
Work, Energy, and 
Simple Machines

Chapter 

7

In earlier Chapters 4 and 6, you have learnt how forces change the 
motion of objects, and how kinematic equations and Newton’s laws can 
be used to analyse motion. But when forces change with time or act in 
complicated ways, applying these laws directly can become difficult. Is 
there a simpler and more powerful way to understand such situations? 

In this chapter, you will explore the ideas of work, energy and power, 
which often allow us to analyse motion and interactions more easily. You 
will also learn about simple machines, which help us perform tasks with 
less effort and more convenience. These form the building blocks of many 
everyday machines. Energy, which is the capacity to do work, lies at the heart 
of all these ideas and of almost every activity in our daily life (Fig. 7.1).

Fig. 7.1: Energy required to carry out tasks comes from various sources

Food provides 
energy to walk

Electricity provides 
energy to rotate a fan

 Fuel provides energy to 
move a car

We often use the words work, energy and power in everyday 
conversations. As we learnt in Chapter 1, these terms have a precise 
meaning in science. Let us first understand how to define work.

	y What will be 
the magnitude 
of velocity of 
the child at the 
bottom of the 
blue slide?

	y Will two 
children of 
different masses 
reach the bottom 
of the same slide 
with the same 
velocity?

	y Which of the 
slides will result 
in the largest 
magnitude of 
velocity for 
the child at its 
bottom?

Think It Over
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7.1 Work Done by a Constant Force
Let us begin by doing some thinking based 
on our experience of lifting objects to a 
height.

Consider a wheat bag of mass 5 kg kept 
on the floor (Fig. 7.2a). Gravitational force mg 
acts downwards on the bag, where m is the 
mass of the bag and g is the acceleration due 
to gravity. To lift the bag slowly to a height of 
1 m, you must apply an upward force equal 
to mg. The force applied by you acts upwards 
on the bag as the bag is displaced through a 
distance of 1 m in the direction of the force. 
In everyday language, you would say that you 
did some work.

If you lift 3 such bags one after the other to the same height (Fig. 7.2b), 
you would have done 3 times more work than to lift 1 bag. If the bag is lifted 
to the same height by a machine using some fuel, it will require 3 times 
more fuel to lift 3 bags.

Now, suppose you lift all the 3 bags together to the same height 
(Fig. 7.2c). You would need to apply a force 3 times larger than that 
required for a single bag. Since, you have done the same task as in 
Fig. 7.2b, the work done by you would be 3 times the work required to 
lift 1 bag. This shows that applying a larger force over the same distance 
allows you to proportionally do more work.

Next, consider lifting a single 5 kg bag of wheat but to a height of 3 m 
(Fig. 7.2d). You would have carried out 3 times more work as compared 
to the work required to lift the same bag by 1 m. Or if the same machine 
is used three times in succession to lift the bag by 1 m each time, it would 
require 3 times more fuel. Thus, applying the same force over a larger 
distance allows you to proportionally do more work.

The scientific definition of work done by a force is based on the above 
observations. The work done by a constant force acting on an object in 
bringing about a certain displacement can be defined as:

work done on an object by a constant force = force applied × displacement in the 
	 direction of the force	 (7.1)

In the example that we discussed, the 
displacement was in the vertical direction, 
however, Eq. (7.1) can be used even if the force and 
displacement, both are in a horizontal direction, or 
any other direction for that matter.

For example, consider an object upon which 
a constant force F is acting, and it undergoes a 
displacement s in the direction of force (Fig. 7.3). 
Then, the work done W  by the force on the object is

	 W = F × s	 (7.2)

F

(b)

Fig. 7.3: Work done by a force while displacing 
an object in (a) horizontal direction, and  

(b) vertical direction

(a)

s
s

F

While 
describing the 
work done, it 
is important to 
specify the force 
(or agency) 
doing the work 
and the object 
on which the 
work is done.

Note

Fig. 7.2: Lifting bags to a height
(a) (b) (c) (d)

Work = 3 W

Work = W Work = 3 W Work = 3 W
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The SI unit of work done is joule which is represented by J. The SI unit 
of force is the newton (N) and the SI unit of displacement is the metre (m). 
Thus, using Eq. (7.2), 1 joule can be defined as

			   	 1 J = 1 N × 1 m
That is, 1 joule of work is done on an object when a constant force 

of 1 newton is applied to it and it is displaced by 1 metre in the direction 
of the force. Since 1 N = 1 kg m s–2, note that 

1 J = 1 kg m s–2 × 1 m = 1 kg m2 s–2

In the graph shown in Fig. 7.4, the force on 
an object is plotted on the y-axis against the 
displacement in the direction of force on the 
x-axis. In this case, the work done on the object 
by the force is equal to the area of the shaded 
rectangle in the graph which is

10 N × 1 m = 10 J
Even when the force is not constant, work 

done can still be calculated by finding the area 
under the force-displacement graph between 
the initial and the final positions. 

7.1.1 When is work done equal to zero? 
From the definition of work done (Eq. 7.2), you can see that if the force 
acting on an object is zero, i.e., F = 0, then no work is done on the object. 
The work done on an object is also zero if there is no displacement of the 
object, i.e., s = 0, regardless of the force being applied on it. For example, 
if you apply a force on an object, such as a rigid wall (Fig. 7.5), there is no 
displacement in the wall and you have done no work on the wall.

This may seem odd because you feel tired. To apply a force, the muscles 
in your body repeatedly expand and contract, and use up the internal 
energy of your body. Thus, you may feel tired even though, in a scientific 
sense, you have not done any work on the object.

If a force acts in a direction perpendicular to the displacement of 
an object, the work done by that force is zero (Fig. 7.6) because 
there is no displacement in the direction of the force. For example, 
when a girl carries a box while walking, she applies an upward 
force to balance its weight, while the box moves horizontally. 
Since, the force and displacement are perpendicular to each other, 
no work is done by this force on the box. In higher grades, 
you will learn how to calculate the work done when force 
and displacement are at an angle to each other.

Ready to Go Beyond 
Force applied by 

the girl on the box

Fig. 7.6: Carrying a box

Displacement

Next
Level

Up

7.1.2 Positive and negative work done
The work done by a force on an object can either be positive or negative 
depending upon the relative directions of the force and the displacement. 
When the displacement is in the same direction as the applied force, the 
work done by the force on the object is said to be positive. For example, 
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Fig. 7.4: Force-displacement graph
Displacement (m)
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y

Fig. 7.5: Pushing 
a wall

Force and 
displacement 
have both 
magnitude 
and direction. 
Work, however, 
does not have a 
direction. It can 
be described 
using a number 
with a positive 
or a negative 
sign. 

Ready to Go 
Beyond 
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when you push a wheelchair, the force applied by you on the wheelchair 
and its displacement are in the same direction (Fig. 7.7a). Thus, you do 
positive work on the wheelchair.

When the displacement is in the direction opposite to that of the force, 
then the work done by the force on the object is negative. For example, 
while stopping a ball, the goalkeeper applies a force in a direction opposite 
to the direction of motion of the football (Fig. 7.7b), and hence, opposite to 
the displacement. As a result, the goalkeeper does negative work on the ball.

