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Do not write 
outside the  

box Answer all questions in the spaces provided. 

1   

 

The diagram below shows a stationary motorcycle of mass 170 kg in equilibrium on 
horizontal ground.  

 
 
 
The wheels are in contact with the ground at the points A and B where AB = 1.40 metres 
 
The motorcycle’s centre of mass is vertically above the point C where BC = 0.80 metres 

 
 

1 (a)  

 

Find the magnitude of the reaction force which acts on the motorcycle’s rear wheel at A 
due to its contact with the ground. 

[3 marks]  

  

  

  

  

  

  

  

  

  

 Answer  
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box 1 (b)  

 

Find the magnitude of the reaction force which acts on the motorcycle’s front wheel at B 
due to its contact with the ground. 

[2 marks]  

  

  

  

  

  

  

  

 Answer  
 
 
 

 
Turn over for the next question 

  

 
5 
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Do not write 
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box 2   A body of mass 10 kg moves so that its velocity  v m –1s  at time  t  seconds is given by 

( )–= sin + e + co– s22 2 3tt t tv i j k  

where i, j and k are unit vectors. 
 

2 (a) (i) 
 

Find the acceleration of the body when π=t
3

 

[3 marks]  

 

  

  

  

  

  

  

  

  

 
Answer 

 

 

2 (a) (ii) 
 

Find the magnitude of the resultant force acting on the body when π=t
3

 

[2 marks]  

 

  

  

  

  

  

 
Answer 
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When  t = 0  the position of the body is + +2 3i j k  

Find the position of the body at time t 
[4 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
Answer 

 

  

 
9 
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box 3   
 

A child of mass 30 kg moves down a slide. 

The diagram below shows the shape of the slide. 

 

The child starts at position A which is at a height of 3.0 metres above the level 
of position B 

The speed of the child at A is 1.2 m s–1 

The speed of the child at B is 4.0 m s–1 
 
The curved length of the slide between A and B is 12 metres 

 
 

3 (a)  Show that the child loses 882 J of gravitational potential energy moving from A to B 
[1 mark]  

  

  
 

3 (b)  

 

It is assumed that the child experiences a resistive force of constant 
magnitude R newtons at all times whilst moving from A to B 

Find the value of R 
 [4 marks]  

  

  

  

  



7 
 

*07* 

Turn over ► 
 

IB/G/Jan21/MA05 

 

Do not write 
outside the  

box   

  

  

  

  

  

 Answer  
 
 

3 (c)  A student wants to determine the maximum speed the child could have at B 
if no resistive forces act on the child. 

The student uses the following method: 

 

Give two reasons why the student’s method for determining the maximum speed of the 
child is incorrect. 

[2 marks]  

Reason 1   

   

   
 

 Reason 2  

   

   
  

 
7 
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Do not write 
outside the  

box 4   A design is made from five rectangular uniform laminas, as shown below. 

The laminas do not overlap and are made from the same material. 
 

 
 

4 (a) (i) Find the distance of the centre of mass of the design from OA, giving your answer in 
exact form. 

[4 marks]  

  

  

  

  

  

  

  

  

  

 Answer  
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box 4 (a) (ii) Find the distance of the centre of mass of the design from OB, giving your answer in 
exact form. 

[3 marks] 

 
 

  

  

  

  

  

  

  

  

 Answer  

 

4 (a) (iii) Explain how you have used the fact that each rectangular lamina is uniform. 
[1 mark] 

  

  
 

4 (b)  The design is suspended from the point A and is in equilibrium. 

Find, to the nearest degree, the angle between OA and the vertical. 
[3 marks] 

  

  

  

  

  

  

  

 Answer  

 
11 
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Do not write 
outside the  

box 5   A particle of mass 5 kg is acted upon by a constant driving force F newtons and  

accelerates at 
 
 
 

2
3

 m s–2 

The initial velocity of the particle is 
 
 
 

0
4

 m s–1 

At time t seconds after the force F newtons begins to act the velocity of 
the particle is v m s–1

  
 

5 (a)  Find F 
[1 mark]  

  

   

   

Answer 

 

 
 

5 (b) (i) Find v in terms of t 
[2 marks]  

  

  

  

  

   

   

Answer 
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box 5 (b) (ii) Find the kinetic energy of the particle when t = 6 
[3 marks]  

  

  

  

  

  

  

   

   
Answer  

 
 

5 (c)  The work done on the particle each second is P joules, where P is the scalar product of 
the driving force F newtons and the velocity v m s–1 

Find the range of values of t for which P exceeds 580 
[3 marks]  

  

  

  

  

  

  

  

   

   
Answer  

 
  

 
9 
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box 6   
 

A particle of mass 2.4 kg is attached to two light inextensible strings. 

