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Syllabus points:  

1.9 describe the effects of forces between bodies such as changes in speed, shape or direction  

1.10 identify different types of force such as gravitational or electrostatic  

1.11 distinguish between vector and scalar quantities  

1.12 understand that force is a vector quantity  

1.13 find the resultant force of forces that act along a line  

1.14 understand that friction is a force that opposes motion  

1.15 know and use the relationship between unbalanced force, mass and  acceleration:  

force = mass × acceleration, F = m × a 

1.16 know and use the relationship between weight, mass and g:  

weight = mass × g, W = m × g 

1.17 describe the forces acting on falling objects and explain why falling objects reach a terminal 

velocity  

1.18 describe experiments to investigate the forces acting on falling objects, such as sycamore seeds 

or parachutes  

1.19 describe the factors affecting vehicle stopping distance including speed, mass, road condition 

and reaction time  

1.25 know and use the relationship between the moment of a force and its distance from the pivot:  

moment = force × perpendicular distance from the pivot 

1.26 recall that the weight of a body acts through its centre of gravity  

1.27 know and use the principle of moments for a simple system of parallel forces acting in one 

plane  

1.28 understand that the upward forces on a light beam, supported at its ends, vary with the position 

of a heavy object placed on the beam  

1.29 describe experiments to investigate how extension varies with applied force for helical springs, 

metal wires and rubber bands  

1.30 understand that the initial linear region of a force-extension graph is associated with Hooke’s 

law  

1.31 describe elastic behaviour as the ability of a material to recover its original shape after the 

forces causing deformation have been removed. 

  



1.9 describe the effects of forces between bodies such as changes in speed, shape or direction  

Forces can affect bodies in different ways. They can: 

 increase or decrease the speed of an object so cause an acceleration/deceleration; if a ball is 

rolling along a table, friction acts in the opposite direction to the motion of the ball and 

causes the ball to slow down. 

 squash or stretch and object which changes its shape; if you hang a weight from an elastic 

band you are applying a force to it. This causes the elastic band to stretch and its shape to 

change 

 change the direction on object is moving; when you throw a ball in the air its weight is acting 

downwards and causes it to decelerate. Once it reaches the top of its flight it stops and then 

changes direction and starts to fall back towards the ground. In this case the force (the 

object’s weight) caused a change in speed and a then a change in direction. 

1.10 identify different types of force such as gravitational or electrostatic  

Types of forces include: 

Applied force; 

 

 

 

 

 

 

 

E.g. a block is pulled with an applied force of 10N to the left. 

Frictional Forces; 

 

 

 

 

 

Friction always acts in the opposite direction to motion. 

E.g. our sliding block might have a frictional force of 5N to the right. 

Friction causes things to heat up and is often the reason why things stop moving. 

Friction can be reduced with lubricants (e.g. oil in an engine) or by a cushion of air (e.g. hovercraft). 

 

Applied force 

Applied force Friction 



Gravitational Force 

Masses attract other masses. 

We are attracted to the Earth as it has a huge mass (6x1024 kg). 

The gravitational pull we feel when we are attracted to the large  

mass of the Earth is called our weight. 

 

Gravitational forces also keep planets in orbits around the Sun and  

satellites in orbit around planets. 

 

 

 

 

 

Normal Reaction Force 

When an object rests on a solid it feels a reaction force  

         at 90° to the surface. 

                      This is equal and opposite to the force of the object                                                                                                                                                     

        pushing on the surface. 
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Air Resistance (Drag) 

 

 

 

 

 

 

 

 

Drag occurs when an object moves through a fluid (called air resistance in air etc.).  

Drag is affected by an object’s shape, the fluid it travels in and its speed. 

Like friction, drag opposes motion. 

 

Thrust 

 

 

 

 

 

 

Thrust is a reaction force. 

It occurs when mass is pushed out the back of something, causing the object to move forwards e.g. 

rockets, letting go of a balloon and jet engines. 