Fig. 7.7: Examples of (a) positive, and (b) negative work done on object
(a)

Positive work 
done by the 
boy on the 
wheelchair

Displacement

Force

(b)

Negative work 
done by the 

goalkeeper on 
the ball

Displacement

Force

Example 7.1: While exercising, a girl lifts a dumbbell and slowly lowers it 
down. Identify when the girl does positive work on the dumbbell and when 
she does negative work on it.
Answer: The girl applies a force equal to the weight of dumbbell to lift 
it up. When she moves the dumbbell up, the force is in the direction of 
displacement, so she does positive work on it. When moving the dumbbell 
down, the force she applies to hold it is in a direction opposite to the 
displacement, so she does negative work on it.
Example 7.2: While saving a goal (Fig. 7.7b), a goalkeeper’s hand moved 
back by 15 cm as she stopped a ball while applying a force of 200 N. How 
much work did the goalkeeper do on the ball in stopping it?
Answer: The goalkeeper applied a force opposite to the motion of the ball, 
so she did negative work on the ball. The displacement should be taken as 
negative because the ball moves in a direction opposite to the direction of the 
applied force.

�Work done by the goalkeeper on the ball = force × displacement of ball 
in the direction of force
	 = 200 N × (– 0.15 m) = – 30 J

1.	 In the previous chapter, a weightlifter is shown holding a barbell steady 
in her hands (Fig. 6.8). Is she doing any work on the barbell while holding 
it steady?

2.	 Is the work done by friction on the stack of coins that travels on a rough 
surface (Fig. 6.13c) — positive, negative or zero?

Pause and Ponder

Note
The ball and 
the goalkeeper, 
both apply 
equal and 
opposite 
forces on each 
other. Both do 
work on each 
other. The ball 
does positive 
work on the 
goalkeeper, 
while 
goalkeeper 
does negative 
work on the 
ball.
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7.2 The Work-Energy Theorem
We have seen that when a force is applied and an object is displaced, work 
is done on it. Does this cause the object to gain capacity to do further work?

Consider some everyday life examples. A fielder throws a cricket ball 
towards the wicket (Fig. 7.8a). The moving ball hits the wicket, making it fall 
(Fig. 7.8b). Similarly, a flowerpot raised to a height can damage an object 
below it if it falls (Fig. 7.8c). So, in each case, the ball or the pot has acquired 
a capacity to do some work. An object having the capacity to do work is said 
to possess energy. But how did the ball or the pot get their energy? The ball 
gained energy from the work done by the fielder in throwing it. The pot 
gained energy from the work done in raising it to a height.

When positive work is done on an object, it gains energy. Subsequently, 
the object can use that energy to apply a force on another object and cause 
it to move, thereby transferring energy. For example, when the ball hits 
the wickets, it transfers its energy to the wickets, making them move. Thus, 
work done on an object and its energy are closely related to each other.

Work done on an object appears as a change in its energy. The relation 
between the work done on an object and the change in its energy is called 
the work-energy theorem, which can be stated as
		  work done on an object = change in its energy� (7.3)

This theorem also holds for a system of objects or even when the forces 
applied on an object are not constant. This theorem can help us solve 
problems which we could not have done easily otherwise.

The SI unit of energy is the same as the SI unit of work, the joule (J).

Doing mechanical work is one way of transferring energy from one object to 
another. But that is not the only way! Energy can also be transferred as heat. 
When two objects at different temperatures come in contact, energy flows 
from the hotter one to the colder one. Energy can also move without direct 
contact. For example, the Sun’s energy reaches the Earth through radiation. 
Energy is transferred in electric circuits, as well as via sound waves, and 
even in nuclear reactions that power the Sun.

Ready to Go Beyond 

Example 7.3: In a game of carrom, a player struck the shot shown in Fig. 7.9 
to pocket the black coin. Identify who does work, and the changes in energy 
that occur at each collision.
Answer: The moving striker collides with the white coin, which in turn 
collides with the black coin. The moving striker applies force in the 
direction of displacement of the white coin. The striker, 
thus, does positive work on the white coin, increasing 
its energy. By Newton’s third law, the white coin applies 
an opposite force and does negative work on the striker, 
decreasing its energy. Similarly, the white coin does 
positive work on the black coin increasing its energy, 
while the black coin does negative work on the white 
coin, decreasing its energy.

(b)

(c)

(a)

Fig. 7.8: (a) Throwing 
a cricket ball, (b) ball 

hitting the wickets, and 
(c) a flower pot falling 

from a height

Fig. 7.9: A carrom shot

Meet a Scientist
The SI 
unit of 
work and 
energy, 
joule, 
is named after 
the scientist, 
James Prescott 
Joule. He studied 
how mechanical 
energy and 
thermal energy 
are related, and 
can be converted 
from one to the 
other. This helped 
develop a unified 
way to understand 
energy. 
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3.	 When you pedal a bicycle on a flat road, your muscles supply energy. In 
what forms does this muscular energy appear as you ride?

Pause and Ponder

7.3 Forms of Energy
As we have seen, energy is the capacity to do work. The 
examples that we have discussed till now correspond to the 
mechanical energy. But energy can exist in many other forms 
as shown in Fig. 7.10. It is possible to change energy from one 
form to another. For example, electrical energy is converted 

into light energy in a bulb, and into thermal energy 
of the water in an electric water heater. The chemical 
energy in the food we eat powers our muscles and 
gets converted into mechanical energy. Similarly, 
a ringing bell converts mechanical energy into 
sound energy.

Among these, we will now look more closely at mechanical 
energy, since it is directly connected to the forces and motions 
you studied earlier.

7.4 Mechanical Energy
Mechanical energy is the energy that an object possesses due 
to its motion or position. Let us try to quantify mechanical 
energy by using the concept of work.

7.4.1 Kinetic energy
The energy possessed by an object due to its motion is called 
kinetic energy. All moving objects possess kinetic energy, 
such as a moving bicycle or a rolling ball. 

How much is the energy possessed by an object by virtue of 
its motion? It is common to define an object that does not move 
to have zero kinetic energy. Consider an object that starts from 
rest and acquires a certain velocity under the influence of a 
force F (Fig. 7.11). Then by the work-energy theorem, the work 
done by the force will equal to the energy gained by the object, 
which is the kinetic energy of the object in this case.

