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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 The parabola 𝑔𝑔(𝑥𝑥) = 2(𝑥𝑥 − 1)(𝑥𝑥 − 3) is transformed into a concave up parabola 
with vertex is at the origin.  

Which of the following transformations could have achieved this? 

A. Horizontal translation of 2 units to the left followed by a vertical
translation of 2 units up

B. Reflection in the 𝑥𝑥 axis followed by a translation 1 unit to the left

C. Translation of 3 units to the right followed by a reflection in the 𝑥𝑥 axis

D. Vertical dilation by a factor of −1
2
 followed by a horizontal translation of 

2 units to the right

2 Which of the following best represents the graph of 𝑦𝑦 = 10(3𝑥𝑥)? 

A.   B. 

C.   D.  

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

1 

10 30 

3 
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3 An app tracks the “restlessness score” and the number of hours of “effective 
sleep” for a user. The user can use the app to produce a scatter plot of these 
variables, an example of which is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which Pearson’s correlation coefficient best describes the data? 
 

A. 0.8 
B. 0.2 
C. −0.2 
D. −0.8 

 

4 A bag contains 3 white and 4 black stones. Two stones are drawn out of the bag 
with the probability tree below showing the possibilities: 
 
 
 
 
 
 
 
 
 
If it is known that one of the stones is white, what is the probability that the 
stones are different colours? 
 

A. 1
2
 

B. 1
3
 

C. 4
5
 

D. 6
7
 

 

Effective Sleep 
      (hours) 

Restlessness Score 

white 
white 

white 
black 

black 

black 
3
7 

4
7 

2
6 

4
6 
3
6 

3
6 
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5 Which of the following is equivalent to log𝑏𝑏 √𝑐𝑐? 
 

A. 
2

log𝑐𝑐 𝑏𝑏
 

B. 
log𝑐𝑐 𝑏𝑏
2

 

C. 
1

log𝑐𝑐 𝑏𝑏2
 

D. 
1

log𝑐𝑐 √𝑏𝑏
 

 
 

 

6 The Pareto chart below shows the reasons that customers returned jeans 
purchased online during July 2025. 
 

 
The manager of online business wishes to address at least 80% of returns by 
making the fewest changes to company processes. 
 
Which reasons for return should the manager address? 
 

A. Colour different from website, Zipper broken, Button broken 
 

B. Colour different from website, Button broken, Stitching loose, Pockets too 
tight 
 

C. Colour different from website 
 

D. Button broken 
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7 Consider the function 𝑦𝑦 = 8𝑥𝑥3 − 15𝑥𝑥2 + 5 with a domain 𝑥𝑥𝑥𝑥[−1,2]. 

Which of the following is true for the function? 

A. The maximum value of the function is 0 and the minimum value is 5
4

B. The minimum value is 5
4
 and the maximum value is 0 

C. The minimum value is −45
16

 and the maximum value is 5 

D. The minimum value is −18 and the maximum value is 9

8 The following table gives the contribution per period for an annuity with a future 
value of $1 at different interest rates and different time periods. 

Gi-hun wants to have $48,000 in 6 years time to pay off his university fees. He 
plans to make contributions every 3 months into an account with an interest rate 
of 3% pa. How much will Gi-hun need to deposit each quarter? 

A. $1,833.60

B. $7,852.80

C. $7,900.80

D. $1,886.40
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9 Consider the graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 
 
At what value of 𝑥𝑥 is 𝑓𝑓′′(𝑥𝑥) > 𝑓𝑓′(𝑥𝑥) > 𝑓𝑓(𝑥𝑥)? 
 

A. 0 
 

B. 𝑏𝑏 
 

C. 𝑐𝑐 
 

D. 𝑑𝑑 
 
 
 
 
 
 

 

10 The formula for the 𝑛𝑛th term of a series is given by 
 

𝑇𝑇𝑛𝑛 = 400𝑛𝑛 − 2𝑛𝑛 
 
What is the sum of the first 10 terms? 
 

