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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 Consider the following relationship between 𝑥 and 𝑦:

𝑥

𝑦

Which of the following best describes this relationship?

one-to-oneA. many-to-oneB.

one-to-manyC. many-to-manyD.

2 The terms

log
2
𝑥, log

2
2, log

2
(5 − 𝑥)

form an arithmetic sequence. Which of the following is a possible value of 𝑥?

2A. 3B. 4C. 5D.

3 What is the value of �
5

1

|𝑥 − 2| 𝑑𝑥?

2A. 3B. 4C. 5D.
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4 The range of a function 𝑓(𝑥) which has domain all real 𝑥 is [−2,∞).

What is the range of the function 𝑔(𝑥) = 3𝑓(−2𝑥) − 4?

(−∞, 4]A. [−10,∞)B. [−2,∞)C. (−∞, 6]D.

5 Let 𝐶 and 𝐷 be two events with 𝑃(𝐶) = 0.2, 𝑃(𝐷) = 0.5, and 𝑃(𝐶|𝐷) = 0.3. What is the value

of 𝑃(𝐷|𝐶)?

0.75A. 0.6B. 0.5C. 0.3D.

6 The hair colour and eye colour of a class of 30 students were recorded. Students were grouped

by the categories brown eyes and black hair. This is shown in the table below.

Brown Eyes Not Brown Eyes

Black Hair 12 2

Not Black Hair 10 6

A person from the class is chosen at random. Given that the person chosen has black hair, what

is the probability that DO NOT have brown eyes?

1

4
A.

1

6
B.

1

7
C.

1

15
D.

7 Which of the following is an odd function?

1

𝑥
sin�

1

𝑥
�A. 𝑥4 + 𝑥2 + 1B.

𝑥5 + 𝑥3 + 𝑥 ln 𝑥C.
1

2
−

1

2𝑥 + 1
D.

8 If 𝑓′(𝑥) =
4𝑥

4 + 𝑥2
and 𝑓(2) = 𝑓′(2), the value of 𝑓(0) is:

2 ln 2 + 1A. 4 ln 2 − 1B. 1 − 2 ln 2C. 1 − 4 ln 2D.
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9 The graph of 𝑦 = 𝑥3 is dilated horizontally by a factor of
1

ℎ
and dilated vertically by a factor

of 𝑘 to 𝑦 = 1000𝑥3.

Which of the following are possible values of ℎ and 𝑘?

ℎ = 5, 𝑘 = 8A. ℎ = 8, 𝑘 = 5B.

ℎ = 5, 𝑘 = 50C. ℎ = 50, 𝑘 = 5D.

10 Youssef sketches the following curve and three vertical lines, where 1 < 𝛼 < 𝑘 < 𝛽.

𝑥

𝑦

𝑂
1 𝛼 𝑘 𝛽

𝑦 =
1

𝑥 − 1

𝐴1

𝐴2

NOT TO SCALE

It is known that the shaded areas 𝐴1 and 𝐴2 are equal. Which of the following must be true?

𝑘 = 1 +
𝛼 + 𝛽

2
A. 𝑘(𝑘 − 2) = 𝛼𝛽 + 𝛼 + 𝛽B.

𝑘 = 1 + �(𝛼 − 1)(𝛽 − 1)C. 𝑘 =
𝛼 + 𝛽

2
D.
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Section II

90 marks

Attempt Questions 11–31

Allow about 2 hours 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 (2 marks)

2Evaluate �𝑥�𝑥2 + 4𝑑𝑥.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 12 (3 marks)

3If 𝑓(𝑥) =
1

𝑒𝑥 sin 𝑥
, find the equation of the tangent at 𝑥 =

𝜋

2
.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 13 (2 marks)

2Differentiate 𝑦 = ln�
2𝑥 + 1

𝑥2 + 1
�.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 14 (3 marks)

3Sketch the graph of 𝑦 =
2𝑥 + 1

𝑥 − 2
, showing all important features.
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Question 15 (6 marks)

Let 𝑓(𝑥) = 𝑒2𝑥 − 4𝑒𝑥.

