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Syllabus points 

 
4.9 recall and use the relationship between work, force and distance moved in the direction of the 
force:             

                                       
      

4.10 understand that work done is equal to energy transferred 
 
4.11 recall and use the relationship:  
 

                                                 
          

 
4.12 recall and use the relationship:             

                 
 

 
               

 

   
 

 
    

 
4.13 understand how conservation of energy produces a link between gravitational potential energy, 
kinetic energy and work 
 
4.14 describe power as the rate of transfer of energy or the rate of doing work 
 
4.15 use the relationship between power, work done (energy transferred) and time taken: 
 

      
         

          
 

 

  
 

 
 

     

  



4.9 recall and use the relationship between work, force and distance moved in the direction of the 
force:             

                                       
      

In this section we are going to have a closer look at the mechanical forms of energy, including kinetic 

energy and gravitational potential energy. 

We begin by defining work, a concept that provides a link between the concepts of force and 

energy. 

When a force F moves an object, energy is transferred and work is done on that object. 

  

 

 

 

 

 

Bear in mind that the object must move for work to be done, or rather, a force does no work on 

an object if the object does not move. For example, if a person pushes against a brick wall, a 

force is exerted on the wall but the person does no work since the wall is fixed. However, the 

      ’   u                                            b       u          energy to contract 

 u     . L       ,      u                     ’                                ,       k is done 

on the weight.  

Think about this 

If a person is holding an object steady against a brick wall by pushing horizontally on it and the 

object begins to slip down the wall. Which force is doing work on the object? 

 

 

 

 

 

 

Answer 

F F 

Distance travelled 

Distance block has 

slipped down wall 



Only the gravitational pull or force from the Earth is doing work, since the displacement or 

distance travelled is in the direction of this force 

The factors which affect the amount of work done are: 

1. Force F 

2. Distance travelled (in direction of force) d 

If the force exerted on the object is doubled, work done doubles (assuming the distance remains 

constant). Work and force are directly proportional.  

If the object is displaced twice as far or pushed twice the distance, work done also doubles.  

A mathematical equation to satisfy both of these relationships is as follows;  

Work = Force x distance 
 

          

 

Work done is measured in joules (J).Work is a scalar quantity. We can therefore combine the 

work done by each of the separate forces to get the total work done. 

Work done = energy transferred 

1 Nm = 1 Joule 

Or 1 joule of work is done when a force of 1N moves through 1m (in the direction of the force). 

  



Examples 

1.  A man lifts a parcel weighing 5N from the ground onto a shelf 2m high.  How much work does 

he do on the parcel? 

2. Some kids drag an old tyre 500 cm over rough ground.  They pull with a total force of 340N.  

Find the energy transferred. 

3.  Which of the following involve mechanical work? 

A) A shelf holding up a stack of books. 

B) A hamster moving a tread wheel 

C) A foot pump being pushed down 

D) A strong man leaning against a brick wall. 

E) A weightlifter holding 40kg above her head. 

F) A                                   ’            

  



Answers 

1.  A man lifts a parcel weighing 5N from the ground onto a shelf 2m high.  How much work does 

he do on the parcel? 

W= F x d (you should always write the equation down when answering a calculation question) 

W = 5N x 2m = 10J (Do not write Nm down as the unit) 

2. Some kids drag an old tyre 500 cm over rough ground.  They pull with a total force of 340N.  

Find the energy transferred. 

Work done = energy transferred 

W = F x d  

W = 340 N x 5 m (it is always best to write the units alongside the values, you will notice if you 

need to convert units such as cm to m) 

W = 1700J  

3.  Which of the following involve mechanical work? 

A) A shelf holding up a stack of books. 

B) A hamster moving a tread wheel 

C) A foot pump being pushed down 

D) A strong man leaning against a brick wall. 

E) A weightlifter holding 40kg above her head. 

F) A                                   ’            

B & C only 

 

4.10 understand that work done is equal to energy transferred 
 

If you do 10J of work on an object you have transferred 10J of energy from you to the object. 

You could have lifted it up, giving it 10J of gravitational potential energy or you could have hit it, 

accelerating it  and giving it 10J of kinetic energy.  

If energy is transferred then work is done, and vice-versa. 

 

  



4.14 describe power as the rate of transfer of energy or the rate of doing work 
 

If two children who have the same mass climb the same hill then they do the same amount of 

work. But what if child one climbs the hill in a shorter time? 

We say that child one is more powerful.  

It is interesting to know not only the work done on an object, but also the rate at which the work 

is being done. 

Power is defined as the rate of working or how quickly you work. What does this mean? It 

means the work done per unit time. 

 
4.15 use the relationship between power, work done (energy transferred) and time taken: 
 

      
         

          
 

 

  
 

 
 

 

How is power related to the amount of work done on an object?  

