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In the following booklet there are several questions based on 
the module ‘3.4 Mechanics and Materials’. These questions are 
additional to the work which you must do on your A-Level 
course.  
 
To gain the highest grade possible in your A-Level 
examinations it is recommended that you complete 
these questions in the supervised study sessions carried 
out in school. 
 
This will both familiarise yourself with both the concepts found 
in the A-Level syllabus and the examination technique found in 
examinations. 
 
The mark scheme to the questions is integrated in the book for 
you to use independently. 
 

To improve competency in answering questions on 

mechanics and materials and achieve mastery in this 

module, answer all of these questions independently. 

When you have completed your work in this book, please store 

this work in your student files. 

Many thanks for all of your hard work in A-Level Physics. 

 

Mr. Turnbull 
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 QUESTION ONE 

1.1 Calculate the weight of an ice cube that has volume 4.0 × 10–6 m3 

Density of ice = 920 kg m–3 

[2 marks] 

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

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

Weight =……………… N 

1.2 Figure 5 shows the ice cube floating in a beaker of water. 

Figure 5 

 

When the ice cube is placed in the beaker, it displaces a volume of water causing the water 

level to rise. 

The weight of water displaced is equal to the weight of the ice cube. 

Calculate the volume of water displaced by the ice cube. 

Density of water = 1000 kg m–3 

[1 mark] 

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

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

Volume =……………… m3 
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1.3 The ice cube in Figure 5 is replaced by another cube also with volume 4.0 × 10−6 m3 

This cube is made of ice containing a small piece of iron. 

The mass of water now displaced is 3.9 × 10–3 kg 

Calculate the volume of the piece of iron. 

Density of iron = 7800 kg m–3 

[3 marks] 

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

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

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

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

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

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

Volume =……………………… m3 

 

 

 

 

Reference: AQA AS Physics Examination Paper 1 June 2018 
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 MARK SCHEME  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1 

1.2 

1.3 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION TWO 

2. Figure 4 shows a uniform beam supported by two light cables, AB and AC, which are 

attached to a single steel cable from a crane. The beam is stationary and in equilibrium. 

Figure 4 

 

2.1 State two necessary conditions for the beam to be in equilibrium. 

[2 marks] 

Condition 1 

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

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

Condition 2 

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

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

 

2.2 State what is meant by the centre of mass. 

[1 mark] 

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

………………………………………………………………………………………………………………………………………… 
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2.3 Explain why the centre of mass of the beam in Figure 4 must be vertically below A. 

[2 marks] 

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

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

2.4 The weight of the beam is 12 000 N 

Calculate the tension T1 in cable AB and the tension T2 in cable AC. 

[4 marks] 

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

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

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

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

T1 = …………………… N 

T2 =…………………… N 

2.5 The steel cable from the crane has a circular cross-section of diameter 1.5 × 10–2 m 

The cable is 12 m long. 

Calculate the extension of the cable caused by the weight of the beam. You can assume that 

the weights of all cables are negligible. 

Young modulus of steel = 2.0 × 1011 Pa 

[3 marks] 

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

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

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

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

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

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

Extension =…………… m 

Reference: AQA AS Physics Examination Paper 1 June 2018 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION THREE 

3. Figure 1 shows a truck moving freely down a ramp inclined at an angle to the horizontal. 

Figure 1 

 

The truck starts from rest at the top of the ramp and reaches point A. Friction and air 

resistance are negligible. 

As the truck moves down the ramp to point A, its centre of mass has a total vertical 

displacement of 8.0 m 

3.1 Calculate the speed of the truck at point A. 

[2 marks] 

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

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

Speed =…………………… m s−1 

3.2 Figure 2 shows the truck moving down a ramp with a varying slope. 

Figure 2 

 

The truck starts from rest and moves freely down the ramp. It reaches point C and then moves 

along the horizontal runway to D. Friction and air resistance are negligible. 
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Discuss how the acceleration of the truck in Figure 2 differs from the acceleration of the truck 

in Figure 1. 

