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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 Let 𝑓𝑓 (𝑥𝑥) =  1
𝑥𝑥
 , 𝑥𝑥 ≠ 0 and 𝑔𝑔 (𝑥𝑥) = 𝑥𝑥 + 2. Find the domain of 𝑓𝑓(𝑔𝑔(𝑥𝑥)). 

   

 (A) All real 𝑥𝑥 

 (B) 𝑥𝑥 ≠ −2 

 (C) 𝑥𝑥 ≠ 0 

 (D) 𝑥𝑥 = −2 

 
 

2 A restaurant collected data related to the reasons given by customers for complaints.  
The Pareto chart shows the data collected. 

 
What percentage of customers gave the reason ‘Wait time’? 

   

 (A) 15% 

 (B) 30% 

 (C) 60% 

 (D) 75% 
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3 The diagram below shows a sketch of the gradient function of the curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 

 
Which of the following is a true statement? 

 The curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) has 

 (A) a minimum turning point at 𝑥𝑥 =  −4 

 (B) a horizontal point of inflection at 𝑥𝑥 =  2 

 (C) a horizontal point of inflection at 𝑥𝑥 =  −4 

 (D) a minimum turning point at 𝑥𝑥 =  2 

  

 

4 The point 𝑃𝑃(8,−3) lies on the graph of 𝑓𝑓(𝑥𝑥). Transformations map the graph of 𝑓𝑓(𝑥𝑥) to the 
graph of g(𝑥𝑥), where 𝑔𝑔(𝑥𝑥) = −2𝑓𝑓(𝑥𝑥 + 7) + 5 .  The same transformation maps the point P 
to the point P’. What are the coordinates of the point P’? 

   

 (A) (1, 11) 

 (B) (1,−1) 

 (C) (15, 11) 

 (D) (15,−1) 
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5  The diagram below shows the graph of 𝑓𝑓(𝑥𝑥) = 𝑎𝑎 cos 𝑏𝑏𝑏𝑏. 

 
The area of the shaded region is equal to 2 square units. What is the value of  

� 𝑓𝑓(𝑥𝑥)
𝜋𝜋

0
 𝑑𝑑𝑑𝑑? 

 

   

 (A) −2  

 (B) −4  

 (C) 2  

 (D) 6  

  

 

6 What are the values of 𝑥𝑥 for which |5 − 3𝑥𝑥| ≥ 11 ? 

   

 (A) 𝑥𝑥 ≤ −2  or  𝑥𝑥 ≤
16
3

 

 (B) 𝑥𝑥 ≤ −2  and  𝑥𝑥 ≥
16
3

 

 (C) 𝑥𝑥 ≤ −2  and  𝑥𝑥 ≤
16
3

 

 (D) 𝑥𝑥 ≤ −2  or  𝑥𝑥 ≥
16
3

 

  

 
  



CTHS Mathematics Advanced AP4 2022  6 

7 Initially, a water tank holds 800 litres of water. Water drains from the bottom of the tank at 

a rate of 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 litres per minute where 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −100𝑡𝑡 after 𝑡𝑡 minutes. How long does it take the 
tank to empty? 

   

 (A) 2 minutes 

 (B) 4 minutes 

 (C) 6 minutes 

 (D) 8 minutes 

  

 

8 What is the equation of the axis of symmetry of the quadratic function  
𝑦𝑦 = −𝑘𝑘 ( 𝑥𝑥 + 𝑏𝑏)2 + 𝑐𝑐 ? 

   

 (A) 𝑥𝑥 =  −𝑏𝑏 

 (B) 𝑥𝑥 =  𝑏𝑏 

 (C) 𝑥𝑥 = 2𝑎𝑎 

 (D) 𝑥𝑥 =  2𝑎𝑎𝑎𝑎 

  

 

9 How many solutions are there to the equation 2 − 𝑥𝑥 = 4 cos 𝑥𝑥 ? (0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋) 

   

 (A) 0 

 (B) 1 

 (C) 2 

 (D) 3 
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10 A scatterplot of pain (as reported by patients) compared to the dosage (in mg) of a drug is 
shown below. 

 
Which of the following describes the correlation between the pain and the dosage? 

   

 (A) A weak negative correlation. 

 (B) A strong positive correlation. 

 (C) A strong negative correlation. 

 (D) A weak positive correlation. 

  

 

End of Section I 
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Section II 
 
90 marks 
Attempt Questions 11 – 31 
Allow about 2 hours and 45 minutes for this section 
 
Instructions • Answer the questions in the spaces provided. These spaces provide 

guidance for the expected length of response. 
 
• Your responses should include relevant mathematical reasoning and/or 

calculations. 
 
• Extra writing space is provided at the back of this booklet.  

If you use this space, clearly indicate which question you are answering. 
 

 
Question 11 (2 marks)  Marks 
    

Solve  .  