If the work done on an object in a given time doubles, then the power doubles. For a given time, 

work done is directly proportional to power. 

How is power related to the amount of time it takes to do the work? 

If it takes you half the time to move an object over the same distance, you are twice as powerful. 

In short, it if time is doubled power is halved. For a given amount of work done, power is 

inversely proportional to time 

Mathematically this is written as;  

       
         

          
 

  
 

 
 

What would the SI unit for power be?  

Joule per second or   
 

 
 

1 Joule per second is also called a watt or W. 

Remember: 

1 kW = 1000W 

1 MW = 1 000 000 W 



Examples 

1. A crane lifts a load weighing 3000N through a height of 5m in 10 seconds.  What is the power 

of the crane? 

2.  An electric kettle is rated at 2400W.  How long would it take to supply 288kJ to the water in 

the kettle? In real life the time needed would be longer than this. Why? 

3.  An electric hoist is supplied with 5A and 240V.  What would its power output be? How far 

would it lift a 3000N block in 3 seconds? 



Answers: 

1. A crane lifts a load weighing 3000N through a height of 5m in 10 seconds.  What is the power 

of the crane? 

P = W/t = (Fxd)/t 

P = (3000N x 5m)/10s  

P = 1500W  

2.  An electric kettle is rated at 2400W.  How long would it take to supply 288kJ to the water in 

the kettle? 

P = W/t (Sometimes you need to rearrange an equation to make another variable the subject, in 

this case time was made the subject of the equation) 

t = W/P 

t=288,000J/ 2400Js-1 (here the energy supplied was given in kilojoules and must be converted to 

joules) 

t = 120s = 2 min (in this step the time has been divided by 60 to give time in minutes) 

In real life the time needed would be longer than this. Why? 

Not all the energy of 288,000J will go to the water, some will be lost the surrounding or used to 

heat the kettle walls and element. 

3.  An electric hoist is supplied with 5A and 240V.  What would its power output be? 

P = IV (here we have had to use the power equation from the electricity topic) 

P = 5A x 240V 

P = 1200W 

How far would it lift a 3000N block in 3 seconds? 

P = W/t 

P = (F x d) / t (here we substituted in F x d for work done to introduce the distance variable which 

is what we are being asked to find) 

d = (P x t) / F (we now needed to make distance the subject of the equation) 

d = (1200W x 3s) / 3000N 

d = 1.2 m 

  



4.11 recall and use the relationship:  
 

                                                 
          

 

Gravitational potential energy is the energy possessed by something due to its height above its 

surroundings. 

To derive the equation for gravitational potential energy or GPE we will work through an 

example. 

Example 

A weightlifter has lifted a mass of 200kg up to a height of 2m.  What work or energy has he put 

into the weights? 

Work done = F x d 

Remember,  

force vertically = weight (one must exert a force equal to the weight of the object to lift it and W 

= mg) 

Work done = W x d lifted 

But, here on Earth  

Weight = mass x gravitational field strength 

Where g = 10 N/kg 

Therefore, 

Work done=(mass x gravitational field strength) x distance lifted 

The energy the weights have at 2m above ground is equal to the work the weightlifter put into 

the weights 

The energy is called Gravitational Potential Energy- it is stored until the weightlifter drops the 

weights. 

G.P.E = mass x gravitational field strength x height 

G.P.E. = mgh 

Example 

1.  A piano of mass 960kg is raised through 4.3m.  Find the gain in potential energy. 

2. A b    ‘        ’ 3000                        2    b           u  .  F                         

stored in the book. 



 

 

 

 

 

 

Answers 

1.  A piano of mass 960kg is slowly raised through 4.3m.  Find the gain in potential energy. 

G.P.E = mgh 

G.P.E. = 960 kg x 10 N/kg x 4.3m (notice that that kg unit cancels and you are left with a Nm or J) 

=41280 J 

2. A b    ‘        ’ 3000                        2    b           u  .  F                         

stored in the book. 

G.P.E = mgh 

G.P.E = 3kgx10 N/kg x2m (   ’  f  g    h  SI u    f     ss  s  g) 

G.P.E. = 60J 

 

 

  



4.12 recall and use the relationship:             

                 
 

 
               

   
 

 
    

 

Kinetic energy is energy due to movement. 

An object with a constant unbalanced force will accelerate and gain speed. If an object on a shelf 

with stored GPE falls, the force doing the work is gravity and the stored energy is transferred to 

kinetic energy as it falls.  

Which has more kinetic energy, a man running at 10m/s or an elephant running at 10 m/s? 

The elephant has more kinetic energy because it has more mass. Which one would you rather 
try and stop?  

What has more kinetic energy, a Formula 1 car travelling at 40m/s or a family car of the same 

mass travelling at 25m/s?  

