
Section I 

10 marks 
Attempt Questions 1–10 
Allow about 15 minutes for this section 
 

Use the multiple-choice answer sheet (provided on the last page of the booklet) for Questions 1–10. 
  
 
1.  What is the scalar product of the two vectors 2 3u i j k= − + and 4 6 3v i j k= − − ?  

 

 A. 25 

 B. −11 

 C. 5 

 D. 23 

 
 
 
2.  It is given that , ,a b c and d are consecutive integers. 

 
Which of the following statements may be false?  
 

 A. 𝑎𝑏𝑐𝑑 is divisible by 8 
 

B. 𝑎𝑏𝑐𝑑 is divisible by 3 
 

C. 𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 4 
 

D. 𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 2 

 
 
 
3.  What is the contrapositive of the following statement?  

 
If you’re sad and you know it, then you will stomp your feet. 

 

 A. If you don’t stomp your feet, then you’re sad and you know it. 

 B. If you stomp your feet, then you’re either not sad or you don’t know it. 

 C. If you don’t stomp your feet, then you’re not sad and you don’t know it. 

 D. If you don’t stomp your feet, then you’re either not sad or you don’t know it. 

 

NESA Number:         
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4.  Which of the following is an expression for  
3 2 1

x dx
x +

 ?  

 A. 3

2
√(𝑥2 + 1)23

+ 𝐶 
 

 B. 3

4
√(𝑥2 + 1)23

+ 𝐶 
 

 C. 1

4
√(𝑥2 + 1)23

+ 𝐶 
 

 D. 2

3
√(𝑥2 + 1)23

+ 𝐶 

 
 
 
5.  (∗) A whole number 𝑛 is prime if it is 1 less or 5 less than a multiple of 6.  How many 

counterexamples to (∗) are there in the range 0 < 𝑛 < 50?  
 

 A. 2 
 

B. 3 
 

C. 4 
 

D. 5 
 
 
 
6.  

If 𝑧 = (1 + 𝑖𝑎)2 where 𝑎 is real and positive, what is the exact value of 𝑎 if ( )arg
3

z 
= ?      

 
 A. 

6


 

 
B. 1

3
 

 
C. 3  

 
D. 1

3
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7.  Which diagram best shows the curve described by the position vector 
 

( ) ( ) ( )sin cosr t t i t j= −  for 5
4 4

t 
  ?  

 
 A.                                                            B. 

 
 
 
 
 
 
 
 
 
 
 

C.                                                           D. 
 
 
 

 

 

 

 

 

 

 

8.  On an Argand diagram, the points 𝑧, −𝑧̅, 𝑧−1 and −(𝑧−1)̅̅ ̅̅ ̅̅ ̅ , where 1z  , form the vertices of a 

shape. 
 
Which of the following is the shape?   
 

 A. Square 

B. Rectangle 

C. Rhombus 

D. Trapezium 
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9.  The diagram shows the complex number 𝑧 in the fourth quadrant of the complex 

plane. The modulus of 𝑍 is 2.  
 

Which of the points marked 𝐴,  𝐵,  𝐶 or 𝐷 best shows the position of  1
iZ

−  ?  

  

 
 A. Point 𝐴 

 
B. Point 𝐵 

 
C. Point 𝐶 

 

D. Point 𝐷 

 
 
 

10.  If cos sin
5 5

i 
 = + , which quartic polynomial has 3 7, ,    and 9  as its zeros?  

 
 A. 4 3 2 1z z z z+ + + +  

 
B. 4 3 2 1z z z z− + − +  

 
C. 4 3 2 1z z z z− − + +  

 
D. 4 3 2 1z z z z+ − − +  

 
 

1 

1 

. 

. 𝐴 

𝐵 𝐶 

−1 
𝐷 

−1 . 
𝑍 

. 

. 
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Section II 

90 marks 

Attempt Questions 11–16 

Allow about 2 hours and 45 minutes for this section 

Answer each question in the appropriate writing booklet. Extra writing booklets are available. 
For questions in Section II, your responses should include relevant mathematical reasoning and/or calculations. 
  
 
Question 11 (16 marks) Use a new writing booklet. 
 
