
 

Year 12 Physics 

Unit 3: Motion in one and two dimensions 
Collisions 

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

objects that undergo elastic and inelastic collisions 

 

Elastic collisions 

 
If the collision is elastic, then both momentum and energy is conserved in the 

collision. 

 Efinal = Einitial and pfinal = pinitial 

 

Inelastic collisions 

 
If the collision is inelastic, momentum is conserved, but energy is not, as it is lost 

to the environment.  The energy that is lost to the environment is usually 

transformed into heat energy, sound energy and energy of deformation.  

pfinal = pinitial  but  Einitial > Efinal 

 

Elastic and Inelastic Collisions - PAST VCAA EXAM Examples 

 

2002 
A moving railway truck (X) of mass 10 tonnes, moving at 6.0 m s

-1
, collides with a stationary 

railway truck (Y) of mass 5.0 tonnes.  After the collision they are joined together and move 

off as one.  This situation is shown below. 

 
Question 9 

Calculate the final speed of the joined railway trucks after the collision. 

 
Solution  

Momentum is conserved =>   10 000 x 6  +  5 000 x 0  =  15 000 x vf 

 vf = 60 000 / 15 000 

 vf = 4 ms
-1

 

  

Examiner’s comment  

Application of the equation for conservation of momentum resulted in a final speed for the joined 

trucks of 4.0 m s
-1

.  

Most students were comfortable with this question and answered correctly.  Some errors were made 

by students attempting to solve the problem using conservation of kinetic energy or by neglecting to 

consider the combined mass of the railway trucks. 

 

 

 

Elastic and Inelastic Collisions 
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Question 10 

Calculate the magnitude of the total impulse that truck Y exerts on truck X during the collision. 
 

Solution  

Impulse = change in momentum. 

po = 60 000 Ns     pf = 40 000   =>   p = 20 000 Ns   => Total impulse = 2.0 x 10
4
 Ns. 

 

Examiner’s comment  

Students needed to realise that the impulse truck Y exerts on truck X equals the change in momentum 

of truck X.  The change in momentum of truck X was then calculated to be  

10 x 10
3
 x 6.0 - 10 x 10

3
 x 4.0 = 2.0 x 10

4
 N s.  A slightly easier method was to realise that the 

impulse exerted on truck X was equal and opposite to that exerted on truck Y, the change in 

momentum of truck Y being simpler to calculate.  

Students seemed to have a reasonable understanding of this question.  

Some common errors were:  

• students seemed to think Impulse = .p applied to change in momentum for the whole system, 

which gave an answer of zero  

(i.e. they calculated pfinal – pinitial = 60 000 - 60 000 = 0 Ns)   

Teachers need to emphasise that impulse is always the momentum transferred from one body to 

another or the change in momentum of one object not the whole system.  

• students confused pfinal with .p,  

calculating 15 000 x 4 = 60 000 N s or confused pinitial with p   

calculating 10 000 x 6 = 60 000 Ns  

• students calculated total mass instead of mass on one truck only,   

(m1 +m2).v = 15 000 x 2 = 30 000 N s,  

or even used the difference in masses, (m2 – m1) v = 5000 x 2 = 10 000 N s. 

• students correctly tried to find the change in momentum of one truck only, but used the mass of one 

truck multiplied by the change in velocity of the other truck  

(i.e. 5000 x 2 = 10 000 N s or 10 000 x 4 = 40 000 N s)  

• students used mg instead of just .m. for the mass.  

By far the most common error was in neglecting to change the masses from tonnes to kilograms. 
 

Question 11 

Explain why this is an example of an inelastic collision.  Calculate specific numerical values 

to justify your answer. 
 

Solution  

Ek before collision  = ½ x 10000 x 6
2
  = 180 000 J 

Ek after collision = ½ x 15000 x 4
2
  = 120 000 J 

 

60 000 J of mechanical energy has been lost so interaction is not elastic. 
 

Examiner’s comment  

Students needed to understand that the definition of an inelastic collision related to the non-

conservation of kinetic energy for the system. This needed to be supported by specific calculations 

showing:  

• initial kinetic energy = 1.8 x 10
5
 J  

• final kinetic energy = 1.2 x 10
5
 J.  

Hence, the final kinetic energy was less than the initial kinetic energy and so the collision was inelastic.  

Students had an understanding of the concept of an inelastic collision but many were unable to answer 

in sufficient detail.  In particular, some common errors were:  

• using conservation of momentum and incorrectly stating that it was an inelastic collision because pfinal 

= pinitial 

• calculating the total change in momentum incorrectly and stating that some momentum was lost  

• not addressing the question and not doing any calculations, but simply stating that .momentum was 

conserved but some kinetic energy was transformed into heat, sound etc.., or .it was a sticky collision 

which is inelastic because the trucks didn’t bounce off one another., or .it was an inelastic collision 

because velocity decreased.   

• confusing energy with velocity, for example, by stating that energy lost was 2 m s
-1

  

• forgetting to convert tonnes into kilograms when calculating the initial and final kinetic energies.  
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1998 
A car – truck crash can be modelled as a ‘head-on’ collision between a truck of mass 4000 

kg travelling at 15 ms
-1

 and a stationary car of mass 1000 kg.  After the collision the truck 

continues moving forward at10 ms
-1

. 