A. 2 976 
 

B. 407 154 
 

C. −135 718 
 

D. 19 954 

  

 

  

𝑥𝑥 𝑐𝑐 

𝑦𝑦 

𝑏𝑏 
𝑑𝑑 
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Question 11 (3 marks)  

Evaluate 

�
2𝑥𝑥2 − 1

𝑥𝑥
𝑑𝑑𝑑𝑑

4

2
 

 

3 
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Question 12 (5 marks)  

(a) Show that  
1

1 − sin 𝑥𝑥
+

1
1 + sin 𝑥𝑥

= 2sec2 𝑥𝑥 
 

3 

   

   

   

   

   

   

   

   

   

   

(b) Hence, solve 
1

1 − sin 𝑥𝑥
+

1
1 + sin 𝑥𝑥

= 8, for   0° ≤ 𝑥𝑥 ≤ 360° 
 

2 
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Question 13 (3 marks)  

Find the sum of the terms in the arithmetic series: 
71 + 64 + 57 + ⋯+ (−48) 

3 
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Question 14 (5 marks) 

The table below shows the distribution of a discrete random variable. 
 

𝑥𝑥 0 1 2 3 
𝑃𝑃(𝑋𝑋 = 𝑥𝑥) 0.22 0.66 −0.1𝑘𝑘 𝑘𝑘2 

 
 

 

(a) Explain why the value of 𝑘𝑘 is only −0.3. 2 

   

   

   

   

   

   

   

(b) Find the expected value 𝐸𝐸(𝑋𝑋). 1 

   

   

   

   

(c) Find the standard deviation, correct to one decimal place. 2 
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Question 15 (5 marks) 

A particle moves along the 𝑥𝑥 axis with a displacement at time 𝑡𝑡 seconds given by 

𝑥𝑥 =
32

(𝑡𝑡 + 1)2
+ 𝑡𝑡 − 12 

 

 

(a) Where is the particle initially? 1 

   

   

   

   

   

   

(b) Show that the particle comes to rest when 𝑡𝑡 = 3. 2 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 Question 15 continues on page 15  
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(c) Find the total distance the particle travels in the first 5 seconds. 
Answer correct to one decimal place. 

2 
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Question 16 (6 marks) 

Elsa borrows $720,000 from the Bank of Arendelle at an interest rate of 6% per annum. 
She makes a monthly repayment of $𝑀𝑀. Let the amount of money owing directly after 
her 𝑛𝑛𝑡𝑡ℎ repayment be denoted by 𝐴𝐴𝑛𝑛. 
 

 

(a) Show that after her second repayment Elsa owes 
 

𝐴𝐴2 = 720 000(1.005)2 − 𝑀𝑀(1.005 + 1) 

1 

   

   

   

   

   

   

(b) If Elsa wants to repay the loan after 30 years find the value of her monthly 
repayment 𝑀𝑀 to the nearest cent. 

3 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 Question 16 continues on page 17  
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(c) Elsa instead decides to repay $4,500 per month. How many months faster will she 
repay her loan? Answer to the nearest month. 

2 
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Question 17 (5 marks)  

(a) Differentiate 𝑥𝑥2 ln 𝑥𝑥 2 

   

   

   

   

   

   

(b) Hence, evaluate 

� 𝑥𝑥 ln 𝑥𝑥
𝑒𝑒

1
𝑑𝑑𝑑𝑑 

 

3 
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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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Question 18 (6 marks)  

A group of 40 adults were surveyed as to whether they paid a subscription fee to watch 
sport or television series online.  
 
The following answers were given: 

• 12 adults only pay for sport 
• 6 adults pay for both 
• 8 adults pay for neither 

 

 

(a) By drawing a Venn diagram below find the probability that an adult surveyed 
pays for television shows. 

2 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

   

   

   

   

   

(b) An adult is chosen at random. If it is known that they pay for television series, 
what is the probability that they also pay for sport? 

1 

   

   

   

   

   

  
Question 18 continues on page 23 
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(c) Two adults are chosen at random. What is the probability that they both pay the 
same types of subscription fees? Do not include the people that pay for neither. 

3 
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Question 19 (6 marks)  

An expedition leaves camp 𝐴𝐴 and walks 10km on a bearing of 050°𝑇𝑇 to camp 𝐵𝐵. They 
then walk 8km on a bearing of 200°𝑇𝑇 until they reach camp 𝐶𝐶. 
 

 

(a) Add the information from the question to the diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 

(b) How far to the nearest km do they need to walk from camp 𝐶𝐶 to camp 𝐴𝐴? 2 

   

   

   

   

   

   

   

   

   

   

   

 Question 19 continues on page 25  

 

𝑁𝑁1 

𝑁𝑁2 

𝑁𝑁3 
𝐴𝐴 

𝐵𝐵 

𝐶𝐶 
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(c) By using the cosine rule to first find ∠𝐴𝐴𝐴𝐴𝐴𝐴, find the bearing they need to walk on 
from camp 𝐶𝐶 to reach camp 𝐴𝐴. 