 

2 
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Question 12 (4 marks)  Marks 
    
A continuous random variable, 𝑇𝑇, represents the time taken in days to show 
symptoms after contracting a virus. It has the following probability density function. 

𝑓𝑓(𝑥𝑥) = �
𝑘𝑘

2𝑡𝑡 − 1
𝑓𝑓𝑓𝑓𝑓𝑓 1 ≤ 𝑡𝑡 ≤ 14

  
0                  𝑓𝑓𝑓𝑓𝑓𝑓 0 ≤ 𝑡𝑡 < 1  𝑜𝑜𝑜𝑜 𝑡𝑡 > 14

 

 

 

(a)  Show that 𝑘𝑘 =  2
ln 27

 . 2 

    

    

    

    

    

    

    

    

    

    
(b)  After how many days will a person have a 75% chance of showing 

symptoms after they have contracted the virus? 
2 
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Question 13 (3 marks)  Marks 
    

(a) Show that  sec𝜃𝜃− sec𝜃𝜃𝑐𝑐𝑐𝑐𝑐𝑐4𝛳𝛳 
1+𝑐𝑐𝑐𝑐𝑐𝑐2𝛳𝛳

=  sin𝛳𝛳 tan𝛳𝛳 2 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

(b) What are the possible values of 𝑎𝑎 if 1 + 2𝑎𝑎 + 4𝑎𝑎2 + 8𝑎𝑎3 + ⋯ is to have a 
limiting sum? 

1 
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Question 14 (5 marks)  

 

    
(a) Find the equation of the normal to the curve 𝑦𝑦 = 𝑥𝑥2 + 4𝑥𝑥 − 7 at the point 

(1,−2) 
2 

    

    

    

    

    

    

    

    

(b) The curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) has a gradient function 𝑓𝑓′(𝑥𝑥) = 3𝑥𝑥2 − 𝑘𝑘, where 𝑘𝑘 is a 
constant. 

 

 (i) Find the value of 𝑘𝑘 if the curve has a stationary point at (−1,3). 1 

    

    

    

    

    

    
 (ii) Hence, find the equation of the curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 2 
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Question 15 (5 marks)  

 

    

A curve is defined by 𝑓𝑓(𝑥𝑥) =  1
4

 𝑥𝑥4 − 2 𝑥𝑥2 + 1. 
Sketch the graph of the curve for the domain [−3 , 3] showing all key features 
including, classifying the nature of stationary points, and finding any points of 
inflection. Also state where the curve is concave down. You do not need to find the 𝑥𝑥-
intercepts 
Space is provided on the next page to draw the graph. 

5 
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Question 16 (3 marks)  
 

    
Robert walks 5.59 km from his house to the shop on a bearing of 063°. He then turns 
on a bearing of 124° to walk to the post office, where he is 13.34 km from home. 
 

 
 

 

(a)  
Show that ∠𝐻𝐻𝐻𝐻𝐻𝐻 = 119°. 
 

1 

    

    

    

    

    

    

    
(b)  Find the bearing of Robert’s house from the post office. Give your answer 

correct to the nearest degree. 
2 
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Question 17 (6 marks)  

 

    
James has some sticks that are all of the same length. He arranges them in squares 
and has made the following 3 rows of patterns. 
 

 
 

He notices that 4 sticks are required to make the single square in the first row, 7 sticks 
in the second row and in the third row he needs 10 sticks to make 3 squares. 
  

 

(a)  Find an expression, in terms of 𝑛𝑛, for the number of sticks required to 
make a similar arrangement of 𝑛𝑛 squares in the 𝑛𝑛th row. 

1 

    

    

    

    

    
(b) 

 
James continues to make squares following the same pattern. He makes 4 
squares in the fourth row and so on until he has completed 10 rows. Find 
the total number of sticks James uses in making these 10 rows. 

2 
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(c) 
 

James started with 1750 sticks. Given that James continues the pattern to 
complete 𝑘𝑘 rows but does not have sufficient sticks to complete the 
(𝑘𝑘 + 1)th  row. Show that 𝑘𝑘 satisfies (3𝑘𝑘 − 100)( 𝑘𝑘 + 35) < 0. 

2 

    

    

    

    

    

    

    

    

    

    

    

    
(d)  What is the value of 𝑘𝑘? 1 
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Question 18 (5 marks)  Marks 
    
(a) Find the value of 𝑘𝑘 such that 

�
𝑥𝑥2

𝑥𝑥3 − 2
 𝑑𝑑𝑑𝑑 = ln 𝑘𝑘

0

−2

 

 

3 
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(b) 

 
The sign for ‘Pizza π’ restaurant is in the shape of a circle with a sector cut out of 
it.  The sector has an angle 𝜋𝜋

3
. If the area of the sign is 30π, what is the radius of 

the circle? 