  

Air resistance 

Thrust Air resistance 



Tension 

 

 

 

 

 

 

 

 

 

 

 

In the diagram above a ball is being suspended from the ceiling by one rope and stopped from 

swinging by a second rope. 

Tension acts in strings, chains and cables when they are stretched. 

The force always acts parallel to (i.e. along) the string. 

The opposite of tension is compression. 

 

 

 

 

Upthrust 

Upthrust can only occur in fluids (gases or liquids) 

 and is the reason things float (also known as buoyancy) 

IT IS NOT THE SAME AS NORMAL REACTION  

FORCE. 
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Spring Force 

 

A force is required to stretch or compress a spring. 

The extension is directly proportional to the stretching force (Hooke’s Law). 

Lift 

 

Lift is the force produced due to the flow of a fluid over an aerodynamic surface. 

In aircraft it acts against weight (i.e. against the force due to gravity). 

On a high-speed F1 car it acts downwards (as the rear wing is upside down) and is known as 

downforce. 

 

  

http://upload.wikimedia.org/wikipedia/commons/b/b3/Streamlines_around_a_NACA_0012.svg


Electrostatic Force 

 

 

 

The diagram above shows electrostatic attraction (two opposite charges). 

 

 

 

 

The diagram above shows electrostatic repulsion (two similar charges) 

 

Magnetic Force 

 

 

 

 

The diagram above shows magnetic attraction (two opposite poles). 

 

 

 

 

The diagram above shows magnetic repulsion (two similar poles). 
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1.11 distinguish between vector and scalar quantities  

Scalar quantities, such as mass, only have a magnitude (e.g. a carrot has a mass of 1kg). 

Vector quantities have a magnitude AND a direction (e.g. I walked 10m north and then 5m east). 

Distance (scalar) is a measure of how far an object has travelled. This is used to calculate speed. 

Displacement (vector) is a measure of how far and in which direction an object has travelled. This is 

used to calculate velocity. 

Consider a 400m race. 

 

The distance travelled by a runner is 400 m. If they take 60 s then their speed is 

400 m/60 s  = 6.7 m/s. However, their displacement is zero; this is because they have returned to 

their starting position. This makes their velocity zero too as 0m/60s = 0m/s. 

Speed (scalar) is a measure of how quickly an object is moving. 

Speed = distance/time 

Velocity (vector) is a measure of how quickly an object is moving and in which direction. 

Velocity = displacement/time 

Both are measured in metres per second (m/s). 

Acceleration is another vector. 

An object can be travelling at a constant speed but can still be accelerating; if you travel at a constant 

speed of 10 m/s but in a circle then your direction is continually changing and so too is your velocity. 

Because your velocity is changing, you are accelerating.  

  



Here is a list of scalar quantities and vector quantities: 

Scalar Vector 

Speed Velocity 

Distance Displacement 

Time Acceleration 

Mass Force 

Energy Momentum 

Temperature Moment 

Area Current 

Volume  

Density  

Frequency  

Charge  

Power  

Resistance  

Activity  

Pressure  

 

It’s easy to remember the first two; speed/scalar and velocity/vector based on their first letters. As 

there are so many scalar quantities, it’s easier to remember the 7 vector quantities and remember 

that the rest are scalar. 

Examples which confuse people are: 

Temperature; as you can have negative temperatures, people assume temperature is a vector. 

However, if you work in Kelvin, the lowest temperature is 0 K so there are no negative values. 

Charge; as there are positive and negative charges people assume charge is a vector; however, it’s 

just that there are two types of charge (positive and negative), they could have had any other name. 

They don’t have a direction, so they aren’t vectors. 

Current; while charge doesn’t have a direction, current does because it is to do with which direction 

the charges are moving in. 

1.12 understand that force is a vector quantity  

Force is on the vector list. Force is a vector quantity. 

This should be obvious; when drawing free body force diagrams we use arrows which indicate the 

direction of the force. We know that weight always acts towards the centre of the Earth so we 

always draw weight as an arrow pointing downwards. 

