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General Instructions 
 
 Reading time – 10 minutes  
 Working time – 2 hours  
 Write using black pen 
 Write your name on the front of 

every booklet. 
 In Questions 11 to 14 show 

relevant mathematical reasoning 
and/or calculations. 

 NESA approved calculators may 
be used. 

 Weighting:30% 
 

Section I Multiple Choice 
 10 marks 
 Attempt all questions. 
 Answer Sheet provided 
 Allow about 15 minutes for this section 
 
Section II Free Response 
 60 marks 
 Start a separate booklet for each 

question. 
 Each question is of equal value. 
 All necessary working should be shown 

in every question. 
 Allow about 1 hour and 45 minutes for 

this section. 
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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. 

 

Q1. Vectors    and are shown in the diagram below. 

 

Which diagram best represents the vector   ? 

 A      B 

 

 

 

 

 

 

 

 

 C      D 
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Q2. The radius of a circle is increasing at a constant rate of 0.4 meters per second.  
What is the rate of increase in the area of the circle at the instant when the 
circumference is 60π metres? 
  

A. 
   

B. 
 

C. 
 

D. 
 

 

Q3. Which of the following expressions is equivalent to   ?   

 

A.   

B.  

C.  

D.  

 
 
 

Q4. Find the equation to the tangent to the curve given by   at the 
point where t = 2  
 
A.    

B.    

C.    

D.  
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Q5. The graph of a polynomial     is shown below.   

 

What is the minimum possible degree of the polynomial  ? 

 
A. 2   

B. 4   

C. 8   

D. 16  

 

 

Q6. The variance of a Bernoulli distribution is   .    

What is a possible value for the mean of the distribution?  

A. 
  

B. 
 

C. 
 

D. 
 

 

 

x

y
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Q7. The direction field of a differential equation is shown.   

 

Which differential equation does the direction field best represent? 

A.   

B.  

C.  

D. 
  

 

Q8. Which of the following shows the correct substitution of the variable 𝑢𝑢 into the integral  
 

  using 𝑢𝑢 = 3𝑥𝑥 − 2?    

 

A. 
    

B. 
   

C. 
 

D. 
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Q9. The region bounded by the y-axis and the curve   is rotated 
around the y-axis. The volume of the resulting solid of revolution is given by:   

 

A.    

B.    

C.    

D.  

 

Q10. The scalar projection of the vector    in the direction of the vector    is 2. 

Which of the following could be equal to  ?    

A.   

B.  

C.  

D.  

 

End of Multiple Choice 
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Section II 

60 marks  - Attempt Questions 11 – 14  

Allow about 1 hour and 45 minutes for this section 

Answer each question in the appropriate writing booklet. Extra writing booklets are available. 

In Questions 11 – 14, your responses should include relevant mathematical reasoning and/or 
calculations. 

Question 11: Use new writing book for this question 15  marks  
 

a) Solve for x given     2 

 

b) Given   and  find the exact value of     2 

 

c) The diagram shows the function   . 

 
 
 
 
 
 
 
 

State the domain and range of the inverse function   . 2 
 

d) Solve for x given    3
  
 

e) The ten members of a sporting team have the numbers 1 to 10 on the back of their 
jumpers. 
 

i. Explain why, if six players are randomly chosen there must be at least one pair of 
players whose numbers add to 11.  1 
 

ii. What is the minimum number of players that need to be chosen to ensure that at 
least one pair of players have numbers that add to 12?  2 
 

f) Use mathematical induction to prove  3 
 

     for integers    

 

End of Question 11 
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Question 12 : Use new writing book for this question 15 marks 

 

a) The graph above below  . Determine the coordinates of point A.  2 
 
 

 
 
 

 
b) In a dice game five dice are rolled simultaneously. One point is scored for each six 

showing face-up on the dice. Let X represent the score.  
 
(i) Explain why X can be considered as a Bernoulli variable  1 
(ii) Find the expected value and variance of X  1 
(iii) Find P (X > 3), correct to four decimal places.  1 

 
 

c) Find     in simplest exact form.  3 

 
 
 

d) Using the substitution   where  , determine the exact value of 

 3 

 
 

e) Find the solution of the differential equation   given      4 

 
 

End of Question 12  
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Question 13 : Use new writing book for this question 15 marks  
 
 

a) The curve y = f(x) is shown below. 
Using the Cartesian planes provided in the answer booklet, sketch the following graphs. 
 

i.    
 1 

ii.    3 

 

 

 

b) Shares in a company X are particularly volatile. On any given trading day the probability 

that the share price will increase by $1 is    and the probability that the share price will 

fall by $1 is   . If the share price is now $6 find the probability that it will be less than $6 

after 5 trading days.  2 
 

 

 

Question 13 continues on next page; 
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Question 13 continued. 

 

c)  Determine the equation to the tangent to the curve    3 

 

 

d) In the isosceles triangle ABC ,    D is the midpoint of side AB and 
E is the midpoint of side AC.    is perpendicular to   .    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use vector methods to find the size of   .  3 
 
 

e) Part of the graph of the function   is shown below.     