2 

    

    

    

    

    

    

    

    
Question 19 (3 marks)  Marks 
    
(a) For what values of 𝑘𝑘 does the quadratic equation 5𝑥𝑥2 − 2𝑥𝑥 + ( 8𝑘𝑘 − 15) = 0 

have real roots? 
1 
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(b) A symmetrical lake has two roads, 420 metres apart, forming two of its sides. 
 

 
 
Equally spaced measurements of the lake, in metres are shown on the above 
diagram. Use the trapezoidal rule to estimate the area of the lake. 
 

2 

    

    

    

    

    

    
 

Question 20 (4 marks)  Marks 
    
Differentiate with respect to 𝑥𝑥  
(a)  𝑒𝑒𝑥𝑥 sin2𝑥𝑥  2 

    

    

    

    

(b)  
𝑥𝑥2

ln(𝑥𝑥)
 

2 
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Question 21 (5 marks)  Marks 
    
A particle is moving in a straight line. Initially, it is travelling to the left at 1 cm/min. Its 
acceleration as a function of time(𝑡𝑡) is given by 𝑎𝑎 =  𝜋𝜋 cos𝜋𝜋𝜋𝜋 +  𝜋𝜋 sin𝜋𝜋𝜋𝜋 for 
0 ≤ 𝑡𝑡 ≤ 2 where time and displacement are measured in minutes and cm 
respectively. 

 

(a)  Find when the particle changes its direction for the first time. 2 

    

    

    

    

    

    

    

    

    

    

    

    

    

    
(b)  Find the exact total distance travelled in the first half a minute. 3 

    

    

    

    

    

    

    

    

    

    

    

    



CTHS Mathematics Advanced AP4 2022  21 

Question 22 (4 marks)  Marks 
    
Integrate the following:  

(a)  �𝑥𝑥4 (𝑥𝑥5 − 3)2𝑑𝑑𝑑𝑑 = 2 

    

    

    

    

    

(b)  �(√𝑥𝑥 −
2
𝑥𝑥

+ 3𝑒𝑒−𝑥𝑥 + 1 )𝑑𝑑𝑑𝑑 = 2 

    

    

    

    
 

Question 23 (3 marks)  Marks 
    

(a)  Show that the derivative of ln �𝟑𝟑+ 𝒙𝒙
𝟑𝟑−𝒙𝒙

�  is 𝟔𝟔
𝟗𝟗−𝒙𝒙𝟐𝟐

. 2 

    

    

    

    

    

    

    

    

(b)  Hence or otherwise find∫ 𝟏𝟏
𝟗𝟗−𝒙𝒙𝟐𝟐

 𝑑𝑑𝑑𝑑. 1 
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Question 24 (3 marks)  
 

    

Given that ∫ 5 sin 3𝑥𝑥  𝑑𝑑𝑑𝑑 =  10
 3 

, 0 ≤ 𝑎𝑎 <  𝜋𝜋𝑎𝑎
0 , calculate the value of 𝑎𝑎. 3 

  

  

  

  

  

  

  

  

  

  

  

  

    
 

Question 25 (3 marks)  
 

 .    

Solve 2 cos �2(𝑥𝑥 − 𝜋𝜋
6

)� = 1 in the domain [0, 2𝜋𝜋].   3 
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Question 26 (5 marks)  Marks 

    
The probability distribution of a discrete random variable X is shown. 

 

x –1 0 1 2 

P(X = x) 𝑡𝑡2 𝑡𝑡2 
𝑡𝑡
4

 
4𝑡𝑡 + 1

8
 

 

(a) What is the value of t? 3 
    

    

    

    

    

    

    

    

    

    

    

    
(b) Find the expected value of the probability distribution. 2 
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Question 27 (4 marks)  Marks 
    

(a) The probability that a person chosen at random has green eyes is 0.04 
Two people are chosen at random. 

 

    

 (i) What is the probability that at least ONE person has green eyes? 2 

    

    

    

   

 (ii) What is the smallest number of people that can be chosen at random so 
that the probability that at least ONE has green eyes is greater than 0.4? 

2 

    

    

    

    

   
Question 28  (5 marks)    Marks  
        

  

A teacher was investigating the impact of absences on their students’ grades 
in a quiz. 
The diagram shows the dataset used in the investigation. 

 

 

(a)    Find the correlation coefficient, correct to two decimal places, and describe 
the correlation.  

2 
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(b)    Find the equation of the least-squares regression line in terms of results, 𝑅𝑅, 
and number of days absent, 𝑛𝑛. Give values correct to 2 decimal places. 

1 

        

        

        

        

    

    

    
(c) 

 
Comment on the validity of the equation of the least-squares regression line 
for this context. 
 

1 

    

    

    

    

    

    

(d) 

 

The result of a student was not recorded when they were absent for 8 days. 
Using the equation from part (b), predict the result for a student absent for 8 
days, correct to the nearest percentage. 
 

1 
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Question 29 (5 marks)  Marks 
    

A section of the graphs of 𝑦𝑦 =  sin 𝑥𝑥 and 𝑦𝑦 =  cos �𝑥𝑥
2
� is shown. 

