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Forces and interactions 
 

(1) Pairs of forces:  Consider one object pushing against another.  These forces are equal in size and 

opposite in direction.  The forces are acting on two different objects.  Objects touching cause these forces.  

They are called contact forces. 

 

(2) Pairs of forces: Consider two forces now acting on the same object.  An example is the forward thrust on 

a car caused by its engine and the oppositely directed contact force of air resistance.  These forces can either 

be a balanced pair of forces or unbalanced.  The overall effect of both together is to cause the object to 

accelerate or move at a constant velocity. 

 

Question: Answer the following questions for these 

 
Question: Underneath each car state whether the forces acting on the car are balanced or unbalanced.  

Remember, when balanced forces are acting on an object, each member of a pair of forces is equal in 

magnitude (size) to the other and acts in the opposite direction. 

 

Forces may or may not cause an object to move.  You may for instance be sat on a chair at this very moment 

totally motionless.  Balanced forces are acting, the downwards pull of gravitational attraction acting through 

the legs of your chair (your weight), being matched by the up thrust of the ground. 

 

If balanced forces are acting on an object and that object is moving, then the movement is one of constant 

speed.  If unbalanced forces are acting on an object and that object is moving, then the movement is one of 

acceleration or deceleration. 

 

 



 3 

There are various ways to measure how an object moves.  The simplest is to measure the distance covered in 

a particular period of time or speed 

 

Speed (m / s) = distance (m) / time taken (s) 

 

Question: Complete the triangle so that you can 

rearrange the equation at will. 

 

 

Question: Kate plotted a distance-time graph for a bus as it approached her.  Describe the motion of the 

bus in as much detail as possible. 

 
____________________________________________________________________________________

___________________________________________________________________________________ 

 

More on distance-time graphs 

 

A distance-time graph shows how the distance moved by an object changes with time. 
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Question: Sketch a distance-time graph for a car that is slowing down. 

 

 

 

 

 

 

Question: A car travels a distance of 120 km in 1.5 hours at a constant speed.  Sketch a distance-time graph 

for the car. 

 

 

 

 

 

 

Question:  Calculate the gradient of the graph on the previous page.  This is equivalent to average speed. 

(Gradient = speed = increase in distance / increase in time). 
_________________________________________________________________________________________________________

________________________________________________________________________________________________________ 
 

• The larger the gradient (the steeper the line) the higher the speed. 

 

• A straight line indicates the speed is constant.  A curved line shows that the speed is changing. 

 

• If the gradient increases the speed increases. 

 

If the gradient decreases the speed decreases. 

 

 
 

Question:  Label on the graph when the speed is increasing and when the speed is decreasing.
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Speed and Velocity 
 

Both Speed and Velocity are measured in metres / second. They both measure the distance an object moves 

in a period of time. However, technically, Velocity is called a vector quantity, i.e. It has both magnitude 

(size) and Direction. This means that actually we should describe the Velocity of the car as 2.5m/s, North by 

North-East (At GCSE we rarely mention the direction). Indeed force is also a vector quantity and we should 

say ‘a force acts on a car at 150 Newtons, East by North-East.’ Again at GCSE we rarely mention any 

direction. Any measurement which just has a magnitude and is not defined by it’s direction is called a 

SCALAR quantity e.g. speed.  

 

 Hence for GCSE   Speed (m/s) = Distance (m) / Time (s)  

 And    Velocity (m/s) = Displacement (m) / Time (s) 

 

(But Technically we should say that velocity = Speed with it’s direction assigned to it) 

 

Acceleration 

 

A single Force, which continually keeps acting on an object, will make it move. As time proceeds, the 

object moves faster and faster- we say that it accelerates. Now the unit for speed (or Velocity) = m/s or ms‾ ¹, 

whereas the unit for acceleration 

  

= m/s² or ms‾ ². 

 

1 m/s² means that at 0 time an object is not moving. Then at the end of the first second, it has a sped = 1m/s. 

