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Question 1 (12 marks) Answer each question in a NEW booklet. 

(a) Find vector 𝑏~ = (𝑝𝑞), such that 𝑝𝑟𝑜𝑗𝑏~𝑎~ = 87117 𝑏~
𝑝𝑟𝑜𝑗𝑏~𝑐~ = 60117 𝑏~

given 𝑎~ = (47), and 𝑐~ = (−28 ).

2 

(b) Consider the vector 𝑎~ = 𝑖~+ √3𝑗~.

(i) Find the unit vector in the direction of 𝑎~. 1 

(ii) Find the acute angle that 𝑎~ makes with the positive direction of the 𝑥-axis. 1 

(iii) Given that vector 𝑏~ = 𝑚𝑖~ − 2𝑗~ is perpendicular to 𝑎~, find the value of 𝑚. 1 

(c) A ship needs to travel on a bearing of 240°. The ship is sailing at a constant 60 km/h.

However, there is a current from the north with a constant speed of 9 km/h.

On what constant bearing, to the nearest degree, is the ship sailing? 

2 
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(d) A crate of mass 25.0 kg is pulled across the floor with a force of 168 N. The force

makes an angle of 15.0° with the horizontal. Assume there is no friction between the

crate and the floor and that the crate does not lift. You may assume that 𝑔 = 10m𝑠−2.
Find the:

(i) Resultant force acting on the crate, correct to the nearest Newton. 2 

(ii) The acceleration of the crate, correct one decimal place. 1 

(iii) The magnitude of the normal force, correct to the nearest Newton. 2 
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Question 2 (10 marks) Answer each question in a NEW booklet. 

(a) A mass of 7 kg is suspended from a horizontal ceiling by two inextensible light strings

of equal length. Each string is at 22° to the ceiling. Find the tension 𝑇~ in each string,

correct to the nearest Newton. You may assume 𝑔 = 10 ms−2.
2 

(b) Two masses are connected by a light inextensible string over a smooth pulley.

(i) Write equations for the tension in the string, assuming 𝑚1 < 𝑚2. 2 

(ii) The second mass has an acceleration of 0.25𝑔. Find the ratio 𝑚2 ∶ 𝑚1. 2 
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(c) 𝑂𝐴𝐵𝐶 is a parallelogram. 𝑂𝐴→ = 𝑎~, 𝐴𝐵→ = 𝑏~, 𝐸 is the midpoint of 𝐴𝐵. 𝐹 lies on 𝑂𝐸 such

that 𝑂𝐸 = 3𝐹𝐸.

Prove that 𝐴, 𝐹 and 𝐶 are collinear.

4 
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Question 3 (14 marks) Answer each question in a NEW booklet. 

(a) Given a ∆𝐴𝐵𝐶,  line 𝐶𝐴 is extended to 𝐷, so that 𝐶𝐴 = 𝐴𝐷, line 𝐴𝐵 is extended to 𝐸 so

that 𝐴𝐵 = 𝐵𝐸 and line 𝐵𝐶 is extended to 𝐹 so that 𝐵𝐶 = 𝐶𝐹. The new ∆𝐷𝐸𝐹 is formed.

Let the position vectors 𝑂𝐴→ = 𝑎~, 𝑂𝐵→ = 𝑏~, 𝑂𝐶→ = 𝑐~, 𝑂𝐷→ = 𝑑~ , 𝑂𝐸→ = 𝑒~ and 𝑂𝐹→ = 𝑓~.

(i) Find 𝑎~ in terms of 𝑐~ and 𝑑~. 2 

(ii) Find 𝑏~ in terms of 𝑎~ and 𝑒~. 1 

(iii) Find 𝑐~ in terms of 𝑏~ and 𝑓~. 1 

(iv) Then find 𝑏~ in terms of 𝑑~ , 𝑒~ and 𝑓~. 2 
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(b) 𝑂𝐷𝐸𝐹 is a quadrilateral. 𝑂𝐷→ = 𝑑~, 𝐷𝐸→ = 𝑒~, 𝐸𝐹→ = 𝑓~.

𝑃, 𝑄, 𝑅, 𝑆 are the midpoints of 𝑂𝐷, 𝐷𝐸, 𝐸𝐹 and 𝐹𝑂, respectively.

Show that the intervals joining the midpoints of opposite sides of a quadrilateral bisect 

one another.  

4 

(c) Masses of 30 kg and 50 kg on adjacent smooth inclined planes are connected by a light

inextensible string over a frictionless pulley, as shown in the diagram below. The 50 kg

mass is on a plane inclined at 30° to the horizontal and the 30 kg mass is on a plane at45° to the horizontal.

(i) Write an expression in terms of 𝑔 involving the tension in the string for each

mass.

2 

(ii) Find the magnitude of the acceleration of the masses in terms of 𝑔 and state

which is descending.

2 

End of Examination 
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