Initial velocity = 0
Initial Kinetic energy = 0

F

Work done by force
W = F × s

Final velocity = v
Final Kinetic energy = K

Displacement along the force = s

Fig. 7.11: Calculating change in kinetic energy using the work-energy theorem

Let us find a mathematical expression for the kinetic energy. For that, 
we will first find a general expression for work done by a force on an object 
of mass m , starting not from rest but from an initial velocity u . Let v be its 

Grade 7
Curiosity
Chapter 3

Grade 6
Curiosity
Chapter 3

Mechanical energy
Energy due to motion 
or position of objects

Energy related to 
position or motion 

of charges

Thermal energy
Energy that 

makes things 
warm or hot

Light energy
Energy that 
allows us to 

see

Sound energy
Energy of 

vibrations of air or 
other molecules

Energy stored in 
the nuclei of atoms

Energy stored in fuels and food 
in the form of chemical bonds 

between atoms

Nuclear energy

Chemical energy

Electrical energy

Fig. 7.10: Different forms of energy
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final velocity as it undergoes a displacement s. To simplify the situation, let 
us assume that the force F acting on the object is constant. In that case, the 
acceleration a is also constant, and the kinematic equations can be used. 
We can then write

				    v 2 = u 2 + 2as

			   or	
( )
( )

v u
s

a
−

=
2 2

2 	 (7.4)

From the definition of work (Eq. 7.2), the work done W  by the force is
	 W = F × s

Using Newton’s second law, F = ma, we get
	 W = ma × s

Substituting the value of s from Eq. (7.4), we obtain,

	
( )
( )
−

= ×
2 2

2

v u
W ma

a

	 ( )2 21
2

W m v u= − � (7.5)

From the work-energy theorem (Eq. 7.3), the work done by the force 
acting on the object translates into the change in the energy of the object. 
Thus, Eq. (7.5) represents the change in the energy of the object.

If the initial velocity of the object is u = 0, the change in the energy 
of the object is equal to its final kinetic energy. Thus, using Eq. (7.5), the 
kinetic energy of an object of mass m moving with a velocity v is

				     21
2

K mv= 	 (7.6)

The SI unit of kinetic energy is the joule (J). The kinetic energy has 
no direction. When positive work is done on the object and its velocity 
increases, its kinetic energy also increases. If negative work is done on the 
object and its velocity decreases, its kinetic energy will also decrease. If 
no work is done by the force on the object (W = 0) and its velocity does not 
change, then its kinetic energy remains constant. 

Example 7.4: If the velocity of a vehicle doubles in magnitude, what will its 
kinetic energy be compared to its original value? 

Answer: Let the mass of the vehicle be m and its initial velocity be v. Its 

initial kinetic energy will be 21
2

mv . If the vehicle travels with a velocity 

of 2v, its kinetic energy will be ( ) = ×2 21 12 4
2 2

m v mv . The new value of the 

kinetic energy will be 4 times the previous value.
Example 7.5: In one of their fastest deliveries, an Indian cricketer bowled 
a cricket ball with an approximate mass of 0.2 kg at a velocity of about 
154.8 km h–1. Calculate the kinetic energy of the ball at the time of its 
delivery. 
Answer: Mass of the cricket ball = 0.2 kg

Velocity of the ball = 154.8 km h–1 = 43 m s–1

( )−= = × × =
22 11 1 0 2 kg 43 m s 184 9 J

2 2
. .K mv
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Example 7.6: A jet aircraft of mass 15000 kg lands on the deck of an aircraft 
carrier (Fig. 7.12). To stop the aircraft within the short length of the deck a 
hook on the aircraft’s tail is caught in a wire stretched across the deck. The 
wire exerts an approximately constant backward force of 367500 N and 
stops the jet within 100 m. What was the velocity of the aircraft just before 
the wire caught the hook?
Answer: Let the aircraft approach with a velocity v 

Initial kinetic energy of the aircraft 21 15000 kg
2

K v= × ×  

Final kinetic energy of the aircraft K = 0 J 

Change in the kinetic energy = 210 J 15000 kg
2

v− × ×

From Eq. (7.3), 
Change in the kinetic energy = the work done by the wire.

The displacement of the aircraft and the force that the wire 
applies are in opposite directions. Therefore, the work done 
by the force applied by the wire will be negative. 
Using Eq. (7.2), the work done by the wire = F × s = 367500 N × (– 100 m)
Substituting the values in Eq. (7.3), we obtain

( )21 15000 kg 367500 N 100 m
2

v− × × = − ×

2 1 2 1 2 236750 2 N m kg 4900 kg m s  m kg 4900m s
15

v − − − −×
= = =

v = 70 m s–1 = 252 km h–1 towards the aircraft carrier.

4.	 Two objects A and B of mass m and 4 m have the same kinetic energy. What is the ratio of the 
magnitude of velocities of A and B?

5.	 Does the kinetic energy of an object which moves with constant velocity change with its position?

Pause and Ponder

7.4.2 Potential energy
In Chapter 6, How Forces Affect Motion, you performed an activity (6.1) 
where you could move a stack of coins by releasing the stretched rubber 
band with which it was in contact. Have you ever played with a slingshot 
(gulel)? In this case, when you release the stretched elastic band, the object 
in contact with it shoots in the forward direction (Fig. 7.13a). You might 
have also watched an archery competition. The archer pulls on the string 
of the bow bending its arms in the process. When released, the bow comes 
back along with the string to its original position, and the arrow flies off the 
bow (Fig. 7.13b).

In these examples, you notice that when the stretched band or the bent 
bow is released, it applies a force on the object in contact with it. This sets the 
object in motion giving it kinetic energy. At the same time, the stretched band 
or bent bow comes back to its original shape. The stack of coins, ball and the 
arrow thus gain the kinetic energy they did not originally possess. This energy 
must have come from the stretched band and the bent bow, which have the 
capacity to do work due to their shape. The work done by the force which was 
applied to cause these deformations was stored in the band or the bow.

Fig. 7.12: A jet aircraft landing on an 
aircraft carrier

Fig. 7.13: (b) Shooting 
an arrow using a bow

Fig. 7.13: (a) A slingshot

Chapter-07.indd   123Chapter-07.indd   123 03-04-2026   20:00:4603-04-2026   20:00:46



Exploration|Grade 9124

Similarly, when you apply a force and stretch or compress a spring 
(Fig. 7.14a), you do work on the spring to change or deform its shape. In 
turn, the spring stores energy or gains a capacity to do work while it is in a 
deformed state (Fig. 7.14b). While held in this state, the energy of the spring 
is due to its configuration or shape. When the spring is released, it comes 
back to its original shape. In the process, the spring transfers its stored 
energy to the kinetic energy of the object in contact (Fig. 7.14c).

You need to apply an external force to overcome the internal forces in 
the spring to deform it. Once you remove this external force, the internal 
forces undo the deformation, and in the process, it can carry out work. 
Thus, internal forces allow energy to be stored in a deformed object.

Ready to Go Beyond 

Energy can be stored not only by deforming an object, but also by 
changing the arrangement of objects in a system. You have learnt that like 
poles of the magnets repel each other, while unlike poles attract each other. 
You must have experienced that separating unlike poles of two magnets from 
each other requires applying a force. When unlike poles are separated from 
each other and released (Fig. 7.15a), they move towards each other and gain 
kinetic energy. In fact, a small pea kept in between the two strong magnets, 
could even be crushed by their kinetic energy. This shows that the system of 
two magnets when separated from each other, can store energy due to their 
relative positions.

Fig. 7.15: A system of two (a) magnets, and (b) electric charges

Magnetic Force Electrostatic Force

++ --++ --

(a)

N S

(b)

In the same way, a system of electric charges separated by a distance 
(Fig. 7.15b) also possesses the stored energy which can do work when 
released. 

