
Forces and Elasticity 
When a force acts on an object, the object may change shape by 
bending, stretching or compressing - or a combination of all three 
shape changes.  
However, to change the shape of a 
stationary object there must be 
more than one force acting to do 
the following: Bend an object's ends 
past each other - e.g. when an arch-
er pulls an arrow back against a bow. 
A change in shape is called distor-
tion: 
 elastic distortion is reversed 

when the force is removed 
 inelastic distortion is not fully 

reversed when the force is re-
moved - there is a permanent 
change in shape 

A rubber band undergoes elastic 
distortion when stretched a little. A 
metal drinks can undergoes inelastic distortion when it is squashed. 

Hooke's Law 
Extension and compression - Extension happens when an object in-
creases in length and compression happens when it decreases in 
length. The extension of an elastic object, such as a spring, is de-
scribed by Hooke's law: 
 
force = spring constant × extension 
 
This is when: 
 force (F) is measured in newtons (N) 
 spring constant (k) is measured in newtons per metre (N/m) 
 extension, or increase in length (x), is measured in metres (m) 

Hooke's Law 
Limit of proportionality 
 Spring constant is a measure of the stiffness of a spring 

up to its limit of proportionality or elastic limit. 
 The limit of proportionality refers to the point beyond 

which Hooke's law is no longer true when stretching a 
material.  

 The elastic limit is the furthest amount a material can 
be stretched or distorted without being able to return 
to its previous shape. Once a material has gone past its 
elastic limit, its distortion is said to be inelastic. 

 The higher the spring constant, the stiffer the spring.  
 The spring constant is different for different elastic 

objects.  
 For a given spring and other elastic objects, the exten-

sion is directly proportional to the force applied. E.g., if 
the force is doubled, the extension doubles. This works 
until the limit of proportionality is exceeded. 

 When an elastic object is stretched beyond its limit of 
proportionality, the object does not return to its original 
length when the force is removed. In this instance, the 
relationship between force and extension changes from 
being linear, or directly proportional, to being non-linear. 

 Non-linear extension occurs more in some materials than 
others. Materials like clay or putty usually show non-



 Energy Stored in a Spring 
Work is done when a spring is extended or compressed.  
Elastic potential energy is stored in the spring. Provided ine-
lastic distortion has not happened, the work done is equal to 
the elastic potential energy stored. 
The elastic potential energy stored can be calculated using the 
equation: 
 
elastic potential energy = 0.5 × spring constant × (extension)2 
 
 
 
This is when: 
 elastic potential energy (Ee) is measured in joules (J) 
 spring constant (k) is measured in newtons per metre (N/

m) 
 extension, referring to the increase in length, (x) is 

measured in metres (m) 
 
This equation also works for the reduction in length when a 
spring is compressed.  

Force Extension Graphs 

 
Linear extension and elastic distortion can be seen below the limit of 
proportionality. 
Non-linear extension and inelastic distortion can be seen above the 
limit of proportionality. The limit of proportionality is also described 
as the elastic limit. The gradient of a force-extension graph before 
the limit of proportionality is equal to the spring constant. 

Example 
A spring has a spring constant, k, of 3 N/m. It is stretched 
until it is extended by 50 cm. Calculate the elastic potential 
energy stored by the spring, assuming it is not stretched be-
yond the limit of proportionality. 
First convert cm to metres:  
50 cm = 50 ÷ 100 = 0.5 m 
 
Then calculate using the values in the  
question: 



Evaluation 

It is important to keep the ruler vertical. Suggest another way to 
improve the accuracy of the length measurements.  

 Sample Results 
Record results in a suitable table. The example below shows 
some suitable results.  

Hazards and Control Measures 

Required Practical - Investigate the relationship between 
force, extension and work done extending a spring 

There are different ways to investigate the relationship be-
tween force and extension for a spring. In this required practi-
cal activity, it is important to: 
 make and record length accurately 
 measure and observe the effect of force on the extension 

of springs 
 collect the data required to plot a force-extension graph 
Method 
 Secure a clamp stand to the bench using a G-clamp or a 

large mass on the base. 
 Use bosses to attach two clamps to the clamp stand. 
 Attach the spring to the top clamp and a ruler to the bot-

tom clamp. 
 Adjust the ruler so that it is vertical and with its zero 

level with the top of the spring. 
 Measure and record the unloaded length of the spring. 
 Hang a 100 g slotted mass carrier - weight 0.98 newtons 

(N) - from the spring. Measure and record the new length 
of the spring. 

 Add a 100 g slotted mass to the carrier. Measure and rec-
ord the new length of the spring. 

Analysis 
 Calculate each extension: length - unloaded length 
 Plot a line graph as shown with a suitable line/curve of best fit. 
 Identify the range of force where the extension of the spring 

is directly proportional to the weight (straight line). 
 For the region where extension is proportional to force, find 

the gradient of the line. The spring constant, k, is the recipro-
cal of this gradient. 

 Work done = force × distance moved. The work done in extend-
ing the spring is given by the area under the line. 