When describing a force always include a direction; this can be with an arrow or by stating “5 N to 

the right.” 

  



1.13 find the resultant force of forces that act along a line  

If forces are acting in the same direction then you get a larger total force. 

 

 

 

  

The total or resultant force in this case would be: 

 

 

 

 

If forces are acting in different directions you get a smaller total force.  

 

 

 

 

Here the total or resultant force would be: 

 

 

 

Think of it this way; if you want to help someone move a heavy object you either both push in the 

same direction, or one pushes and the other pulls in the same direction. 

 

 

 

 

 

 

Both will give a resultant force of 20 N to the left. 

10N 

10N 

20N 

10N 5N 

5N 

10N 
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10N 10N 



1.14 understand that friction is a force that opposes motion  

Friction is a force which always opposes motion. So if an object is moving to the left then friction 

will be acting to the right. If an object is falling downwards through the air then friction from the air 

(air resistance/drag) will be acting upwards.  

Friction is the reason things come to a stop in everyday life. If you push a ball it will roll for a bit and 

then stop; this is because there is a resultant force which is causing the ball to decelerate (see 1.15 

below)  

Similarly to drive at a constant speed, the engine of a car has to produce a driving force equal and 

opposite to the friction caused by the road on the tyres and by the air on the car’s body. 

If you know the direction of the frictional force you know that the object is moving in the opposite 

direction. 

Friction is often the reason energy transfers are not 100% efficient, as energy is transferred into 

thermal energy due by friction. 

1.15 know and use the relationship between unbalanced force, mass and acceleration:  

resultant force = mass × acceleration, F = m × a 

Force is measured in newtons (N). The force in this equation is the resultant/total/unbalanced force. 

Whatever you call it, you need to take into account all of the forces acting in the direction of 

movement. 

 

 

 

The driving force is 10 N to the left and the frictional force is 4 N to the right. This means the 

resultant force is 6 N to the left. So the acceleration is 6 N/3 kg = 2 m/s2 to the left (don’t forget, 

acceleration is a vector). 

This equation is often quoted as Newton’s Second Law. It tells us that if there is no resultant force 

acting there will be no acceleration. This means either; 

 a stationary object remains stationary 

 a moving object will continue to move at the same velocity in a straight line 

The second of those often causes confusion. People often assume you need a driving force to keep 

moving; this Aristotelian view is incorrect. You only need a driving force if there is a frictional force 

acting. If you throw an object in space where there are no particles in the way it will continue to 

move in a straight line at a constant speed. When you throw a ball in the air the only force acting on 

it is the gravitational pull of the Earth. This is why it slows down on the way up, stops, then falls, 

accelerating downwards. 

For a constant mass (i.e. for a given object), the acceleration of it will be directly proportional to the 

resultant force applied. So if you double the force you double the acceleration. 

3kg 
10N 4N 



1.16 know and use the relationship between weight, mass and g:  

weight = mass × g, W = m × g 

A person’s weight is caused by the force of attraction between their mass and the mass of the 

planet. 

Mass is fixed and is determined by the number of, and types of, atoms in an object. It is measured in 

kilograms (kg). 

Weight can change if you go to different parts of the solar system; this is because the gravitational 

field strength (g) on different planets is different to the gravitational field strength on Earth. On Earth 

g = 10N/kg. This means each 1 kg of mass has a weight of 10 N. Weight is measured in newtons (N), 

as it is a force. 

Elsewhere things are different; for example, on the moon g = 1.6 N/kg. Here things would feel 

around 6 times lighter. However, on Jupiter g = 25 N/kg so things would feel 2.5 times heavier. 

Non-scientists often use the terms mass and weight for the same thing (i.e. people say my weight is 

70 kg, whereas they mean their mass is 70 kg). The problem is that we have no verb for finding our 

mass (you’d generally say that you are weighing yourself and not “massing” yourself). 