At the end of the second second, it has a speed (or velocity) = 1+1=2m/s, 

At the end of the third second = 1+1+1=3m/s. 

 

Interesting point! Acceleration can be calculated from a Velocity-time Graph from the gradient of the line.  

  
Time Initial - Time Final

Velocity Initial -Velocity  Final
 Gradient   (m/s²)on Accelerati ==  
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So we have a formula for acceleration (m/s²) = 
(seconds)Taken  Time

(m/s) velocity Initial  (m/s)Velocity  Final
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Velocity-time graphs and calculating the distance covered by a moving object 

 

Question: A car brakes.  Does the speed-time graph for the car show a positive or negative gradient? 

_______________________________________________________________________________________ 

 

Question: Sketch a speed time graph for a tube train traveling between two stations. 

 

 

 

 

 

 

 

 

 

 

 

Calculating distance travelled from a speed-time graph 

 

Imagine a car travels at a constant speed of 2 m/s for 10 seconds.  By common sense, you would expect this 

to cover 2 x 10 = 20 metres in distance.  This can be shown on the graph below: 
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The distance covered by a moving object is equal to the area under a velocity-time 

line Graph
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Question- 

 What is the acceleration of this object, starting from rest? 

a) From 0-3 seconds? 

 

Acceleration (m/s²) = gradient of line =  

 

 takentime

 vinitial -  vFinal
sm

s
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−
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b) From 3-6 seconds? 

 

Acceleration (m/s²) = gradient of line =  
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I.e. Constant Velocity of 10m/s  

 

c) From 6-10 seconds? 

 

Acceleration (m/s²) = gradient of line =  

 

 takentime

 vinitial -  vFinal
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This means that the velocity decreases by 2.5m/s at the end of each successive second. I.e. a Negative 

acceleration = deceleration. 
Question- 
 What was the distance covered by the object from- 

a) 0 to 3 Seconds? 

Distance covered = area under graph- this is shown by a triangle (Area 1) 

  Area = ½ base * height = ½ * 3 * 10 = 15 metres. 

b) What distance was covered from 3 to 6 seconds? 

This is shown by area 2, which is a rectangle. 

Area 2 = length * height = 3 * 10 = 30 metres. 

c) What distance was covered from 6 to 10 seconds? 

This is shown by area 3, which is a triangle. 

Area 3 = ½ * 4 * 10 = 20 metres. 

 

So the total distance covered by the moving object from accelerating from rest, to moving at a constant 

Velocity to decelerating to a standstill = 15 + 30 + 20 = 65 metres. 

ewton’s Second Law of Motion 

Question:  A train starts from rest and reaches a speed of 15 m/s at the end of one minute.  It then maintains 

that speed for 3.5 minutes.  The train then abruptly comes to a halt, half a minute later.  Draw a speed-time 

graph.  Calculate the initial acceleration.  Calculate the final deceleration.  Calculate the total distance 

covered. 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: Car A accelerates from 0 to 20 m/s in 15 seconds.  Car B accelerates from 0 to 30 m/s in 12 

seconds.  Which car A or B, has the greater acceleration? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: A train accelerates from 0 to 20 m/s in 100 seconds and then decelerates, stopping 250 seconds 

after it started.  Which is greater, its acceleration or deceleration? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: The speed of a car increases from 10 m/s to 30 m/s in 8 seconds.  Find the acceleration. 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: Luigi is traveling at 24 m/s.  He brakes and comes to a stop in 30 seconds.  Find his deceleration. 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

Question: (a) Jane is driving at a speed of 72 km/h.  Convert this to m/s. 

_______________________________________________________________________________________

_______________________________________________________________________________________ 
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(b) She accelerates to 108 km/h in 8 seconds.  Calculate her acceleration. 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

 
Question: A car has a maximum acceleration of 4 m/s2.  How long does it take the car to reach a speed of 36 

m/s starting from rest? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question:  A car is traveling at 2.3 m/s.  It accelerates at a uniform 1.2 m/s2 for 4.5 seconds.  What speed 

does it increase to? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: A car starts at 2.6 m/s and accelerates at 2 m/s2 to a final speed of 3.6 m/s.  How long does it take? 