2 
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Question 20 (8 marks)  

(a) Solve |𝑥𝑥| = 1
2
𝑥𝑥 + 3 2 

   

   

   

   

   

   

   

   

   

   

   

   

   

(b) On the axes below draw a neat sketch showing the graphs of 𝑦𝑦 = |𝑥𝑥| and 
 𝑦𝑦 = 1

2
𝑥𝑥 + 3. Show the 𝑥𝑥 and 𝑦𝑦 intercepts and any points of intersection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Question 20 continues on page 27 

 

2 

 

  

𝑦𝑦 

𝑥𝑥 
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(c) An area between 𝑦𝑦 = |𝑥𝑥| and 𝑦𝑦 = 1
2
𝑥𝑥 + 3 is bounded by 𝑥𝑥 = −2 and 𝑥𝑥 = 𝑘𝑘, 

where 𝑘𝑘 > 0.  
 
Find the value of 𝑘𝑘 such that the area is 10 square units. 

4 
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Question 21 (5 marks)  

The water depth 𝑑𝑑 in Penrith harbour 𝑡𝑡 hours after the first low tide of the day can be 
modelled with the equation: 

𝑑𝑑 = 5.2 − 0.8 cos �
4𝜋𝜋
25

𝑡𝑡� 
 

 

(a) What is the depth of the water at low tide? 1 

   

   

   

(b) If the first low tide of the day occurred at 6am, what time does the next low tide 
occur at? 

2 

   

   

   

   

   

   

   

(c) Draw a neat sketch of the depth of the water in the harbour from the first low tide 
until the second low tide of the day.  

 
 

2 

 

  

𝑑𝑑 

𝑡𝑡 
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Question 22 (4 marks)  

Gout is training for the big 100m race at the end of the year. He is keeping track of the 
total number of hours that he has trained for and the times in seconds for his 100m, and 
recorded this data in the following table: 
 
Hours (ℎ) 3.7 5.6 8.2 10.1 11.1 14.8 17.6 20.8 22.5 
Time (𝑡𝑡) 14.2 13.9 13.7 13.3 13.4 12.9 12.8 12.8 12.4 

 
 

 

(a) Find the equation of the regression line for Time 𝑡𝑡 as a function of Hours ℎ. 2 

   

   

   

   

   

   

(b) Using the equation in (a), how many hours of training would Gout need to 
complete to run the 100m in 11 seconds? 

1 

   

   

   

   

   

(c) Why is your answer to part (b) not reliable?  1 
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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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Question 23 (4 marks)  

The part of the graph of the odd function 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) where 𝑥𝑥 ≥ 0 has been revealed on 
the graph below. The graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) passes through 𝐴𝐴(2,1),𝐵𝐵(4,−6) and 
𝐶𝐶(6,−4). 
 
The function ℎ is defined as ℎ(𝑥𝑥) = 𝑓𝑓 �𝑥𝑥

2
� + 2 with 𝑓𝑓(𝑥𝑥) defined for −∞ ≤ 𝑥𝑥 ≤ ∞.  

 
Draw the complete graph of 𝑦𝑦 = ℎ(𝑥𝑥) on the same axes over its entire domain, clearly 
showing the new locations of the points 𝐴𝐴,𝐵𝐵 and 𝐶𝐶 as well as any asymptotes. 
 
 
 
 
 
 
 

4 

  

𝑥𝑥 

𝑦𝑦 

𝐴𝐴 

𝐶𝐶 

𝐵𝐵 
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Question 24 (7 marks)  

Aneeka and Brian are investigating areas 𝐴𝐴 and 𝐵𝐵 respectively on either side of the 
graph of 𝑦𝑦 = ln 𝑥𝑥 as shown on the diagram below: 

 

 
 

 

(a) Find the value of 𝑎𝑎. 1 

   

   

   

(b) Brian uses the trapezoidal rule with 3 function values to estimate the area 𝐵𝐵. He 
approximates all of the values used in his working out to 2 decimal places where 
necessary. 
 
What is his estimate for the area of 𝐵𝐵? 

2 

   

   

   

   

   

   

   

   

   

   

   

  
Question 24 continues on page 34 

 

 

𝐴𝐴 
𝐵𝐵 

𝑎𝑎 

𝑒𝑒2 

𝑦𝑦 = ln 𝑥𝑥 
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(c) Aneeka evaluates the area 𝐴𝐴 by using an integral against the 𝑦𝑦 axis. What exact 
value does she get for the area 𝐴𝐴? 