1.17 describe the forces acting on falling objects and explain why falling objects reach a terminal 

velocity  

 If I drop an object off a building, it starts to accelerate. 

 This is because there is a resultant force downwards (as weight is greater than any drag 

acting). 

 As the object accelerates its drag increases . 

 Eventually the drag force up will be equal to the weight acting down. 

 At this point there is no resultant force acting. 

 As there is no resultant force the object does not accelerate and falls with a constant 

velocity known as terminal velocity. 

This question comes up frequently, however, students often waffle and write down anything they can 

loosely link to falling and forces. Try to avoid this. The sentences above contain the key facts and no 

waffle. 

  



If you were to sketch a graph to show velocity against time for a falling object you would get the 

following: 

 

Initially the graph is steep; this is due to the high acceleration when the weight is much larger than 

the weight leading to a large resultant force downwards. 

After a while the gradient reduces; the object is moving faster so more drag is acting, this means the 

resultant force is become lower so the acceleration is becoming lower. 

Eventually the line becomes horizontal; the drag has increased to a point where it is equal to the 

weight of the object. This means that the resultant force is zero so no further acceleration happens. 

The object has reached their max speed (i.e. their terminal velocity). 

The resultant force at any point is weight minus drag;       

We also know that     , this leads to 

       
 

The object accelerates throughout until it reaches its terminal velocity. As the object isn’t 

moving down at t = 0 s the acceleration the object experience is equal to 10 m/s2 on Earth; this is 

known as the acceleration due to gravity. As time goes on the acceleration becomes lower and 

lower until it reaches 0 m/s2 at terminal velocity.  

If there were no air in the way an object would continue to accelerate at 10 m/s2 until it reached the 

ground. 

Here it is with diagrams.            DRAG 

      drag 
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 No drag, W>>D 

 high resultant force,  

 high acceleration 

 Drag increases, W>D 

 resultant force decreases  

 acceleration decreases 

 Drag = Weight, W=D 

 resultant force zero 

 acceleration zero 



 1.18 describe experiments to investigate the forces acting on falling objects, such as sycamore seeds 

or parachutes  

How would you go about investigating the forces acting on a falling object? This could be sycamore 

seed or a parachute. First we’ll find the average speed of the falling object. 

1) Method one; 

 You would measure out the distance between 2 points using a ruler, mark these 

points with some sort of marker (e.g. a line on the wall).  

 Start the stopwatch when the falling object passes the first marker.  

 Stop the stopwatch when it goes past the second marker.  

 Repeat this a couple of times to ensure that you are collecting consistent data.  

To find the average speed of the falling object you just need to divide the distance 

between markers by the average time measured on the stopwatch.  

2) The next method uses a motion sensor connected to a datalogger. This uses echolocation 

similar to a bat.  

 A pulse of sound is created which bounces off the falling object.  

 When this echo returns to the motion sensor it calculates the distance of the object 

based on the speed of sound and how long it took for the sound to return.  

 The datalogger can use this to get lots of readings for the objects speed which 

allows you to plot a velocity-time graph for the falling object. 

 

3) The next method is to use a high speed camera and markers in the scene.  

 Measure out a distance and mark with lines on the wall again.  

 Video the falling object moving past the two lines.  

 Watch back the video and look at the time when the falling object goes past the first 

line.  

 Let the video continue playing and then look at the time when it reaches the second 

line.  

 Average speed equals the distance measured divided by time taken . 

 

  



4) The final method is to use a ticker tape timer. This device marks a dot every 0.02 s on a 

piece of ticker tape (thin piece of paper). The other end of the ticker tape is attached to the 

falling object. Once the falling object has moved the ticker tape is processed. This involves 

marking a dot and then moving on 5 more dots; this represents 0.1 s of travel (5 x 0.02 s = 

0.1 s). The speed of the everyday object is equal to the length covered by 5 dots divided by 

0.1 s. 

 

 

 

   5 cm 

Above, each section of 5 dots (which represent 0.1s of travel) are the same length; this 

means the everyday object is travelling at a constant speed. In this example the falling object 

is moving at 5 cm/0.1 s = 50 cm/s or 0.5 m/s. 