 

 

(a)  The complex numbers 𝑧 = 9𝑒
𝜋

3
𝑖 and 𝑤 = 3𝑒

𝜋

6
𝑖 are given.  

 (i) Find the value of 
𝑧

𝑤
, giving the answer in the form 𝑟𝑒𝑖𝜃. 

 

1 

 (ii) Hence, or otherwise, find the value of 𝑤2.  1 

    

 
(b)  It is given that the point R  is ( )2,1, 1− , 

4
1

2
RS

− 
 = − 
 
 

 and .  

Find the coordinates of T . 

 
2 

    

(c)  Find   

 (i)  3sin x dx



 2 

 
(ii)  

2

6 6
x dx

x +




 2 

    

(d)  2 3i−  is one root of the equation 3 52 0z mz+ + = , where 𝑚 is real.  

 (i) Find the other roots. 2 

 (ii) Determine the value of 𝑚. 2 

    

(e)  (i) Find the square roots of −3 − 4𝑖. 2 

 (ii) Hence or otherwise, solve the equation 𝑧2 − 3𝑧 + (3 + 𝑖) = 0. 2 

3RT RS=



-6- 
 

 
Question 12 (14 marks) Use a separate writing booklet. 
 
 

(a)  (i)  Express ( )
2

2

3 3 5
5

x x
x x
− +
+

 as a sum of partial fractions over . 3 

 (ii)  Hence find 
( )
2

2

3 3 5
5

x x dx
x x
− +
+





. 2 

    

(b)  For all non-negative numbers, 𝑥 and 𝑦, 
2

x y xy+
 .     (Do NOT prove this.) 

 
A rectangle has dimensions 𝑎 and 𝑏.  
 
Given that the rectangle has perimeter 𝑃, and area 𝐴, prove that 𝑃2 ≥ 16𝐴. 

2 

     

(c)  (i)  Write the complex number 8 2
5 3

iw
i

−
=

+
 in the form x iy+  1 

 (ii)  Find the argument of 𝑤. 1 

 (iii)  Hence or otherwise, find the possible values of the positive integer 𝑛 for which  
nw  is purely real. 

2 

    

(d)  On an Argand diagram, sketch the region satisfied by both 
 

1z z i+  −  and ( )Im 2z  . 

3 
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Question 13 (14 marks) Use a separate writing booklet. 
 
 

(a)  A triangle has side lengths 3, 3 6x x+ + and 5 2x + , where x .  

Prove that 1 7
3

x  . 

2 

    

(b)  Suppose 𝑝 ∈ ℝ satisfies 7 2p = . Prove that p is irrational.  2 

    

(c)  Let 𝑎𝑛 be the sequence defined recursively by 𝑎0 = 0 and 𝑎𝑛 = 𝑎𝑛−1 + 3𝑛2 for all  
integers 𝑛 ≥ 1. 
 
Use mathematical induction to prove that for all integers 𝑛 ≥ 0,  
 

𝑎𝑛 =
𝑛(𝑛 + 1)(2𝑛 + 1)

2
 

3 

   

(d)  A quadrilateral is formed in three-dimensional space.  
 
It’s vertices are ( )0,0,0O , ( )2,5, 6A − , ( )3, 3, 4B − −  and ( )2, 16,4C − , labelled in the 

clockwise direction from point 𝑂.  
 
Find the size of ABC , giving your answer to the nearest degree.  

4 

   

 
 
 
 
 
 
 
 
 
 
 

Question 13 continues on page 8 
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(e)   
 

 
 
 
In the diagram the points 𝐴, 𝐵, 𝐶 and 𝐷 
represent the complex numbers 

1 2 3, ,z z z  and 4z , respectively. Both 
ABC and BCD  are right angled 

isosceles triangles as shown 
 
 
 
 
 
 

 

 (i)  Show that the complex number 3z can be written as  

( )3 1 21z i z iz= − +  

1 

 (ii)  Hence, express the complex number 4z in terms of 1z and 2z , giving your answer in 
simplest form. 

2 

 
 
 
 

  

 

  

O 

Im 

Re 

C 

A 

B 

D NOT TO 
SCALE 
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Question 14. (14 marks) Use a separate writing booklet. 
 