The formula 1 car would have more kinetic energy because it is travelling faster. It has a greater 

velocity or speed. 

It should be obvious now that Kinetic Energy or KE is affected by only two variables including 

mass and velocity. 

The equation for kinetic energy is: 

K.E. = ½ m v 2 

This equation shows us that if the mass is doubled, the KE would double but how about the 

velocity?  

The formula for kinetic energy has the speed squared.  So, if the speed of the car doubles than 
the kinetic energy will quadruple (22 = 4) 

Example 

Q1 What is the K.E. of an elephant of mass 2000kg travelling at 5m/s? 

K.E. = ½ mv2 

K.E. = ½ x 2000kg x (52)  (Remember: square the 5 first or you may square the whole lot) 

K.E. = ½ x 2000kg x 25 

K.E. = 25,000J 

 

  



4.13 understand how conservation of energy produces a link between gravitational potential energy, 
kinetic energy and work 

 

Calculating the speed of a falling object using conservation of energy. This is a typical exam question 

        ’               b      :   

Galileo drops a 100g stone from the leaning tower of pisa, which is 45m high. 

A) How much potential energy does the stone have at the top? 

GPE = mgh 

GPE = 0.1kg x 10N/kg x 45m 

GPE= 45J 

B) What is the potential energy transferred into as it falls? 

Kinetic energy 

C) If the energy is conserved. How much K.E. would the stone have just before it hits the 

ground? 

45J since all the GPE has transferred into KE – conservation of energy 

D) If the stone has 45J of kinetic energy, what speed would it hit the ground at? 

We need to rearrange the kinetic energy equation: 

   
 

 
    

First make v2 the subject of the equation: 

   
   

 
 

 

(note dividing by ½ is the same as multiplying by 2) 

Get rid of the square by taking the square root of each side 

  √
   

 
 

 

Finally substitute in the values 

  √
     

     
 √          



E) Equate the GPE equation and the KE equation. 

    
 

 
    

   
 

 
   

  √    

Do you need to know the mass of the stone to find its speed when it hits the ground? 

No-mass cancels, so all you need is the height. If you remember the equation in D then you can 

use it to help you answer questions and eliminate loads of steps! 

F) What will the energy transfer to when the stone hits the ground? 

Thermal and sound 

G) What assumptions have you made? 

Right at the start we assumed that all of the GPE was converted into KE. This means the transfer 

is 100% efficient; i.e. no energy has been converted to less useful forms (such as heat due to air 

resistance). Assuming the rock is on Earth is not a suitable assumption. 

 

R               KE  qu                                      u’                            x  . 

Make sure that you can make v the subject of the KE equation. 

The same sort of analysis could be applied in the opposite direction. For example you may 

have a bullet being fired vertically. The only information you are given is the speed of the 

bu                       u          bu    ’      . F           u           u              

energy. The KE lost as the bullet slows down will be equal to the GPE gained as it gets higher 

and higher. The final GPE will be equal to the initial KE (assuming no energy is lost due to air 

resistance). You can then calculate how high it will go into the air. 

Example 

A bullet is fired straight into the air at a speed of 300m/s. The mass of the bullet is 50g. How 

high will the bullet travel? Would a 200g bullet travel higher, lower or to the same height? 

  



Answer 

A bullet is fired straight into the air at a speed of 300m/s. The mass of the bullet is 50g. How 

high will the bullet travel? Would a 200g bullet travel higher, lower or to the same height? 

First find the KE 

   
 

 
    

 

 
                   

State what the final GPE will be: 

GPE gained = KE lost. At the top of the flight the bullet will stop (zero KE) so will have 2250J 

of GPE 

Find h 

           

  
   

  
 

     

              
       

As we saw earlier the mass cancels so the height will be independent of mass: 

  

    
 

 
    

  

 
 
  

 
 

 

So both bullets reach the same height. 

 

Finally you could be asked to work out the braking distance or the braking force for a 

vehicle. Earlier we said that work done is equal to energy transferred. When a car brakes, 

kinetic energy is transferred to the brakes. The brakes to work which stops the car. 

KE lost by car = work done by brakes 

So all we need to do here is find the KE of the car (using KE = ½ mv2) and then find the 

braking distance using work done = force x distance. 

Example: 

A 1 tonne car (1000kg) travels at 20m/s. Its brakes can apply a force of 2.8kN. What is the 

braking distance? 



Answer: 

A 1 tonne car (1000kg) travels at 20m/s. Its brakes can apply a force of 2.8kN. What is the 

braking distance? 

First find the KE 

   
 

 
    

 

 
                     

Then rearrange the work done equation 

     

   
 

 
 

D  ’        ,               b      b          qu                                    : 

  
        

     
       

 