 

 

 

Above, the distance between dots has increased; however, the time between dots is still the 

same. This means the falling object is moving further in the same amount of time; i.e. it must 

be accelerating. 

 

 

 

Above, the distance between the dots has decreased; however, the time between dots is the 

same. This means the falling object is moving less far in the same amount of time; i.e. it is 

decelerating.  

Once we have the speed of the object we can work out the forces acting at different times. Plotting 

the velocity time graph will help. 
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To find the forces acting you need to know the acceleration at each time. You would find this by 

calculating the gradient every second (as the line is a curve you should draw a tangent to the line and 

find the gradient of this). The datalogger may be able to do this for you. 

We know from earlier that resultant force = mass × acceleration. We know that the resultant force 

is equal to weight – drag. If we have the mass of the object we can work out its weight using W=mg. 

So      
      

                  
 where the acceleration has been found from the gradient of the 

velocity-time graph. 

Types of experiment might involve changing the surface area of a parachute to see the effect on drag 

or changing the mass of the object and seeing the effect on terminal velocity. A suitably large drop 

height would be needed as you would aim to get each object to its terminal velocity. 

1.19 describe the factors affecting vehicle stopping distance including speed, mass, road condition 

and reaction time  

Stopping distance is made up of two components: 

 thinking distance; this depends on the driver and their ability to react to the situation. It is 

the distance travelled between the danger occurring and the driver pressing the brake. 

 braking distance; this depends on the vehicle and its braking ability. It is the distance 

travelled whilst the brakes are being applied. 

There are several factors which affect thinking distance including: 

 speed; the faster you are travelling the further you travel while reacting to the danger. 

 alcohol; if the driver has been drinking their reactions are slower so they travel further 

before applying the brake (also drugs too). 

 distractions; if the driver is trying to drive and text and tune the radio and set the GPS they 

are not giving the road their full attention, this means they are more likely to not see a 

danger until it is too late. 

 tiredness; if the driver is tired they will react slower and therefore travel further before 

applying the brakes. 

All the factors that affect thinking distance and factors that affect reaction time. The presence of fog 

or rain does not affect thinking distance. 

  



There are several factors which affect the braking distance including; 

 speed; the faster you are travelling the more kinetic energy you need to get rid of so the 

greater the braking distance. 

 mass of car, how heavily loaded the vehicle is; as above, more mass means more kinetic 

energy to get rid of. 

 quality of brakes; newer, higher quality brakes will stop you in a shorter distance than older 

more tired brakes. 

 road surface conditions; if the road is wet then braking distance roughly doubles, if it is icy 

or snowy then it goes up by around 10 times. 

All the factors that affect stopping distance affect the force of friction that acts on the car. 

You need to be specific when answering stopping distance questions. Remember thinking = driver 

and braking = car/road. Stopping is a combination of both. This question is often linked to data, if 

you are asked how the speed affects distance then be specific; does doubling one result in the other 

doubling? 

1.25 know and use the relationship between the moment of a force and its distance from the pivot:  

moment = force × perpendicular distance from the pivot 

A moment is the turning effect of a force. It is measured in newton metres, Nm.   

                20N 

                               2m 

                                       

 

 

 

         20N 

1.5m 

 

 

 

 

         2m 

Care must be taken when the force is not perpendicular to the beam. Although the force is 2 m 

from the pivot the force is applied at an angle and the perpendicular distance to the pivot is 1.5 m so 

the moment now is 20 N x 1.5 m = 30 Nm. 

Here the force is 2m from the pivot 

so the moment = 20N x 2m = 20Nm 



Consider where door handles are placed. The door needs a certain moment to allow it to open. If 

the handle is a long distance from the pivot (the hinges in this case) then you need to put in 

minimum force to achieve the necessary moment.  

e.g 0.8 m x 15 N = 12 Nm 

If the door handle is in the middle of the door you will need to put in twice the force to achieve the 

same moment as before. 

