is produced by vibration. When a body vibrates, it forces the
neighbouring particles of the medium to vibrate. This creates a disturbance in the
medium, which travels in the form of waves. This disturbance, when reaches the
ear, produces sound.
2. Describe with the help of a diagram, how compressions and rarefactions are
produced in air near a source of sound.
Ans: When a vibrating body moves forward, it creates a region of high pressure in
its vicinity. This region of high pressure is known as compressions. When it
moves backward, it creates a region of low pressure in its vicinity. This region is
known as a rarefaction. As the body continues to move forward and backwards, it
produces a series of compressions and rarefactions (as shown in the following
figure).

3. Cite an experiment to show that sound needs a material medium for its
propagation.
Ans: Take an electric bell and hang this bell inside an empty bell-jar fitted with a
vacuum pump (as shown in the following figure).
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Initially, one can hear the sound of the ringing bell. Now, pump out some air from
the bell-jar using the vacuum pump. It will be observed that the sound of the
ringing bell decreases. If one keeps on pumping the air out of the bell-jar, then at
one point, the glass-jar will be devoid of any air. At this moment, no sound can be
heard from the ringing bell although one can see that the prong of the bell is still
vibrating. When there is no air present inside, we can say that a vacuum is
produced. Sound cannot travel through vacuum. This shows that sound needs a
material medium for its propagation.
4. Why is sound wave called a longitudinal wave?
Ans: The vibration of the medium that travels along or parallel to the direction of
the wave is called a longitudinal wave. In a sound wave, the particles of the
medium vibrate in the direction parallel to the direction of the propagation of
disturbance. Hence, a sound wave is called a longitudinal wave.
5. Which characteristic of the sound helps you to identify your friend by his
voice while sitting with others in a dark room?
Ans: Quality of sound is that characteristic which helps us identify a particular
person. Sound produced by two persons may have the same pitch and loudness,
but the quality of the two sounds will be different.
6. Flash and thunder are produced simultaneously. But thunder is heard a few
seconds after the flash is seen, why?
Ans: The speed of sound (344 m/s) is less than the speed of light (3 x 108 m/s).
Sound of thunder takes more time to reach the Earth as compared to light. Hence,
a flash is seen before we hear a thunder.
7. A person has a hearing range from 20 Hz to 20 kHz. What are the typical
wavelengths of sound waves in air corresponding to these two frequencies?
Take the speed of sound in air as 344 m s–1.
Ans: For a sound wave,
Speed = Wavelength × Frequency
v   
Given that the speed of sound in air = 344 m/s
(i) For,  1 = 20 Hz
v 344
1  
 1.72m
 1 20
(ii) For,  2 = 20,000 Hz
v
344
2  
 0.0172m
 2 20, 000
Hence, for humans, the wavelength range for hearing is 0.0172 m to 17.2 m.
8. Two children are at opposite ends of an aluminium rod. One strikes the end
of the rod with a stone. Find the ratio of times taken by the sound wave in air
and in aluminium to reach the second child.
Ans: Let the length of the aluminium rod be d.
Speed of sound wave in aluminium at 25°C, v Al  6420ms 1
Therefore, time taken by the sound wave to reach the other end,
d
d
t Al 

v Al 6420
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Speed of sound wave in air at 25°C, v Air  346ms 1
Therefore, time taken by sound wave to reach the other end,
d
d
t Air 

v Air 346
The ratio of time taken by the sound wave in air and aluminium:
d
t Air
6420
 346 
 18.55 :1
d
t Al
346
6420
9. The frequency of a source of sound is 100 Hz. How many times does it vibrate
in a minute?
Ans: Frequency is defined as the number of oscillations per second. It is given by
the relation:
Number of oscillations
Frequency 
Total time
Number of oscillations = Frequency × Total time
Given, Frequency of sound = 100 Hz
Total time = 1 min = 60 s
Number of oscillations/Vibrations = 100 × 60 = 6000
Hence, the source vibrates 6000 times in a minute, producing a frequency of 100
Hz.
10. Does sound follow the same laws of reflection as light does? Explain.
Ans: Sound follows the same laws of reflection as light does. The incident sound
wave and the reflected sound wave make the same angle with the normal to the
surface at the point of incidence. Also, the incident sound wave, the reflected
sound wave, and the normal to the point of incidence all lie in the same plane.
11. When a sound is reflected from a distant object, an echo is produced. Let the
distance between the reflecting surface and the source of sound production
remains the same. Do you hear echo sound on a hotter day?
Ans: An echo is heard when the time interval between the original sound and the
reflected sound is at least 0.1 s. The speed of sound in a medium increases with an
increase in temperature. Hence, on a hotter day, the time interval between the
original sound and the reflected sound will decrease. Therefore, an echo can be
heard only if the time interval between the original sound and the reflected sound
is greater than 0.1 s.
12. Give two practical applications of reflection of sound waves.
Ans: (i) Reflection of sound is used to measure the distance and speed of
underwater objects. This method is known as SONAR.
(ii) Working of a stethoscope is also based on reflection of sound. In a
stethoscope, the sound of the patient’s heartbeat reaches the doctor’s ear by
multiple reflection of sound.
13. A stone is dropped from the top of a tower 500 m high into a pond of water at
the base of the tower. When is the splash heard at the top? Given, g = 10 m s–
2
and speed of sound = 340 m s–1.
Ans: Height of the tower, s = 500 m
Velocity of sound, v = 340 m s−1
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Acceleration due to gravity, g = 10 m s−2
Initial velocity of the stone, u = 0 (since the stone is initially at rest)
Time taken by the stone to fall to the base of the tower, t1
According to the second equation of motion:
1
s  ut1  gt12
2
1
 500  0  t1   10  t12
2
2
 t1  100  t1  10s
Now, time taken by the sound to reach the top from the base of the tower,
500
t2 
 1.47 s
340
Therefore, the splash is heard at the top after time, t
Where, t  t1  t2  10  1.47  11.47 s
14. A sound wave travels at a speed of 339 m s–1. If its wavelength is 1.5 cm,
what is the frequency of the wave? Will it be audible?
Ans: Speed of sound, v = 339 m s−1
Wavelength of sound,  = 1.5 cm = 0.015 m
Speed of sound = Wavelength × Frequency
v   
v
339
  