Now, consider a ball lying on the surface of the Earth. The ball 
and the Earth together form a system. You have learnt earlier 
that the Earth and ball attract each other. A force is required to 
do work against the gravitational force to lift the ball to some height. But 
once the ball is lifted to a height and the force is removed, the ball and the 
Earth rush towards each other, and attain kinetic energy in the process 
(Fig. 7.16). So, the system of ball and the Earth when separated from each 
other, store energy due to their relative positions.

More generally, whenever a system of objects interacts through forces, 
such as gravitational, electric or magnetic forces, the system can store 
energy due to the relative positions of the objects.

The energy stored by an object as a result of its deformation or in a system 
of objects due to their relative positions is called the potential energy.

Grade 8
Curiosity
Chapter 5

Fig. 7.14: Spring (a) in 
its original shape,

(b) in compressed shape, 
and (c) moving back to 

its original shape 

(a)

(b)

(c)

Fig. 7.16: Earth ball 
system

Gravitational  
Force

Ground

Chapter-07.indd   124Chapter-07.indd   124 03-04-2026   20:00:4703-04-2026   20:00:47



Work, Energy, and Simple Machines 125

Gravitational Potential Energy
Among the various types of possible ways in which objects can have potential 
energy, we will look at the simplest case of the gravitational potential 
energy of Earth-ball system. The Earth is much more massive than the ball, 
and thus, it hardly moves towards the ball, as discussed in Example 6.8 of 
Chapter 6, How Forces Affect Motion. Therefore, the stored energy of the 
Earth-ball system is often, simply referred to as the gravitational potential 
energy of the ball. Let us carry out an activity to learn more about the 
potential energy of the ball due to the gravitational force between the ball 
and the Earth. Henceforth, in this chapter, potential energy usually refers 
to the gravitational potential energy.

Activity 7.1: Let us investigate
1.	 Take a heavy ball and a large container filled with loose 

sand. 
2.	 Raise the ball over the sand bed to a height of about 1 m 

and drop it (Fig. 7.17). Is a depression created in the sand? 
Why does the ball create a depression?

3.	 Now, raise the ball to the height of 2 m and release it at a slightly 
different position over the sand bed such that the depressions do not 
overlap. Repeat this step one more time. Compare the depths of the 
depressions. Is there any difference? In which case is the depression 
deepest and in which case the shallowest?

You find that the depression is deepest when the ball is dropped from 
the greatest height. Raising a ball to a greater height from the surface of 
the Earth requires more work. Thus, the ball possesses more energy at 
greater height. When the ball is released from a greater height, this energy 
creates a deeper depression. Thus, the greater the height of the ball above 
the Earth’s surface, the greater is its potential energy.

We can arrive at an expression for the potential energy of an object 
by using the work-energy theorem. Consider an object of mass m lying 
on the ground (Fig. 7.18). We can define the potential energy to be zero 
in this configuration. To raise the object gradually from the surface of 
the Earth to a height h , we need to apply a force equal to the force mg 
between the Earth and the object. The work done W by this applied force 
on the object is

W	 = force × displacement 

W	 = mg × h = mgh	 (7.7)

According to the work-energy theorem (Eq. 7.3), the work done on the 
object appears as a change in its potential energy. Thus, the potential energy 
U of the object at a height h is given by

  U	= mgh	 (7.8)

The unit of potential energy is the joule (J), which is the same as the 
unit of work done or that of kinetic energy.

Fig. 7.17: Depressions created by a ball 
in sand dropped from different heights 

Fig. 7.18: Raising an 
object to a height

Ground

F = mg

h
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Example 7.7: After taking a catch, a fielder threw the cricket ball of mass 
200 g high up in the air about 10 m above the ground in celebration. 
How much potential energy does the ball have when the ball reaches its 
maximum height? Assume g = 10 m s–2.
Answer: Using Eq. (7.8), the potential energy of the ball will be equal to 

mgh = 0.2 kg × 10 m s–2 × 10 m = 20 J

6.	 Does the potential energy of an object near the surface of the Earth 
change if it moves with constant velocity in the horizontal direction? 
What if the object is gradually raised in the vertical direction?

Pause and Ponder

Work done on a system against its internal forces, such as gravitational, 
electric or magnetic forces, can result in a gain of the potential energy of 
the system. But this is not true for all internal forces. For example, 
work done against friction does not lead to a storage of energy. 
You will learn how to identify such forces in higher grades.

Ready to Go Beyond 

Next
Level

Up

7.4.3 Conservation of mechanical energy
The sum of the kinetic energy and the potential energy of the object is 
called its mechanical energy. Let us find the mechanical energy of an 
object at different points as it falls freely due to the gravitational force.

Once again, consider an object with mass m which has been lifted to 
a Point A at height h and dropped (Fig. 7.19). Its initial velocity u is equal 
to zero. 
Thus, at point A (using Eqs. 7.6 and 7.8):

potential energy of the object = mgh	 (7.9a)
kinetic energy of the object = 0 	 (7.9b)
mechanical energy = 0 + mgh = mgh	 (7.9c)

As the object falls due to the gravitational force (mg) for a time t till point 
B, its velocity increases to a value v. You can find the velocity v of the object 
and the height h ′ of point B from ground by using the kinematic equations 
(Use acceleration a to be equal to the acceleration due to gravity g).

v = u + gt = 0 + gt = gt
2 2 21 1 10

2 2 2
s ut gt h h' gt h' h gt= + → − = + → = −

Thus, at point B:

2 21potential energy of the object
2

mgh' mgh mg t= = − � (7.10a)

2 2 21 1kinetic energy of the object
2 2

mv mg t= = � (7.10b)

2 2 2 21 1mechanical energy
2 2

mgh mg t mg t mgh= − + = � (7.10c)

Fig. 7.19 An object 
falling freely due to 

gravity

t = 0

t = t
h

(h – h  ′)

h  ′

Bm

mg

C

A

Expression 
(Eq. 7.8) for the 
potential energy 
of an object at 
height h is valid 
only near the 
Earth’s surface. 
Further away 
from the Earth’s 
surface, the 
gravitational 
acceleration g 
decreases. You 
will learn about 
the gravitational 
potential energy 
of objects far from 
the Earth 
in higher 
grades.

Ready to Go 
Beyond 

Next
Level

Up
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As the object falls down with time t , its potential energy decreases while 
its kinetic energy increases. Comparing Eq. (7.9) and Eq. (7.10), you find that 

at time t , the increase in the kinetic energy is equal to 2 21
2

mg t , which is also 

equal to the decrease in the potential energy, 2 21
2

mg t . This shows that the 

lost potential energy of the object is converted into kinetic energy during 
motion, while its mechanical energy remains constant and equal to mgh .

As an object moves due to the gravitational force, its mechanical energy 
remains the same, i.e., the mechanical energy of the object is conserved 
if no other external forces act on it. This is called the conservation of 
mechanical energy. 

Let us conduct an activity to understand this. Do you remember 
experimenting with a simple pendulum earlier? Let us use that 
simple pendulum again to experiment further.
Activity 7.2: Let us experiment 

1.	 Set up a simple pendulum as you have 
learnt in Grade 7.

2.	 Paste a white sheet of paper on a 
wall behind the pendulum. Draw a 
horizontal line above the position 
of the bob when it is not oscillating 
(Fig. 7.20).	