_______________________________________________________________________________________

_____________________________________________________________________________________ 

 

 

 

 

 
  

 

. 
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Forces and motion 
 

We have already seen that if a single force acts on an object then it will accelerate.  To accelerate a car the 

driver presses down on the accelerator pedal.  This increases the pull of the engine that provides a forward 

force.   If they press the pedal down further, the pull of the engine is greater and the acceleration increases. 

 

Question: (a) Meera is playing tennis.  What happens to the motion of the tennis ball when she hits it harder? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

(b) She hits a football with the same force.  How does the acceleration of the football compare with that of 

the tennis ball? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: Ben is driving along a road and wants to go faster.  He puts his foot on the accelerator.  How does 

this change the force acting on his car? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Isaac Newton discovered that the acceleration so produced is directly proportional to the force applied to it 

(as the force applied increases then so does the acceleration that is produced). 

 

F α a which implies that F = constant x a 

 

This constant actually equals the mass of the object and so F = ma 

                                                                                                             

Remember F = Newtons, mass = kilograms, a = metres / second 2 

 

Questions using F = ma 
 

(1) Complete the formula triangle so that F = ma can be rearranged at will 

 

 

 

 

 

 

             

(2) A sledge has a mass of 10 kg.  A boy pulls it with a force of 20 N.  What is its acceleration? 

 

 

 

 

 

(3) Trains accelerate very slowly out of stations.  Why is their acceleration very much slower than that of 

a car? 
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(4) This experiment refers to the experiment shown below where a trolley is pulled between a light gate 

which measures its acceleration. 

 
 

(a) Explain how this experiment demonstrates that F = ma 

 

 

(b) How many cords are needed to accelerate a trolley of mass 4kg at 0.5m/s2 

 

 

(c) Four cords acting on a trolley of mass 3kg produce acceleration equal to what?   

                                                     

(d) The trolley in this experiment has frictional forces acting upon it. What effect does friction have on your 

results? 

 

 

(e) What can you do to help compensate for friction? 

 

 

Question: A driver traveling on the motorway at 30m/s takes her foot off the accelerator and slows to 27m/s 

in 6s. 

 

(a) Calculate the size of her deceleration. 

 

 

(b) The mass of the car is 1000 kg. Calculate the size of the wind resistance and frictional forces that are 

acting on the car. 
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Pairs of forces 
 

Forces always occur in pairs.  Whenever two objects collide, the forces on each are of equal size but in 

opposite directions. 

 

Question:  A large van and a small car collide together.  They push backwards on each other with the same 

force.  Which will be pushed backwards most?  Explain why. 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question:  A car with a mass of 1200 kg has resultant force acting on it of 4200N.  Find the acceleration. 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Stopping distance 

 

The stopping distance of a vehicle depends on... 

 

 
Question: What can increase the thinking distance? (3 reasons) 

_______________________________________________________________________________________ 

 

Question: What can increase the braking distance? (3 reasons) 

_______________________________________________________________________________________ 

 

Speed (km/h) Thinking distance (m) Braking distance (m) 

32 6 6 

48 9 14 

64 12 24 

80 15 38 

96 18 55 

112 21 76 

 

 

This table shows how important it is to; 

 

• Keep an appropriate distance from the car in front 

• Have different speed limits for different types of road 

• Slow down when road conditions are poor. 
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Question: Why should a car be a greater distance behind the car in front on a motorway than on a road in a 

town? 

_______________________________________________________________________________________ 

 

Question: Mohammed is driving along a busy road.  The brake lights of the car in front come on but 

Mohammed does not brake immediately.  Why not? 

_______________________________________________________________________________________ 

 

Question: How does thinking distance increase as speed increases? 