 22600 Hz
 0.015
The frequency range of audible sound for humans lies between 20 Hz to 20,000
Hz. Since the frequency of the given sound is more than 20,000 Hz, it is not
audible.
15. What is reverberation? How can it be reduced?
Ans: Persistence of sound (after the source stops producing sound) due to
repeated reflection is known as reverberation. As the source produces sound, it
starts travelling in all directions. Once it reaches the wall of a room, it is partly
reflected back from the wall. This reflected sound reaches the other wall and again
gets reflected partly. Due to this, sound can be heard even after the source has
ceased to produce sound.
To reduce reverberations, sound must be absorbed as it reaches the walls and the
ceiling of a room. Sound absorbing materials like fibreboard, rough plastic, heavy
curtains, and cushioned seats can be used to reduce reverberation.
16. What is loudness of sound? What factors does it depend on?
Ans: A loud sound has high energy. Loudness depends on the amplitude of
vibrations. In fact, loudness is proportional to the square of the amplitude of
vibrations.
17. Explain how bats use ultrasound to catch a prey.
Ans: Bats produce high-pitched ultrasonic squeaks. These high-pitched squeaks
are reflected by objects such as preys and returned to the bat’s ear. This allows a
bat to know the distance of his prey.
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18. How is ultrasound used for cleaning?
Ans: Objects to be cleansed are put in a cleaning solution and ultrasonic sound
waves are passed through that solution. The high frequency of these ultrasound
waves detaches the dirt from the objects.
19. Explain the working and application of a sonar.
Ans: SONAR is an acronym for Sound Navigation And Ranging. It is an acoustic
device used to measure the depth, direction, and speed of under-water objects such
as submarines and ship wrecks with the help of ultrasounds. It is also used to
measure the depth of seas and oceans.

A beam of ultrasonic sound is produced and transmitted by the transducer (it is a
device that produces ultrasonic sound) of the SONAR, which travels through sea
water. The echo produced by the reflection of this ultrasonic sound is detected and
recorded by the detector, which is converted into electrical signals. The distance
(d) of the under-water object is calculated from the time (t) taken by the echo to
return with speed (v) is given by 2d = v × t. This method of measuring distance is
also known as ‘echo-ranging’.
20. A sonar device on a submarine sends out a signal and receives an echo 5 s
later. Calculate the speed of sound in water if the distance of the object from
the submarine is 3625 m.
Ans: Time taken to hear the echo, t = 5 s
Distance of the object from the submarine, d = 3625 m
Total distance travelled by the sonar waves during the transmission and reception
in water = 2d
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Velocity of sound in water, v 

2d 2  3625

 1450ms 1
t
5

21. Explain how defects in a metal block can be detected using ultrasound.
Ans: Defects in metal blocks do not allow ultrasound to pass through them and
they are reflected back. This fact is used to detect defects in metal blocks.
Ultrasound is passed through one end of a metal block and detectors are placed on
the other end. The defective part of the metal block does not allow ultrasound to
pass through it. As a result, it will not be detected by the detector. Hence, defects
in metal blocks can be detected using ultrasound.

22. Explain how the human ear works.
Ans: Different sounds produced in our surroundings are collected by pinna that
sends these sounds to the ear drum via the ear canal. The ear drum starts vibrating
back and forth rapidly when the sound waves fall on it. The vibrating eardrum sets
the small bone hammer into vibration. The vibrations are passed from the hammer
to the second bone anvil, and finally to the third bone stirrup. The vibrating stirrup
strikes on the membrane of the oval window and passes its vibration to the liquid
in the cochlea. This produces electrical impulses in nerve cells. The auditory nerve
carries these electrical impulses to the brain. These electrical impulses are
interpreted by the brain as sound and we get a sensation of hearing.
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