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Question 1 [13 marks] 

 
(a) The points 𝐴𝐴 and 𝐵𝐵 have the position vectors 2𝚤̰𝚤 + 𝚥̰𝚥 − 3𝑘̰𝑘 and 4𝚤̰𝚤 − 3𝚥̰𝚥 − 5𝑘̰𝑘 

respectively. Find, 
 

(i) the midpoint of 𝐴𝐴𝐴𝐴 [1] 
 

(ii) 𝐴𝐴𝐴𝐴�����⃗  [1] 
 

(iii) �𝐴𝐴𝐴𝐴�����⃗ � [1] 
 

 
(b) Find the monic polynomial of smallest degree with real coefficients 

such that 2 + 3𝑖𝑖 and 5 are zeros. [2] 
 
 

(c) Use vectors to show that 𝐴𝐴(−1, 7, 11), 𝐵𝐵(1, 3, 5) and 𝐶𝐶(4,−3,−4) 
are collinear. [2] 

 

(d) For 𝑧𝑧 = −√3 + 𝑖𝑖. 
 

(i) Find |𝑧𝑧| and arg(𝑧𝑧). [2] 
 

(ii) Hence evaluate 𝑧𝑧9 and express your answer in simplest form. [2] 
 

 

(e) Find the angle between the vector �
√5
√21
−√2

� and the 𝑦𝑦-axis. [2] 

End of Question 1 
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Question 2 [13 marks] 

Start on a NEW page. 

 
(a)       

(i) Find the vector equation of the interval between 𝑃𝑃(5,−8, 3) and 
𝑄𝑄(−2, 3,−1) in the form 𝑟̰𝑟 = 𝑝̰𝑝 + 𝜆𝜆𝑑̰𝑑 where 0 ≤ 𝜆𝜆 ≤ 1. [2] 
 

(ii) Find the point 𝑅𝑅 on the line 𝑟̰𝑟 when 𝜆𝜆 = 4. [1] 
 

(iii) Hence, find the ratio 𝑃𝑃𝑃𝑃:𝑄𝑄𝑄𝑄. [1] 
 
 

(b) Find the three cube roots of 2 − 2𝑖𝑖 in exponential form. [2] 
 
 
 

(c) Two lines have vector equations, 

𝑟𝑟1̰ = �
9
2
−5

� + 𝜆𝜆 �
−2
−2
1
�      𝑟𝑟2̰ = �

5
1

12
� + 𝜇𝜇 �

4
4
−2

� 

 
(i) Show that these lines are parallel and distinct. [2] 
 
(ii) Let 𝐴𝐴 be the point on 𝑟𝑟1̰ when 𝜆𝜆 = 0 and 𝐵𝐵 be the point on 𝑟𝑟2̰ 

when 𝜇𝜇 = 0, find the vector 𝐴𝐴𝐴𝐴�����⃗ . [1] 
 
(iii) Find the projection of 𝐴𝐴𝐴𝐴�����⃗  onto the direction vector of 𝑟𝑟1̰. [2] 
 
(iv) Hence, find the distance between the lines 𝑟𝑟1̰ and 𝑟𝑟2̰. [2] 

 

End of Question 2 
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Question 3 [12 marks] 

Start on a NEW page. 

 
(a)       

(i) Given that 𝑒𝑒𝑖𝑖𝑖𝑖 = cos𝜃𝜃 + 𝑖𝑖 sin𝜃𝜃 and 𝑛𝑛 is an integer show that, [1] 

𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖 = 2 cos𝑛𝑛𝑛𝑛 

 

(ii) Let 𝜔𝜔 = 𝑒𝑒𝑖𝑖
2𝜋𝜋
5 , show that 1,𝜔𝜔,𝜔𝜔−1,𝜔𝜔2,𝜔𝜔−2 are the five zeros of 

the expression 𝑧𝑧5 − 1. [1] 
 

(iii) Prove that 1 + 𝜔𝜔 + 𝜔𝜔2 + 𝜔𝜔3 + 𝜔𝜔4 = 0. [2] 
 

(iv) Using parts (i) and (ii) deduce that a factorisation is [2] 
 

𝑧𝑧5 − 1 = (𝑧𝑧 − 1) �𝑧𝑧2 − 2 cos
2𝜋𝜋
5
𝑧𝑧 + 1� �𝑧𝑧2 − 2 cos

4𝜋𝜋
5
𝑧𝑧 + 1� 

 
(v) Another factorisation is 𝑧𝑧5 − 1 = (𝑧𝑧 − 1)(𝑧𝑧4 + 𝑧𝑧3 + 𝑧𝑧2 + 𝑧𝑧 + 1), 

hence conclude that [3] 

sin
𝜋𝜋

10
cos

4𝜋𝜋
5

= −
1
4

 

 
 

(b) Find the Cartesian equation and its domain, of the curve with vector 
equation, [2] 

 
𝑟̰𝑟 = 2𝑡𝑡𝚤̰𝚤 + (𝑡𝑡2 + 1)𝚥̰𝚥  where 𝑡𝑡 ∈ (−∞,∞). 

 
 
 
 
(c) Find the value of  𝜃𝜃, such that −𝜋𝜋 < 𝜃𝜃 ≤ 𝜋𝜋, that maximises the value of  [1] 

�𝑒𝑒𝑖𝑖𝑖𝑖 − 3 − √3𝑖𝑖�. 
 

End of Question 3 
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Question 4 [12 marks] 

Start on a NEW page. 

(a) Consider the equation (𝑧𝑧 − 1)4 + (𝑧𝑧 + 1)4 = 0. 
 

(i) Show that the equation can be written as 𝑤𝑤4 + 1 = 0 by letting 

𝑤𝑤 = 𝑧𝑧−1
𝑧𝑧+1

. [1] 

 
(ii) Find the four values of 𝜃𝜃 so that 𝑤𝑤 = cis𝜃𝜃 is a solution to the 

equation 𝑤𝑤4 + 1 = 0. [3] 
 

(iii) Given that 𝜃𝜃 takes one of the solution values, by equating the two 
expressions for 𝑤𝑤 from part (i) and (ii), write 𝑧𝑧 in terms of 𝜃𝜃. [1] 

 
(iv) Hence, by expressing 𝑧𝑧 in terms of  𝜃𝜃

2
  and then letting 𝜃𝜃 take its 

four values write the four solutions of (𝑧𝑧 − 1)4 + (𝑧𝑧 + 1)4 = 0 
in terms of cotangents. [3] 

 
 

 
(b) 𝑂𝑂 is the centre and 𝐴𝐴𝐴𝐴 is a diameter of the circle with radius of length 𝑟𝑟. 

Let 𝑂𝑂𝑂𝑂�����⃗ = 𝑎̰𝑎, 𝑂𝑂𝑂𝑂�����⃗ = 𝑝̰𝑝, ∠𝐴𝐴𝐴𝐴𝐴𝐴 = 𝜃𝜃 and ∠𝐴𝐴𝐴𝐴𝐴𝐴 = 𝜙𝜙. 

 
(i) Find 𝐵𝐵𝐵𝐵�����⃗  in terms of 𝑎̰𝑎 and 𝑝̰𝑝. [1] 

 
(ii) By considering the two dot products 𝑎̰𝑎⦁𝑝̰𝑝 and 𝐵𝐵𝐵𝐵�����⃗ ⦁𝐵𝐵𝐵𝐵�����⃗ , 

prove that 𝜙𝜙 = 2𝜃𝜃. [3] 

End of Question 4 

End of Task 
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