______________________________________________________________________________________ 

 

Question: (a) How does braking distance increase as speed increases? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

The momentum of the car affects braking distances 
 

A large rugby player running very fast is going to be a lot harder to stop then a thin, light rugby player out for 

an afternoon stroll.  This is due to their different momentum.   

 

Momentum (kg m/s) = Mass (kg) x Velocity (m/s) = momentum (Ns) 

 

Momentum (Ns) = Force (N) x time (s) 

 

Another way of explaining momentum is to say that it represents the amount of push force needed to bring a 

moving object to a halt over a period of time. 

 

Example: A 65kg kangaroo is moving in a straight line at 10 m/s.  Calculate its momentum. 

 

Answer: Momentum = mass x velocity = 65 x 10 = 650 kg m/s = 650 Ns.  This means that the kangaroo can 

be brought to a stop by a force of 650N in 1 second.  Alternatively it can be stopped by a force of 65N in 10 

seconds 965 x 10 = 650Ns). 

 

Momentum has size and direction – like velocity (not speed).  Again, this is because the Newton component 

is a vector quantity. 

Forces cause changes in momentum 
 

When a force acts on an object, it causes a change in momentum. 

 

Momentum = mass (kg) x velocity (m/s) = kg m/s = Newton second = Force acting (N)  x  time (s) 

 

Therefore Force acting on a moving object (Newtons) = Momentum (kg m/s) / time (s) 

 

 

Often in questions, we talk about a moving object, which changes its momentum because of an external force 

being applied to it.  The time taken for that change in momentum then needs to be calculated. 

 

Hence: Force acting (N) = Change in momentum (kg m/s) / time taken for change to happen (s) 
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Example: A rock with mass 1kg is traveling through space at 15m/s 

 

A comet hits the rock giving it a resultant force of 2500N for 0.7 seconds.  Calculate (a) The rock’s initial 

momentum and (b) The change in its momentum resulting from the impact. 

 

Answer:  

(a) Momentum = mass x velocity = 1 x 15 = 15 kg m/s 

(b) Using the formula triangle, change in momentum = force x time = 2500 x 0.7 = 1750 kg m/s 

 

Question: Explain what happens to momentum under the following conditions: 

 

(a) The time taken (t) for the change in momentum to occur is small. 

_______________________________________________________________________________________ 

 

(b) The time taken (t) for the change in momentum to occur is big. 

_______________________________________________________________________________________ 

 

Question: explain what happens to force under the following conditions: 

 

(a) The change in momentum is large (hint more likely to cause injury). 

_______________________________________________________________________________________ 

 

(b) The change in momentum is small (hint less likely to cause injury). 

_______________________________________________________________________________________ 

 

This is why cars are designed to slow people down over a longer time when they have a crash.  The longer it 

takes for a change in momentum, the smaller the force, which reduces the injuries. 
 

The total momentum of two objects before collision [or explosion] equals their 

combined momentum after collision 

 

This means that momentum car [A] [before collision] + momentum car [B] [before collision] =  
momentum car [A] [after collision] + momentum car [B] [after collision]  
 

Question: A car of mass 1200 kg travelling at 30 m/s runs into the back of a stationary lorry.  Find the mass 

of the lorry if the car and the lorry move at 4 m/s after impact. 

_______________________________________________________________________________________ 

 

An explosion is the opposite of a collision.  In an explosion, objects move apart instead of colliding.  

Momentum is still conserved.  Before firing a shell, the total momentum is zero.  After firing the shell, the 

total momentum is again zero so the momentum of the shell forwards equals the momentum of the gun 

backwards and the gun recoils.   

 

• For example lets say that mass [cannon] = 100kg and velocity cannon = 0m/s 

• Mass of shell in cannon = 2kg and velocity of shell = 0m/s. 