 

(a)  By considering the series 
1

n

k
k

=
  and the AM-GM Inequality 1 2

1 2
... ...n n

n
x x x x x x

n
+ + +

 , 

prove that 1 !
2

nn n+ 
 

 
 for integers 1n  . 

3 

    

(b)  Use integration by parts to evaluate 
1 1

0

sin
1

x dx
x

−

+




. 3 

    

(c)  Using the substitution tan
2
xt = , or otherwise, evaluate 

2

3

2
sin 1

dx
x



 +




 

3 

    

(d)  Given 2 2 1z i− − = .  

 (i)  On an argand diagram, sketch the graph of the set of points represented by 𝑧. 1 

 (ii)  Find the maximum value of Arg 𝑧. 2 

 (iii)  Find the maximum value of |𝑧|. 2 
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Question 15. (16 marks) Use a separate writing booklet. 
 
 

(a)  OACB  is a parallelogram with OA a=  and OB b= . M is a point on OA such that 
1
5

OM OA= . P is a point on MB such that 1
6

MP MB= , as shown in the diagram. 

 
Show that P lies on OC . 
 
 
 
 
 
 
 
 
 
 

3 

    

(b)  (i)  Show that 
00

( ) ( )
a a

f x dx f a x dx= −
 




.  1 

 (ii)  Show that:  
1

2

2 00

cos
sin cos1

dx d
x x






 
=

++ −

 



 

2 

 (iii)  Hence, determine the value of: 
 

1

2
0 1

dxI
x x

=
+ −





 

2 

   

 
 

 

 

 

Question 15 continues on page 11 

 

  

O M 

C B 

P 

𝑏
~

 

. 
A 𝑎

~
 

. 
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(c)  The line 1r  has equation:  

( )1 2 2 3 )r i k i j k= + + + −    where   . 

The line 2r  has equation: 

1 4 1
1 1 3

x y z+ − −
= =  

 

 (i)  Show that ( )2 4 3r i j k i j k= − + + + + +  where . 1 

 (ii)  Show that lines 1r and 2r  do not intersect. 3 

  

The point A lies on 1r with parameter p = , and the point B lies on 2r with parameter 
q = . 

 

 (iii)  Write AB  as a column vector. 1 

 (iv)  Calculate the value of AB  when AB  is perpendicular to both 1r and 2r . 3 
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Question 16. (16 marks) Use a separate writing booklet. 
 
 

(a)  Consider the proposition: 

If the remainder is 2 or 3 when an integer n is divided by 4, then 2n k , where k . 

 

 (i)  State the contrapositive to the proposition. 1 

 (ii)  Hence, prove the proposition by proving the contrapositive. 3 

    

(b)  Let 

( ) ( ) ( ) ( )0 1 2
1 1 1 1...

1 1 1 1n nz
i i i i

= + + + +
+ + + +

 

 

 (i)  Express 1
1 i+

 in the form x iy+ . 1 

  

(ii)  Prove that 
2

sin cos
4 41

2
n n

n ni
z i

 
+

= − + . 

 
4 

    

(c)  Let 2 2

0

a n
nI x a x dx= − , 𝑎 ∈ ℝ+ and 0,1,...n =   

 
(i)  Prove that 2

2
1
2n n

nI a I
n −

−
=

+
 for 2,3, ...n =  3 

 (ii)  Prove that ( )
( )

2 2

2

2 !
2 ! 1 !

n

n

naI
n n



+
 =   + 

 4 

   
 

 

 
  

 
End of examination. 
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Section I – Multiple Choice Answer Sheet 
 

Allow about 15 minutes for this section 
Select the alternative A, B, C or D that best answers the question.  Fill in the response oval completely. 
 
 

Sample: 2 + 4 = (A)  2 (B)  6 (C) 8 (D)  9 
      

  A   B   C   D   
 
If you think you have made a mistake, put a cross through the incorrect answer and fill in the new answer. 
 

  A   B   C   D   
 
If you change your mind and have crossed out what you consider to be the correct answer, then indicate 
the correct answer by writing the word correct and drawing an arrow as follows. 

