
Module 3 Forces & Motion

Unit 3 Work, Energy & Power



You are here!



3.3 Work, Energy & Power

• 3.3.1 Work & Conservation of Energy

• 3.3.2 Kinetic & Potential Energies

• 3.3.3 Power



3.3.1 Work & Conservation of energies



This is really 
hard work, or 

is it?



Work

• Work = force (F) x distance moved in the 
direction of the force (x)

• A scalar quantity
– Obtained by multiplying two vectors.

– Work has no direction

• SI unit is the Joule (J)
One joule = one newton metre



Examples of Work

• Picking up a pen =
0.2N x 0.1m = 0.02J

• Lifting a 20.39kg barrel to a height of 1.8m =
20.39kg x 9.81 x 1.8m = 360J

These calculations all imply movement at a 
constant speed in the direction they are pushed. 
In reality, this does not always happen.



Forces at an angle to direction

• Lifting the barrel is 
easier if you push it 
up a ramp.

• The work done 
against gravity will 
always be 360J.

– But it can be 
calculated in two 
ways:

Vertically upwards:
Work = 200N x 1.8m = 360J

Up the ramp:
Work = 200N x 4.26m x cos65 = 360J



So we have two formulae for work

• Work = Fx

• Work = Fxcosθ

F = Force

x = Distance travelled

θ = Angle between force and direction of travel



What force would be used to push the 
barrel up the ramp?

• We know the total 
work done is 360J.

• If the distance 
moved is 4.26m the 
force in this 
direction must be 
360/4.26=84.5N



Forces at right angles

• If the force is at right angles to the direction of 
travel then no work is being done (cos90 = 0).

• So no work is being done against gravity when 
you push a car along a horizontal road.

– You need to specify what work is being done.



Work and Energy

• Work done = Energy transferred

– The work done on a box being 
pushed along the floor is 
transferred to thermal energy of 
the box and the floor.

– The work done by gravity on a 
falling object is transferred to 
kinetic energy.

– The work done against the force 
of gravity as an object is lifted is 
transferred to gravitational 
potential energy.
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Is energy always 
conserved?



Energy

• Energy = the stored ability to do work.
– Scalar quantity, the SI unit is the joule, J

• Energy can take different forms:
– Kinetic Energy (where movement is taking place)

• Moving objects
• Sound

– Potential Energy (in regions where electric, magnetic, 
gravitational or nuclear forces exist)
• Chemical
• Electrical
• Electromagnetic
• Gravitational
• Internal (heat)
• Nuclear



Conservation of Energy

• In any closed system, energy cannot be 
created or destroyed but can be transferred 
from one form into another.

• A Sankey diagram can be used to show these 
conversions diagrammatically.



Sankey Diagrams

• A car travelling at constant velocity at night.

Figures are per minute



Why is there no energy being 
converted to kinetic energy of the car?

• The car is moving at a constant velocity



3.3.1 Work & Conservation of energies 
(review)



3.3.2 Kinetic & Potential Energies



What energy 
transfers occur 

when an object is 
dropped?



Gravitational Potential Energy

• Gravitational Potential Energy (Ep)is gained by an 
object as it is raised vertically and lost when it is 
lowered.

– The amount of energy transferred is dependent on the 
mass of the object and the height raised/lowered.

• Work (done against gravity) = Force x Distance

– So energy gained (Ep) = Force x Height

• Ep = Weight x Height

• Ep = Mass x g x Height

• Ep = mgh



Kinetic Energy

• The kinetic energy (Ek)of a moving object 
equals the work it can do as a result of its 
motion.

• Kinetic energy can do work against a stopping 
force, heating a set of brake pads for example.
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Deriving Ek



Measuring g

• Use a card, some plasticine, a light gate and a 
ruler to measure g.



What else can we do with these 
equations?

• We can prove Galileo right when he suggested 
that objects fall at the same rate regardless of 
mass.
– A falling object loses GPE and gains KE as it 

accelerates towards the ground.

– The amount of KE gained equals the GPE lost.
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Mass cancels 
from both sides

V is therefore 
independent of 
mass



Anything else?

• This explains why the braking distance of a car (work 
done by the brakes) is proportional to its initial speed.

• As objects fall, GPE is lost.
– Where does it go?

• Transferred to Ek.
• Dissipated as thermal energy.
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Worked example

•Calculate:

– g (acceleration 
due to gravity).

– loss of GPE 
between the 
light gates.

– KE of the ball as  
it passes second 
light gate.

Mass of ball = 5.38g



3.3.2 Kinetic & Potential Energies 
(review)



3.3.3 Power



Watt is the unit 
of Power?/!



Watt is the unit of Power?

Power = the rate at which work is done.

Power = Work Done/Time Taken

• Power is measured in joules per second, or watts (W).

• Power can also be seen as the rate of energy transfer.
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Watt is Horsepower?

• Power can be applied to all energy transfers 
(eg the rate at which we climb a ladder, or 
push a trolley in Tescos).

• Humans would do well to transfer energy at a 
rate of 70W over a long period.

• Horsepower is a measure still used today. 

– 1 Horsepower is equivalent to 746W



How powerful are you?

• If a 50kg person runs up a 3.0m (vertical 
height) flight of stairs in 6.5s, what is the rate 
of work done against gravity?

P = 50 x 9.81 x 3.0 / 6.5 = 230W

• Watt is your power? Who is the most powerful 
in the class? Find out using the stairwell.
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Ideal 
Height v 
Mass for 
men

Ideal 
Height v 
Mass for 
women



Watt is the power 
of a falling object?



When an object is moving at constant 
velocity against friction

• Eg. Terminal velocity of a falling object.

• Eg. A car driven at constant speed on the M1.

• Eg. Michael Phelps swimming 100m.

• The resultant force on the object is zero 
(constant speed).

• The work done by the forward force (weight, 
thrust) is therefore work done against friction.



When an object is moving at constant 
velocity against friction

• We can calculate the power 
developed by the forward 
force:

– The constant force against 
constant friction moves the 
object a distance (x) in a time (t).

– Work done = Force x Distance.
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But speed 
is x/t, so.. FvP =



• This equation can be used for any object 
moving at a constant velocity against friction.

• What is the power developed by an object 
moving at constant velocity in deep space?

FvP =



How can we 
calculate efficiency?



Efficiency

• A measure of how much useful energy is 
transferred in a system compared to 
unwanted energy.

• Efficiency =    Useful output energy    x 100%

total input energy



Efficiency is always less than 100%

• In any energy transfer there will always be 
some energy “lost” to the environment.

Erm, is this 
right?

This will 
produce 
light so no, 
it’s not.



Which transfers are most efficient?

• Transfers involving nice, ordered systems like 
electrical energy converting to a disordered 
heat energy will be easy to achieve and so be 
the most efficient.

• Transfers going the other way round  (eg
generating electricity from heat) are more 
difficult and so less efficient.



Sankey diagrams can be used to 
represent the energy changes

• This one is expressed in terms of power rather 
than energy...

What is the 
efficiency of 
this electricity 
generator?



3.3.3 Power (review)



Complete!