[3 marks] 

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

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

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

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

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

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

 

3.3 The total vertical displacement of the centre of mass of the truck in Figure 2 is also 8.0 m 

The speed of the truck when it reaches the horizontal runway is the same as the speed of the 

truck in Figure 1 when it reaches point A. 

Explain why. 

[1 mark] 

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

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

 

3.4 The horizontal runway in Figure 2 has negligible friction and air resistance. As the truck 

moves along the runway, it starts to rain. The rain falls vertically and water collects in the truck. 

Discuss whether there are any changes in the momentum of the truck and collected water. 

[3 marks] 

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

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

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

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

Reference: AQA AS Physics Examination Paper 1 June 2018 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

 

 

 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

3.2 

3.3 

3.4 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 

3.1 
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 QUESTION FOUR 

4. The world land speed record of 341 m s–1 was set in October 1997. In an attempt to break 

this record, a new supersonic car has been developed called the Bloodhound. 

 

The developers of the Bloodhound have used computer modelling to produce a velocity‑time 

graph for the predicted motion of the car, on a straight track, during the record attempt. 

 

4.1 A track of length 23 km is available for the record attempt. 

Determine whether this track is long enough. 

[3 Marks] 

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

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

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

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

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

………………………………………………………………………………………………………………………………………… 
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 The car has two different engines: a jet engine providing a thrust of 89 kN and a rocket engine 

providing a thrust of 120 kN. 

4.2 The jet engine runs throughout the car’s acceleration stage. The rocket engine runs for 

only part of that stage. 

State the time at which the rocket engine is started during the car’s predicted motion. 

[1 Mark] 

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

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

4.3 Use the graph to determine the maximum positive acceleration of the car. 

[2 Marks] 

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

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

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

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

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

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

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

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

Maximum positive acceleration of the car = .............................. ms-2 

 

4.4 Calculate a value for the frictional force acting on the car when the positive acceleration is 

a maximum. 

[3 Marks] 

Mass of car including fuel at this time = 7790 kg 

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

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

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

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

Frictional force during maximum positive acceleration = .................................. N  
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 4.5 Discuss, with reference to the graph, the factors that would have been used to predict the 

motion of the car over the 120 s. 

[6 Marks] 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Reference: EdExcel AS Physics Paper 1 June 2018 Examination 
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 MARK SCHEME 

 

 

 

 

4.2 

4.3 

4.4 

4.1 

4.5 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION FIVE 

A thin wire of negligible mass is used to hang a picture on a wall. The wire is hung over a nail 

and can be attached to the picture using arrangement 1 or arrangement 2, as shown. 

 

5.1 Deduce which wire arrangement should be used to keep the tension in the wire as small as 

possible. 

[4 Marks] 

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

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

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

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

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

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

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

………………………………………………………………………………………………………………………………………… 
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5.2 It was observed that if the wire was not hung with its midpoint over the nail, as in 

Diagram 1, the picture moved and then remained in the position shown in Diagram 2. 

 

Use the idea of moments to explain why. 

[3 Marks] 

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

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

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

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

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

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

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

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

 

Reference: EdExcel A Level Physics Paper 1 June 2018 Examination 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 

5.2 

5.1 
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 QUESTION SIX 
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Reference: OCR Physics Unit 1 June 2009 Examination 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION SEVEN 

7. A shaduf is a device used to lift water from a well. It consists of an upright support to which 

a uniform beam is pivoted. It can be assumed that the weight of the beam is negligible. On one 

end of the beam is a counterweight, and on the other a bucket which can hold the water. 

Figure 9 shows a diagram of a typical shaduf. 

Figure 9 

 

The counterweight is of uniform material and has a weight of 50 N. It is 0.60 m long. 