3.	 Take the bob to one side to a point P, 
which is at the level of the horizontal 
line and let it go. Observe it at the 
extreme points of the first couple 
of oscillations. Does the bob almost 
reach the level of the horizontal line?

At point P, the pendulum bob has the potential energy equal to mgh, 
where h is the height from the bottom-most point. At point Q, the potential 
energy is zero but the pendulum has kinetic energy. Finally at point R, on 
the other side of the pendulum where it stops, the kinetic energy is zero 
but the pendulum bob regains its potential energy. The pendulum bob 
reaches almost the same height it started with. This demonstrates that the 
mechanical energy of the bob remains constant. However, in real life, the 
pendulum slows down and eventually stops because of energy loss due to 
friction at the support and air resistance. 

The conservation of mechanical energy can often be useful in solving 
several real-life problems.

Ready to Go Beyond 

Mechanical energy is just one part of a bigger picture. In nature, energy can 
appear in many different forms. Scientists have discovered that the total 
energy of an object or system of objects which is not acted upon by any 
external forces, stays constant.

Grade 7
Curiosity
Chapter 8

Fig. 7.20: A pendulum

No kinetic energy
Only potential energy

No kinetic energy
Only potential energy

Only kinetic energy
No potential energy

Q

P hR
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Example 7.8: What will be the magnitude of velocity of the child on reaching 
the bottom of the slide of height h ?
Answer: Potential energy of the child at the top of the slide = mgh 
Let the magnitude of velocity of the child on reaching the bottom of the 
slide be v. Then, the kinetic energy of the child at the bottom of the slide 

21
2

= .mv

The potential energy of the child at the top of the slide gets converted 
entirely to the child’s kinetic energy at the bottom of the slide (neglecting 
the effects of friction). Thus, equating the two, we obtain

21
2

=mv mgh

( )= 2v gh

As this velocity of the child at the bottom of the slide depends only upon 
the height h , the shape of the slide or the mass of the child should not matter.
Example 7.9: Escape ramps (Fig. 7.21) are inclined planes filled with sand 
or gravel that help stop trucks when their brakes fail on a highway. A 
truck of mass 10000 kg is moving at 72 km h–1 when its brakes fail. The 
driver steers it onto an escape ramp inclined at 30°, where the truck comes 
to a rest. If the sand exerts a force of 50000 N opposite to truck’s motion, 
what is the minimum length of the ramp to be able to stop such a truck? 
Take g = 10 m s–2 (Hint: For a 30° incline, the truck rises 1 m vertically for 
every 2 m it travels along the ramp). 

Answer: Velocity of the truck =  72 km h–1 = 20 m s–1

( )22 11 1Initial kinetic energy of the truck 10000 kg 20m s
2 2

                                                           2000000 J

−= = × ×

=

mv

Initial potential energy of truck = 0 J
Total initial energy of truck = �Initial kinetic energy + �Initial potential 

energy
	 = 2000000 J + 0 J = 2000000 J

Let us assume that the truck travels a distance d along the ramp. Then, 

Height gained by the truck on ramp 
2

=
d     (using hint given in the question) 

Final kinetic energy of truck = 0 J

Final potential energy of truck 210000 kg 10m s 50000N
2 2
d dmg d−= × = × × = ×

Total final energy = 0 J + 50000 N × d
Change in total energy of the truck = Final energy – Initial energy 
	 = (50000 N × d ) – 2000000 J
Work done by sand on truck = – 50000 N × d 
Using work-energy theorem,
Work done by sand on truck = Change in total energy of the truck

– 50000 N × d = (50000 N × d ) – 2000000 J

Fig. 7.21: Escape ramp

Solving problems 
directly through 
Newton’s laws 
can become 
cumbersome 
in many cases. 
Conservation of 
mechanical energy 
may offer a simpler 
route. By keeping 
track of the total 
mechanical 
energy, we can 
often find the 
final speed or the 
position of an object 
without working 
through all the 
detailed steps of 
the intermediate 
motion of an object.

Threads of 
Curiosity
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2000000 J = (50000 + 50000) N × d              

2000000 J 2000000 N m 20 m
100000 N 100000 N

d = = =

Thus, the minimum length of the ramp to be able to stop such a truck is 20 m.

7.	� For the situation depicted in Fig. 7.19, 
calculate the mechanical energy of the ball 
just before it hits the ground and show that 
even at this position, it is mgh .

8.	� You may have seen an exhibit like that in 
Fig. 7.22 in a science park, where a ball is 
released from the highest point. Describe 
how the kinetic energy and potential 
energy change at points A, B and C. Why 
do subsequent points, such as C, D and E, 
usually have lower heights compared to 
the previous ones? Could it have anything 
to do with the energy lost due to friction?

Pause and Ponder

Fig. 7.22: Ball roller coaster in a 
science park

A

B

C
D

7.5 Power
Suppose you carry your bag up a flight of stairs to your classroom. Running 
up the stairs in one minute feels very different than walking up slowly 
in five minutes, even though the same work is done in both cases. This 
difference is described by a physical quantity called power. 

Power is defined as the rate at which work is done. Mathematically, the 
average power P is the work done W, divided by the time taken t , i.e., 

=
WP
t

� (7.11)

To do more work in the same time interval, requires more power. To 
do the same amount of work but in a shorter time interval also requires 
more power. The SI unit of power is the watt (W), where 1 watt is equal to 
1 joule of work done per second, i.e., 1 W = 1 J s–1.
Example 7.10: A weightlifter lifts a 75 kg mass by 2 m in 5 seconds. How 
much power would she require for this task?  
Answer: The work done would be equal to mgh	= 75 kg × 10 m s–2 × 2 m 
	 = 1500 J

Thus, the power required will be 
1500 J = 300 W

5 s
Example 7.11: A car of mass 1000 kg starts from rest and reaches a speed 
of 72 km h–1 in 10 seconds. Calculate the power of the engine required to 
achieve this start.

Answer: Final velocity, v = 72 km h–1 
72000 m = 20 m s

3600 s
1−=

while initial velocity u = 0 m s–1

E

You may have 
heard about 
another unit called 
horsepower (hp) 
used to measure 
power, especially 
for car engines, 
or pumps used 
to lift water. One 
horsepower is 
equal to 746 W. 
In the early days, 
when engines were 
newly discovered, 
the powers of 
engines were 
compared to the 
power of actual 
horses which 
were used to drive 
carriages.

Threads of 
Curiosity
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Work done by the engine in 10 s
= final kinetic energy – initial kinetic energy 

2 21 1=
2 2

mv mu−

( )211= 1000 kg 20 m s 0 J = 200000 J
2

−× × −

work 200000 JPower =  =  = 20000 W
time 10 s

7.6 Simple Machines
In everyday life, we often need to do work against gravity or other forces,  
such as lifting or moving heavy objects. Although the total work required  
for a task cannot be reduced, it can be made easier by changing the 
magnitude or direction of the force that needs to be applied. The devices 
that help us do this are called simple machines. 

