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Work is done whenever a force makes something move. The greater the force and the greater the
distance moved, the more work is done.

Common characteristics:
Force is exerted on the object

Motion is the direction of the force

A woman is pushing
the trolley

A fisherman is pulling
the boat

A farmer is lifting up a
sack of rice

The rockets
engine produces
an upward thrust.

2.10

Define
Work

Work done is the product of an applied
force and the displacement of an object in
the direction of the applied force

W = Fs W = work, F = the force
s = the displacement

The SI unit of work is the joule, J

1 joule of work is done when a force of 1 N
moves an object 1 m in the direction of the
force
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Calculation of Work

The displacement, s of the object is in the direction of the force, F
The displacement , s of the object is
not in the direction of the force, F

W = Fs

W = F s

W = (F cos θ) s

Example 1
A boy pushing his bicycle with
a force of 25 N through a
distance of 3 m. Calculate the
work done by the boy.

Example 2
A girl is lifting up a 3 kg flower
pot steadily to a height of 0.4 m.
What is the work done by the
girl?

Example 3
A man is pulling a crate of fish along
the floor with a force of 40 N through
a distance of 6 m. What is the work
done in pulling the crate?

Example 4
A workman is pushing up a load onto a lorry using a
smooth inclined plane at an angle of 30° with the ground.
The height of the inclined plane from the ground is 1.5 m.
How much work is being done by the man?

No work is done when:
The object is stationary

A student carrying his bag
while waiting at the bus stop

The direction of motion of the
object is perpendicular to that of
the applied force.

A waiter is carrying a tray of
food and walking

No force is applied on the
object in the direction of
displacement (the object
moves because of its own
inertia)
A satellite orbiting in space.
There is no friction in space.
No force is acting in the
direction of movement of the
satellite.

Fs
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Mastery Questions 1

1. How much work is done by the force F = 80 N?

2. Ali pushes a big rock by applying a force of 200 N.
How much work has he done?

3. A man is pulling up a load using an inclined plane. The height of
the inclined plane is 80 cm. How much is being done the man to
lift the load?

4. How much work is done by Raju to lift the load through the
displacement of 4 m?

5. A force of F = 25 N is used to lift a bag. Encik Rahim walks a
distance of 20 m holding the bag. How much work is being done
by Encik Rahim? Explain your answer.

TEST YOURSELF 1

1. Choose the figure which shows the man doing the maximum work.
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Example 5:
Calculate the gravitational potential energy in respect of each of the following.

State that
when work
is done,
energy is
transferred
from one
object to
another

 Energy can be defined as the capacity to do work.
 An object that can do work has energy.
 Energy exists in many forms:

(a) Kinetic energy
(b) Gravitational potential energy
(c) Elastic potential energy
(d) Sound energy
(e) Heat energy
(f) Electrical energy
(g) Nuclear energy

 Work is done because a force is applied and the object moves. This
is accompanied by the transfer of energy from one object to
another.

 Therefore, when work is done, energy is transferred from one object
to another.

Define
gravitational
potential
energy

A girl does work when she is climbing up
the stairs of a sliding board. She has the
gravitational potential energy when she is
at the top of the sliding board.

The gravitational potential energy is the energy stored in the object
because of its height above the earth’s surface.

The gravitational potential energy is equal
to the work done to raise an object to a
particular height.
The force required to raise the object is the
same as the weight of the object F = mg
If the distance moved by the object is h.

Work done, W = F x s
= mg x h
= mgh

Gravitational potential Energy, EP = W

Ep = mgh

m = mass
h = height
g=acceleration
due to gravity
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Notes:
1. The gravitational potential energy of an object depends on the:

(a) mass of the object, m
(b) gravitational field strength, g
(c) change in height, h

2. The loss of potential energy does
not depend on the gradient of the
slope but on the vertical distance
traversed.

A stone raised to a height h = 5 m
posses potential energy = 100 J
which is independent of the path
taken by the stone.

Define
kinetic
energy

A boy riding a bicycle posses kinetic
energy.
When he is riding faster, then he will have
more kinetic energy.
At stationary , he does not have kinetic
energy.