12 Nm = F x 0.4 m 

F = 12 Nm/0.4 m = 30 N 

Often the key in these sorts of questions is that the moment needed to turn something is constant. 

You can then look at the effect of changing the distance from the pivot or the force. 

As moments are vectors and refer to the turning effect of a force, you need to consider their 

direction. Up and down will not do so we use clockwise and anticlockwise to discuss which way that 

moment would turn the object: 

            clockwise 

        anticlockwise 

 

 

 

    

   anticlockwise       clockwise 

Just think about which way the beam would turn if only the moment you are looking at were acting  



1.26 recall that the weight of a body acts through its centre of gravity  

The centre of gravity is the point on an object where all of the weight of the object appears to act. 

This is where we draw the weight of an object on a diagram: 

 

 

 

 

 

 Weight    Weight      Weight 

Putting it anywhere else will mean you will miss out on marks.  

The centre of mass for a flat symmetric shape is simply the intersection of the lines of symmetry 

 

 

 

 

  

Weight 

It is possible to balance an object on its centre of gravity; this is because the total clockwise 

moments are equal to the total anticlockwise moments. 

For irregular shapes the centre of gravity needs to be found experimentally.  

Hang the shape freely from a pin placed in a cork held by a clamp. 

Hang a plumbline (weight on a string) from the pin; this will give you a vertical line. 

Mark on the shape where the plumbline hangs; mark a couple of places and then connect with a 

ruler. 

 

 

 

 

  



Then hang the shape from another point and repeat. 

 

 

 

 

 

 

 

 

The centre of gravity is where these lines cross. 

The centre of gravity does not always fall on the object for example the centre of gravity of a 

hulahoop is in the middle of the hole. The centre of gravity for an ‘L’ shape is just off from the inside 

corner. 

Objects which have a low centre of gravity and a wide base are stable; this means they are hard to 

push over as they fall back into their stable position.  

1.27 know and use the principle of moments for a simple system of parallel forces acting in one 

plane  

The principle of moments states “a system is in equilibrium when the sum of the clockwise moments 

is equal to the sum of the anticlockwise moments.” 

A system in equilibrium is balanced. In addition to the moments being equal the total forces acting 

upwards are equal to the total forces acting downward; i.e. there is no net force. 

    2m        1m 

 

 

 

      5N 

total clockwise moment = 10N x 1m = 10Nm 

total anticlockwise moment = 5N x 2m = 10Nm         10N 

So the system is balanced. In addition we know the force on the pivot = 15N as this is the total 

downward force. 

  



The same is true for more complex situations: 

        2m 

 

   2m    1m 

 

           

          15N 

   50N   

            70N 

 

Total clockwise moment = 50 N x 2 m = 100 Nm 

Total anticlockwise moment = 70 N x 1 m + 15 N x 2 m = 70 Nm + 30 Nm = 100 Nm 

Again the system is balanced and this time the force on the pivot is 135 N  

The key to solving moments problems is: 

1) Find any moments you have enough information to find. 

2) If you know the clockwise moment = 75 Nm then the anticlockwise moment must = 75 Nm. 

This is because of the principle of moments (it’s sometimes worth a mark to mention this) 

3) Rearrange to find you missing moment. 

You can test this out with the example above. Assume you don’t know the 15N force. Make sure 

you are able to find it. 

  



1.28 understand that the upward forces on a light beam, supported at its ends, vary with the position 

of a heavy object placed on the beam  

 

 

 

 

 

 

 

 

The beam is light; this means we can ignore its weight. Sometimes it is a bridge. 

The diagram above represents 2 people carrying a long beam with a green weight closer to the 

orange person. Assume the beam is 2 m long and the weight is 0.5 m from the orange person. 

If we take moments about the green weight, (this means we assume it to be the pivot) for the 

system to be balanced the moment due to the orange person must be the same as the moment due 

to the blue person. 