In this section, we will study three simple machines — a pulley, an 
inclined plane and a lever — to understand how these make the task feel 
easier. The force we apply to a machine is called the effort, and force 
that needs to be overcome is called the load. To describe how a machine 
changes the magnitude of the applied force, we define mechanical 
advantage as the ratio of the load to the effort. It can be written as

	
loadmechanical advantage = 

effort
	 (7.12)

7.6.1 Pulley
You may have seen a flag or a load being raised where 
a rope is pulled in the downward direction, while the 
flag or the load move in the upward direction. This is 
done with the help of a pulley fixed at the top. A pulley 
is a wheel with a groove that guides a rope (Fig. 7.23). A 
fixed pulley does not reduce the magnitude of the force 
required, it only changes its direction. It is easier for 
us to pull downward than to lift a load by applying an 
upward force directly (Figs. 7.24a and 7.24b). Thus, the 
pulley provides convenience by changing the direction 
of the effort. Since the effort and the load are equal in 
magnitude, the mechanical advantage of a fixed pulley 
is 1 (Eq. 7.12).

Movable pulleys or a system of pulleys (Fig. 7.25) can have 
a mechanical advantage greater than 1 and can lift much 
heavier objects with much smaller effort. In a movable 
pulley system, the load is attached to the movable pulley. 
One end of the rope is fixed to a point, while the other end 
is free to apply effort. Pulleys are widely used in real life, 
such as in elevators and cranes given the convenience they 
provide us. 

Ready to Go Beyond 

Fig. 7.25: A system of pulleys

Rigid support

Movable 
pulley

Fixed 
pulley

EffortLoad

Fig. 7.23: Pulley

The unit of 
power, watt 
is named in 
the honour of 
James Watt. 

He invented an efficient 
steam engine that could 
generate rotational motion 
and move wheels.

Meet a Scientist

Fig. 7.24: Pulling up a load (a) directly, and 
(b) using a pulley

Load

Effort

(a)

Load

Effort

(b)

Pulley
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7.6.2 Inclined plane
Suppose, you want to lift a heavy box onto a platform. Lifting it up 
vertically (Fig. 7.26a) requires an upward force F equal to its weight. But 
what if the box is too heavy for you to lift directly?

Fig. 7.26: A box being (a) lifted vertically up, and (b) pushed up the ramp
(a) (b)

You can place the box on a smooth inclined plank as shown in 
(Fig. 7.26b), and push the box up the plank to the platform. Does this 
method require a smaller force?

Activity 7.3: Let us experiment
1.	 Take a smooth plank (say a cardboard 

piece) about 1.5 m long, a toy car (or the cart 
that you used in Activity 6.3) and a spring 
balance. Attach the spring balance to the 
cart. Arrange an elevated surface, such as 
the top of a low stool or a pile of books, at 
about 0.5 m height from the floor.

2.	 First, lift the cart vertically, slowly and 
steadily, from the floor to the top of the pile 
of books or stool, and note the reading of the 
spring balance scale. This reading indicates 
that the force required to lift the cart 
vertically is equal to the weight of the cart.

3.	 Next, place the plank against the top of the 
pile of books or stool as shown in Fig. 7.27a. 
Pull the cart along the plank slowly and 
steadily. Is the reading of the spring balance 
(the force required) smaller than that of 
step 2? 

4.	 Now, reduce the angle between the plank and the base as shown in 
Fig. 7.27b, and repeat the step 3. Observe how the force required 
changes as the plank becomes less steep.

The force required to pull up the cart upto the height of the pile of 
books or stool decreases as the plank becomes less steep. However, you 
have to apply the force over a larger distance to bring it to the same height.

(b)

(a)

Fig. 7.27: Measuring the force required to pull 
up a cart along an inclined plank of (a) smaller 

length, and (b) larger length

Spring balance

Cart

Plank
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Fig. 7.28: A load being lifted up (a) vertically, (b) along an inclined plane, and 
(c) along an inclined plane of larger length

(a)

h
F   ′

Small distance 
Large force

(c)

h

L

F   ′

Larger distance 
Smaller force

(b)

h
F   ′

L

Large distance 
Small force

An inclined plane is a simple machine that helps move a heavy load 
to a higher (or lower) level. Let us now find its mechanical advantage. 

Let the mass of the object be m . Then, the load is the weight mg of the 
object to be lifted. Let F   ′ be the force required to raise the object to a height 
h (Fig. 7.28a). Then, F   ′ is the effort. Let the length of the inclined plane be 
L (Fig. 7.28b). 
If you move the object at constant speed up the inclined plane, then using 
Eq. (7.2),

total work done by you on the object = F   ′ × L
And using Eq. (7.8),

potential energy gained by the object = mgh 
Thus, from the work-energy theorem (Eq. 7.3), we obtain (ignoring friction)

F   ′ × L = mgh

Or,  = mg L
F ' h

Now, mg is the load and F   ′ is the effort, so using Eq. (7.12), we obtain
loadmechanical advantage =  =  = 

effort
mg L
F ' h

	 (7.13)

Since L is larger than h , the force F   ′ is less than mg and the mechanical 
advantage of inclined plane is greater than 1. By further increasing L , 
for example, by making the inclined plane longer with a shallower angle 
(Fig. 7.28c), we can further reduce the effort F   ′ required to move the object.
Example 7.12: A person uses an inclined ramp to raise an object over a 
step 30 cm high. The ramp has a width of 40 cm. What is the mechanical 
advantage of the ramp that helps the person achieve the task?
Answer: As shown in Fig. 7.29, when the height AB is 30 cm and the width BC 
is 40 cm, the length AC of the ramp is 50 cm (right-angled triangle property).

Using Eq. (7.13), 50 cmmechanical advantage =  =  = 1.67
30 cm

L
h

	 9.	 �Explain why roads on hills are built to wind around in 
gentle slopes rather than going straight up (Fig. 4.26)?

	10.	� To reach a higher floor, we find climbing an inclined 
ladder easier in comparison to climbing a vertical ladder 
(Fig. 7.30). Explain why.

Pause and Ponder

Fig. 7.30: 
Climbing ladders

40 cm

A

BC

30 cm50 cm

Fig. 7.29

Note
The work 
done, that is 
the product 
of force and 
displacement, 
is the same 
in all cases. 
If the force 
decreases, the 
displacement 
increases, 
thereby the 
work done 
remains 
constant.
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7.6.3 Lever
Activity 7.4: Let us investigate 

1.	 Take a 30 cm long scale, a pencil, 2 – 3 erasers and a 
stapler (or a similar object).

2.	 Place the scale over the pencil such that the pencil is 
closer to one end of the scale as shown in Fig. 7.31. On 
the end of the scale closer to the pencil, place the stapler. 

3.	 On the other end of the scale, place one eraser. Does the 
stapler lift up? If not, add one more eraser. 

You may have noticed that a much heavier object (like 
a stapler) could be lifted by a much lighter eraser. This was 
made possible by using a scale as a simple machine called 
a lever. A lever is a rigid bar, such as your scale, that can 
rotate about a fixed point, such as the point of contact of the 
scale with the pencil.