2 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

 

 

 

 

 

Question 24 continues on page 35 
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(d) Brian considers the area 𝐴𝐴 + 𝐵𝐵 and uses his estimate of the area 𝐵𝐵 from part (b) 
and Aneeka’s answer in part (c) to find an approximation for the value of 𝑒𝑒.  
 
What is his approximation to 2 decimal places?  

2 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

(e) Why is Brian’s approximate value for 𝑒𝑒 an underestimate? 1 
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Question 25 (7 marks)  

(a) Draw a neat sketch of 𝑦𝑦 = 𝑥𝑥3 − 6𝑥𝑥2 + 9𝑥𝑥 − 3  on page 37 showing the 𝑦𝑦 intercept, 
all turning points and all points of inflexion. You need to determine the nature of 
any stationary points that you find. You do not need to find the 𝑥𝑥 intercepts. 

6 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 Question 25 continues on page 37  
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(b) For what values of 𝑘𝑘 does 𝑥𝑥3 − 6𝑥𝑥2 + 9𝑥𝑥 − 3 = 𝑘𝑘 have 3 solutions?  1 
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Question 26 (4 marks)  

The tangent to 𝑦𝑦 = tan 𝑥𝑥 at the point where 𝑥𝑥 = 𝑐𝑐, 𝑐𝑐 ∈ �0, 𝜋𝜋
2
� is drawn on the 

diagram below. The value 𝑐𝑐 is chosen so that the 𝑦𝑦 intercept of the tangent is −𝑐𝑐. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) Show that the equation of the tangent is 
𝑦𝑦 = 𝑥𝑥 sec2 𝑐𝑐 − 𝑐𝑐 sec2 𝑐𝑐 + tan 𝑐𝑐 

3 

   

   

   

   

   

   

   

   

   

   

   

   

   

  
Question 26 continues on page 39 

 

 

𝑐𝑐 

−𝑐𝑐 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 = tan 𝑥𝑥 
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(b) Show that the gradient of this tangent can be simplified to 𝑐𝑐
2+1
𝑐𝑐2

. 1 
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Question 27 (7 marks)  

The population 𝑃𝑃 of bin chickens on the main oval 𝑡𝑡 days after school starts for the year 
 

𝑃𝑃(𝑡𝑡) = 200 −
44

1 + 10𝑒𝑒−0.2𝑡𝑡 
 

 

(a) Show that the rate of growth of the size of the population is  
 

𝑃𝑃′(𝑡𝑡) =
−88𝑒𝑒−0.2𝑡𝑡

(1 + 10𝑒𝑒−0.2𝑡𝑡)2 

2 

   

   

   

   

   

   

   

(b) Find the range of 𝑃𝑃(𝑡𝑡) by considering the value of 𝑃𝑃 as 𝑡𝑡 → ∞. 2 

   

   

   

   

   

   

   

(c) Show that the rate of change of the population can be written as 

𝑃𝑃′(𝑡𝑡) =
1

220
(𝑃𝑃 − 156)(𝑃𝑃 − 200) 

2 

   

   

   

   

   

 Question 27 continues on page 41  
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(d) Hence find the population of bin chickens when the population is decreasing at its 
fastest rate. 

1 

   

   

   

   

   

   

   

   

End of paper  ������ 
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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 

 
The parabola 𝑔𝑔(𝑥𝑥) = 2(𝑥𝑥 − 1)(𝑥𝑥 − 3) is transformed into a concave up parabola 
with vertex is at the origin.  
 
Which of the following transformations could have achieved this? 
 

A. Horizontal translation of 2 units to the left followed by a vertical 
translation of 2 units up 
 

B. Reflection in the 𝑥𝑥 axis followed by a translation 1 unit to the left 
 

C. Translation of 3 units to the right followed by a reflection in the 𝑥𝑥 axis 
 

D. Vertical dilation by a factor of −1
2
 followed by a horizontal translation of 

2 units to the right 
 

 
 

 

2 Which of the following best represents the graph of 𝑦𝑦 = 10(3𝑥𝑥)? 
 
 

A.                                                     B. 

 
 
 
 
 
 
 

C.                                                    D.   

 
 
 
 
 

 

  

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

𝑥𝑥 

𝑦𝑦 

1 

10 30 

3 
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3 An app tracks the “restlessness score” and the number of hours of “effective 
sleep” for a user. The user can use the app to produce a scatter plot of these 
variables, an example of which is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which Pearson’s correlation coefficient best describes the data? 
 