 

 
 

 

(a) 
 

The curves meet at 𝐴𝐴 and 𝐵𝐵. Show by substitution, that the 𝑥𝑥 values of 
point 𝐴𝐴 and 𝐵𝐵 are 𝜋𝜋

3
 and −𝜋𝜋 respectively. 

2 

    

    

    

    

    

    

    

    

    
(b)  Hence or otherwise, find the exact area of the shaded region. 3 
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Question 30 (6 marks)  Marks 
    
In a laboratory, a food product is heated in an oven at 210° C in an effort to kill 
harmful bacteria. The number of bacteria recorded when the food product is first 
placed in the oven is 1800. After ten minutes the number of bacteria recorded is 550. 
It is found that 𝑁𝑁, the number of bacteria remaining 𝑡𝑡 minutes after being in the oven 
is given by  𝑁𝑁 = 𝐴𝐴 𝑒𝑒−𝑘𝑘𝑘𝑘 where 𝐴𝐴 and 𝑘𝑘 are constants. 
 

 

(a)  Find the value of 𝐴𝐴. 1 

    

    

    

    

    
(b)  Calculate the value of 𝑘𝑘 correct to 4 decimal places. 2 

    

    

    

    

    

    

    

    
(c) 

 
If an acceptable number of bacteria present is 100 or less, For how long 
should the food product to be in the oven? Express your answer to the 
nearest minute. 

3 
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Question 31 (7 marks)  
 

    
After a week of heavy rain, the local dam starts to fill until at 10am on Sunday the 
dam overflows into the river. At time 𝑡𝑡 (hours after the dam begins spilling), the 
height (𝐻𝐻) of the river changes at the rate of  �1 −  𝑡𝑡

20
� metres per hour. Initially the 

height of the river is 5 metres. 

 

(a)  Show that the height of the river is given by the formula 𝐻𝐻 =  − 𝑡𝑡2

40
+ 𝑡𝑡 + 5 2 

    

    

    

    

    

    

    

    

    
(b)  Find the maximum height of the river during this flood. 2 
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(c)  A bridge over this river will be flooded and closed once the height of the 
river reaches 12.5 metres. At what time(s) and day(s) will the bridge be 
closed and reopened? 

3 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 
 
 

End of Paper  
  

Questions 11-31 are worth 90 marks in total 
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Section II   Extra writing space 
 
If you use this space, clearly indicate which question you are answering. 
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Section II   Extra writing space 
 
If you use this space, clearly indicate which question you are answering. 
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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 Let 𝑓𝑓 (𝑥𝑥) =  1
𝑥𝑥
 , 𝑥𝑥 ≠ 0 and 𝑔𝑔 (𝑥𝑥) = 𝑥𝑥 + 2. Find the domain of 𝑓𝑓(𝑔𝑔(𝑥𝑥)). 

(A) All real 𝑥𝑥

(B) 𝑥𝑥 ≠ −2

(C) 𝑥𝑥 ≠ 0

(D) 𝑥𝑥 = −2

2 A restaurant collected data related to the reasons given by customers for complaints. 
The Pareto chart shows the data collected. 

What percentage of customers gave the reason ‘Wait time’? 

(A) 15%

(B) 30%

(C) 60%

(D) 75%

O

O 75 601 159

lOMoARcPSD|35984093
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3 The diagram below shows a sketch of the gradient function of the curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 

Which of the following is a true statement? 

The curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) has 

(A) a minimum turning point at 𝑥𝑥 =  −4

(B) a horizontal point of inflection at 𝑥𝑥 =  2

(C) a horizontal point of inflection at 𝑥𝑥 =  −4

(D) a minimum turning point at 𝑥𝑥 =  2

4 The point 𝑃𝑃(8,−3) lies on the graph of 𝑓𝑓(𝑥𝑥). Transformations map the graph of 𝑓𝑓(𝑥𝑥) to the 
graph of g(𝑥𝑥), where 𝑔𝑔(𝑥𝑥) = −2𝑓𝑓(𝑥𝑥 + 7) + 5 .  The same transformation maps the point P 
to the point P’. What are the coordinates of the point P’? 

(A) (1, 11)

(B) (1,−1)

(C) (15, 11)

(D) (15,−1)

I

O

O Verticaldilation 8 6

Verticaltranslation 8 11

Horizontaltranslation l II
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5  The diagram below shows the graph of 𝑓𝑓(𝑥𝑥) = 𝑎𝑎 cos 𝑏𝑏𝑥𝑥. 

The area of the shaded region is equal to 2 square units. What is the value of 

� 𝑓𝑓(𝑥𝑥)
𝜋𝜋

0
 𝑑𝑑𝑥𝑥? 