(a) 1Find the 𝑥–intercepts of 𝑦 = 𝑓(𝑥).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 3Find all the turning points of 𝑓(𝑥), and determine their nature.

You may use the fact that 𝑓′(𝑥) = 2𝑒2𝑥 − 4𝑒𝑥 and 𝑓″(𝑥) = 4𝑒2𝑥 − 4𝑒𝑥 without proof.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) 2Sketch 𝑦 = 𝑓(𝑥), showing all important features.
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Question 16 (3 marks)

Let 𝑦 =
ln 𝑥

𝑥
.

(a) 1Find
𝑑𝑦

𝑑𝑥
.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 2Hence, evaluate �
ln 𝑥

𝑥2
𝑑𝑥.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 17 (4 marks)

Let 𝑓(𝑥) =
sec 𝑥 − cos 𝑥

sec 𝑥 + 1
.

(a) 2Show that
sec 𝑥 − cos 𝑥

sec 𝑥 + 1
= 1 − cos 𝑥.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 2Hence, graph 𝑦 = 𝑓(𝑥) for 0 ≤ 𝑥 ≤ 2𝜋.
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Question 18 (5 marks)

Bob has won a small lottery and has been given two withdrawal options.

Option 1: Receive a lump sum of $1 000 000.

Option 2: Receive a lump sum of $500 000, and then receive annual payments of

$60 000 at the end of the year (including the first year) for ten years.

Bob will immediately deposit any payments into a bank account that earns 1.2% interest com-

pounded monthly.

(a) 1What is the value of Bob’s earnings after ten years under Option 1?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 3What is the difference in the future earnings after ten years using Option 1 or Option 2?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(c) 1What is the present value of Option 2?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 19 (4 marks)

NSW Mathematics is reviewing the punctuality of their students. On any given day, there is a

60% chance that the weather condition is ‘good’. If the weather is ‘good’ then the probability

that any given student arrives on time is 90%. If the weather is not ‘good’ then this probability

drops to 60%.

Let 𝐺 and 𝐴 denote the events where the weather is ‘good’ and a given student arrives on time

respectively.

(a) 1Draw a tree diagram to represent this situation.
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(b) 2Show that the probability that a given student arrives on time is 0.78.
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(c) 1Given that a randomly chosen student arrived on time, determine the probability that the

weather was good.
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Question 20 (3 marks)

3Let 𝑓(𝑥) = 𝑎 sin 𝑥 + 𝑏 cos 𝑥, where 𝑎 and 𝑏 are constants. If 𝑓 �
𝜋

4
� = 3 and 𝑓′ �

𝜋

4
� = 1, solve

the equation 𝑓(𝑥) = 0, for 0 ≤ 𝑥 ≤ 2𝜋, correct to two significant figures.
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Question 21 (3 marks)

3The function 𝑓(𝑥) = 𝑒𝑥
2
is continuous on the interval [−1, 1]. Use the trapezoidal rule with

four subintervals to estimate the value of �
1

−1

𝑒𝑥
2
𝑑𝑥.
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Question 22 (4 marks)

oneeightseven records the number of hours spent training per week and the resting heart rate (in

beats per minute) of six participants.

Training Hours (𝑇) 2 3 4 6 7 10

Resting Heart Rate (𝐻) 85 82 80 76 74 70

(a) 3Find the equation of the least-squares regression line, rounding coefficients to the nearest

integer, and use the equation to estimate the resting heart rate of someone who trains for 5

hours a week.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(b) 1oneeightseven trains for 25 hours a week to prepare for a marathon. Explain why the

regression equation from part (a) may not be appropriate for estimating oneeightseven’s

resting heart rate.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 23 (5 marks)

Consider the two curves 𝑦 = ln 𝑥 + 8𝑥 and 𝑦 = ln 𝑥 + 𝑥2 + 7.

(a) 2Find the 𝑥 value(s) at which the two curves intersect.
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(b) 3Hence, find the area bound between the two curves.
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Question 24 (5 marks)

A discrete random variable 𝑋 has the following probability distribution table

𝑥 0 1 2 3 4

𝑃(𝑋 = 𝑥) 𝑎 2𝑎 𝑏 0.2 𝑐

where 𝑎, 𝑏 and 𝑐 are constants.