In everyday life, levers are often used to lift heavy objects. 
A lever has three main parts (Fig. 7.32): (i) Fulcrum: a fixed 
point about which the lever rotates, (ii) Load: the force to be 
overcome, and (iii) Effort: the force applied. The distance 
of the load from the fulcrum is called the load arm, and the 
distance of the effort from the fulcrum is called the effort arm.

By applying a small force at one end of the lever, a larger 
force can be applied on the object on the other end of the 
lever. How is this possible? 

The end of the lever on which the smaller force (F1) is 
applied, moves a larger distance (d1), while the other end 
which applies a larger force (F2) to lift a heavier object, 
moves a smaller distance (d2). The work done on one end of 
the lever is transferred to the other end. Using Eq. (7.1)
	 F1 × d1 = F2 × d2	 (7.14)

Thus, by increasing the effort arm, the lever applies a 
larger force F2 to the load compared to the applied effort F1.

Let us do an activity with a beam balance which is an 
example of a lever.

Activity 7.5: Let us experiment
1.	 Take a long scale (50 cm or larger), a piece of string, two 

paper cups (to act as pans), adhesive tape or a piece of 
thread and identical coins (to act as weights).

2.	 Tie the string tightly around the scale at its midpoint. 
This string will act as the fulcrum. Hang the scale from 
this string using a stand or hook, so that it can swing 
freely. This scale will now act as a beam (Fig. 7.33).

3.	 Fix paper cups to both ends of the beam using thread. 
These cups act as the pans of a balance. Check whether 
the beam is levelled. If it is tilted, adjust the hanging 
points of the pans until both sides balance equally. 

Fig. 7.33: Balancing cups hung on 
a scale

Fig. 7.31: Lifting a heavier object with 
lighter object

Fig. 7.32: A lever used to lift a 
heavy rock

Fulcrum

Effort a
rm

Effort

Load arm

Load

F1

F2

d1

d2

Note
A lever reduces the force 
required to perform a 
task but not the total 
work done.
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Fig. 7.34: A seesaw

A
B

C
D

E

4.	 Place 1 coin in the left pan (call it effort) and 1 identical coin in the 
right pan (call it load). Observe that the beam stays horizontal. 

5.	 Add one more coin to the right pan, so that it contains 2 coins. The 
beam tilts. Move the heavier pan closer to the centre of the beam to 
balance the beam. Measure its distance from the centre.

6.	 Repeat step 5 with 4 coins and then 8 coins in the right pan. Each time, 
note its distance from the centre that balances the beam.

7.	 Record all observations and measurements, and complete the Table 7.1 
by adding more rows.

Table 7.1: Number of coins in the left pan and its distance from the fulcrum 

Number of Coins 
in left pan, n1 

(Effort)

Distance of left 
pan from the 

fulcrum, L1 (cm)

Number of coins 
in right pan, n2 

(Load)

Distance of right 
pan from the 

fulcrum, L2 (cm)

1 1

1 2

By analysing the values recoded in Table 7.1, you can conclude that the 
beam balances when 
	 n1 × L1	= n2 × L2 
Or,	 effort × effort arm	= load × load arm	 (7.15)

If the effort arm is increased, the effort required to move the same load 
is reduced. You can calculate the mechanical advantage of the lever by 
using Eq. (7.12). Thus,

load effort armmechanical advantage =  = 
effort load arm

� (7.16)

Hence, by increasing the effort arm, the lever applies a larger force F2 
to the load than the effort F1. The lever thus allows us to gain a mechanical 

advantage equal to the ratio of the distances, i.e., 1

2

L
L . 

With the use of a lever, the effort required is generally smaller but it has 
to move by a larger distance such that the total work done by the agency 
applying effort remains the same.

Example 7.13: For a seesaw having four seats A, B, D, E and 
fulcrum at C (Fig. 7.34), AC = EC = 2 m and BC = DC = 1 m. On 
which seats should children of masses 15 kg and 30 kg sit to 
make the seesaw balanced?
Answer: Suppose the child of mass 15 kg sits on seat A and the 
other child sits at a distance L from the fulcrum. Using Eq. (7.15), 
we obtain

15 kg × 2 m = 30 kg × L
L = 1 m

Thus, the other child should sit at seat D.
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Levers can be of three classes depending upon the relative positions of effort, 
fulcrum and load, as shown in Table 7.2.

Table 7.2: Classes of Levers

Levers

Class I Class II Class III

Fulcrum in between Load in between Effort in between

Fulcrum
Load Effort

Fulcrum
Load Effort

Fulcrum
Effort Load

Tongs, scissors, crowbar, 
pliers, balance scale, seesaw

Lemon squeezer, wheel 
barrow, bottle opener

Tongs, tweezers, broom, 
hammer, oar

Ready to Go Beyond 

Many machines used in daily life are made up of two or more simple 
machines. The next time you see a machine, try to identify the simple 
machines within them.

In all cases, the conservation of mechanical energy holds. The work 
we put in is equal to the useful work done on the load, ignoring friction. 
Machines do not create energy, they only help us use it more effectively. 

11.	� Why is it easier to open the lid of a can by using 
a spoon as shown in Fig. 7.35?

12.	� Why do you push an object closer to scissors 
(fulcrum) when you want to cut an object which 
is hard?

13.	� Throughout history, many designs of perpetual 
machines (using wheels, weights or magnets) 
have been proposed but none actually work. 
Why do all real machines eventually slow down and stop? Explain in 
terms of work and energy.

Pause and Ponder

Fig. 7.35: Opening the 
lid by using a spoon

it were possible 
to build a 
perpetual 
motion 
machine, which 
once started, 
could continue 
doing useful 
work forever, 
without any fuel 
or electricity?

What If ...
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1.	 State whether True or False.
(i)	 Work is said to be done when a force is applied, even if the object 

does not move.
(ii)	 Lifting a bucket vertically upward results in positive work done 

on the bucket.
(iii)	 The SI unit for both work and energy is joule (J).
(iv)	 A motionless stretched rubber band has kinetic energy.
(v)	 Energy can change from one form to another.

Revise, Reflect, Refine

Bridging Science and Society

Fig. 7.36: A watermill 
(gharat or panchakki)

A

B

C

In the Himalayan region, water flowing downhill converts its 
potential energy into kinetic energy. Traditionally, this energy 
was used in devices, such as the gharat or panchakki — a water 
mill used to grind grain (Fig. 7.36). These can still be found in 
hilly regions. 

The water starts from the top with potential energy. This 
potential energy gets converted to kinetic energy as it comes 
down the pipe (A). The kinetic energy of the water drives 
the wheel (B) and sets it into rotational motion. The wheel is 
connected to the grinding stone at the top (C). 

In modern times, the potential energy of the water stored 
in dams is similarly converted into kinetic energy to generate 
electricity.