Kinetic Energy is the energy of an object due to its motion

A force F is acting on a
stationary trolley of mass, m
moving on a smooth surface.
The force acting over a distance
of s causes the trolley to
achieve a velocity of v Initial velocity, u = 0

Final velocity, v = v
Displacement, s = s

Work done, W = F x s
= (ma) s ………..(1)

From the equation:
v

2
= u

2
+ 2as

s = v
2

– u
2

= v
2

/ 2a ………………(2)
2a

Substitute eq. 2 into eq. 1:
Work done, W = mas

= ma (v
2
) = ½ mv2

2a

Kinetik energy,
EK = ½ mv

2

m = mass
v = velocity

kinetic energy
depends on:
(a) mass of the

object, m
(b) velocity of

the object, v
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Example 5
Find the kinetic energy of the objects below.
1. A ball of mass 0.5 kg moves with velocity of

4 ms
-1

.
2. A car of mass 950 kg accelerates from a

velocity of 20 ms
-1

to a velocity of 35 ms
-1

.
What is the work done for the car to
accelerate?

Example 6
A coconut of mass 1.2 kg drops from a height.
Ignoring air resistance.
(a) (i) determine the distance the coconut falls in 3 s

(ii) determine the velocity then.

(b)(i) What is the loss of its potential energy after 3 s?
(ii) What is its kinetic energy then?

(c) What can be said about the loss of potential energy
and the kinetic energy gained?

Example 7
A durian falls from a height of 20 m. What is the
velocity of the durian just before it hits the ground?
[Assume that g = 10 ms

-2
]

Example 8
A ball is released at point A from a height 0.8 m using a
smooth inclined plane. What is the velocity of the ball
at point B?

State the
principle of
conserva-
tion of
energy

The principle of conservation of energy states that energy can be
changed from one form to another form, but it cannot be created or
destroyed.

The total of energy in a system is constant.

Total energy before conversion = Total energy after conversion
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Example 8
A student of mass 45 kg takes 6 s to climb a flight of stairs
that has 36 steps. If each steps is 12 cm high, calculate the:
(a) work done by the student
(b) power of the student

Example 9
A motor lifting a weight having a mass of 1.2 kg. The
motor lifts the weight up to a height of 1.0 m in 6 s. What
is the power of the motor?

Example 10
A petrol engine has a work output of 96 kJ per minute.
What is power input if the engine efficiency is 20%?

MASTERY QUESTION 2

1. A trolley is released from rest at point X. What is
the velocity of the trolley at point Y?

Define
power

POWER is defined as the rate of work done or the rate of energy
transform?

P = W = E P = power W = Work
t t E = energy t = time

S.I unit of power = Watt (W) = J s
-1

A power of 1 W is generated when 1 J of work is done in 1 sec.

Explain
what
efficiency of
a device is

EFFICIENCY = output power x 100% = useful energy output x 100%
Input power Energy input
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2. A ball is moving along a smooth horizontal
surface at a velocity of 6 ms

-1
. The ball then

moves up a smooth inclined plane . The height of
the inclined plane is 1.5 m. What is its velocity at
point B?

3. A tennis ball is thrown upwards with an initial
velocity 20 ms

-1
. What is the maximum height the

ball can achieved?

4. State the energy at point
(a) P
(b) Q
(c) R
(d) S

5. A boy of mass, m. about to run up the stairs. He
takes a time, t to reach the top. What is the power
of the boy?

6. A car engine with an efficiency of 25% produces
3 000 N of mechanical energy per second. What
is the rate of heat discharge by the engine?

7. A crane lifts a load 5 00 kg to a height of 120 m in
16 s. The power input is 45 000 W, what is the
efficiency of the motor used in the crane?

8. A girl of mass 30 kg sitting on the top end of an inclined
sliding board at a height of 2.5 m from the ground.

When the girl slides down the inclined board, the work
done to overcome friction is 510 J. What is the velocity
of the student before she touches the ground?
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9. Abu rides his bicycle down the slope of a
hill 3 m high at an initial velocity of 2 m s

-

2
, without pedaling. At the foot of the hill,

the velocity is 6 ms
-1

. Given that the mass
of Abu with his bicycle is 75 kg, find:
(a) the initial kinetic energy of the

bicycle.
(b) The initial potential energy of the

bicycle.
(c) The work done against friction along

the slope.

