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Section I 
 
10 marks 
Attempt Questions 1 – 10 
Allow about 15 minutes for this section 
 
 
Use the multiple-choice answer sheet for Questions 1 – 10. 

 
 

 
1  A school committee consists of 8 members and a chairperson. The members are 

selected from 12 students. The chairperson is selected from 4 teachers. In how many 
ways could the committee be selected? 

 A. 𝐶𝐶8 
12 + 𝐶𝐶1 

4  

 B. 𝑃𝑃8 
12 + 𝑃𝑃1 

4  

 C. 𝑃𝑃8 
12 × 𝑃𝑃1 

4  

 D. 𝐶𝐶8 
12 × 𝐶𝐶1 

4  

 
 

2  What is the value of 𝑘𝑘 for which�
1

4 + 𝑥𝑥2
𝑑𝑑𝑥𝑥

𝑘𝑘

0
=
𝜋𝜋
6

? 

 

 A. 1  

 B. 1
2
  

 C. √3  

 D. 2√3  

 
 

3  The function 𝑓𝑓(𝑥𝑥) =
𝑥𝑥2

𝑥𝑥3 − 6
 has an inverse 𝑓𝑓−1(𝑥𝑥) for 𝑥𝑥 ≥ 0. 

 
Which of the following represents a point of intersection of 𝑓𝑓(𝑥𝑥) with 𝑓𝑓−1(𝑥𝑥)? 

 
 A. (2, 2) 

 B. (1,−0.2) 

 C. (3, 3)  

 D. (−0.2, 1) 
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4  The position vector of a point A is given by 2𝑖𝑖
~

+ 3 𝑗𝑗
~

.  

The vector 𝑂𝑂𝑂𝑂�����⃗  is rotated 900 clockwise to get 𝑂𝑂𝑂𝑂�����⃗ .  What is 𝑂𝑂𝑂𝑂�����⃗  ?  
 

 A. 3𝑖𝑖
~
− 2 𝑗𝑗

~
 

 B. 3𝑖𝑖
~

+ 2 𝑗𝑗
~

 

 C. −3𝑖𝑖
~
− 2 𝑗𝑗

~
 

 D. −3𝑖𝑖
~

+ 2 𝑗𝑗
~

 

   

5  A differential equation is given to be 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑥𝑥

=
𝑑𝑑
𝑥𝑥2

. 
 

Which of the following best represents the direction field of the differential equation? 
 

 

A. 

 

B. 

 

 

C. 

 

D. 

 
  

6  How many solutions does the equation sin 6𝑥𝑥 − sin 2𝑥𝑥 = 0 have for 0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋? 
 

 A. 5 

 B. 12 

 C. 13 

 D. 14 
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7  What is the vector projection of   𝑢𝑢
~

= 𝑖𝑖
~

+ 2𝑗𝑗
~

  onto 𝑣𝑣
~

= −3𝑖𝑖
~

+ 4𝑗𝑗
~

 ? 

 

 A. 
1
5

(−3𝑖𝑖
~

+ 4𝑗𝑗
~

) 

 B. −
1
5 (−3𝑖𝑖

~
+ 4𝑗𝑗

~
) 

 C. 
1
5

(𝑖𝑖
~

+ 2𝑗𝑗
~

) 

 D. 
1
5

(𝑖𝑖
~
− 2𝑗𝑗

~
) 

  

8  What is the range of the function with rule 𝑓𝑓(𝑥𝑥) =  cos−1( 2𝑥𝑥 − 1) + 𝜋𝜋
2

 ? 

 A.  [0, π ] 

 B.  [0, 𝜋𝜋
2
] 

 C.  [−𝜋𝜋
2
, 3𝜋𝜋
2

 ] 

 D. [𝜋𝜋
2
, 3𝜋𝜋
2

 ] 

  

9  What is the value of �
sin−1 𝑥𝑥 dx
√1 − 𝑥𝑥2

√3
2

0
? 

 A. 𝜋𝜋2

36
 

 B. 𝜋𝜋2

18
 

 C. 𝜋𝜋2

6
 

 D. √3
2
−
𝜋𝜋
6

 

  

10  The parametric equations of a curve C are given by 𝑥𝑥 = cos 2𝑡𝑡 and 𝑑𝑑 = sin 𝑡𝑡. 
What is the cartesian equation of the curve C ? 
 

