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Instructions 
 

• Read each question carefully before you begin to answer it. 

• Use black ink or black ball-point pen for your answers.  

• Fill in the boxes at the top of this page with your name and group.  
 

• Attempt to answer every question in the booklet. 

• Answer the questions in the spaces provided – there may be more space 
than you need in some answer spaces.  

 

• Calculators may be used for this booklet. 

• For any calculations, you must show all your working. 

• Any and all drawings or graphs should be completed in pencil.  

 

Information 
• The maximum mark for this paper is 69 marks. 

• The marks for each question are shown in brackets. 

• Please be aware that good English and clear presentation are required in your answers. 
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1. Someone once said that energy is the message and momentum is the messenger. Let that sink in. 
 

Momentum is a vector quantity that deals with the mass and velocity of an object, it allows us to 
predict exactly what will happen when two or more objects collide. 
 

For each of the following questions circle the letter of the correct answer. 
 

a) Which of the following is the correct definition of momentum? 
 
A The product of an object's mass and its velocity. 

B The product of an object's mass and its acceleration. 

C Half of an object's mass multiplied by its velocity squared. 

D The force required to bring a moving object to a complete stop. 
(1 mark) 

 
 
 

b) A rugby player with a mass of 90 kg is running forwards at a velocity of 8 m/s. 
 

What is the momentum of the rugby player? 
 

A B C D 
 

11.25 kg m/s 720 kg m/s 2880 kg m/s 5760 kg m/s 
 

(1 mark) 
 
 
 

c) The Law of Conservation of Momentum states that in a closed system, the total momentum before 
an event is equal to the total momentum after the event. 
 

Which of the following is an example of an event where momentum is conserved? 
 
A A car accelerating constantly along a straight road. 

B A skydiver reaching terminal velocity as they fall. 

C Two ice skaters pushing each other apart and sliding in opposite directions. 

D A ball rolling down a hill and gaining speed. 
 

(1 mark) 
 
 
 

d) A bowling ball is rolling down an alley at a steady velocity of 6.0 m/s. 
 

The momentum of the bowling ball is 33 kg m/s. What is the mass of the bowling ball? 
 

A B C D 
 

27 kg 39 kg 198 kg 5.5 kg 
 

(1 mark) 
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e) An object with a mass of 3.0 kg moves downwards at 4.0 m/s, as shown in the figure below. 
 

 
 
 

Which other object has a momentum that is identical to the momentum of this object? 
 

A B 

          

         

       
 
 

C 

 
 

D 
  

                   

  

        
  

(1 mark) 
 
 
 
 

f) Two objects, A and B, move directly towards each other. The objects have the exact same mass. 
 

 
 

Object A and object B collide and move away together. 
 

What is their velocity after colliding? 
 

A B C D 
 

2.0 m/s to the left 2.0 m/s to the right 4.0 m/s to the left 8.0 m/s to the left 
 

(1 mark) 
 
 

(Total for Question 1 is 6 marks) 
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2. Momentum is calculated by multiplying an object's mass by its velocity.  
 

Use the equation p = m × v to solve the following problems. 
 
 

a) A football of mass 0.4 kg is kicked with a velocity of 25 m/s. 
 

Calculate the momentum of the football. 
 
 
 
 
 

Momentum = ……………… kg m/s 
 

(2 marks) 
 
 

b) A sprinter of mass 65 kg runs down a track at a constant velocity of 8 m/s. 
 

Calculate the momentum of the sprinter. 
 
 
 
 
 

Momentum = ……………… kg m/s 
 

(2 marks) 
 
 

c) A family car of mass 1200 kg is travelling along a motorway at 15 m/s. 
 

Calculate the momentum of the car. 
 
 
 
 
 

Momentum = ……………… kg m/s 
 

(2 marks) 
 
 

d) A tennis ball of mass 60 g is hit with a velocity of 40 m/s. 
 

Calculate the momentum of the tennis ball. 
 
 
 
 
 
 
 
 

Momentum = ……………… kg m/s 
 

(3 marks) 
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e) A toy car of mass 250 g has a momentum of 1.5 kg m/s. 
 

Calculate the velocity of the toy car. 
 
 
 

 
 
 
 

Velocity = ……………… m/s 
 

(3 marks) 
 

f) A bullet of mass 15 g is fired from a rifle at a velocity of 300 m/s. 
 

Calculate the momentum of the bullet. 
 
 
 
 
 
 
 

Momentum = ……………… kg m/s 
 

(3 marks) 
 

g) A bird of mass 350 g is flying with a momentum of 4.2 kg m/s. 
 

Calculate the velocity of the bird. 
 
 
 
 
 
 
 

Velocity = ……………… m/s 
 

(3 marks) 
 

h) A remote-controlled boat is moving at a velocity of 4 m/s. It has a momentum of 3.6 kg m/s. 
 

Calculate the mass of the boat.  
 
 
 
 
 
 
 
 

Mass = ………………… 
 

(3 marks) 
 

(Total for Question 2 is 21 marks) 
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3. A teenager is scooting along a path on an illegal e-scooter.  
 