2.1 WORK, ENERGY, POWER AND
EFFICIENCY

1 Diagram below shows a weightlifter
successfully lifting a load of 60 kg.

Calculate the work done in lifting the load.
(2006)

A. 30 J
B. 120 J
C. 600 J
D. 1 200 J

2 The diagram shows a motor lifting a load of
mass 8.0 kg. The motor takes 4 s to lift the
load to a height of 0.5 m.

What is the power of the motor?
A. 4 W
B. 10 W
C. 16 W
D. 40 W
E. 160 W

3 The diagram shows the path of a ball rolling
down a smooth slope.

The ball has the greatest change in
gravitational potential energy between
the positions …. (2004)

A. P and Q
B. Q and R
C. P and S
D R and T

5 A student of 50 kg mass skates from point A
to point B.

Calculate the kinetic energy of the student
when he reaches point B.
A. 100 J
B. 175 J
C. 1000 J
D. 1750 J
E. 2015 J
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6 The diagram shows a ball which is released
at P and rolls down a smooth slope.

Which of the following shows how the
gravitational potential energy of the ball
changes with its position ?

7 The diagram shows a student running up a
staircase at a constant speed.

Which physical quantity increases while the
student is running up the staircase? (2005)
A. Inertia of the student
B. Momentum of the student
C. Kinetic energy of the student
D. Potential energy of the student.

8 Diagram below shows a metal sphere
oscillating on a frictionless track.

Which of the following statements is true?
(2006)

A. The kinetic energy of the metal
sphere is minimum at R

B. The potential energy of the metal
sphere is maximum at P

C. The principle of conservation of
energy is not obeyed

D. The total energy of the metal sphere
at S is higher than at R

Question 1
A car of mass 1000 kg is moving with
velocity 15 ms

-1
on a straight road.

When the car is braked and is stopped in 5 s,
calculate

(a) (i) the acceleration of the car

(ii) the average braking force



129

(iii) total distance traveled by the car.

(b) Calculate
(i) the change in kinetic energy of the

car.

(ii) The work done to stop the car.
(c) Compare your answers in (b)(i) and

(b)(ii). State the principle used to explain
your answer.

Question 2
A ball of mass 0.4 kg is placed at a height of
500 m from the floor is released and under
free fall.

(a) What is free fall?

(b) What is the time taken for the ball to
fall to the floor?

(c) Calculate the maximum gravitational
potential energy of the ball.

(d) What is the maximum kinetic energy
of the ball?

(e) What is the maximum velocity of the
ball?

Question 3
Figure 3 shows a metal sphere of mass 4 kg
moves along a smooth surface, MN, with
velocity 0f 10 ms

-1
.

Figure 11
(a) What type of energy does the metal

sphere have at the initial stage of its
motion? Calculate the magnitude of this
energy.

(b) Describe the change in speed of the
sphere when it goes up the surface NO.
Explain your answer.

(c) If the sphere reaches O with velocity 6
ms

-1
, what is the change in kinetic

energy?

(d) What is the change of gravitational
potential energy in the motion from N to
O.

(e) What is the loss of energy in the motion
from N to O?
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Question 4 (SPM 2000)
Figure 4 shows a high jump athlete of mass
60 kg jumping over the bar of height 5.0 m.
I,J, K, L, M, N, O, P and Q show the different
stages of the jump made by the athlete. The
height of the athlete from the level of the bar
is 0.2 m.

Figure 4

(a) Why is the athlete required to accelerate
to a certain velocity at the stage of J to K
before he begins to jump?

(b) Explain why the pole has to be bend at L.

(c) Calculate gravitational potential energy
of the athlete.

(d) What is the acceleration of the athlete at
stage P?

(e) Why is a rubber mattress placed in the
area where the athlete lands?

Question 5 (SPM 2007)
Diagram 4 shows a worker lifting a load of
mass 20 kg using a pulley system. The
worker applies a force of 220 N to pull the
rope down a distance of 0.5 m. The load is
raised to a height of 0.5 m.

(a) What is meant by work?

_______________________________

(b) Calculate the work done
(i) by the worker to pull the

rope down a distance of
0.5 m.

(ii) on the load to raise to a
height of 0.5 m.

(c) (i) Compare the work done in 4(b)(i)
and 4(b)(ii).
________________________________

(ii) state why there is a difference
between the work done in 4(b)(i) and
4(b)(ii).

________________________________