 

  
 

A   B   
 

C   
 

D   
 
      

    

  1. A      B          C   D 

  2. A      B          C   D 

  3. A      B          C   D 

  4. A      B          C   D 

  5. A      B          C   D 

  6. A      B          C   D 

  7. A      B          C   D 

  8. A      B          C   D 

  9. A      B          C   D 

  10. A      B          C   D 
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Section I 

NESA Number:         

10 marks 
Attempt Questions 1–10 
Allow about 15 minutes for this section 
 
Use the multiple-choice answer sheet (provided on the last page of the booklet) for Questions 1–10. 
  
 
1.  

What is the scalar product of the two vectors 2 3u i j k  
   and 4 6 3v i j k  

   ?  

 A. 25 

 B. −11 

 C. 5 

 D. 23 

 
 
2.  

It is given that , ,a b c and d are consecutive integers. 
 
Which of the following statements may be false?  
 

 A. 𝑎𝑏𝑐𝑑 is divisible by 8 
 

B. 𝑎𝑏𝑐𝑑 is divisible by 3 
 

C. 𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 4 
 

D. 𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 2 

 
 
3.  What is the contrapositive of the following statement?  

 
If you’re sad and you know it, then you will stomp your feet. 

 

 A. If you don’t stomp your feet, then you’re sad and you know it. 

 B. If you stomp your feet, then you’re either not sad or you don’t know it. 

 C. If you don’t stomp your feet, then you’re not sad and you don’t know it. 

 D. If you don’t stomp your feet, then you’re either not sad or you don’t know it. 
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4.  
Which of the following is an expression for  

3 2 1

x
dx

x 


?  

 A. 3

2
ඥ(𝑥ଶ + 1)ଶయ

+ 𝐶 

 
 B. 3

4
ඥ(𝑥ଶ + 1)ଶయ

+ 𝐶 

 
 C. 1

4
ඥ(𝑥ଶ + 1)ଶయ

+ 𝐶 

 D. 2

3
ඥ(𝑥ଶ + 1)ଶయ

+ 𝐶 

 
 
 
5.  (∗) A whole number 𝑛 is prime if it is 1 less or 5 less than a multiple of 6.  How many 

counterexamples to (∗) are there in the range 0 < 𝑛 < 50?  
 

 A. 2 
 

B. 3 
 

C. 4 
 

D. 5 
 

Multiples 
of 6 

1 less 5 less Prime 

6 5 1 N 
12 11 7 Y 
18 17 13 Y 
24 23 19 Y 
30 29 35 N 
36 35 31 N 
42 41 37 Y 
48 47 43 Y 
54 Not < 50 49 N 
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6.  

If 𝑧 = (1 + 𝑖𝑎)ଶ where 𝑎 is real and positive, what is the exact value of 𝑎 if 
 arg

3
z




?      
 

 A. 

6


 

 
B. 1

3  
 

C. 
3  

 
D. 1

3   
 

7.  Which diagram best shows the curve described by the position vector 
 

     sin cosr t t i t j 
    for 

5

4 4
t

 
 

?  
 

 A.                                                            B. 
 
 
 
 
 
 
 
 
 
 
 

C.                                                           D. 
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8.  
On an Argand diagram, the points 𝑧, −𝑧, 𝑧ିଵ and −(𝑧ିଵ) , where 1z  , form the vertices of a 

shape. 
 
Which of the following is the shape?   
 

 
A. Square 

B. Rectangle 

C. Rhombus 

D. Trapezium 
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9.  The diagram shows the complex number 𝑧 in the fourth quadrant of the complex 

plane. The modulus of 𝑍 is 2.  
 

Which of the points marked 𝐴,  𝐵,  𝐶 or 𝐷 best shows the position of  

1

iZ


 ?  
  

 
 A. Point 𝐴 

 
B. Point 𝐵 

 
C. Point 𝐶 

 

D. Point 𝐷 

 
 
 

10.  
If 

cos sin
5 5

i
   

, which quartic polynomial has 
3 7, ,    and 

9  as its zeros?  
 

 A. 4 3 2 1z z z z     
 

B. 4 3 2 1z z z z     
 

C. 4 3 2 1z z z z     
 

D. 4 3 2 1z z z z     
 

 

 
 

 

 

. 