It is known that 𝐸(𝑋) = 2.

(a) 3By finding expressions for 𝑏 and 𝑐 in terms of 𝑎, show that 0.05 ≤ 𝑎 ≤ 0.18.
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(b) 2Hence deduce the maximum possible value for the variance of 𝑋.
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Question 25 (7 marks)

Abdullah wishes to purchase an itemwhich she can resell for one dollar. Benjamin is selling this

item and believes that the item is worth 𝑋 dollars where 𝑋 is a random variable with probability

density

𝑓(𝑥) = �
𝛼 + 𝛽(2𝑥 − 1) ∶ 0 ≤ 𝑥 ≤ 1

0 ∶ otherwise

where 𝛼 and 𝛽 are constants.

(a) 2Show that 𝛼 = 1 and find the possible values of 𝛽 for which 𝑓(𝑥) is a valid probability

density function.
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(b) 1Abdullah places a bid 𝑏 for the item and will gain the item only if her bid is above

Benjamin’s valuation of the item. Otherwise she will lose her bid.

Show that her expected profit, 𝐸, is given by

𝐸 = 𝐹(𝑏) − 𝑏

where 𝐹(𝑥) is the cumulative density function (cdf) of 𝑋.
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(c) 2Suppose 𝛽 > 0. Explain why Abdullah should either bid 𝑏 = 0 or 𝑏 = 1.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(d) 2Suppose 𝛽 < 0. Find the value of 𝑏 that maximises Abdullah’s expected profit and find

the expected profit in terms of 𝛽.

You do NOT need to show that this is a maximum.
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Question 26 (4 marks)

4Show that

2 + 22 + 222 + 2222 +⋯+ 2222…2�������
𝑛 2’s

=
2

81
(10𝑛+1 − 9𝑛 − 10).
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Question 27 (4 marks)

4Let 𝑘 be a real number. For what values of 𝑘 does the equation 𝑘𝑥2+3(𝑘−2)𝑥 = 9𝑘−9 have

two real roots for 𝑥?
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Question 28 (4 marks)

4The graphs of 𝑦 = 𝑓(𝑥) and 𝑦 = 𝑔(𝑥) are given below.

𝑥

𝑦

2

2

4

𝑦 = 𝑓(𝑥)

𝑥

𝑦

2

1

𝑦 = 𝑔(𝑥) = �

1

𝑥
if 𝑥 < 0

𝑥 +
1

𝑥
if 𝑥 > 0

Find the domain and range of 𝑓�𝑔(𝑥)�.
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Question 29 (5 marks)

Consider a random variable 𝑋 that is normally distributed with mean 15 and standard deviation

𝜎. It is known that 𝑃(𝑋 < 10) = 𝑎 and 𝑃(𝑋 > 25) = 𝑏.

(a) 2Find 𝑃(20 < 𝑋 < 25) in terms of 𝑎 and 𝑏.
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(b) 3Consider a random variable 𝑌 that is normally distributed with mean 25 and standard

deviation 3𝜎. Find two pairs (𝑚, 𝑛) such that 𝑃(𝑚 < 𝑌 < 𝑛) = 1 − 𝑎 − 𝑏.
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Question 30 (5 marks)

In the figure below, the graphs of 𝐶1 ∶ 𝑥
2 + 𝑦2 = 4 with centre 𝑂1 and 𝐶2 ∶ (𝑥 − 2)2 + 𝑦2 = 9

with centre 𝑂2 are shown without the coordinate axes. Their intersections are labelled 𝐴 and 𝐵.

𝐴

𝐵

𝑂1 𝑂2

(a) 1Find the value of cos∠𝐴𝑂1𝑂2.
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Question 30 (continued)

(b) 4Hence, or otherwise, find the shaded area shown below.

𝐴

𝐵

𝑂1 𝑂2

Give your answer correct to 2 decimal places.
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Question 31 (9 marks)

In the year 2050, NSWMaths manufactures and sells Ruiace sip stickers. Suppose

𝐶(𝑞) =
7𝑞3 − 1000𝑞2 + 126000𝑞

100000
+ 84

is the cost in millions of dollars to produce and sell 𝑞 million units (you may assume this is

the only cost). It is also known that the price each sticker can be sold for can be modelled by

𝐷(𝑞) = 𝑏 − 𝑎𝑞, where 𝑎 and 𝑏 are positive constants. Define 𝑃(𝑞) to be the profit in millions

of dollars associated with selling 𝑞 million stickers.