(A) −2

(B) −4

(C) 2

(D) 6

6 What are the values of 𝑥𝑥 for which |5 − 3𝑥𝑥| ≥ 11 ? 

(A) 𝑥𝑥 ≤ −2  or  𝑥𝑥 ≤
16
3

(B) 𝑥𝑥 ≤ −2  and  𝑥𝑥 ≥
16
3

(C) 𝑥𝑥 ≤ −2  and  𝑥𝑥 ≤
16
3

(D) 𝑥𝑥 ≤ −2  or  𝑥𝑥 ≥
16
3

 

O

5 321 11 or 5 32711
32 I 16 or 327,6

22,163 or K 2

O
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7 Initially, a water tank holds 800 litres of water. Water drains from the bottom of the tank at 

a rate of 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

litres per minute where 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −100𝑡𝑡 after 𝑡𝑡 minutes. How long does it take the 
tank to empty? 

(A) 2 minutes

(B) 4 minutes

(C) 6 minutes

(D) 8 minutes

8 What is the equation of the axis of symmetry of the quadratic function 
𝑦𝑦 = −𝑘𝑘 ( 𝑥𝑥 + 𝑏𝑏)2 + 𝑐𝑐 ? 

(A) 𝑥𝑥 =  −𝑏𝑏

(B) 𝑥𝑥 =  𝑏𝑏

(C) 𝑥𝑥 = 2𝑎𝑎

(D) 𝑥𝑥 =  2𝑎𝑎𝑘𝑘

9 How many solutions are there to the equation 2 − 𝑥𝑥 = 4 cos 𝑥𝑥 ? (0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋) 

(A) 0

(B) 1

(C) 2

(D) 3

y 10Gt C

O 800 501017C
800

I V 505 800
0 505 800
t 16 t 4 minutes

O
K b

ab

r 4

O iI x

4 9 2 2
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10 A scatterplot of pain (as reported by patients) compared to the dosage (in mg) of a drug is 
shown below. 

Which of the following describes the correlation between the pain and the dosage? 

(A) A weak negative correlation.

(B) A strong positive correlation.

(C) A strong negative correlation.

(D) A weak positive correlation.

End of Section I 

O
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Section II 

90 marks 
Attempt Questions 11 – 31 
Allow about 2 hours and 45 minutes for this section 

Instructions • Answer the questions in the spaces provided. These spaces provide
guidance for the expected length of response.

• Your responses should include relevant mathematical reasoning and/or
calculations.

• Extra writing space is provided at the back of this booklet.
If you use this space, clearly indicate which question you are answering.

Question 11 (2 marks) Marks 

Solve . 2 

3 2 4 6

4 4 6

42 10
X 52

lOMoARcPSD|35984093



CTHS Mathematics Advanced AP4 2022 9 

Question 12 (4 marks) Marks 

A continuous random variable, 𝑇𝑇, represents the time taken in days to show 
symptoms after contracting a virus. It has the following probability density function. 

𝑓𝑓(𝑥𝑥) = �
𝑘𝑘

2𝑡𝑡 − 1
𝑓𝑓𝑓𝑓𝑓𝑓 1 ≤ 𝑡𝑡 ≤ 14

 
0  𝑓𝑓𝑓𝑓𝑓𝑓 0 ≤ 𝑡𝑡 < 1  𝑓𝑓𝑓𝑓 𝑡𝑡 > 14

(a) Show that 𝑘𝑘 = 2
ln 27

 . 2 

 

(b) After how many days will a person have a 75% chance of showing
symptoms after they have contracted the virus?

2 

 

for a PDF fit at I ee JE d I
1

hat a

I f tu 27 hi I

k k27 1

2k at

CDF F t Ice at 0.75

a
2
Izz IM12 11 enl11 0.75

In 21 1 0.75 x In27

2t I go75h27

t É a6.42days
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Question 13 (3 marks) Marks 

(a) Show that  sec𝜃𝜃− sec𝜃𝜃𝑐𝑐𝑐𝑐𝑐𝑐4𝛳𝛳
1+𝑐𝑐𝑐𝑐𝑐𝑐2𝛳𝛳

=  sin𝛳𝛳 tan𝛳𝛳 2 

(b) What are the possible values of 𝑎𝑎 if 1 + 2𝑎𝑎 + 4𝑎𝑎2 + 8𝑎𝑎3 + ⋯ is to have a
limiting sum?