• Total momentum before firing shell = momentum of cannon + momentum of shell = 0m/s 

• After firing the shell, it has forward velocity i.e. +100m/s and the cannon has neg velocity = -2m/s 

• Total momentum after firing shell = momentum of cannon [(100kg x (- 2m/s))] + momentum of shell 

[2kg x (+100m/s)] = (-200kgm/s) + (+200kgm/s) = 0  
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Rocket move up while the hot gases move down.  The momentum of the rocket upwards is equal to the 

momentum of the hot gases downwards. 

 

Question: Complete the following two tables; 

 

Two cars about to collide together.  Car a is moving into car b which is stationary 

 
Mass of 

car [a] 

before 

collision 

[kg] 

Velocity 

of car [a] 

before 

collision 

[m/s] 

Momentum 

of car [a] 

before 

collision 

[kg m/s] 

Mass of 

car [b] 

before 

collision 

[kg] 

Velocity 

of car [b] 

before 

collision 

[m/s] 

Momentum 

of car [b] 

before 

collision 

[kg m/s] 

Total 

momentum 

before 

collision = car 

[a] + car [b] 

100 2  50 0   

200 3  60 0   

240 4  70 0   

235 5  80 0   

300 6  85 0   

310 7  90 0   

 

The same two cars after collision now both start moving in the direction that car ‘a’ was moving. 

 
Mass of 

car [a] 

after 

collision 

[kg] 

Velocity 

of car [a] 

after 

collision 

[m/s] 

Momentum 

of car [a] 

after 

collision 

[kg m/s] 

Mass of 

car [b] 

after 

collision 

[kg] 

Velocity 

of car [b] 

after 

collision 

[m/s] 

Momentum 

of car [b] 

after 

collision 

[kg m/s] 

Total 

momentum 

after collision = 

car [a] + car [b] 

100 1  50    

200 2  60    

240 3  70    

235 4  80    

300 5  85    

310 6  90    

 

How to complete the tables; 

[1] Work out the momentum of each car [a] and car [b] separately using mass x velocity in table 1.  Then 

work out the total momentum of both cars and fill in the last column. 

[2] The total momentum of the two cars before collision = total momentum after collision, so now fill in the 

last column in the second table. 

[3] Calculate the momentum of car [a] (which is the third column in the second table) 

[4] Momentum of car [b] = total momentum of both cars before collision – momentum of car [a] after 

collision 

[5] Final mass of car [b] after collision x velocity of car [b] after collision = momentum of car [b] 
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Work and power 
 

When a force moves an object, we say that work has been done.   

 

• The more massive an object, the more work is done because a greater force is required. 

 

• When the object or trolley is moved a larger distance more work is done.                                       

When a person climbs stairs or jumps in the air the force moved is their weight. 

 

Energy is needed to do work.  Energy comes from food.  The more work is done the more energy is needed. 

 

A machine gets the energy it needs to do work from an energy source such as electricity, or energy resources 

such as gas or oil. 

 

Work and energy are measured in joules. 

 

Question: What unit is used to measure; 

 

(a) Mass 

(b) Work 

(c) Energy 

 

Question: Write down two things that affect the amount of work done by a force. 

_______________________________________________________________________________________ 

 

Work is done when a force moves in the direction in which the force acts. 

Work done (joules) = force x distance moved 

 

Example: A clown weighs 700N.  What work does he do against gravity when he jumps 80cm? 

 

Work done = force x distance moved 

 

= 700 x 0.8 = 560J 

 

Santosh weighs 600N.  He is out walking and comes to a steep hill.1km long marked with a slope of 20%.  

This is sometimes called a ‘1 in 5’ hill.  It means that for every kilometer traveled along the slope a vertical 

height of 0.2km is climbed.  The amount of work Santosh does in walking up the hill is: 

 

Work done = force x distance moved = 600 x 0.2 = 120J 

Question: Would Santosh do more work if he ran, instead of walked, up the hill? Explain your answer. 

_______________________________________________________________________________________ 

 

Question: How much work does Paul do when he lifts a box weighing 250N off the floor to a shelf 2m high? 

