
Work and energy

Chapter 6
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work (W) done by a constant force

Work is calculated as the product of the component of force F parallel  
to the displacement and the displacement Δs:

velocity

W = F
⁄⁄

 Δs = (F cosθ)Δs  = F
→

⋅Δs→

where θ is the angle between the directions of the displacement Δs→ and the force F
→
.

The joule (J) is the SI unit of work (or energy): it is a derived unit.
It is equal to the work done (or energy expended) in applying a force of one newton 

(N) through a distance of one metre (m).

If the force and the 
displacement are parallel 
and in the same direction 

(θ = 0), the work is 
positive: 
W = FΔs

If the force and the 
displacement are parallel 
but in opposite directions 
(i.e. antiparallel, θ = 180°), 

the work is negative: 
 W = –FΔs

If the force acts 
perpendicular to the 

displacement
 (θ = 90° or θ = 270°), zero 
work is done by the force. 
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1st law of motion: law of inertia

An object at rest will stay at rest, and an object in motion will stay in motion 
at constant velocity, unless acted upon by an unbalanced force.

Inertia is the resistance of any physical object to a change in its state of motion or 
rest.

Galileo’s thought experiment

distance �s displacement �s

power (P)

Power is the rate at which work is performed or energy is transformed.
The average power can be calculated as:

velocity

P W
tav =

Δ

The watt (W) is the SI unit of power: it is a derived unit.
It is equal to one joule (J) of work performed per second (s).

typical power outputs

washing machine motor 250 W

athlete 400 W

large jet engine 75 000 000 W
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energy

Energy is a scalar quantity and its SI unit is the joule (J).

types of energy description example

kinetic energy energy due to motion a served tennis ball

gravitational potential 
energy

energy of a mass due to its 
position in a gravitational 

field
water in a mountain lake

electrostatic potential 
energy 

energy of a set of point 
charges due to their 

position in an electric field

the charge on a charged 
capacitor plate

elastic potential energy
energy stored in an object 

as a result of reversible 
deformation

a stretched spring

radiant energy
energy transferred by 

electromagnetic waves
solar heating of the Earth
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conservation of energy principle

Energy may exist in a variety of forms and may be transformed from one type to 
another. However, these energy transformations are constrained by a fundamental 

principle, the Conservation of Energy principle:

“Energy can neither be created nor destroyed but it can be changed from  
one form to another”.

An apple is thrown upwards… … and falls to the ground.

example

chemical 
energy

kinetic 
energy

thermal 
energy

potential 
energy

kinetic 
energy
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kinetic energy (KE) & work-energy theorem
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The ball’s change in KE is due to work done by an external force.

The work-energy theorem
When a net external force does work W on an object, the kinetic energy  
of the object changes from its initial value of KE

0
 to a final value of KE

f
,  

the difference between the final value and the initial value 
is equal to the work done on the object:

W KE KE mv mv= − = −f 0 f 0
1
2

1
2

2 2

The kinetic energy (KE) of an object is the energy which it possesses due to its motion.

velocity

KE mv= 1
2

2



 

distance �s displacement �s

potential energy

distance �s displacement �s

gravitational potential energy (PE)

Potential energy is associated with the position of a body or the configuration  
of a system. An object may have the capacity for doing work as a result  

of its position in a gravitational field (gravitational potential energy),  
an electric field (electric potential energy), or it may have elastic potential energy  

as in the case of a stretched spring or other elastic deformation.

h

PE � mgh

PE � 0

The gravitational potential energy PE is the energy that an object of mass m  
has by virtue of its position relative to the surface of the Earth; that position  
is measured by the height h of the object relative to an arbitrary zero level. 

velocity

PE = mgh
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conservative forces

A force is conservative when the work it does on a moving object is independent  
of the path between the object’s initial and final positions.

A force is conservative when it does no net work on an object moving  
around a closed path. 

F
→

F
→

A C

B
D

example

Gravitational force:

over the entire path, from A to B, the gravitational 
force does as much work as it does  
from C to D. Along the horizontal path,  
the force doesn’t do any work since displacement  
and force have perpendicular directions.

A roller coaster track is an example 
of a closed path.



example
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non-conservative forces

A force is non-conservative if the work it does on an object moving between  
two points depends on the path of the motion between the points. 

�s→f
→

k

W � 0

Kinetic friction force:

when an object slides over a surface,  
the kinetic friction force points in the opposite 
direction to the sliding motion and does 
negative work. Between any two points, 
greater amounts of work are done the longer 
the path between the points, so that the done 
work depends on the choice of path.

For a closed path, the total work done 
by a non-conservative force is not zero.
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conservation of mechanical energy

Total mechanical energy E is the sum of kinetic energy KE 
and gravitational potential energy PE.

The principle of conservation of mechanical energy

The total mechanical energy (E = KE + PE ) of an object remains constant  
as the object moves, provided that the net work done by external  

non-conservative forces is zero.

v0 � 0 m/s

mechanical energy E
potential energy PE KEPE kinetic energy KE

mechanical energy E mechanical energy E
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learning the basics
1. The potential energy of a box on a shelf, relative to the floor, is a measure of:

 a  the work done putting the box on the shelf from the floor.

 b  the weight of the box multiplied by the distance above the floor.

 c  the energy the box has due of its position above the floor.

 d  any of these.

2. A body of mass 2 kg is dropped from a height of 1m. Its kinetic energy as it touches 
the ground is:

 a  19.6 N

 b  19.6 J

 c  19.6 kg

 d  19.6 m
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applying the concepts

1. Indicate whether or not the following represent examples of work and explain why.

 Work done?

A teacher applies a force to a wall and become exhausted.
Explanation: ..................................................................................................
...........................................................................................................................

yes or no?

A weightlifter lifts a barbell above her head.
Explanation: ..................................................................................................
...........................................................................................................................

yes or no?

A waiter carries a tray full of meals across a room.
Explanation: ..................................................................................................
...........................................................................................................................

yes or no?

A rolling marble hits a note card and moves it across a table.
Explanation: ..................................................................................................
...........................................................................................................................

yes or no?

A shot-putter launches the shot.
Explanation: ..................................................................................................
...........................................................................................................................

yes or no?
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applying the concepts

2. On a golf course, a 50 grams ball has to reach the hole at point C. The picture 
represents its trajectory. A player hits the ball with initial velocity of 6 m/s.

▶ Calculate the ball’s mechanical energy at point A.

▶ Calculate the kinetic energy at point B, ignoring the friction force.

▶ Calculate the ball’s speed at point B.

▶ The distance between B and C is 50 m. 

During this displacement, the friction force is no longer negligible.  
If the speed at C is 5 m/s, calculate the magnitude of the friction force.

A

B C1 m


