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General Instructions  Total Marks - 88  
• Reading time – 5 minutes.  • Attempt Questions 1 - 6 
• Working time – 90 minutes. 
• Write using black or blue pen. 

 • All questions are NOT of equal 
value. 

• Board approved calculators may 
be used. 

  

• All necessary working should be 
shown in every question if full marks 
are to be awarded. 

  
 

Examiner: A. Fuller 
• Marks may NOT be awarded for messy 

or badly arranged work. 
• Answers should be in simplest exact 

form unless specified otherwise. 

  

• Start each NEW section in a separate 
answer booklet. 

• Each section is to be returned in a 
separate bundle. 
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Section A 

Question 1 (15 marks) 

(a) Find  ∫ 5
cos2 𝑥  

𝑑𝑥.                      1                                                                                                                             

 

(b) Find the exact value of the following:      4 

 (i) cos−1 �√3
2
� 

 (ii) tan−1 �tan 5𝜋
6
� 

 (iii) sin �2 sin−1 � 1
√3
��. 

 

(c) Write the following in the form 𝑎 + 𝑖𝑏, where a and b are real:   6 

 (i) 3 − 4𝚤�������� 

 (ii) 1
3−4𝑖

 

 (iii) the two square roots of 3 − 4𝑖. 

 

(d) (i) Express the following in the form 𝑟(cos𝜃 + 𝑖 sin𝜃 ),    4 

where 𝑟 > 0 and −𝜋 < 𝜃 ≤ 𝜋. 

(α) √3 − 𝑖 

(β) �√3 − 𝑖�
7
 

 (ii) Hence, or otherwise, write �√3 − 𝑖�
7
in the form 𝑥 + 𝑖𝑦, 

  where x and y are real. 

 



 
 

Question 2 (15 marks) 

(a) 𝑃(𝑥) = 3𝑥3 − 5𝑥2 + 4𝑥 + 2.       4 

(i) Show that (1 + 𝑖) is a root of 𝑃(𝑥) = 0. 

(ii) Explain why (1 − 𝑖) is also a root of 𝑃(𝑥) = 0. 

(iii) Hence, or otherwise, factorise 𝑃(𝑥) over the Real field. 

 

(b) Evaluate ∫ |2 − 𝑥|4
1 𝑑𝑥.       2 

 

(c) (i) Show that 1
4+5sin2 𝑥

= 2
13−5cos2𝑥

.      4 

 (ii) Hence, or otherwise, find ∫ 𝑑𝑥
4+5sin2 𝑥

. 

 

(d) Sketch the locus of the following on separate argand diagrams:   5 

 (i) |𝑧 + 𝑖| ≤ 1 

 (ii) Re(𝑧 + 𝑖𝑧) < 1 

 (iii) 2|𝑧| = 𝑧 + 𝑧̅ + 4  

 

 

 

 

 

 

 



 
 

Section B  (Use a SEPARATE writing booklet) 

Question 3 (18 marks) 

(a) If 𝛼,𝛽, 𝛾 are the roots of the polynomial equation 2𝑥3 − 3𝑥 + 1 = 0.  6 

(i) Find the value of the following: 

 (α)  𝛼𝛽𝛾 

 (β) (1 − 𝛼)(1 − 𝛽)(1 − 𝛾) 

 (γ) 𝛼2 + 𝛽2 + 𝛾2 

 (δ) 𝛼4 + 𝛽4 + 𝛾4 

(ii) Form a polynomial equation which has roots 1
2𝛼+𝛽+𝛾

, 1
𝛼+2𝛽+𝛾

, 1
𝛼+𝛽+2𝛾

. 

 

(b) (i) Write 2𝑥2+𝑥+5
(𝑥−3)(𝑥2+4) in the form 𝐴

𝑥−3
+ 𝐵𝑥+𝐶

𝑥2+4
.     5 

(ii) Hence, or otherwise, find ∫  2𝑥2+𝑥+5
(𝑥−3)(𝑥2+4)𝑑𝑥. 