 The energy transferred to a spring's elastic store is given by 
the equation: E =1/2 k x2 

 Compare the area under the line, from the 
origin up to a point, with the calculation of 
the energy stored in the spring for that 
extension. 



Calculating Pressure in Fluids 
Liquids and gases are fluids. An object in a fluid 
experiences a pressure caused by both the fluid 
itself and the atmospheric pressure. 
The pressure in fluids causes a force normal to a 
surface. A force that is normal to a surface acts 
at right angles (90°) to it. To calculate the pres-
sure at the surface of a fluid use the equation: 
 
 
 
 
 
This is when: 
 pressure (P) is measured in pascals (Pa) 
 force (F) is measured in newtons (N) 
 area (A) is measured in metres squared (m2) 

Calculating Pressure in Liquids 
The pressure caused by a column of liquid can be calculated using the equation: 

 

pressure = height of column × density of the liquid × gravitational field strength 
 
 
 
This is when: 
 pressure (P) is measured in pascals (Pa) 
 height of column (h) is measured in metres (m) 
 density (ρ) is measured in kilograms per metre cubed (kg/m3) 
 gravitational field strength (g) is measured in newtons per kilogram (N/kg) 
 
Question - A stone is dropped into a lake. Calculate the increase in pressure on 
the stone caused by the water when it sinks from 1 m deep to 6 m deep. (The 
density of water is 1,000 kg/m3 and gravitational field strength is 9.8 N/kg). 

Pressure in Fluids 
Pressure is force per unit area. Pressure determines the effect 
of a force on a surface. 
 
Different styles of shoe can cause different pressures due to 
their area: 
 Flat shoes spread the force over a large area, reducing the 

pressure. 
 Snow shoes have a much larger area than feet to spread 

the force over a larger area and reduce the pressure on 
the snow - this stops people sinking into the snow. 

 High heeled shoes transfer the force through a much 
smaller area, causing a much greater pressure.  

It will hurt more if a person steps on someone’s foot in high 
heels than if they were wearing flat shoes. This is also why it 
hurts so much to accidentally step on a plug or stones barefoot - 
the force acts on a small area and the pressure is increased. 

Pressure in a liquid 
The pressure in a liquid is different at different depths. Pressure 
increases as the depth increases.  
For example, the pressure acting on a dam at the bottom of a  res-
ervoir is greater than the pressure acting near the top. This is why 
dam walls are usually 
wedge-shaped. The    
pressure in a liquid is 
due to the weight of 
the column of water 
above. Since the  
particles in a liquid 
are tightly packed, 
this pressure acts in 
all directions.  



Atmospheric Pressure 
 
The atmosphere is the layer of air around the Earth. Key features 
of the atmosphere: 
 it is thin compared to the size of the Earth 
 it becomes less dense as the altitude increases 
Air molecules colliding with a surface cause atmospheric pressure. 
Atmospheric pressure at sea level is about 101,000 Pa (101 kPa) but 
just 27,000 Pa (27 kPa) at the cruising altitude of a passenger plane. 
 
Atmospheric pressure decreases as the height of a surface above 
ground level increases. This is because, as the altitude increases: 
 the number of air molecules decreases 
 the weight of the air decreases 
 there is less air above a surface 
This is why aircraft that fly at high altitudes must be pressurised. 
If the air pressure is too low, humans cannot take in oxygen quickly 
enough to meet their bodies’ needs. 

Upthrust, Floating & Sinking 
 
An object that is partly, or 
completely, submerged has 
a greater pressure on its 
bottom surface than on its 
top surface. This causes a     
resultant force upwards. 
This force is upthrust. 
Objects in a fluid displace 
some of that fluid. The   
upthrust force is equal in 
size to the weight of the 
fluid displaced by the     
object. 

Floating and Sinking 
 
 If the upthrust is less than the weight of the object, 

the object will sink. 
 If the density of the object is greater than the density 

of the fluid, the object can never displace enough fluid 
to create an upthrust that will hold its weight up so it 
sinks. 

 The sinking only stops when the object reaches the bot-
tom and an extra reaction force is added to the up-
thrust in order to balance the weight. 

 If the upthrust is larger than the weight of the object, 
the object will rise. 

 This happens when you jump into a swimming pool and 
then rise back up to the surface. Under the surface, the 
weight of water you displace - the upthrust - is more 
than your weight, so there is a resultant upwards force. 

 When your head sticks up out of the water, the upthrust 
reduces as your head is no longer displacing water, and 
there is zero resultant force, so you float at that level. 

Gloassry 
Altitude - A measure of an area's height above sea level. 
Atmosphere - The layers of gases that surround the Earth. 
The important gases in the atmosphere are nitrogen, oxygen 
and carbon dioxide. 
Fluid - A substance that can flow, such as a liquid or a gas. 
Normal - Acting at an angle of 90° to a surface or boundary. 
Pressure - Force exerted over an area. The greater the pres-
sure, the greater the force exerted over the same area. 
Upthrust - Upwards force exerted by a liquid or gas on an ob-
ject floating in it. 
Weight - The force acting on an object due to the pull of 
gravity from a large object like a planet. The force acts to-
wards the centre and is measured in newtons (N). 