_____________________________________________________________________________________ 
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Using the equation for work done 
 

Work done = force x distance moved 

 

 

 

 

 

 

 

Question: Show how we would rearrange the equation in the above triangle. 

Car brakes 

 

A car loses all of its kinetic energy when it stops.  The faster it goes the more kinetic energy it possesses.  

The kinetic energy is transferred mainly into heat by the brakes. 

Kinetic energy lost (J) = work done by the brakes (J) 

 

Example 

 

The brakes in a car produce a force of 5000N and the car has to lose 200 000J of kinetic energy 

 

Work done (J) = force (N) x distance moved (m) 

 

The distance moved in stopping is equal to the braking distance so: 

Braking distance = work done by brakes / braking force = 200 000 / 5000 = 40m 

 

Question: Tom does 3000J of work in pushing a small van a distance of 10m.  How big is the friction force 

he has to push against? 

_______________________________________________________________________________________ 

 

Question: Bethany is stacking a food shelf with tins each weighing 12 N.  When she has put 20 tins on the 

shelf she calculates that she has done 288J of work.  How high is the shelf? 

______________________________________________________________________________________ 

 

Power 
 

The rate at which work is done is called power measured in joules / second.   

 

Imagine a wooden block is pushed with a force of 30 Newtons over a distance of 10 meters in 10 seconds. 

 

This means that 30 Newtons x 10 meters = 300joules of work has been completed. 

 

This has been completed in 10 seconds and so 30 joules of work has been done per second. 

 

Hence Power (Joules / second or watts) = work done  (J) / time taken (s)   

 

The Eurostar train provides a high-speed service through the Channel tunnel.  When the train achieves 

300km/h with its engine operating at 2MW, the amount of work done in 2 hours, or energy transferred in 2 

hours is calculated by: 
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Power (J / s)  = work done (J) / time (s) 

 

Work done = power (J / s) x time (s) 

Now the number of seconds in two hours = 120 x 60 

 

So work done= 2 000 000 x (120 x 60) = 14 400 000 000 J 

 

Question: A 25kW motor raises a 5000N load through a height of 40m.  How long does it take? 

_______________________________________________________________________________________ 

 

Braking distances 
 

The table shows typical braking distances for cars at different speeds. 

 

Speed (m/s) Speed (mph) Braking distance in m 

10 22 8 

20 45 32 

30 70 72 

40 90 128 

 

The braking distance increases with increasing speed, but not proportionally.  When the speed doubles, the 

braking distance quadruples.  The kinetic energy of the car also quadruples. 
                                                                  

Kinetic energy (J) = ½ mv 2 given that m = mass (kg) and v = velocity (m/s) 

 

Question:  A car has a mass = 1000kg.  What is its kinetic energy at 20 m/s and 40 m/s.  What happens to its 

kinetic energy when the speed doubles? 

_______________________________________________________________________________________ 

 

When the car stops its kinetic energy changes into heat in the brakes, tyres and road. 

 

Work done by brakes = loss in kinetic energy 

 

Braking force x braking distance = Work done by brakes = loss in kinetic energy 

 

Remember, when the speed of the car doubles, the kinetic energy and the braking distance quadruple.  This is 

why there are speed limits on roads and stiff penalties for drivers who exceed them. 

 

Question: Emma is driving her car at 15 m/s when the car 25m in front of her brakes suddenly. 

 

(a) If Emma’s car has a mass of 1200kg, what is its kinetic energy at 15m/s? 

____________________________________________________________________________________ 

 

(b) Use the table showing braking distances to show that the braking distance at this speed is 18m 

____________________________________________________________________________________ 

 

(c) Use the last two answers to find the braking force. 

____________________________________________________________________________________ 

(d) Do you think that Emma hits the car in front?  Explain your answer. 