The first string is attached to a fixed point B and has length 1.5 metres 

The second string is attached to a fixed point C and has length 0.9 metres 

The point C is 1.2 metres vertically below B 

The particle is set into motion from the point A, as shown in the diagram below, and 
moves around a horizontal circle with centre C at a constant speed of 6 m s–1 so that 
both strings are taut, as shown in the diagram. 
 

 
 

 

 6 (a) (i) Both strings are described as inextensible. 

Explain what is meant by inextensible. 
[1 mark]  

  

  
 
 

 6 (a) (ii) State, with a reason, whether or not the particle is accelerating. 
[2 marks]  
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Do not write 
outside the  

box 6 (b) (i) Find the tension in the string attached to B 
[3 marks]  

  

  

  

  

  

  

  

   

   
Answer  

 
 

6 (b) (ii) Find the tension in the string attached to C, giving your answer to three significant 
figures. 

[4 marks]  

  

  

  

  

  

  

  

  

  

  

   

   
Answer  

 
10 
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Do not write 
outside the  

box 7   A sphere of weight 500 N is initially at rest in a liquid. 
 
A constant force of magnitude 2000 N acts vertically upwards on the sphere. 
 
The sphere begins moving vertically upwards through the liquid. 

The sphere also experiences a resistive force. When the speed of the sphere is v m s−1 
the resistive force is kv2 newtons vertically downwards, where k is a constant. 

 

7 (a)  Show that the magnitude of the acceleration of the sphere is 29.4 m s–2 when the sphere 
is initially at rest. 

[2 marks]  

  

  

  

  

  

  

  
 
 

7 (b)  The acceleration of the sphere is 9.8 m s–2 upwards when the sphere is moving upwards 
at 5 m s–1 

Find the value of k 
[3 marks]  

  

  

  

  

  

  

  

  

 Answer  
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box 7 (c)  Find the maximum speed of the sphere. 
[2 marks]  

 

  

  

  

  

  

  

  

  

  

  

 Answer  
 
 
 
 

Turn over for the next question 
 

 
7 
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Do not write 
outside the  

box 8   An object is projected with speed u m s–1 at an angle θ degrees above the horizontal 
from a point O on horizontal ground, where  0 < θ < 90 

 
 
 

8 (a) (i) 

 

Show that the time taken for the object to reach its maximum height above the ground is 

sinu
g

 

[2 marks]  

 

  

  

  

  

  

  

  

  
 
 

8 (a) (ii) State an assumption you have made in part (a)(i). 
[1 mark]  
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Do not write 
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box 8 (b)  The object lands at the point A on the same horizontal ground. 
The distance OA is equal to the maximum height reached by the object. 

Find the value of θ 
[6 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
 

 
9 
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box 9   
 

A block of mass 12 kg starts from rest on a rough slope which is inclined at θ to the 
horizontal, as shown in the diagram. 

 
 
The coefficient of friction between the block and the slope is 0.4 

 

9 (a)  

 

Draw a diagram to show all the forces acting on the block, writing down the names of the 
forces on your diagram. 

[1 mark] 

    

 

 

 

 

 

 
 

9 (b)  

 

The block accelerates uniformly down the slope at 3.2 m s–2 

Find the value of  θ  using ( )– –sin cos sin=A B R α  
 
Give your answer to the nearest degree. 

[8 marks]  
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 Answer  
 

9 (c)  Without further calculation, state, with a reason, how your answer to part (b) 
may change if 

9 (c) (i) the mass of the block increases to 15 kg and the coefficient of friction remains as 0.4 
[2 marks]  

  

  

  
 

9 (c) (ii) 

 

the mass of the block remains as 12 kg and the coefficient of friction increases to 0.5 
[2 marks] 

 

  

  

  
 

END  OF  QUESTIONS 
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There are no questions printed on this page 
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Question 
number 

Additional page, if required. 
Write the question numbers in the left-hand margin. 
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There are no questions printed on this page 
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