 A. 𝑑𝑑2 =
1
2

(𝑥𝑥 − 1) 

 B. 𝑑𝑑2 = −
1
2

(𝑥𝑥 − 1) 

 C. 𝑑𝑑2 = −
1
2

(𝑥𝑥 + 1) 

 D. 𝑑𝑑2 =
1
2

(𝑥𝑥 + 1) 

  

 
End of Section I 
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Section II 
 
60 marks 
Attempt Questions 11 – 14  
Allow about 1 hour and 45 minutes for this section 
 
Instructions • Answer each question in the appropriate booklet. Extra writing booklets are 

available. 
 
• In Questions 11-14 your responses should include relevant mathematical 

reasoning and/or calculations. 
 

 
Question 11 (15 marks)  Marks 
    

(a) Solve the inequality 
3

𝑥𝑥 − 1
< 2. 

 

2 

    
(b) The letters of the word EXAMINATION are to be arranged in a row.  
 (i) How many eleven letter words can be made? 1 
 (ii) How many eleven letter words will NOT contain adjacent N’s? 2 
    
    
(c) The polynomial equation 𝑥𝑥4 + 4𝑥𝑥3 − 3𝑥𝑥2 + 5x − 7 = 0 has roots 

 α, β, γ and δ. 

Find the value of 
1
𝛼𝛼

+
1
𝛽𝛽

+
1
𝛾𝛾

+
1
𝛿𝛿

. 

 

2 

    

(d) Use the substitution 𝑢𝑢 = 2𝑥𝑥 − 1 to evaluate � 𝑥𝑥 √2𝑥𝑥 − 13  𝑑𝑑𝑥𝑥
2

1
2

. 

Write your answer correct to one decimal place. 

3 

 
  

(e) (i) Sketch the curve 𝑑𝑑 = √𝑥𝑥2 − 2𝑥𝑥 for 𝑥𝑥 ∈  [2,4], clearly labelling the end 
points with their coordinates. 

2 

 
(ii) The portion of the curve given by 𝑑𝑑 = �𝑥𝑥2 − 2𝑥𝑥 for 𝑥𝑥 ∈ [2,4] is  

rotated about the 𝑥𝑥 − axis to form a solid of revolution.  
Evaluate the volume of the solid formed in exact form. 

3 

    
End of Question 11  
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Question 12 (15 marks)  Marks 
    

(a) The diagram shows the graph of 𝑓𝑓(𝑥𝑥), which has a 𝑑𝑑-intercept at -2, 
 𝑥𝑥-intercepts at 1 and -1, and a horizontal asymptote at 𝑑𝑑 = 2. 
 

 
 
Sketch the graph of 𝑑𝑑 = 1

𝑓𝑓(𝑥𝑥) , showing any asymptotes and intercepts. 

3 

    
    

(b) Use the 𝒕𝒕-𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟 to solve the equation sin 𝜃𝜃 + cos 𝜃𝜃 = 1
2
  for [0, 2𝜋𝜋] 

Provide your answer in radians to three decimal places. 
 

4 

   
   

(c) Find the coefficient of 𝑥𝑥8 in the expansion of �
𝑥𝑥
4

+
4
𝑥𝑥
�
14

. 2 

    
    
(d) When the polynomial 𝑃𝑃(𝑥𝑥) is divided by (𝑥𝑥 − 1)(𝑥𝑥 + 4), the quotient is 𝑄𝑄(𝑥𝑥) 

and the remainder is 𝑅𝑅(𝑥𝑥). The remainder 𝑅𝑅(𝑥𝑥) can be written in the general 
form as 𝑅𝑅(𝑥𝑥) = 𝑎𝑎𝑥𝑥 + 𝑏𝑏. 
It is known that 𝑃𝑃(1) = −4 and when 𝑃𝑃(𝑥𝑥) is divided by (𝑥𝑥 + 4), the 
remainder is 1.  
Find the values of 𝑎𝑎 and 𝑏𝑏. 

3 

   
  Question 12 continues on page 7  
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Question 12 continued  
(e) ∆𝐷𝐷𝐷𝐷𝐶𝐶 has a right angle at D.  
 

 

 

 Show that :  
 (i) |�̰�𝑑|2 = �̰�𝑒 · �̰�𝑒 + 2(�̰�𝑒 · �̰�𝑐) + �̰�𝑐 · �̰�𝑐 2 
 (ii) |�̰�𝑑|2 = |�̰�𝑒|2 + |�̰�𝑐|2 1 

End of Question 12  
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Question 13 (15 marks)  Marks 
    

(a) Eight students, including Ari, Bobbi, and Cali, form a single line and walk into 
their classroom. 
 

 

 (i) How many ways can the students walk into the classroom if Ari and  
Bobbi are next to each other, with no students in between? 
 

1 

 

(ii) 
 
 
 

When the students enter the classroom, they are seated around a 
circular table. 
 
