
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. 