.  

  

 
 

 
. 

 

. 

. 



-8- 
 

Section II 
90 marks 

Attempt Questions 11–16 

Allow about 2 hours and 45 minutes for this section 
Answer each question in the appropriate writing booklet. Extra writing booklets are available. 
For questions in Section II, your responses should include relevant mathematical reasoning and/or calculations. 

  
 
Question 11 (16 marks) Use a new writing booklet. 
 
 

 

(a)  The complex numbers 𝑧 = 9𝑒
ഏ

య
௜ and 𝑤 = 3𝑒

ഏ

ల
௜ are given.  

 (i) Find the value of 
௭

௪
, giving the answer in the form 𝑟𝑒௜ఏ. 

 

1 

 
 
 
 
 
 
 
 
 
 
 

 (ii) Hence, or otherwise, find the value of 𝑤ଶ.  1 

 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Generally answered well 

Marker’s comments: 
Generally answered well  
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(b)  

It is given that the point R  is  2,1, 1 , 

4

1

2

RS

 
   
 
 



 and .  
Find the coordinates of T . 

 
2 

 
 
 
 
 
 
 
 
 
 
 
 

(c)  Find   

 (i) 
3sin x dx



  

2 

 
 

 

 

 

 

 

  

Marker’s comments: 
Generally answered well but 
students were making careless 
errors. 
 

Marker’s comments: 
Generally answered well but 
students were making careless 
errors. 
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(ii) 

2

6 6

x
dx

x 


  

2 

 
 
 
 
 
 
 
 
 
 
 

(d)  
2 3i  is one root of the equation 

3 52 0z mz   , where 𝑚 is real. 
 

 (i) Find the other roots. 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Determine the value of 𝑚. 2 

 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Generally answered well but some 
students had trouble recognising 
that the integral was arctan or they 
used the wrong substitution. 

Marker’s comments: 
Generally answered well but a few 
students didn’t realise that the 
conjugate was also a root 

Marker’s comments: 
Generally answered well but 
students were making careless 
errors. 
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(e)  (i) Find the square roots of −3 − 4𝑖. 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Hence or otherwise, solve the equation 𝑧ଶ − 3𝑧 + (3 + 𝑖) = 0. 2 

 

  

Marker’s comments: 
Generally answered well but 
methods used to answer the 
question were not always the most 
efficient.  

Marker’s comments: 
Generally answered well. 
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Question 12 (14 marks) Use a separate writing booklet. 
 
 

(a)  (i) 
Express  

2

2

3 3 5

5

x x

x x

 
  as a sum of partial fractions over  . 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) 

Hence find  
2

2

3 3 5

5

x x
dx

x x

 




 . 

2 

 
 

 

 

 

 

 

 

   

Marker’s comments: 
Generally answered well although 
students made careless errors in 
their solutions. 

Marker’s comments: 
Generally answered well. 
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(b)  
For all non-negative numbers, 𝑥 and 𝑦, 2

x y
xy




.     (Do NOT prove this.) 
 
A rectangle has dimensions 𝑎 and 𝑏.  
 
Given that the rectangle has perimeter 𝑃, and area 𝐴, prove that 𝑃ଶ ≥ 16𝐴. 

2 

 
 

 

 

 

 

 

 

 

 

 

 

(c)  (i) 
Write the complex number 

8 2

5 3

i
w

i




  in the form x iy  
1 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 

Marker’s comments: 
Most students were able to arrive 
at the proof, however, the setting 
out and structure of the logic was 
an issue. 

Marker’s comments: 
Generally answered well 
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 (ii) Find the argument of 𝑤. 1 

 
 
 

 

 
 
 
 
 

 (iii) Hence or otherwise, find the possible values of the positive integer 𝑛 for which  
nw  is purely real. 

2 

 
 
 
 
 
 
 
 
 
 

(d)  On an Argand diagram, sketch the region satisfied by both 
 

1z z i    and  Im 2z  . 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

Marker’s comments: 
Generally answered well 

Marker’s comments: 
Many students forgot to qualify 
the sign of 𝑘 to allow for positive 
values only of 𝑛. 