 

(c) (i) State the domain and range of 𝑦 = sin−1 �1
𝑥
�, 𝑥 > 0.   7 

 (ii) Find  𝑑𝑦
𝑑𝑥

. 

 (iii) Show that ∫ 𝑑𝑥
𝑥√𝑥2−1

= sec−1 𝑥 + 𝐶 using the substitution 𝑥 = sec𝜃. 

 (iv) Consider 𝑦 = sec−1 𝑥 to be 𝑥 = sec 𝑦 for 0 ≤ 𝑦 < 𝜋
2
. 

  Using the results from (ii) and (iii) write sec−1 𝑥 in terms of sin−1 �1
𝑥
�. 

 

 

 



 
 

Question 4 (15 marks) 

(a) Given that |𝑧1| = 15 and 𝑧2 = −3 + 4𝑖.      4 

 (i) Find the maximum value of  |𝑧1 + 𝑧2|. 

 (ii) Hence, find 𝑧1 if |𝑧1 + 𝑧2| takes its maximum value. 

 

(b) (i) Show that ∫ sin𝑥
√1+cos2 𝑥

𝜋
0 𝑑𝑥 = 2 ln�1 + √2�     5 

using the substitution 𝑢 = cos 𝑥. 

 (ii) Hence, or otherwise, evaluate ∫ 𝑥 sin𝑥
√1+cos2 𝑥

𝜋
0 𝑑𝑥. 

 

(c) In the diagram below, the points X, Y and Z correspond to the complex  6 

 numbers x, y and z respectively. 

   

  

 

 

 Find the complex numbers represented by: 

 (i) the vector OX (where O is the origin) 

 (ii) the vector XZ 

 (iii) the point A such that XYAZ is a parallelogram 

 (iv) the point C, the centroid of ∆𝑋𝑌𝑍. 

Note:  The centroid of a triangle is the point of intersection of the three medians.  

You may assume that the centroid lies two-thirds along a median from the vertex. 

Y 

X 
Z 



 
 

Section C  (Use a SEPARATE writing booklet) 

Question 5 (13 marks) 

(a) Let α be the complex root of the polynomial equation 𝑧7 = 1 with   7 

 the smallest positive argument. 

 Let 𝜃 = 𝛼 + 𝛼2 + 𝛼4 and 𝜙 = 𝛼3 + 𝛼5 + 𝛼6. 

 (i) Explain why 𝛼7 = 1 and 𝛼6 + 𝛼5 + 𝛼4 + 𝛼3 + 𝛼2 + 𝛼 + 1 = 0. 

 (ii) Show that 𝜃 + 𝜙 = −1 and 𝜃𝜙 = 2. 

 (iii) Show that 𝜃 = −1 
2

+ 𝑖 √7
2

 and 𝜙 = −1
2
− 𝑖 √7

2
. 

 (iv) Show that −cos 𝜋
7

+ cos 2𝜋
7

+ cos 4𝜋
7

= −1
2
. 

 

(b) 4 students have yet to be placed in a sport.       6 

There are 6 different sports to choose from. How many ways can this be done if: 

 (i) there are no restrictions 

 (ii) they must each be placed in different sports 

 (iii) no more than 2 can be placed in the same sport 

 (iv) 2 particular students can’t play the same sport? 

 

 

 

 

 

 



 
 

Question 6 (12 marks) 

(a) 𝐼𝑛 = ∫ 𝑥𝑛√1 − 𝑥  𝑑𝑥1
0          8 

 (i) Show that 𝐼𝑛 = 2𝑛
2𝑛+3

 𝐼𝑛−1. 

 (ii) Use mathematical induction to prove that 𝐼𝑛 = 𝑛!(𝑛+1)!
(2𝑛+3)!

4𝑛+1 

  for positive integers n. 

 (iii) Hence, find 𝐼3. 

 

(b) Prove that 𝑎𝑥3 + 3𝑏𝑥2 + 3𝑐𝑥 + 𝑑 has a triple zero if a, b, c, d are    4 

successive terms of a geometric series. 

 

 

 

 

 

 

 

 

 

 

 

 

End of paper 
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