7.1 Calculate the moment of the counterweight about the pivot when the beam is horizontal. 

[2 marks] 

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

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

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

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

Moment = ………………………… Nm 
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The bucket has a weight of 120 N and has a capacity of 0.16 m3. When the bucket is half full, a 

force is required at the end of the beam to lift the bucket and water. 

7.2 Calculate the value of this force when the beam is horizontal. 

density of water = 1000 kg m–3 

[5 marks] 

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

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

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

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

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

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

Additional Force = ………………… N 

 

7.3 Explain how the force in Question 7.2 would be different if the weight of the beam is not 

considered to be negligible. 

[3 marks] 

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

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

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

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

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

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

Reference: AQA A Level Physics Paper 1 Examination Specimen Paper 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

7.2 

7.1 

7.3 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION EIGHT 

8. Two brackets, A and B, support a shelf of length 1.2 m. Bracket A is positioned 0.15 m from 

the left-hand end of the shelf. A book is placed 0.35 m from the left-hand end of the shelf as 

shown. 

 

8.1 The normal contact forces of each bracket on the shelf are equal. 

Determine the distance of bracket B from the left-hand end of the shelf. 

Weight of book = 8.5 N 

Weight of shelf = 14 N 

[5 Marks] 

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

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

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

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

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

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

8.2 Bracket B is moved closer to the left-hand end of the shelf. 

Explain the effect on the magnitude of the normal contact force of bracket B on the shelf. 

[2 Marks] 

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

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

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

Reference: EdExcel International A Level Physics Paper 1 January 2019 Examination 
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 MARK SCHEME 

 

 

 

 

 

 

 

 

 

 

 

Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 

8.2 

8.1 



St Mary’s Catholic School 

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1   30 

 QUESTION NINE 
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Reference: OCR Physics Unit 1 January 2010 Examination 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION TEN 
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Reference: OCR Physics Unit 1 January 2010 Examination 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION ELEVEN 

11. When concrete is first made it has a high moisture content. As the concrete dries its 

properties change. 

A manufacturer of concrete carried out compression testing of cylindrical samples of concrete 

using the equipment shown. 

 

The diagram shows stress-strain graphs, up to the fracture point, for concrete samples 2 days 

and 28 days after being made. 

 

11.1 As the concrete dries its Young modulus increases. 

Show that the value for the Young modulus of the concrete after it has dried is at least 1.3 

times greater. 

[4 Marks] 

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

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

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

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

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

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

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

11.2 The energy absorbed before fracture by the 28-day old sample is less than the energy 

absorbed before fracture by the 2-day old sample. 

The area under a stress-strain graph gives the energy absorbed per unit volume of the sample. 

The energy absorbed before fracture by the 2-day old sample is 0.35 MJ m–3. 

Determine the percentage reduction in the energy absorbed before fracture between the 2-day 

old and the 28-day old samples. 

You may assume that the volumes of the cylindrical samples are the same. 

[3 Marks] 

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

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

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

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

11.3 Manufacturers recommend leaving concrete blocks to dry for at least 28 days before use. 

Discuss why. 

[3 Marks] 

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

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

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

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

Reference: EdExcel International A Level Physics Paper 1 January 2019 Examination 
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11.2 

11.1 

11.3 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION TWELVE 
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Reference: OCR Physics Unit 1 January 2010 Examination 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION THIRTEEN 
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Reference: OCR Physics Unit 1 January 2010 Examination 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION FOURTEEN 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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 QUESTION FIFTEEN 

 

 



St Mary’s Catholic School 

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1   50 

  

 

Reference: OCR Physics Unit 1 June 2010 Examination 
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Revision Reflection 

A1. Could you answer this question without any help? 

 

A2. Could you answer this question correctly? 

 

A3. Did you encounter any problems with this question? 

 

A4. Do you need to carry out further revision on this topic? 

Revision Target 

From this question, are there any targets you need to set for revision? What are they? 
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