Marker’s comments: 
Students were not: 
 including the open circle at 

the intersection point of the 
two graphs 

 did not include a dashed line 
beyond the applicable region, 
however, marks were not 
deducted for this 

 using the correct Cartesian 

equation for 1  z z i  
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 Question 13 (14 marks) Use a separate writing booklet. 

 

(a)  
A triangle has side lengths 3, 3 6x x  and 5 2x  , where x .  

Prove that 

1
7

3
x 

. 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)  Suppose 𝑝 ∈ 𝑅 satisfies 7 2p  . Prove that p is irrational.  2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Majority of the students didnt 
consider all the three cases and 
lost one mark 
 

Marker’s comments: 
A large number of students didnt 
recognise that a and b should be 
positive integers. 
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(c)  Let 𝑎௡ be the sequence defined recursively by 𝑎଴ = 0 and 𝑎௡ = 𝑎௡ିଵ + 3𝑛ଶ for all  
integers 𝑛 ≥ 1. 
Use mathematical induction to prove that for all integers 𝑛 ≥ 0,  

𝑎௡ =
𝑛(𝑛 + 1)(2𝑛 + 1)

2
 

3 

 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Overall , well done 
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(d)  A quadrilateral is formed in three-dimensional space.  

It’s vertices are  0,0,0O ,  2,5, 6A  ,  3, 3, 4B    and  2, 16,4C  , labelled in the 
clockwise direction from point 𝑂.  
 

Find the size of ABC , giving your answer to the nearest degree.  

4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Well done  
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(e)   
 

 
 
 
In the diagram the points 𝐴, 𝐵, 𝐶 and 𝐷 
represent the complex numbers 

1 2 3, ,z z z  and 4z , respectively. Both 

ABC and BCD  are right angled 
isosceles triangles as shown 

 
 
 
 
 

 

 (i) 
Show that the complex number 3z can be written as  

 3 1 21z i z iz    

1 

 
 
 
 
 
 
 
 
 
 

 (ii) 
Hence, express the complex number 4z in terms of 1z and 2z , giving your answer in 
simplest form. 

2 

 
 
 
 

  

 

  

 

O 

Im 

Re 

C 

A 

B 

D NOT TO 
SCALE 

Marker’s comments: 
Well done  

Marker’s comments: 
Some students struggled in 
showing the understanding of 
rotation of a vector through ninety 
degrees anticlockwise  
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Question 14. (14 marks) Use a separate writing booklet. 
 

(a)  
By considering the series 1

n

k

k



 and the AM-GM Inequality 
1 2

1 2

...
...n n

n

x x x
x x x

n

  


, 

prove that 

1
!

2

n
n

n
   

   for integers 1n  . 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
It is generally a bad idea to use an 
induction proof unless you have been 
directed to do so.  Any students who 
used induction could not get any marks 
as they could not prove the result and did 
not make any progress towards to correct 
method. 
 
Responses who received full marks 

needed to state that 1 2, ,... nx x x  was 

going to the first n positive integers.  
Many students did not explain how they 
were using the given AM-GM inequality 
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(b)  
Use integration by parts to evaluate 

1 1

0

sin

1

x
dx

x






 . 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Relatively well done.  
 
The main error was leaving the 
negative off when integrating in 
the third last line. 
 
Lots of very simple algebraic 
errors and careless mistakes 
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(c)  
Using the substitution 

tan
2

x
t 

, or otherwise, evaluate 

2

3

2

sin 1
dx

x



 



 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Relatively well done 
 
Some very elaborate ways of calculating ‘ 

dx

dt
 in terms of t.  The easiest is to 

make x the subject and 12 tanx t  

differentiate.  Lots of wasted time on 

this section of the question. 

 

There were many different forms of 

the solution, depending on whether 

the denominator was rationalised. 
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(d)  
Given 2 2 1z i   . 

 

 (i) On an argand diagram, sketch the graph of the set of points represented by 𝑧. 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Find the maximum value of Arg 𝑧. 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Very well done 

Marker’s comments: 
Quite poorly done. 
 
Many students did not know how to do 
this. 
 
