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1   

 

A particle moves in a horizontal plane so that its position vector, r metres, at time             
t seconds is given by 

π5sin
6
π5cos
6

t

t

 
 
 =
 
 

 
 
 
 
 
 



r  

 

1 (a) (i) Find the velocity of the particle at time t seconds. 
[2 marks] 

     

  

  

  

 

Answer 

 

1 (a) (ii) Find the acceleration of the particle at time t seconds. 
[1 mark] 

     

  

  

  

 

Answer 
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Using your answers to part (a), show that the velocity of the particle is always 
perpendicular to the acceleration of the particle. 

[3 marks] 

     

  

  

  

  

  

  

  

  
 
 

1 (c)  Describe the path that the particle follows. 
[1 mark] 

     

  

  
 
 
 
 

 
Turn over for the next question  

 
7 
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2   

 

Five particles, A, B, C, D and E, are placed at different positions in an x-y plane. 

The table below shows the mass and coordinates of each particle. 

 

Particle Mass (kg) Coordinates 

A   1.25 (3, 1) 

B 2.5 (4, 2) 

C   3.75 (5, 3) 

D        2.5 (1, 2) 

E   1.25 (2, 1) 

Find the coordinates of the centre of mass of the particles. 
[3 marks] 

     

  

  

  

  

  

  

  

  

  

  

 Answer  

 
3 
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A body, of mass 2 kg is acted upon by the three forces F1 newtons, F2 newtons 
and F3 newtons, where 

1

2
1
5

 
 =  
  

−F   2

3
0
2

 
 =  
  

F   3

7
3
3

 
 =  
 − 

F  

 
 

3 (a) 
 

Find the acceleration of the body. 
[3 marks] 

     

  

  

  

  

  

  

 

Answer 

 

 
 

3 (b) 
 

Another force, F4 newtons, now acts on the body so that the body is in equilibrium. 

Find F4 
[1 mark] 

     

  

  

 

Answer 

 

  

 
4 
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A block, of weight 500 newtons, is at rest on a rough slope and is prevented from moving 
down the slope by a horizontal force of 60 newtons, as shown in the diagram. 

The slope is inclined at an angle of 15o  to the horizontal. 

 

 

Throughout this question you may use the following results: 

6 2sin15
4
−

=o          and         6 2cos15
4
+

=o  

 
 

4 (a)  
 

The magnitude of the frictional force which acts on the block is F newtons. 

Find F, giving your answer in the form 6 2a b+  where a and b are constants. 
[4 marks]  

  

  

  

  

  

  

  

  

  

 Answer  
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The coefficient of friction between the block and the slope is μ 

Find the range of possible values for μ  
[4 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
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box 5   A pebble is projected with a speed of 15 m s–1 at an angle of 39o above the horizontal 
from a point O on horizontal ground. 

 

5 (a) (i) 
 

Find the time of flight of the pebble, giving your answer to three significant figures. 
[3 marks]  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
 

5 (a) (ii) 
 

Find the range of the pebble. 
[2 marks]  

  

  

  

  

  

  

 Answer  
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box 5 (a) (iii) 
 

State an assumption you have made in part (a)(ii) 
[1 mark]  

  

  
 
 

5 (b) (i) 
 

Find the maximum height of the pebble. 
[2 marks]  

  

  

  

  

 Answer  
 
 

5 (b) (ii) 
 

State the horizontal displacement of the pebble from O when it is at its maximum height. 
 [1 mark]  

  

  

  

  

 Answer  
 
 
 
 

 
Turn over for the next question 
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Do not write 
outside the  

box 6   A cyclist is riding her bicycle at a constant speed of 6.0 m s–1 along a straight horizontal 
road. 
 
The combined mass of the cyclist and her bicycle is 70 kg

  

6 (a)  Calculate the kinetic energy of the cyclist and her bicycle. 
 [2 marks]  

  

  

 Answer  
 
 

6 (b)  The cyclist’s constant power output is 150 W 
 

 

6 (b) (i) Explain why the total resistive force acting on the cyclist and her bicycle must be 25 N 
[2 marks]  

  

  

  

  

  
 
 

6 (b) (ii) State, with a reason, the work done each second by the cyclist against the total resistive 
force which acts on the cyclist and her bicycle. 