(a) From historical data, when 200million units were produced, each unit sold for $1.50, and

when 50 million units were produced and sold, a profit of $44.25 million was made.

(i) 1Explain why 𝑏 = 1.5 + 200𝑎.
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(ii) 1Write down an expression for 𝑃(𝑞) in terms of 𝑎, 𝑏, and 𝑞.
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Question 31 continues on page 26
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(iii) 3Hence, show that

𝑃(𝑞) = 𝑞�
25

6
−

𝑞

75
� − �

7𝑞3 − 1000𝑞2 + 126000𝑞

100000
+ 84� .
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Question 31 (continued)

(b) 4Find the maximum profit the company can make, to the nearest million.

You must justify why your answer is a maximum.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

End of paper
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I want to learn more and more to see as beautiful what is necessary in things;

then I shall be one of those who make things beautiful.

— Friedrich Nietzsche, Die fröhliche Wissenschaft.

EXAMINERS

one eight seven Q2, 5, 20, 21, 22, 29

MokSifu Q1, 6, 7, 9, 11, 13, 14,

17, 18, 24, 28, 30

Hugh Entwistle Q18, 19, 24, 25

MagiicMushroom Everything else.
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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 Consider the following relationship between 𝑥 and 𝑦:

𝑥

𝑦

Which of the following best describes this relationship?

one-to-oneA. many-to-oneB.

one-to-manyC. many-to-manyD.

2 The terms
log2 𝑥, log2 2, log2(5 − 𝑥)

form an arithmetic sequence. Which of the following is a possible value of 𝑥?

2A. 3B. 4C. 5D.

3 What is the value of �
5

1
|𝑥 − 2| 𝑑𝑥?

2A. 3B. 4C. 5D.

– 2 –
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4 The range of a function 𝑓(𝑥) which has domain all real 𝑥 is [−2,∞).

What is the range of the function 𝑔(𝑥) = 3𝑓(−2𝑥) − 4?

(−∞, 4]A. [−10,∞)B. [−2,∞)C. (−∞, 6]D.

5 Let 𝐶 and 𝐷 be two events with 𝑃(𝐶) = 0.2, 𝑃(𝐷) = 0.5, and 𝑃(𝐶|𝐷) = 0.3. What is the value
of 𝑃(𝐷|𝐶)?

0.75A. 0.6B. 0.5C. 0.3D.

6 The hair colour and eye colour of a class of 30 students were recorded. Students were grouped
by the categories brown eyes and black hair. This is shown in the table below.

Brown Eyes Not Brown Eyes

Black Hair 12 2
Not Black Hair 10 6

A person from the class is chosen at random. Given that the person chosen has black hair, what
is the probability that DO NOT have brown eyes?

1
4

A.
1
6

B.

1
7

C.
1
15

D.

7 Which of the following is an odd function?

1
𝑥
sin�

1
𝑥
�A. 𝑥4 + 𝑥2 + 1B.

𝑥5 + 𝑥3 + 𝑥 ln 𝑥C.
1
2
−

1
2𝑥 + 1

D.

8 If 𝑓′(𝑥) =
4𝑥

4 + 𝑥2
and 𝑓(2) = 𝑓′(2), the value of 𝑓(0) is:

2 ln 2 + 1A. 4 ln 2 − 1B. 1 − 2 ln 2C. 1 − 4 ln 2D.

– 3 –
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9 The graph of 𝑦 = 𝑥3 is dilated horizontally by a factor of
1
ℎ
and dilated vertically by a factor

of 𝑘 to 𝑦 = 1000𝑥3.

Which of the following are possible values of ℎ and 𝑘?

ℎ = 5, 𝑘 = 8A. ℎ = 8, 𝑘 = 5B.

ℎ = 5, 𝑘 = 50C. ℎ = 50, 𝑘 = 5D.