1 

Its

secofgigco.se
i

Eggo xsio

Sign snio
I
seriotano RHS proved

So In 129 I
I 22A I

Icac's
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Question 14 (5 marks) 

(a) Find the equation of the normal to the curve 𝑦𝑦 = 𝑥𝑥2 + 4𝑥𝑥 − 7 at the point
(1,−2)

2 

(b) The curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) has a gradient function 𝑓𝑓′(𝑥𝑥) = 3𝑥𝑥2 − 𝑘𝑘, where 𝑘𝑘 is a
constant. 
(i) Find the value of 𝑘𝑘 if the curve has a stationary point at (−1,3). 1 

(ii) Hence, find the equation of the curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 2 

 

91 2 4 Mtangent at 2 1 2 1 4
6

m normal I
Eg of normal using me t Ptl

2

y 2 f x 1

Y ta t t 2
Y 1a y

or at 69 11 0

stationarypts occur when I I D o

III o

35150

fix f'in die

313 che

B 32 C
when 2 1 y 3 3 1173 347 C

3 1 3 C
C l tf1u 2 3a
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Question 15 (5 marks) 

A curve is defined by 𝑓𝑓(𝑥𝑥) =  1
4

 𝑥𝑥4 − 2 𝑥𝑥2 + 1. 
Sketch the graph of the curve for the domain [−3 , 3] showing all key features 
including, classifying the nature of stationary points, and finding any points of 
inflection. Also state where the curve is concave down. You do not need to find the 𝑥𝑥-
intercepts 
Space is provided on the next page to draw the graph. 

5 

y intercept f D I 10 1
f'd X 42 0

2 22 4 0
2 0 2 12

10117 12 3 C 2 3 D
cases

f 10 42 A
i 10 i is a local maximumtp

5 121 870 U local minimum turningpoints
Possibleinflection H
f last
322 4 6iii
2 13
K If I 21.5

since concavitychanges

E ta is a pointofinflection

ttsinceconcavity changes I 1g is apointofinflection
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End points463 3.25

3 3 25 4
S 3 3.25

n finI 3 3.25

3,315 3.25 3 3025

1A
thief

e e yit

v
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Question 16 (3 marks) 

Robert walks 5.59 km from his house to the shop on a bearing of 063°. He then turns 
on a bearing of 124° to walk to the post office, where he is 13.34 km from home. 

(a) Show that ∠𝐻𝐻𝐻𝐻𝑃𝑃 = 119°. 1 

 

(b) Find the bearing of Robert’s house from the post office. Give your answer
correct to the nearest degree.

2 

 

 

119

O

Lusp 3600 1240
Éherior
angle sum with
Parallellines is 1800

1190

Using sineRule

954
O suit sis x 5.59

I 210 nearest degree

Bearingof 3600 210 188 1249
housefrom
Post office

2830T
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Question 17 (6 marks) 

James has some sticks that are all of the same length. He arranges them in squares 
and has made the following 3 rows of patterns. 

He notices that 4 sticks are required to make the single square in the first row, 7 sticks 
in the second row and in the third row he needs 10 sticks to make 3 squares. 

(a) Find an expression, in terms of 𝑛𝑛, for the number of sticks required to
make a similar arrangement of 𝑛𝑛 squares in the 𝑛𝑛th row.

1 

(b) James continues to make squares following the same pattern. He makes 4
squares in the fourth row and so on until he has completed 10 rows. Find
the total number of sticks James uses in making these 10 rows.

2 

E

Sio 19212 4 0 1 3

5 8 27

175sticks
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(c) James started with 1750 sticks. Given that James continues the pattern to
complete 𝑘𝑘 rows but does not have sufficient sticks to complete the
(𝑘𝑘 + 1)th  row. Show that 𝑘𝑘 satisfies (3𝑘𝑘 − 100)( 𝑘𝑘 + 35) < 0.

2 

 

 

(d) What is the value of 𝑘𝑘? 1 

 

Sk 12 2 4 K 1 x3 1750

K 8 3K 3 C 3500

K 5 34 L 3500

3K 5K 350020 Pg 40500
3k 105k look 350040
3k Kt 35 100 k 35 co two numbers

3K 100 Kt 35 O

312 100 Kt 35 O
K70

1 33 Complete rows 135
3
1 3313
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Question 18 (5 marks) Marks 

(a) Find the value of 𝑘𝑘 such that

�
𝑥𝑥2

𝑥𝑥3 − 2
 𝑑𝑑𝑥𝑥 = ln 𝑘𝑘

0

−2

 

3 

If die link

2

I fu d21 link
2

In 21 ln s 21 3 Uk

h 1 1 Ink

If k3

63
3

k C's
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(b) 

The sign for ‘Pizza π’ restaurant is in the shape of a circle with a sector cut out of 
it.  The sector has an angle 𝜋𝜋

3
. If the area of the sign is 30π, what is the radius of

the circle? 

2 

  

  

 

Question 19 (3 marks) Marks 

(a) For what values of 𝑘𝑘 does the quadratic equation 5𝑥𝑥2 − 2𝑥𝑥 + ( 8𝑘𝑘 − 15) = 0
have real roots?

1 

2T 5 53
IF 531 30 IT

v2 301T
5

r2 36
r i 6 units since r O

9 5 6 2 C 8k 15
A 70
b 49C70
23 4 5 x 8k 1537.0
4 20 8 Rt 20 1570
4 160k 300 70

304 160k 7.0
160k7 304

ke
KE
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(b) A symmetrical lake has two roads, 420 metres apart, forming two of its sides.