 

The region bounded by the curve   and the coordinate axes is rotated 

about the y-axis. Find the exact volume of the solid formed. 3 

 
 

End of Question 13. 
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Question 14 :   Use new writing book for this question 15 Marks 

 
 

a) i.  Show  .  2 
 
ii.  Solve     2 
 

 

b) The population   of bacteria in a petri dish is modelled by the logistic differential 
equation   

    where  P(0)=P0 and t is the time in hours. 

i. If the initial population P0 is 1000 bacteria, show that    3 

 

(You may use the fact that   ) 

 
ii. If instead the initial population P0 were 12000 bacteria, describe what would have 

happened to the population as t increases.   1 

 

c) The vectors    are parallel.  

i. Find a.  1 
 

ii. The vector    is perpendicular to vector   .  

Find the possible values of x and y.  3 

 

d) Using the expansion of     and  given that  3 
 

  

Show that 
      
    

 
End of Examination 
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Student Number:  

Answer sheet for Question 13b. 

 

i.   
 1 

 

 

ii.    3 
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Section II 

60 marks  - Attempt Questions 11 – 14  

Allow about 1 hour and 45 minutes for this section 

Answer each question in the appropriate writing booklet. Extra writing booklets are available. 

In Questions 11 – 14, your responses should include relevant mathematical reasoning and/or 
calculations. 

Question 11: Use new writing book for this question 15  marks  
 

a) Solve for x given     2 

 

 2 marks correct answer , one mark correct significant points  
 

b) Given   and  find the exact value of     2 
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c) The diagram shows the function   . 

 
 
 
 
 
 
 
 

State the domain and range of the inverse function   . 2 

 

 

 

   

 

 

 

 
 

d) Solve for x given    3 
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e) The ten members of a sporting team have the numbers 1 to 10 on the back of their 
jumpers. 
 

i. Explain why, if six players are randomly chosen there must be at least one pair of 
players whose numbers add to 11.  1 
 

ii. What is the minimum number of players that need to be chosen to ensure that at 
least one pair of players have numbers that add to 12?  2 
 

Pairs that make 11 

(1,10)  (2,9) (3,8) (4,7) (5,6)  - if the first 5 numbers are picked one from each pair to avoid 
the sum of 11, the 6th number must complete a pair adding to 11. 

 

(2,10) (3,9) (4,8) (1,11) (5,7)  with 1 and 6 remaining 

To avoid a pair – max number would be 1, 6 plus one each from the pairs = 2+5=7 

Therefore one more selection must produce a sum of 12.  = 8 
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f) Use mathematical induction to prove  3 
 

     for integers    
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Question 12 : Use new writing book for this question 15 marks 

 

a) The graph above below  . Determine the coordinates of point A.  2 
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b) In a dice game five dice are rolled simultaneously. One point is scored for each six 

showing face-up on the dice. Let X represent the score.  
 
(i) Explain why X can be considered as a Bernoulli variable  1 
(ii) Find the expected value and variance of X  1 
(iii) Find P (X > 3), correct to four decimal places.  1 

 

 

 

 

 
 

c) Find     in simplest exact form.  3 
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d) Using the substitution   where  , determine the exact value of 

 3 
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e) Find the solution of the differential equation   given      4 

 
 
 

End of Question 12  
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Question 13 : Use new writing book for this question 15 marks  
 
 

a) The curve y = f(x) is shown below. 
Using the Cartesian planes provided in the answer booklet, sketch the following graphs. 
 

i.    
 1 

ii.    3 
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b) Shares in a company X are particularly volatile. On any given trading day the probability 

that the share price will increase by $1 is    and the probability that the share price will 

fall by $1 is   . If the share price is now $6 find the probability that it will be less than $6 

after 5 trading days.  2 
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Question 13 continued. 

 

c)  Determine the equation to the tangent to the curve    3 
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d) In the isosceles triangle ABC ,    D is the midpoint of side AB and 

E is the midpoint of side AC.    is perpendicular to   .    
 
 
 
 
 
 
 
 
 
 
 
 
 
Use vector methods to find the size of   .  3 
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3 marks – full solution 

 

2 marks – using dot product to achieve this equation or similar 

 

1 mark   

one of  

- Recognition ED.DC = 0 as perpendicular 

- Show  
 
 

- Show    

0 marks  

Non-vector solution 
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iPart of the graph of the function   is shown below.     

 

The region bounded by the curve   and the coordinate axes is rotated 

about the y-axis. Find the exact volume of the solid formed.  

 

 

 

 

End of Question 13. 

Question 14 :   Use new writing book for this question 15 Marks 
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a) i.  Show  .  2 
 
 

 
 
ii.  Solve     2 
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b) The population   of bacteria in a petri dish is modelled by the logistic differential 
equation   

    where  P(0)=P0 and t is the time in hours. 

i. If the initial population P0 is 1000 bacteria, show that    3 

 

 

 

 

(You may use the fact that   ) 
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ii. If instead the initial population P0 were 12000 bacteria, describe what would have 

happened to the population as t increases.   1 
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c) The vectors    are parallel.  

i. Find a.  1 

 

ii. The vector    is perpendicular to vector   .  

Find the possible values of x and y.  3 
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d) Using the expansion of     and  given that  3 
 

  

Show that 
      
    

 

 

 

 
End of Examination 
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