 

Question 4 

Calculate the speed of the car immediately after the collision. 

 
Solution 

20 m/s 

Momentum is conserved in all collisions.   pf = pi.  Where pi  - sum of the initial momentums. 

  pi = (4000  15) + (1000  0) = 60 000 Ns. 

  pf = 60 000 = (4000  10) + (1000  v) 

  60 000 = 40 000 + 1 000v 

  20 000 = 1 000v 

  v = 20 m/s 

Examiner’s comment 

Both sets of collisions, context A (car–truck) and context B (club–golf ball), required the application 

of conservation of momentum to solve for the final speed. This resulted in answers of 20 m s -1 for 

the car in context A, or 57 m s -1 for the golf ball in context B. The average mark for this question 

was 2.1/3, indicating that the majority of students understood conservation of momentum.  In fact, 64 

per cent of students obtained full marks.  The most common error was to treat this as a ‘sticky 

collision’.  However, the other source of concern was the number of students who, after correctly 

substituting into a conservation of momentum equation, were unable to carry out the algebraic 

manipulation in order to solve for the speed. 

 

Question 5 

Calculate the combined total kinetic energy of the truck and car immediately before the 

collision. 
 

Solution  

4.5  10
5
 J 

KEtotal = KEtruck  + KEcar  = (½mv
2
 )truck + (½mv

2
 )car 

   = ½  4000  15
2
 – 0 

   = 450 000 J 

Examiner’s comment 

The vast majority of students were able to correctly calculate the initial kinetic energy, with the errors 

being due to faulty calculations. The expected answer was: 4.5 x 10
5
 J.  Seventy-eight per cent of 

students obtained full marks for this question. 

 

Question 6 

Calculate the combined total kinetic energy of the truck and car immediately after the 

collision. 

 
Solution  

4.0  10
5
J 

KEtotal = KEtruck  + KEcar  = (½mv
2
 )truck + (½mv

2
 )car 

   = ½  4000  10
2
 + ½  1000  20

2
 

   = 400 000J 

 

Examiner’s comment 

The majority of students were able to correctly calculate the final kinetic energy. Any errors were 

usually due to incorrect calculations, such as omitting to square the velocity or combining the masses 

in some way. The expected answers, which were consequential upon the answer to Question 5, was: 

4.0 x 10 5 J  Sixty-seven per cent of students obtained full marks for this question. 
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Question 7 

Compare the magnitudes of the total kinetic energies before and after the collision as 

calculated in Questions 5 and 6.  Explain any differences that you observe. 

 
Solution  

The final KE is less than the initial KE.  Initial KE was 4.5  10
5
 J whilst the final KE was 4.0  10

5
 J.  

Therefore, this collision was inelastic, because kinetic energy has been lost. 

This kinetic energy has been transformed into other forms, - sound, heat, and energy of deformation. 

To get full marks on this question you needed to include your data from questions 5 and 6.  Don’t 

assume that the examiner will go back and read this as part of your answer to this question. 

 
Examiner’s comment 

This question was generally well done, with students receiving an average mark of 2.0/3, and 51 per 

cent of students scoring the full 3 marks. Students were expected to refer to their answers for 

Questions 5 and 6, stating that the final kinetic energy was less than the initial kinetic energy. They 

then had to explain that this was due to kinetic energy being transformed into other forms, such as 

heat, sound and deformation. 

The most common errors were due to: 

• Students who felt that simply identifying it as an inelastic collision would be sufficient to gain the 3 

marks. 

• Students who treated the terms ‘energy’ and ‘kinetic energy’ as identical. Hence, they had energy 

‘disappearing’, rather than energy being transformed. Students need to be taught that energy, like 

momentum, is always conserved. However, energy can be transformed between kinetic energy, 

potential energy etc. 

 

1997 
A car of mass 900 kg, travelling on a horizontal road with a speed of 4.0 ms

-1
, runs into the rear of a 

stationary truck of mass 2250 kg as shown below.  Immediately after the collision the truck moves 

forward with a speed of 2.0 m s
-1

 and the car rebounds in the opposite direction. 

In modelling this collision you should assume that 

• there is no driving force from either engine during the collision 

• no braking takes place during the collision 

• the car and truck remain in a straight line. 

 

Question 6 

What is the speed of the car immediately after the collision? 

 
Solution  

1.0 m/s 

Momentum must be conserved, so pi = pf 

 pi = 900 × 4.0 + 2250× 0 = 3600 to the right. 

 pf = 3600 (to the right) = 2250 × 2.0 - 900 × v 

 v = 
900

36004500 
 = 1.0 m/s 

You need to be careful to consider the direction of the momentums. 
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Question 7 
This was an inelastic collision. Explain the meaning of the word inelastic and show, using 

calculations, that this collision was inelastic. 

 
Solution  

Inelastic means that the kinetic energy is not conserved in this collision.  In this case the final KE is 

less than the initial KE. 

KEi  = 
2

1
 × 900 × 4.0

2
 + 

2

1
 × 2250 × 0 = 7200J 

KEf = 
2

1
 × 900 x 1

2
 + 

2

1
 × 2250 × 2.0

2
 = 450 + 4500 = 4950J. 

The Initial KE - Final KE = 7200 - 4950 - 2250J. 

 2250J of energy were lost in this collision. 

To gain the 5 marks you needed to show all this working out. 