Equally spaced measurements of the lake, in metres are shown on the above 
diagram. Use the trapezoidal rule to estimate the area of the lake. 

2 

 

 

Question 20 (4 marks) Marks 

Differentiate with respect to 𝑥𝑥 
(a) 𝑒𝑒𝑥𝑥 sin2𝑥𝑥 2 

(b) 
𝑥𝑥2

ln(𝑥𝑥)
2 

 

 

 

Area I 2 41 30 30 2 40 60 80 60 40

43400square metres

gyersina
sin

dyesin za

exsina sinan 2200522

In In 2xlnx se u x

hun v 22
v lur
VE t
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Question 21 (5 marks) Marks 

A particle is moving in a straight line. Initially, it is travelling to the left at 1 cm/min. Its 
acceleration as a function of time(𝑡𝑡) is given by 𝑎𝑎 =  𝜋𝜋 cos𝜋𝜋𝑡𝑡 +  𝜋𝜋 sin𝜋𝜋𝑡𝑡 for 
0 ≤ 𝑡𝑡 ≤ 2 where time and displacement are measured in minutes and cm 
respectively. 
(a) Find when the particle changes its direction for the first time. 2 

 

 

 
(b) Find the exact total distance travelled in the first half a minute. 3 

 

Particle changes its direction when Ko
v t

v doldt ft cost t t T Suitt d or

É to I II te

o l o n

i isV H Sintt costitt

v o
sin it cost t o
sin at cos at
than It I t t t E 55 Firsttime

I s f minutes t min
issecs

x dgedt finitecosite It

1 0 E
o o te i C TT

am

i K ffasitttsintt D.at wztwhen E 4
x y Cosey tsing when t.tt

v2 y

the 1

a lo ti 1
DistancetravelledforOstEtz
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Question 22 (4 marks) Marks 

Integrate the following: 

(a) �𝑥𝑥4 (𝑥𝑥5 − 3)2𝑑𝑑𝑥𝑥 = 2 

 

 

(b) �(√𝑥𝑥 −
2
𝑥𝑥

+ 3𝑒𝑒−𝑥𝑥 + 1 )𝑑𝑑𝑥𝑥 = 2 

Question 23 (3 marks) Marks 

(a) Show that the derivative of ln �𝟑𝟑+ 𝒙𝒙
𝟑𝟑−𝒙𝒙

�  is 𝟔𝟔
𝟗𝟗−𝒙𝒙𝟐𝟐

. 2 

(b) Hence or otherwise find∫ 𝟏𝟏
𝟗𝟗−𝒙𝒙𝟐𝟐

 𝑑𝑑𝑥𝑥. 1 

OR fat H GE 9 da

I 5 418334 fell 6
9 tail de

I E c It Ex II teE 3 C

GE 25 3é 1 de

3312 2h14 38 x to

let y MED
Insta In 3 2

dy
Tse te t In

3 x 3 x
th 13 se

Fez

dates Em
Integrate both sides

fat on he II te

fat on flu 3 to
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Question 24 (3 marks) 

Given that ∫ 5 sin 3𝑥𝑥  𝑑𝑑𝑥𝑥 =  10
 3 

, 0 ≤ 𝑎𝑎 <  𝜋𝜋𝑎𝑎
0 , calculate the value of 𝑎𝑎. 3 

 

 

Question 25 (3 marks) 
 

. 

Solve 2 cos �2(𝑥𝑥 − 𝜋𝜋
6

)� = 1 in the domain [0, 2𝜋𝜋]. 3 

 

 

5sin32dm 19

Of53053239 5
O

Iz Cossa cos

Cossa I 2x
B

cos 39 2 1
Cos39 1 0539237

3a t TINIEa Iz

0121215cos 26 E 7 12 Berg13
I EX EE II

2 g 13,5127 5 2 5,4t I 5524 5 IgK E I I É II
K O Iz I 21T
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Question 26 (5 marks) Marks 

The probability distribution of a discrete random variable X is shown. 

x –1 0 1 2 

P(X = x) 𝑡𝑡2 𝑡𝑡2 
𝑡𝑡
4

4𝑡𝑡 + 1
8

(a) What is the value of t? 3 

 

 

 

 

(b) Find the expected value of the probability distribution. 2 

  

  

 

E P x D I

th
f E

t 4th I

2 t t t I

167 6 t 7 0

t as ofP x a it

6531
I

E X 1 x Y't o f t I I 2x 38

I to t t 34 5g
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Question 27 (4 marks) Marks 

(a) The probability that a person chosen at random has green eyes is 0.04
Two people are chosen at random.

(i) What is the probability that at least ONE person has green eyes? 2 

 

 
(ii) What is the smallest number of people that can be chosen at random so

that the probability that at least ONE has green eyes is greater than 0.4? 
2 

 

 

Question 28  (5 marks) Marks  
  

A teacher was investigating the impact of absences on their students’ grades 
in a quiz. 
The diagram shows the dataset used in the investigation. 

