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1.  

𝑧𝑧 =  −2 + �2√3�𝑖𝑖 
 
a. Find the modulus and the argument of z [3] 
 
Using de Moivre’s theorem,  
 
b. Find 𝑧𝑧6, simplifying your answer. [2] 
 
c. Find the values of 𝑤𝑤 such that 𝑤𝑤4 = 𝑧𝑧3, giving your answers in the form 𝑎𝑎 + i𝑏𝑏 where 𝑎𝑎, 𝑏𝑏 ∈ 𝑅𝑅  [4] 
 

(9 marks) 
 

 2.  
 
 (i) A group G contains distinct elements a, b and e where e is the identity element, and the group operation is 
 multiplication. 

 
Given a2b = ba, prove ab ≠ ba [4] 
 
(ii) The set H = {1, 2, 4, 7, 8, 11, 13, 14} forms a group under the operation of multiplication modulo 15. 
  (a) Find the order of each element of H. [3] 

 

  (b) Find three subgroups of H each of order 4, and describe each of these subgroups.  [4] 
 
 

The elements of another group J are the matrices  

 
where k =1, 2, 3, 4, 5, 6, 7, 8 and the group operation is matrix multiplication. 

   
  (c) Determine whether H and J are isomorphic, giving a reason for your answer. [2] 
 

(13 marks) 
 
3.  

𝑧𝑧 = 2 − 𝑖𝑖√3 
 
a. Calculate arg 𝑧𝑧, giving your answer in radians to 2 decimal places.  [2] 

Use algebra to express,  

b. 𝑧𝑧 + 𝑧𝑧2 in the form 𝑎𝑎 + 𝑏𝑏i√3, where 𝑎𝑎 and 𝑏𝑏 are integers.  [3] 

c. 𝑧𝑧+7
𝑧𝑧−1

 in the form 𝑐𝑐 + 𝑑𝑑i√3, where 𝑐𝑐 and 𝑑𝑑 are integers. [4] 

 

 



Given that,  

𝑤𝑤 =  𝛾𝛾 − 3i 

Where 𝛾𝛾 is a real constant and arg(4 – 5i + 3w) = −𝜋𝜋
2
. 

d. Find the value of 𝛾𝛾  [2] 

(11 marks) 

4a. Use the standard results for ∑ 𝑟𝑟3𝑛𝑛
𝑟𝑟=1  and ∑ 𝑟𝑟𝑛𝑛

𝑟𝑟=1  to show that,  

�(𝑟𝑟3 + 6𝑟𝑟 − 3) =
1
4
𝑛𝑛2(𝑛𝑛2 + 2𝑛𝑛 + 13)

𝑛𝑛

𝑟𝑟=1

 

For all positive integers 𝑛𝑛  [5] 

b. Hence find the exact value of,  

� (𝑟𝑟3 + 6𝑟𝑟 − 3)
30

𝑟𝑟=16

 

   [2] 

(7 marks) 

 5. Given that 

A = 







46
13

 

 
a. Find the characteristic equation of the matrix A. 

[2] 

b. Hence show that A3 = 43A – 42I  
[3] 

(5 marks) 
 

6. A sequence of numbers is defined by  
𝑢𝑢1 = 8𝑢𝑢𝑛𝑛+1 = 4𝑢𝑢𝑛𝑛 − 9𝑛𝑛,   𝑛𝑛 ≥ 1 

 
Prove by induction that, for 𝑛𝑛 ∈ R,  𝑢𝑢𝑛𝑛 = 4𝑛𝑛 + 3𝑛𝑛 + 1  [3] 
 

(3 marks) 
 

7. The line 𝑙𝑙1 has vector equation,  

𝑟𝑟 = �
−6
4
−1

�+ λ �
4
−1
3
� 

and the line 𝑙𝑙2 has vector equation,  

𝑟𝑟 = �
−6
4
−1

� +  𝜇𝜇 �
3
−4
1
� 

Where, λ and 𝜇𝜇 are parameters.  

The lines 𝑙𝑙1 and 𝑙𝑙2 intersect at the point 𝐴𝐴 and the acute angle between 𝑙𝑙1 and 𝑙𝑙2 is 𝜃𝜃.  

a. Write down the coordinates of A. [1] 



b. Find the value of cos 𝜃𝜃. [3] 

The point 𝑋𝑋 lies on 𝑙𝑙1 where λ = 4. 

c. Find the coordinates of 𝑋𝑋  [1] 

d. Find the vector 𝐴𝐴𝑋𝑋�����⃗   [2] 

e. Hence, or otherwise, show that �𝐴𝐴𝑋𝑋�����⃗ � = 4√26  [2] 

The point Y lies on 𝑙𝑙2. Given that the vector 𝑌𝑌𝑋𝑋�����⃗  is perpendicular to 𝑙𝑙1,  

f. Find the length of AY, giving your answer to 3 significant figures. [3] 

(12 marks) 
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Question 6 

𝑢𝑢1 = 8  

𝑛𝑛 = 1  

Assume true for n = k so that 𝑢𝑢𝑘𝑘 = 4𝑘𝑘 + 3𝑘𝑘 + 1  

B1 

𝑢𝑢𝑘𝑘+1 = 4�4𝑘𝑘 + 3𝑘𝑘 + 1� − 9𝑘𝑘  

= 4𝑘𝑘+1 + 12𝑘𝑘 + 4 − 9𝑘𝑘 

= 4𝑘𝑘+1 + 3k + 4 

= 4𝑘𝑘+1 + 3(𝑘𝑘 + 1) + 1 

A1 

If true for n = k, then true for n = k + 1 and as true for n = 1, true for all n A1 

 

 

  



Question 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