 [2 marks]  
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Do not write 
outside the  

box 6 (c)  The cyclist begins to ride up a 100 metre section of straight road which is inclined 
at 1.5o to the horizontal. 

The total resistive force which acts on the cyclist and her bicycle along the 100 metre 
section of road is constant and has magnitude 25 N 

The speed of the cyclist and bicycle at the start of this section of road is 6.0 m s–1 and 
she now produces a constant driving force of 40 N 
 

 

6 (c) (i) Find the acceleration of the cyclist and her bicycle on the 100 metre section of road. 
[4 marks]  

  

  

  

  

  

  

  

 Answer  
 

6 (c) (ii) Find the speed of the cyclist and her bicycle at the end of the 100 metre section of road. 
[2 marks] 

  

  

  

 Answer  
 

6 (c) (iii) Calculate the change in gravitational potential energy of the cyclist and her bicycle by 
riding up the 100 metre section of road. 

 [2 marks]  

   

   
Answer  

 
14 
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box  7   
 

A particle is projected with speed u m s–1 at an angle α degrees above the horizontal 
from a point O on horizontal ground. 

The horizontal displacement of the particle from O at time t seconds is x metres. 

The vertical displacement of the particle from O at time t seconds is y metres. 
 

 

 7 (a) (i) Write down an expression for x in terms of u, α and t 
[1 mark]  

  

  

  

 Answer  
 
 

 7 (a) (ii) Write down an expression for y in terms of u, α, g and t 
[1 mark]  

  

  

  

  

  

 Answer  
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box 7 (b)  Using your answers to part (a), show that the formula for the trajectory of the particle is 
2

2
2tan sec

2
gxy x α α
u

= −  

[4 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 

 
Question 7 continues on the next page 
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box 7 (c) (i) Find an expression for the maximum height reached by the particle in terms of u, α and g 
[3 marks]  

  

  

  

  

  

  

  

  

  

 Answer  
 
 

7 (c) (ii) The particle reaches a maximum height of 16 metres when it is projected with 
speed 20 m s–1 
 
Find the value of α 

[2 marks]  

  

  

  

  

  

  

  

 Answer  
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Turn over for the next question 
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box 8   
 

A light inextensible string of length 0.50 metres has one of its ends attached to a fixed 
point O 

The other end of the string is attached to a particle of mass m kg 

The particle is set into motion so that it moves with constant speed v m s–1 in a horizontal 
circle about a centre A, where A is directly below O 

The string makes an angle θ degrees to the vertical, where 0 ≤ θ ≤ 90 as shown in the 
diagram. 

 
 

 

8 (a)  
 

The string is described as light. 

Explain what is meant by light in this context. 
[1 mark]  
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box 8 (b)  Show that 
2 2sin 2 cosg v=  

 [6 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 

 
Question 8 continues on the next page 
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The speed of the particle is 4.0 m s–1 
 

8 (c) (i) 
 

By forming a quadratic equation in cos  find the value of  
[4 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
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Find the angular speed of the particle. 
[2 marks] 

 

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
 
 
 
 
 

Turn over for the next question
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A non-uniform rod AB is attached to a vertical wall by a smooth hinge at A 

A light inextensible cable is attached to the rod at B 

The cable makes an angle of 60o to the horizontal. 

The other end of the cable is attached to the vertical wall directly above A 

The rod is held in equilibrium in a horizontal position, as shown in the diagram. 

 

The rod has mass 8.0 kg and length 1.2 metres. 

The centre of mass of the rod is 0.7 metres from A 
 

 

9 (a)  
 

Explain what is meant by equilibrium. 
 [2 marks]  

  

  
 
 

9 (b)  
 

Find the tension in the cable, giving your answer to three significant figures. 
 [3 marks]  
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 Answer  
 

9 (c)  
 

Calculate the magnitude and direction of the reaction force which acts on the rod at A, 
showing the direction of the reaction force on a labelled diagram. 

[6 marks]  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
 

 
END  OF  QUESTIONS 
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There are no questions printed on this page 
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