 
 

a) The teenager has a mass of 60 kg and the scooter has a mass of 15 kg. 
They are travelling together at a constant velocity of 4.0 m/s. 
 

Calculate the total momentum of the teenager and the scooter. 
 
 
 
 
 
 
 

Total momentum = ……………… kg m/s 
 

(2 marks) 
 

As the teenager scoots along he decides to jump forward off of the e-scooter.  
 

 
 

b) Using your knowledge of momentum, explain why the teenager moves forwards and the scooter 
moves backwards as he jumps. 
 
……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
 

(3 marks) 
 

(Total for Question 3 is 5 marks) 
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4. A historical reenactment group is preparing to fire a cannon. The figure below shows a reenactor with 
the cannon.  

 

a) Before it is fired, the cannon and the cannonball are both stationary. 
 

The mass of the cannon is 800 kg and the mass of the cannonball is 5 kg. 
State the total momentum of the cannon and cannonball before firing. 
 
 
 

Total momentum = ……………… kg m/s 
 

(1 mark) 
 
When it is safe, the cannon is fired.  

 
 

b) Immediately after firing, the 5 kg cannonball is moving forwards with a velocity of 120 m/s. 
 

Calculate the recoil velocity of the 800 kg cannon. 
 
 
 
 
 

 
 
 

 
 
 
 
 

Velocity of cannon = ……………… m/s 
 

(4 marks) 
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c) The reenactor standing behind the cannon is hit by the recoiling cannon and severely injured. 
 

A student suggests that if they had used a much heavier cannon, it would have been safer for the 
reenactor. 
 

Explain, using physics principles, why a heavier cannon would recoil at a lower velocity. 

 
……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
 

(2 marks) 
 

(Total for Question 4 is 7 marks) 
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5. An astronaut is floating completely stationary outside a space station. 
 

 

 
 
 

The astronaut has become disconnected from the space station and needs to move back towards 
the airlock quickly. To do this, the astronaut throws a heavy wrench directly away from the airlock. 
 
The astronaut has a mass of 120 kg and the metal wrench has a mass of 4.0 kg. 
 

a) The astronaut throws the wrench forwards with a velocity of 15 m/s. 
 

Calculate the recoil velocity of the astronaut immediately after the wrench is thrown. 
 

You must show your working. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Velocity of astronaut = ……………… m/s 
 

(4 marks) 
 

b) Explain, using the principle of conservation of momentum, why throwing the wrench forwards causes 
the astronaut to move backwards. 

 
……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
 

(3 marks) 
 

(Total for Question 5 is 7 marks) 
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6. A van is moving along a road towards a stationary car. 
 

The figure below shows the van and the car just before and just after they collide. 
 

 
 

a) Calculate the momentum of the van just before the collision. 
 

Show clearly how you work out your answer. 
 
 
 
 
 
 

Momentum of the van = ……………… kg m/s 
 

(2 marks) 
 

b) State the momentum of the car just before the collision. 
 
 

Momentum of the car = ……………… kg m/s 
 

(1 mark) 
 

c) During the collision, the van and the car join together. 
 

Using the principle of conservation of momentum, calculate the new velocity of the van and car as 
they move away together. Show clearly how you work out your answer. 
 
 
 
 
 
 
 
 

 
 
 
 

Velocity = ……………… m/s 
 

(4 marks) 
 

(Total for Question 6 is 7 marks) 
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7. A thief is running away from a crime scene.  
 

A heavily built police officer runs directly towards the thief to tackle them. 
 

 
 
The thief does not see the police officer approaching.  
When they collide, the police officer grabs the thief and holds on tightly, meaning they move together 
as one combined mass. 
 
Calculate the new velocity of the police officer and the thief immediately after the collision. 
 

You must show all of your working, and state the direction they will move. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Velocity after collision = ……………… m/s 
 

Direction = ………………………… 
 

(6 marks) 
 

(Total for Question 7 is 6 marks) 
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8. A student is doing an experiment where they drop some fragile objects onto a concrete floor. 
 

 
 

 

The student drops a plain egg, which shatters when it hits the floor. 
 

They then wrap an identical egg in a thick layer of bubble wrap and drop it from the exact same height. 
This egg bounces and survives. 
 

Both eggs have the exact same mass and hit the floor at the exact same velocity.  
 

Explain how the bubble wrap reduces the impact force experienced by the egg. 

 
……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
 

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
 

(4 marks) 
 

(Total for Question 8 is 4 marks) 
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9. Two ice skaters are on a frozen lake. 
 

 
 

Skater A has a mass of 75 kg and is gliding forwards at a velocity of 4.0 m/s. Skater B is stationary. 
 

Skater A collides with skater B and grabs hold of them. The two skaters slide forwards together at a 
new velocity of 2.5 m/s. 
 

Using the principle of conservation of momentum, calculate the mass of skater B. 
You must show all of your working. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Mass of skater B = ………………… kg 
 

(6 marks) 
 

(Total for Question 9 is 6 marks) 