If the orange person exerts a force of 60 N then his moment from the green weight is 60 N x 0.5 m 

= 30 Nm 

As the system is balanced the blue person must also produce a moment of 30 Nm. This means the 

force they exert is equal to 30 Nm/1.5 m = 20 N 

So by being 3 times further away from the green weight, the blue person has to exert 3 times less 

force than the orange person to achieve the same moment and to keep the system balanced. 

Finally, we know the weight of the green weight is equal to the total upward forces of the two 

people so = 80 N 

  

 

orange person 

green weight 

blue person 



1.29 describe experiments to investigate how extension varies with applied force for helical springs, 

metal wires and rubber bands  

When force is applied to a spring, a wire or a rubber band they extend.  

 

                original length 

             stretched length 

  extension 

 

 

stretched length = original length + extension 

extension = stretched length – original length 

To investigate this experimentally the object which is being stretched is clamped in place and its 

original length measured (i.e. with no weights attached). Next weights are added and the new 

stretched length measured. These length measurements should be taken at eye level to improve 

accuracy. Another way to improve accuracy is to clamp the ruler vertically and attach a pointer to 

the bottom of the object. As with most experiments, it is useful to repeat and take an average of the 

readings. Once sufficient weights have been added (usually six good data points are sufficient) the 

extension is calculated and a graph of weight against extension can be plotted. 

 

This graph is one of the few where the thing we control, the independent variable, goes on the 

y-axis. You could be asked to plot this graph either way round, but typically we plot force (y-axis) 

against extension (x-axis). The graph is split into two distinct regions; 

 In region one the graph is a straight line through the origin. 

 In region two the graph curves. 
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1.30 understand that the initial linear region of a force-extension graph is associated with Hooke’s 

law  

Hooke’s Law states that force is directly proportional to extension; this means that if you double the 

force applied you will double the extension. This only applies up to the elastic limit; past this point 

force stops being directly proportional to extension. In the example above the elastic limit is 4.8 N 

The first part of the graph is a straight line through the origin. Whenever a graph is a straight line 

through the origin it shows that the two variables are directly proportional. 

So the initial linear region of the force-extension graph is where the spring is obeying Hooke’s Law.  

In the second part of the graph, the spring has gone past its elastic limit and no longer obeys 

Hooke’s Law. It has been permanently deformed and when the force is removed it will not return to 

its original length. 

Hooke’s Law applies to metal springs and wires. The only difference is that wires generally require 

more force to stretch than springs. 

 

Both wires and springs have elastic limits. Both obey Hooke’s initially before going past their elastic 

limit. 
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The structure of the rubber is such that it is stiff initially, then easy to stretch, then very stiff. 

Hooke’s Law does not apply to rubber bands as the graph does not show directly proportionality at 

any point. 

 

A steep gradient means the object requires a large amount of force to extend it a given amount. Or 

it doesn’t extend far with a given force. These materials are said to be stiff. 

A shallow gradient means the object requires a small amount of force to extend it a given amount. 

Or it extends a long way with a given force. 

1.31 describe elastic behaviour as the ability of a material to recover its original shape after the 

forces causing deformation have been removed. 

There are two broad types of extension 

 Elastic extension is where you apply a force to a material and then when you remove the 

force the object returns to its original length. Elastic bands are good examples of this; you 

can stretch them, then   let go and they return to their original shape. In addition wires and 

springs show elastic behaviour up to a certain point (the elastic limit). You can stretch a 

spring to below its elastic limit and then when you remove the load it will be back to its 

original length. 

 Plastic extension or non-elastic extension is where you apply a force to a material and then 

when you remove the object does not return to its original length. This means the material 

has been permanently deformed. Plastic bags are good examples of this; if you put too much 

in a plastic bag the handles deform and do not return to their original shape after you empty 

out the load. Wires and springs deform in this way if you take them past their elastic limit. 

As the syllabus point above states; elastic materials return to their original shape after the stretching 

force has been removed. 
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