_______________________________________________________________________________________ 
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Momentum, kinetic energy and the work done equation 

Formulae: 

 

K.E = ½ mv2 

Momentum = mass x velocity 

Momentum = Resistive force x time resistive force is applied 

Work done = Force x distance 

 

The change in momentum of a moving object is known as the impetus of the moving object 

 

Example: A toy car has a momentum of 30 kg m/s.  It accelerates to 50 kg m/s. 

 

The impetus of the car = 50 kg m/s - 30 kg m/s = 20 kg m/s 

 

Lets say that a car with a momentum = 30 kg m/s.   

 

It decelerates to a stop with a momentum = 0 kg m/s.   

 

What is its impetus? The impetus of the car = 30 kg m/s - 0 kg m/s = 30 kg m/s 

 

The impetus = momentum of the car before being brought to a halt [also equal to the force needed to bring 

the car to a stop multiplied by the time that the force is applied]. 

 

In addition: momentum of the car before being brought to a halt = work done bringing the car to a halt 

In addition: The kinetic energy of the car before being brought to a halt = work done bringing car to a halt  

 

Question: Complete the following table: 

 

Car Mass [kg] Velocity [m/s] Resistive force 

applied to bring car 

to a stop [Newton] 

Time that resistive 

force is applied 

[Seconds] 

A 100 2 50  

B 230 3 56  

C 268 6 23  

D 450 4  35 

E 345 5  45 

F 278 7  56 

 

Question: Complete the following table: 

 

Car Mass [kg] Velocity [m/s] Kinetic energy  

of car [Joules] 

Resistive force 

From brake pads [N] 

Braking distance [m] 

A 100 2  70  

B 230 3  65  

C 268 6  67  

D 450 4  35  

E 345 5  45  

F 278 7  56  
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Falling safely 
 

When you drop something it accelerates downwards, moving faster and faster, until it hits the ground.  

Gravity on this planet pulls downward on objects with a pull force that accelerates each kilogram of mass at 

approximately 9.81m/s2.  According to F = ma, we can determine the definition of a Newton, if we substitute 

the mass = 1kg and acceleration = 1m/s2, we get 1 x 1 = 1N and hence we have the definition of the Newton. 

 

1 Newton equals the pull force that accelerates 1-kilogram mass at 1 m/s 
 

Now the definition of weight is the total gravitational pull force on an object.  Hence if we know the mass of 

an object in kilograms, we simply multiply this by the gravitational pull of that planet on every kilogram 

called ‘g’ and in this case it approximately = 10N/kg. 

 

Consequently   W = m g  where m=mass, g = gravitational pull on each kilogram 

 

 

Question: A boulder has a mass = 2.3kg.  What is its weight? 

_____________________________________________________________________________________ 

 

Frictional forces 
 

Friction is a force that opposes the direction of movement of an object when two surfaces slide past each 

other. 

 

• When a motor vehicle is cruising at a steady speed. The frictional forces exactly balance the driving force. 

• However, friction causes objects to heat up, and to wear away at their surfaces. This can cause problems 

in engines, and oil is required where surfaces move against one another. 

• Friction is also useful in many ways, particularly between a vehicle tyre and the road surface and between 

brake pads and brake discs. If too great a braking force is applied however, the friction between the tyres 

and the road may not be great enough to prevent skidding. 

 

Friction can be reduced by lubricating (oiling) the two surfaces or streamlining the shapes of objects moving 

into fluids.  Streamlining their vehicle shapes can be done by: 

 

• Shaping car roof boxes 

• Making high-speed cars wedge-like in shape. 

• Angling lorry deflectors. 

 

Question:  Change the vehicle shapes below to make them more streamlined in the manner just described. 
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Streamlining is designed to reduce the drag force on a vehicle, which allows its top speed to increase.  Air 

passes over a streamlined vehicle more easily than if it had sharp corners and a square shape. 

 

Question: Would the top speed of a car be greater or less without a roof box? 

_______________________________________________________________________________________ 

 

Question: Suggest why dolphins have a streamlined shape. 