How many ways can the students be seated around the table if Bobbi 
and Cali cannot sit next to each other? 
 

2 

    
(b) An ice cube is melting at a rate of 2 mL/min. The three dimensions of the cube 

are decreasing uniformly. 
 
At what rate is the side length of the cube decreasing when the side length is 
3 cm? Give your answer in cm/min. (1 mL = 1 cm3) 
 

2 

   

(c) (i) Show that 
cos𝛽𝛽 − cos 2𝛽𝛽
sin𝛽𝛽 + sin 2𝛽𝛽

=
1 − cos𝛽𝛽

sin𝛽𝛽
 

 
 

2 

 

(ii) A light inextensible string is connected at each end to a horizontal 
ceiling. A mass of 𝑚𝑚 kilograms hangs from a smooth ring on the 
string. A horizontal force of 𝐹𝐹 newtons is applied to the string. The 
tension in the string has a constant magnitude and the system is in 
equilibrium. At one end string makes an angle 𝛽𝛽 with the ceiling and 
at the other end the string makes an angle 2𝛽𝛽, as shown in the 
diagram below.  
 

3 

 

 

 

 

 
 

Show that  𝐹𝐹 = 𝑚𝑚𝑚𝑚 �
1 − cos𝛽𝛽

sin𝛽𝛽
�. 

 
 
 

  Question 13 continues on page 9  
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Question 13 continued  
    
(d) The vector equation of the velocity  𝑣𝑣

~
(𝑡𝑡)  of a particle at any time  𝑡𝑡   is given 

by: 
 

𝑣𝑣
~

(𝑡𝑡) = 10 √3 𝑖𝑖
~
− (10 + 10 𝑡𝑡 )𝑗𝑗

~
  

 
Initially the particle was projected from the edge of a cliff 120 metres high. 
Assuming that the acceleration due to gravity is 10 m/s2 and the foot of the 
cliff as the origin: 

 

 
(i) Show that the position vector of the particle at any time 𝒕𝒕 is given 

 by  𝑟𝑟
~

(𝑡𝑡) = 10 √3 𝑡𝑡 𝑖𝑖
~

+ (120 − 10𝑡𝑡 − 5𝑡𝑡2)𝑗𝑗
~

   metres 
2 

    
 (ii) Calculate the time taken by the particle to reach the ground. 1 
    

 (iii) Hence, find the speed and the angle at which the particle hits the 
ground. 

2 

   
 End of Question 13  
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Question 14 (15 marks)  Marks 
    

(a) A new virus is spreading through a closed population.  The rate of change  
in the number of infected individuals can be given by the logistic equation 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑡𝑡

= 𝑘𝑘𝑑𝑑(𝑃𝑃 − 𝑑𝑑), 
 where 𝑑𝑑 is the number of infected individuals, 𝑡𝑡 is the time in days,  
 𝑃𝑃 is the constant population size, and k is a constant. 
 
 

 

 (i) Show that 
1

𝑑𝑑(𝑃𝑃 − 𝑑𝑑) =
1
𝑃𝑃
�

1
𝑑𝑑

+
1

𝑃𝑃 − 𝑑𝑑
�. 

 

1 

 (ii) By integrating the differential equation,  

show that,𝑑𝑑 =
𝑃𝑃

1 + 𝑂𝑂𝑒𝑒−𝑃𝑃𝑘𝑘𝑃𝑃
, where 𝑂𝑂 is a constant 

3 

    

 (iii) If there is initially one infected individual in the population of 
1,000,000 individuals, and after 28 days there are 100 infected 
individuals, find how many individuals are infected 12 weeks after the 
initial infection. 
 

3 

   
(b) Find the two possible values of 𝑘𝑘 for which the polynomial 

𝑃𝑃(𝑥𝑥) = 𝑥𝑥3 + 3𝑥𝑥2 − 45𝑥𝑥 + 𝑘𝑘 has a double zero. 
3 

    
    
(c) (i) Show algebraically that �

𝑛𝑛
𝑟𝑟
� = �

𝑛𝑛 − 1
𝑟𝑟 − 1

� + �
𝑛𝑛 − 1
𝑟𝑟

� . 

 

2 

 

(ii) Hence, prove by mathematical induction that  
 

�
𝑛𝑛
0
� + �

𝑛𝑛
1
� + �

𝑛𝑛
2
� + ⋯+ �

𝑛𝑛
𝑛𝑛
� = 2𝑛𝑛 

 
                                                                                               for 𝑛𝑛 ≥ 1. 
 

3 

End of Paper  
 
 








