At a Glance
	y Work is done by a force on an object, when the force displaces the 

object in the direction of the force.
	y An object having capacity to do work is said to possess energy.
	y Work-energy theorem: Work done on an object or a system is 

equal to the change in its energy. 
	y The energy possessed by an object due to its motion is called 

kinetic energy.
	y The energy stored by an object as a result of its deformation or in 

a system of objects due to their relative positions is called potential 
energy.

	y Power is defined as the rate at which work is done.
	y Simple machines are devices that make work easier by changing 

the magnitude or direction of the force that needs to be applied, 
though they do not reduce total work.
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2.	 Fill in the blanks.
(i)	 Work done = ______ × ______ (in the direction of force).

(ii)	 1 joule of work is done when a force of ______ newton displaces an 
object by 1 metre in the direction of the force.

(iii)	 The expression for kinetic energy of a body of mass m and velocity 
v is ______.

(iv)	 The potential energy of an object of mass m at a small height h 
from the Earth’s surface is ______.

(v)	 Power is defined as the ______ at which work is done.
3.	 When a ball thrown upwards reaches its highest point, tick which of 

the following statement(s) are correct?
(i)	 The force acting on the ball is zero.

(ii)	 The acceleration of the ball is zero.
(iii)	 Its kinetic energy is zero.
(iv)	 Its potential energy is maximum.

4.	 For each of the following situations, identify the energy transformation 
that takes place: (i) a truck moving uphill, (ii) unwinding of a watch 
spring, (iii) photosynthesis in green leaves, (iv) water flowing from 
a dam, (v) burning of a matchstick, (vi) explosion of a fire cracker, 
(vii) speaking into a microphone, (viii) a glowing electric bulb, and 
(ix) a solar panel.

5.	 A student is slowly lifted straight up in an elevator from the ground 
level to the top floor of a building. Later, the same student climbs the 
staircase, all the way to the top. Given that the height of the building is 
h = 72.5 m, acceleration due to gravity is g = 10 m s–2, and student’s mass 
is m = 50 kg.
(i)	 Find the gain in the potential energy if the student is lifted straight 

up to the top.
(ii)	 Find the gain in the potential energy when the student climbs the 

stairs to the same top.
(iii)	 What do you conclude about the dependence of the potential 

energy on the path taken?
6.	 A crane lifts a mass m to the 10th floor of a building in a certain time. 

It then raises the same mass to the 20th floor of the same building 
in double the time. How much more energy and power are required? 
Assume that the height of all floors is equal.

7.	 Which factors determine the energy required to raise a flag from the 
ground to the top of a tall flagpole using a pulley? Does raising the flag 
slowly or quickly change the amount of work done? If the speed at 
which the flag is raised is doubled, how does the power requirement 
change? Explain your answers.

8.	 A man of mass 60 kg rides a scooter of mass 100 kg. He accelerates 
the scooter to a velocity v. The next day, his son with a mass of 40 kg 
joins him as a passenger. If the scooter reaches the same speed on 
both days in the same time interval, what is the ratio of the fuel of 
the tank used on the two days? Assume that the energy transfer to the 
scooter happens entirely due to fuel, and no other losses occur due to 
air resistance and friction.
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9.	 On a seesaw with sliding seats, a child is sitting on one side and an 
adult on the other side. The adult weighs twice that of the child. 
The seesaw however is balanced. Draw a figure which depicts this 
situation showing the distances from the fulcrum where the child and 
the adult are seated.

10.	 A ball of mass 2 kg is thrown up with a velocity of 20 m s–1.
(i)	 Identify the sign of the work done by gravity on the ball during its 

upward motion and its downward motion. 
(ii)	 If the ball reaches a height of 19.4 m, how much work was done by 

air resistance (assume g = 10 m s–2).
11.	 A 10.0 kg block is moving on horizontal floor with negligible 

friction. As shown in the Fig. 7.37, a variable force is applied 
on the block in its direction of motion from its position at 
0 m till 4 m. If the block had a kinetic energy of 180 J when 
it was at 0 m, find the block’s speed (i) at 0 m, and (ii) at 4 m. 
Does the block have negative acceleration in any portion of 
its motion? 

12.	 The gravitational attraction on the surface of the Moon (lunar 

surface) is about 1 th
6

of that on the surface of the Earth. 

An astronaut can throw a ball up to a height of 8 m from the 
surface of the Earth. How far up will the ball thrown with the 
same upward velocity travel from the surface of the Moon?

13.	 A 1000 kg car is moving along a road at a constant speed. 
Suddenly, the driver notices some obstruction ahead and 
applies the brakes to come to a complete stop. The graphical 
representation of motion of the car starting from the instant 
the driver spots the traffic ahead is shown in Fig. 7.38.
(i)	 Describe how the car moves between positions A and B.

(ii)	 Calculate the kinetic energy of the car at A.
(iii)	 State the work done by the brakes in bringing the car to 

a halt between B and C. 
(iv)	 What does the kinetic energy of the car transform into?

14.	 The potential energy-displacement graph of a 0.5 kg ball 
moving along a frictionless track is shown in Fig. 7.39. At O, 
the velocity of the ball is 0 m s–1 and potential energy is 30 J. 
Calculate the velocity of the ball at P, Q and R.

15.	 A coconut of mass 1.5 kg falls from the top of a coconut tree 
onto the wet sand on a beach. The height of the tree is 10 m. 
On impact, the coconut comes to rest by making a depression 
in the sand.

(i)	 Calculate the velocity of the coconut just before it hits the sand.
(ii)	 Assume that the average resistive force of sand is 3000 N and all of 

the coconut’s energy is used to create the depression in the sand. 
Calculate the depth of the depression the coconut makes in the 
sand. Assume g = 10 m s–2.
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The Journey Beyond

	y Remove both the ends from a pen so that the refill 
can slide freely through the barrel (Fig. 7.40). Fix the 
pen cap to the side of the barrel and attach a rubber 
band to the clip of the cap. Connect the free end of the 
rubber band to the refill using a safety pin. Stretch and 
release the rubber band. The refill shoots out, showing 
the conversion of elastic potential energy into kinetic 
energy. Repeat with different amounts of stretch, and 
observe how the distance travelled changes. Is there 
a relationship between the stretch and the distance 
travelled?

	y Construct one or more simple machines, or a 
combination of them (lever, pulley and inclined plane) 
using easily available materials, such as cardboard, 
wooden strips or rulers, pencils or bolts (to act as a 
fulcrum), thread or rope, small pulleys (or two bottle 
caps stuck together), and paper cups to hold small 
weights. Be imaginative in your design. Use your model 
to lift or move a small load, measure the effort and the 
load, and calculate the mechanical advantage.

	y Computer simulations can help in visualising physical quantities 
that are difficult to observe directly. The PhET simulations (https://
phet.colorado.edu) provide interactive models, such as Energy Skate 
Park, Energy Forms and Changes, Pendulum Lab, and Masses and 
Springs. Use these to explore how different forms of energy change as 
parameters, such as mass, height and friction are varied.

(a)

(b)

(a)

Fig. 7.40

The Quest Continues ...

For long, scientists have known that the Universe is expanding and surprisingly this expansion is 
accelerating. To explain this, scientists have proposed a new and rather mysterious form of energy 
called dark energy. There is no way to exchange dark energy with other forms of energy. Scientists 
try to study the effects of dark energy since it may govern the fate of the Universe, billions of years 
into the future.
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