_______________________________________________________________________________________ 

 

Question: Remember, kinetic energy lost by the car = work done by the brakes (m = car mass, v = car speed                           

before braking) 
         
½ mv2    = F x d 

 

If the braking distance is small, what do you notice about the force needed to stop the car? 

_______________________________________________________________________________________ 

 

Gravitational potential energy and kinetic energy 
 

When an object is raised higher above the earth, it gains gravitational potential energy (a form of stored 

energy).  The size of this stored energy is given by the equation: 

 

Gravitational potential energy (J) = mgh 

 

Where m = mass of object in kilograms 

            g = 10N/kg 

            h = change in height above ground in meters 

 

Question: A man has a mass of 70kg.  He climbs some a ladder and raises 5m above the ground.  How much 

extra gravitational potential energy does he acquire? 

_______________________________________________________________________________________ 

 

When a parachutist falls from a height, this gravitational potential energy is turned into kinetic energy.  The 

amount of this kinetic energy (joules) is given by: K.E = ½ mv2 

 

Where m = mass of parachutist 

            v = velocity of parachutist 

Question: A parachutist of 70kg falls from an aeroplane and reaches a velocity of 5m/s.  What is his kinetic 

energy? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: How much gravitational potential energy does this ball have originally at the beginning of step 1 

relative to ground level? How much kinetic energy does it have at this point? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: How much gravitational potential energy does the ball have relative to ground level when it strikes 

the ground and becomes squashed? How much kinetic energy does it have at this point? 

_______________________________________________________________________________________
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Question: How much gravitational potential energy does the ball have half way down its fall?  How much 

kinetic energy does it have at this point? 

_______________________________________________________________________________________ 

 

Question: Why does the ball not bounce up to the same height of 10m? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: Can you calculate how much waste thermal, sound and structural energy was produced when it hit 

the floor? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

When a parachutist falls into the air, the frictional forces due to air resistance increase more and more as he 

accelerates, displacing more and more air.  Then eventually the parachutist falls at a final terminal velocity.  

When this occurs, the kinetic energy of the parachutist does not change any more.  It becomes equal to the 

maximum amount of energy needed to overcome frictional forces (work done overcoming frictional forces). 

 

The work done in overcoming frictional forces at this point = change in gravitational potential energy needed                                    

to reach the terminal velocity 

 
Question: How could a skydiver falling in a streamlined position slow down? 

_______________________________________________________________________________________ 

 

 

 

 

 

Question: Calculate the kinetic energy and hence 

the work done to overcome frictional forces 

when the ball reaches terminal velocity. 

 

 

 

 

 

 

 

 

 

When this happens, what is the terminal 

velocity? 
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How a roller coaster works 

 

 
Question: When has the train most (a) gravitational potential energy (b) kinetic energy? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Speed of a roller coaster 
                                                          

Kinetic energy = ½ mv2 

 

Gravitational potential energy is transferred to kinetic energy as the train falls. 

 

If the gravitational potential energy doubles, the kinetic energy produced can double. 

 

Imagine that a mass of 1kg has a kinetic energy of 1 joule.  Substituting into the equation we get: 
                       
1 = ½ x 1 x v 2 and therefore 1 = v 2 
                     
Therefore if we double the kinetic energy  
                           
2 = new velocity 2 

 

We can therefore say that by doubling the kinetic energy, the velocity increases by  2 
                           

Also, if K.E  v 2 

 

Let v = 1 Therefore if v = 2 (velocity doubles), then K.E  22 

 

Thus K.E  4 And the kinetic energy quadruples. 
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Question: What happens to the kinetic energy if the mass doubles? 

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

Question: Why do the heights of the peaks on a roller coaster ride decrease progressively? 

_______________________________________________________________________________________ 

 

Question: On long roller coaster rides the trains are given a short lift by a motor part-way through the ride.  

Why is this done? 

_______________________________________________________________________________________ 

 

 