Some students used the correct method 
but put the right angle at the centre of the 
circle instead of between the tangent and 
radius. 
 
Some students assumed the the max arg 
was at the point (1,2).  This received no 
marks 
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 (iii) Find the maximum value of |𝑧|. 2 

 
 

 
 

  

Marker’s comments: 
Much better 
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Question 15. (16 marks) Use a separate writing booklet. 
 

(a)  OACB  is a parallelogram with OA a


  and OB b


 . M is a point on OA such that 
1

5
OM OA
 

. P is a point on MB such that 

1

6
MP MB
 

, as shown in the diagram. 
 

Show that P lies on OC . 
 
 
 
 
 
 
 
 
 
 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

C B 

 
 

P . 

. O M A  

Marker’s comments: 
Very well done 
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(b)  (i) 

Show that 00

( ) ( )

a a

f x dx f a x dx 
 


 .  

1 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 

 (ii) Show that:  
1

2

2
00

cos

sin cos1

dx
d

x x


 

 


 

    

2 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Generally well done. 
 
Make sure you don’t have two variables 
in the definite integral  

Marker’s comments: 
Very well done 
 
This is a show question and so you must 
show the substitution and then simplify. 
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 (iii) Hence, determine the value of: 
 

1

2
0 1

dx
I

x x


 



  

2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Marker’s comments: 
Very well done 
Some students did not make the 
connection with part i) and did not 
know how to start. 
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(c)  
The line 1r

  has equation:  

 1 2 2 3 )r i k i j k    
        where  . 

The line 2r
  has equation: 

1 4 1

1 1 3

x y z  
   

 

 (i) 
Show that  2 4 3r i j k i j k      

       where  . 
1 

 
 
 
 
 
 
 
 
 

 (ii) 
Show that lines 1r

 and 2r
  do not intersect. 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Lots of students did not know 
that the equation of a line in the 

form  
1 4 1

1 1 3

x y z  
  . 

 
Many just stated the direction 
vector without showing it. 
 
A lot of unnecessary long working 
with this question. 
 

Marker’s comments: 
Generally very well done 
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The point A lies on 1r

 with parameter p  , and the point B lies on 2r
 with parameter 

q  . 

 

 (iii) Write AB


 as a column vector. 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (iv) 
Calculate the value of 

AB


 when AB


 is perpendicular to both 1r
 and 2r

 . 3 

 
 

 
 
 
 

  

Marker’s comments: 
Generally very well done 

Marker’s comments: 
Generally well done 
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Question 16. (16 marks) Use a separate writing booklet. 
 

(a)  Consider the proposition: 

If the remainder is 2 or 3 when an integer n is divided by 4, then 
2n k , where k . 

 

 (i) State the contrapositive to the proposition. 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Hence, prove the proposition by proving the contrapositive. 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Marker’s comments: 
Well done  

Marker’s comments: 
The students are reminded to read the 
question carefully especially in these 
questions when k was any integer . 
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(b)  Let 

       0 1 2

1 1 1 1
...

1 1 1 1
n nz

i i i i
    

     

 

 (i) 

Express 

1

1 i  in the form x iy . 

1 

 
 
 
 
 
 

 

 

  

(ii) 

Prove that 2

sin cos
4 41

2
n n

n n
i

z i

 
  

. 

 
4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Well done  

Marker’s comments: 
Poorly done . Some students didnt take the 
correct number of terms and others 
struggled in the last steps of the solution .  
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(c)  
Let 

2 2

0

a n
nI x a x dx  , 𝑎 ∈ 𝑅ା and 0,1,...n   

 

 
(i) 

Prove that 
2

2

1

2n n

n
I a I

n 




  for 2,3, ...n   
3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Marker’s comments: 
Majority of the students got u and v 
correct but lost marks due to silly 
mistakes . 
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 (ii) 
Prove that 

 
 

2 2

2

2 !

2 ! 1 !

n

n

na
I

n n



       

4 

 
 
 
  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marker’s comments: 
Not many students received full 
marks as they either struggled with 
the time management and couldnt 
complete the question or couldnt get 
to the final part of the solution due to 
lack of understanding in factorials  
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