A. 0.8 
B. 0.2 
C. −0.2 
D. −0.8 

 

4 A bag contains 3 white and 4 black stones. Two stones are drawn out of the bag 
with the probability tree below showing the possibilities: 
 
 
 
 
 
 
 
 
 
If it is known that one of the stones is white, what is the probability that the 
stones are different colours? 
 

A. 1
2
 

B. 1
3
 

C. 4
5
 

D. 6
7
 

 

Effective Sleep 
      (hours) 

Restlessness Score 

white 
white 

white 
black 

black 

black 
3
7 

4
7 

2
6 

4
6 
3
6 

3
6 
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5 Which of the following is equivalent to log𝑏𝑏 √𝑐𝑐? 
 

A. 
2

log𝑐𝑐 𝑏𝑏
 

B. 
log𝑐𝑐 𝑏𝑏
2

 

C. 
1

log𝑐𝑐 𝑏𝑏2
 

D. 
1

log𝑐𝑐 √𝑏𝑏
 

 
 

 

6 The Pareto chart below shows the reasons that customers returned jeans 
purchased online during July 2025. 
 

 
The manager of online business wishes to address at least 80% of returns by 
making the fewest changes to company processes. 
 
Which reasons for return should the manager address? 
 

A. Colour different from website, Zipper broken, Button broken 
 

B. Colour different from website, Button broken, Stitching loose, Pockets too 
tight 
 

C. Colour different from website 
 

D. Button broken 
 

 

  



- 6 - 
 

7 Consider the function 𝑦𝑦 = 8𝑥𝑥3 − 15𝑥𝑥2 + 5 with a domain 𝑥𝑥𝑥𝑥[−1,2]. 
 
Which of the following is true for the function? 
 

A. The maximum value of the function is 0 and the minimum value is 5
4
 

B. The minimum value is 5
4
 and the maximum value is 0 

C. The minimum value is −45
16

 and the maximum value is 5 

D. The minimum value is −18 and the maximum value is 9 

 
 

 

8 The following table gives the contribution per period for an annuity with a future 
value of $1 at different interest rates and different time periods. 
 

 

Gi-hun wants to have $48,000 in 6 years time to pay off his university fees. He 
plans to make contributions every 3 months into an account with an interest rate 
of 3% pa. How much will Gi-hun need to deposit each quarter? 
 

A. $1,833.60 
 

B. $7,852.80 
 

C. $7,900.80 
 

D. $1,886.40 
 

 

 

  



- 7 - 
 

9 Consider the graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 
 
At what value of 𝑥𝑥 is 𝑓𝑓′′(𝑥𝑥) > 𝑓𝑓′(𝑥𝑥) > 𝑓𝑓(𝑥𝑥)? 
 

A. 0 
 

B. 𝑏𝑏 
 

C. 𝑐𝑐 
 

D. 𝑑𝑑 
 
 
 
 
 
 

 

10 The formula for the 𝑛𝑛th term of a series is given by 
 

𝑇𝑇𝑛𝑛 = 400𝑛𝑛 − 2𝑛𝑛 
 
What is the sum of the first 10 terms? 
 

A. 2 976 
 

B. 407 154 
 

C. −135 718 
 

D. 19 954 

  

 

  

𝑥𝑥 𝑐𝑐 

𝑦𝑦 

𝑏𝑏 
𝑑𝑑 
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Question 23 (4 marks)  

The part of the graph of the odd function 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) where 𝑥𝑥 ≥ 0 has been revealed on 
the graph below. The graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) passes through 𝐴𝐴(2,1),𝐵𝐵(4,−6) and 
𝐶𝐶(6,−4). 
 
The function ℎ is defined as ℎ(𝑥𝑥) = 𝑓𝑓 �𝑥𝑥

2
�+ 2 with 𝑓𝑓(𝑥𝑥) defined for −∞ ≤ 𝑥𝑥 ≤ ∞.  

 
Draw the complete graph of 𝑦𝑦 = ℎ(𝑥𝑥) on the same axes over its entire domain, clearly 
showing the new locations of the points 𝐴𝐴,𝐵𝐵 and 𝐶𝐶 as well as any asymptotes. 
 
