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 analyse transfers of energy between kinetic energy, potential energy and other forms of energy for objects that 

interact with springs that obey Hooke’s Law, F = k(-x) 

 

If the force isn't constant, then the work done is equal to the area under the F-d graph. 

 

Elastic potential energy (strain energy) is the energy stored in any material that has 

been stretched or compressed from its normal shape.  Springs and elastic bands are 

good examples. 

For a string not stretched beyond its elastic limit, the force, F, applied is proportional to 

the extension, x, produced.  

   F = kx where k is called the spring constant. 

    (which is the gradient of the F-x graph) 

 

This is known as Hooke's Law.  (F = -kx)  The minus sign shows that the force is in the 

opposite direction to the displacement.  Sometimes called a restoring force.  The spring 

constant (force constant), k, gives a measure of the stiffness of the material.   

  F 
 (applied force) 

 

 
      kx 

 
             x  (extension) 

 x     ('x' is the extension not the length  

 of the spring) 

 

The energy stored in the spring is  =  
2
1 base  height 

     =  
2
1 . x. kx  =  

2
1 kx2  

(also known as the strain energy) 

 

The energy stored in the spring is also the work done, which is the area under the 

graph. 

 

Hooke’s Law 
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Hooke’s Law - PAST VCAA EXAM Examples 

 

2001 
Mountain bikes are often made with front and rear springs to provide a smoother ride. 

 
 

A manufacturer investigates the compression of a bike by pushing down on the seat 

as shown in Figure 2, and measuring how far the seat moves down as a result.  The 

result of these investigations is given in the graph below, showing the vertical force 

exerted on the seat versus compression distance. 

 
Question 5 

Calculate the mass of a person who produces a compression distance of 50 mm when 

seated on this mountain bike.         

 
Solution 

The mass of the person is derived from the compression caused.  It takes a force of 550N to compress 

the bike 50mm (from the graph).   F = mg  m = 550/9.8 = 56 kg. 

 

Examiner’s comments 

Average Mark: (2.6/4) 

The force at a compression of 50 mm is 550 N, corresponding to a mass of 56 kg. 

Most students correctly equated the weight of the rider to the spring force.  The most common errors 

were in either misreading the graph or in failing to convert from weight force to mass. 
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Question 6 

Calculate the total potential energy stored in the springs when the person is seated on 

the mountain bike. 
 

Solution  

The potential energy stored in the springs is given by the area under the graph.  Here the compression is 

50mm.  The area is the triangle = ½  550 J  50mm. 

The units are inconsistent here, so it becomes ½  550  50  10
-3 

 = 13.75 = 14 J. 

 

Examiner’s comments 

Ave Mark (2.6/4) 

The potential energy is determined from the area under the graph, =  14 J. 

Most students calculated the potential energy from the area under the graph.  The most common error 

was to equate the gain in spring potential energy to the loss in gravitational potential energy and to 

then use the relation mgh to calculate the spring potential energy.  A few students forgot to convert 

the distance into metres when calculating the area under the graph. 

 

2000 
A car, equipped with a driver’s air bag, hits a large tree while travelling horizontally at 54 km 

h
-1

 (15 m s
-1

).  The air bag is designed to protect the driver’s head in a collision. 

Questions 7–9, model this as a collision involving the driver’s head (mass 8.0 kg). 

 
Tests show that the graph of retarding force on the driver’s head versus compression distance 

of the air bag is as shown in Figure 5. 

 
Question 7 

Calculate the maximum compression distance of the air bag in this collision. 

 
Solution  

This question requires you to understand that the kinetic energy of the head has gone into compressing 

the bag.  Therefore:  Ek = Ec.  
2

2
12

2
1 kxmv    at about this point you realise that you need to 

know the value of k.  Which is the gradient of the Force Distance graph. 

  
x

F
k    

2.0

16000
k   = 8  10

4
 Nm

-1
 

Now using the kinetic energy of the head as being the work done on the air bag you get. 

½mv
2
 = ½kx

2
  

 ½  8  15
2
 = ½  810

4
  x

2
 

4

2

108

158
x




  = 0.15m 
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Examiner’s comment  

This question required students to understand that the area under a force-distance graph represented the 

work done, or the change in kinetic energy of the driver’s head. The area under the graph was calculated 

as 900 J, resulting in a compression distance of 0.15 m (15 cm).  The average mark for this question was 

a disappointing 1.16/4, with the most common error being to interpret this question as relating to 

impulse-momentum rather than work-energy.  It was clear that students were so used to analysing 

collisions in terms of impulse-momentum, that this change in emphasis caught them quite unawares.  

It was disappointing to note that approximately 15% of students showed no working at all, giving only 

the final answer, which was sometimes correct but often not. 

 
Question 8 

Which one of the graphs (A–D) best represents the retarding force versus 

compression distance if the collision was with the hard surface of the steering wheel 

rather than the air bag? 

 

Solution  

A Steel would have a large k value, A has the largest value for it’s gradient. 

 
Examiner’s comment  

Collision with the hard surface of the steering wheel would result in a shorter compression distance. In 

order for the area under the graph to remain as 900 J, the retarding force would need to be much larger. 

Hence, graph A best represents the graph of retarding force versus compression distance.  The average 

mark for this question was 1.44/2. 

 

Question 9 

Explain your answer to Question 8, giving specific reasons for choosing the graph that you 

selected as the best answer. 

 
Solution  

The specific reasons for choosing graph A needed to cover: 

• A collision with a harder surface would result in a smaller compression distance. 

• The material must have 900J of work done on it, and therefore the area under the graph remains 

constant. 

• Hence, the required graph must have a shorter compression distance and a larger force.  
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Examiner’s comment  

The specific reasons for choosing graph A needed to cover: 

• a collision with a harder surface would result in a smaller compression distance 

• the area under the graph remains constant (900 J) no matter whether the collision is with the air bag or 

steering wheel 

• hence, the required graph must have a shorter compression distance and a larger force. 

Alternatively, students could have addressed this answer via an understanding that harder surfaces are 

‘stiffer’ and have a steeper force-distance graph gradient.  The aspect of the area under the graph 

remaining at 900 J was essential no matter which method students used.  The average mark here was a 

disappointing 1.04/3, indicating that students found this concept to be quite difficult. Very few students 

noted that the area under the force-compression graph had to be the same (900 J) as in the original 

problem.  Most students attempted to address this via an impulse-momentum approach, which made it 

difficult for them to gain full marks. 