(a) Find the correlation coefficient, correct to two decimal places, and describe
the correlation.  

2 

Plat least one person
L P none

I 0.96 0.96 000784

1 o 96 0.4

C 963 006 n Ano 964 Go6

o 963h O G
N ku8
n 12 51

i n 1B At least 13
people

n R
o 90
I 85

2 84
3 80
3 86
4 70
4 75
5 60
6 72
7 64
10 55

r O 91 6569

strong negative correlation
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(b) Find the equation of the least-squares regression line in terms of results, 𝑅𝑅,
and number of days absent, 𝑛𝑛. Give values correct to 2 decimal places. 

1 

(c) Comment on the validity of the equation of the least-squares regression line
for this context.

1 

 

  

(d) The result of a student was not recorded when they were absent for 8 days.
Using the equation from part (b), predict the result for a student absent for 8 
days, correct to the nearest percentage. 

1 

A 90109 B 3.74

I R 90109 3174N

As absences increase
R is decreases
but R cannot be negative
R 90 09 3.74h

When N 25 R 90 09 3.74 25 3.41
After n 10 it is extrapolation

R 90 09 3.74h
90.09 3.74 8
60.17

I 60
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Question 29 (5 marks) Marks 

A section of the graphs of 𝑦𝑦 =  sin 𝑥𝑥 and 𝑦𝑦 =  cos �𝑥𝑥
2
� is shown.

(a) The curves meet at 𝐴𝐴 and 𝐵𝐵. Show by substitution, that the 𝑥𝑥 values of
point 𝐴𝐴 and 𝐵𝐵 are 𝜋𝜋

3
 and −𝜋𝜋 respectively.

2 

 

 

 

(b) Hence or otherwise, find the exact area of the shaded region. 3 

 

when
sett y sing É

Y cos E Ez
Two curves meet at x I which is A

When K T y sin ft Sinti O

y cos E costly
1 Two curves d

at K 1T

Area Foes E sin a da

T T 3

sign corn

IT
25in I cost 2 sin f cosfit
2 1 t t t 2 t

I t 12 2 1

42 square units
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Question 30 (6 marks) Marks 

In a laboratory, a food product is heated in an oven at 210° C in an effort to kill 
harmful bacteria. The number of bacteria recorded when the food product is first 
placed in the oven is 1800. After ten minutes the number of bacteria recorded is 550. 
It is found that 𝑁𝑁, the number of bacteria remaining 𝑡𝑡 minutes after being in the oven 
is given by  𝑁𝑁 = 𝐴𝐴 𝑒𝑒−𝑘𝑘𝑑𝑑 where 𝐴𝐴 and 𝑘𝑘 are constants. 

(a) Find the value of 𝐴𝐴. 1 

(b) Calculate the value of 𝑘𝑘 correct to 4 decimal places. 2 

(c) If an acceptable number of bacteria present is 100 or less, For how long
should the food product to be in the oven? Express your answer to the 
nearest minute. 

3 

when to
Kxo

18
F too

550 1800 E
Rx 10

e
ok
5g

to k k fi
k tens
I 0.1186

1800
86 xt

g yo

go118kt I
0.1186 t s bn t
t 734.1

24.3708
t 25 minutes

lOMoARcPSD|35984093



CTHS Mathematics Advanced AP4 2022 28 

Question 31 (7 marks) 

After a week of heavy rain, the local dam starts to fill until at 10am on Sunday the 
dam overflows into the river. At time 𝑡𝑡 (hours after the dam begins spilling), the 
height (𝐻𝐻) of the river changes at the rate of  �1 −  𝑑𝑑

20
� metres per hour. Initially the 

height of the river is 5 metres. 
(a) Show that the height of the river is given by the formula 𝐻𝐻 =  − 𝑑𝑑2

40
+ 𝑡𝑡 + 5 2 

(b) Find the maximum height of the river during this flood. 2 

dig E
A

fat fl tho dt
or

g
H t to C

5
H 5 If If

5 0 otc

H 5 t
0 t Ets

H ÉÉtt5

Iott 5 is A
i Verlet Ito
when t 20

H 2 2 20 5

OR use first or secondderivative
If EH

maximum t p

1 so so

t to gives

Toti 0
E 26
6 20

find H1203 15metres
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(c) A bridge over this river will be flooded and closed once the height of the
river reaches 12.5 metres. At what time(s) and day(s) will the bridge be
closed and reopened?

3 

   

   

 

End of Paper 

Questions 11-31 are worth 90 marks in total 
 

12 5 to t 5

t 405 200 500 0

f 40A 300 0

4011600 21

20 10 30

10am Sunday 10 8pm SundayBridge isA 10am Sunday 24 6 10am Monday
4pmMonday

Bridge opens
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