 
 
 
 
 
 

4 

  

𝑥𝑥 

𝑦𝑦 

𝐴𝐴 

𝐶𝐶 

𝐵𝐵 
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Question 24 (7 marks)  

Aneeka and Brian are investigating areas 𝐴𝐴 and 𝐵𝐵 respectively on either side of the 
graph of 𝑦𝑦 = ln 𝑥𝑥 as shown on the diagram below: 

 

 
 

 

(a) Find the value of 𝑎𝑎. 1 

   

   

   

(b) Brian uses the trapezoidal rule with 3 function values to estimate the area 𝐵𝐵. He 
approximates all of the values used in his working out to 2 decimal places where 
necessary. 
 
What is his estimate for the area of 𝐵𝐵? 

2 

   

   

   

   

   

   

   

   

   

   

   

  
Question 24 continues on page 34 

 

 

𝐴𝐴 
𝐵𝐵 

𝑎𝑎 

𝑒𝑒2 

𝑦𝑦 = ln 𝑥𝑥 
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(c) Aneeka evaluates the area 𝐴𝐴 by using an integral against the 𝑦𝑦 axis. What exact 
value does she get for the area 𝐴𝐴? 

2 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

 

 

 

 

 

Question 24 continues on page 35 
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(d) Brian considers the area 𝐴𝐴 + 𝐵𝐵 and uses his estimate of the area 𝐵𝐵 from part (b) 
and Aneeka’s answer in part (c) to find an approximation for the value of 𝑒𝑒.  
 
What is his approximation to 2 decimal places?  

2 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

(e) Why is Brian’s approximate value for 𝑒𝑒 an underestimate? 1 
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Question 25 (7 marks)  

(a) Draw a neat sketch of 𝑦𝑦 = 𝑥𝑥3 − 6𝑥𝑥2 + 9𝑥𝑥 − 3  on page 37 showing the 𝑦𝑦 intercept, 
all turning points and all points of inflexion. You need to determine the nature of 
any stationary points that you find. You do not need to find the 𝑥𝑥 intercepts. 

6 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 Question 25 continues on page 37  
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(b) For what values of 𝑘𝑘 does 𝑥𝑥3 − 6𝑥𝑥2 + 9𝑥𝑥 − 3 = 𝑘𝑘 have 3 solutions?  1 
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Question 26 (4 marks)  

The tangent to 𝑦𝑦 = tan 𝑥𝑥 at the point where 𝑥𝑥 = 𝑐𝑐, 𝑐𝑐 ∈ �0, 𝜋𝜋
2
� is drawn on the 

diagram below. The value 𝑐𝑐 is chosen so that the 𝑦𝑦 intercept of the tangent is −𝑐𝑐. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) Show that the equation of the tangent is 
𝑦𝑦 = 𝑥𝑥 sec2 𝑐𝑐 − 𝑐𝑐 sec2 𝑐𝑐 + tan 𝑐𝑐 

3 

   

   

   

   

   

   

   

   

   

   

   

   

   

  
Question 26 continues on page 39 

 

 

𝑐𝑐 

−𝑐𝑐 

𝑦𝑦 

𝑥𝑥 
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(b) Show that the gradient of this tangent can be simplified to 𝑐𝑐
2+1
𝑐𝑐2

. 1 
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Question 27 (7 marks)  

The population 𝑃𝑃 of bin chickens on the main oval 𝑡𝑡 days after school starts for the year 
 

𝑃𝑃(𝑡𝑡) = 200 −
44

1 + 10𝑒𝑒−0.2𝑡𝑡 
 

 

(a) Show that the rate of growth of the size of the population is  
 

𝑃𝑃′(𝑡𝑡) =
−88𝑒𝑒−0.2𝑡𝑡

(1 + 10𝑒𝑒−0.2𝑡𝑡)2 

2 

   

   

   

   

   

   

   

(b) Find the range of 𝑃𝑃(𝑡𝑡) by considering the value of 𝑃𝑃 as 𝑡𝑡 → ∞. 2 

   

   

   

   

   

   

   

(c) Show that the rate of change of the population can be written as 

𝑃𝑃′(𝑡𝑡) =
1
220 (𝑃𝑃 − 156)(𝑃𝑃 − 200) 

2 

   

   

   

   

   

 Question 27 continues on page 41  
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(d) Hence find the population of bin chickens when the population is decreasing at its 
fastest rate. 

1 

   

   

   

   

   

   

   

   

End of paper  ������ 