10 Youssef sketches the following curve and three vertical lines, where 1 < 𝛼 < 𝑘 < 𝛽.

𝑥

𝑦

𝑂 1 𝛼 𝑘 𝛽

𝑦 =
1

𝑥 − 1

𝐴1
𝐴2

NOT TO SCALE

It is known that the shaded areas 𝐴1 and 𝐴2 are equal. Which of the following must be true?

𝑘 = 1 +
𝛼 + 𝛽
2

A. 𝑘(𝑘 − 2) = 𝛼𝛽 + 𝛼 + 𝛽B.

𝑘 = 1 + �(𝛼 − 1)(𝛽 − 1)C. 𝑘 =
𝛼 + 𝛽
2

D.
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Section II

90 marks

Attempt Questions 11–31

Allow about 2 hours 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 (2 marks)

2Evaluate �𝑥�𝑥2 + 4𝑑𝑥.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 12 (3 marks)

3If 𝑓(𝑥) =
1

𝑒𝑥 sin 𝑥
, find the equation of the tangent at 𝑥 =

𝜋
2
.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 13 (2 marks)

2Differentiate 𝑦 = ln�
2𝑥 + 1
𝑥2 + 1

�.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 14 (3 marks)

3Sketch the graph of 𝑦 =
2𝑥 + 1
𝑥 − 2

, showing all important features.

– 6 –
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Question 15 (6 marks)

Let 𝑓(𝑥) = 𝑒2𝑥 − 4𝑒𝑥.

(a) 1Find the 𝑥–intercepts of 𝑦 = 𝑓(𝑥).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 3Find all the turning points of 𝑓(𝑥), and determine their nature.

You may use the fact that 𝑓′(𝑥) = 2𝑒2𝑥 − 4𝑒𝑥 and 𝑓″(𝑥) = 4𝑒2𝑥 − 4𝑒𝑥 without proof.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) 2Sketch 𝑦 = 𝑓(𝑥), showing all important features.
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Question 16 (3 marks)

Let 𝑦 =
ln 𝑥
𝑥

.

(a) 1Find
𝑑𝑦
𝑑𝑥

.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 17 (4 marks)

Let 𝑓(𝑥) =
sec 𝑥 − cos 𝑥
sec 𝑥 + 1

.

(a) 2Show that
sec 𝑥 − cos 𝑥
sec 𝑥 + 1

= 1 − cos 𝑥.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 2Hence, graph 𝑦 = 𝑓(𝑥) for 0 ≤ 𝑥 ≤ 2𝜋.
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Question 18 (5 marks)

Bob has won a small lottery and has been given two withdrawal options.

Option 1: Receive a lump sum of $1 000 000.

Option 2: Receive a lump sum of $500 000, and then receive annual payments of
$60 000 at the end of the year (including the first year) for ten years.

Bob will immediately deposit any payments into a bank account that earns 1.2% interest com-
pounded monthly.

(a) 1What is the value of Bob’s earnings after ten years under Option 1?
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 3What is the difference in the future earnings after ten years using Option 1 or Option 2?
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(c) 1What is the present value of Option 2?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Question 19 (4 marks)

NSW Mathematics is reviewing the punctuality of their students. On any given day, there is a
60% chance that the weather condition is ‘good’. If the weather is ‘good’ then the probability
that any given student arrives on time is 90%. If the weather is not ‘good’ then this probability
drops to 60%.

Let 𝐺 and 𝐴 denote the events where the weather is ‘good’ and a given student arrives on time
respectively.

(a) 1Draw a tree diagram to represent this situation.
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(b) 2Show that the probability that a given student arrives on time is 0.78.
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(c) 1Given that a randomly chosen student arrived on time, determine the probability that the
weather was good.
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Question 20 (3 marks)

3Let 𝑓(𝑥) = 𝑎 sin 𝑥 + 𝑏 cos 𝑥, where 𝑎 and 𝑏 are constants. If 𝑓 �𝜋
4
� = 3 and 𝑓′ �𝜋

4
� = 1, solve

the equation 𝑓(𝑥) = 0, for 0 ≤ 𝑥 ≤ 2𝜋, correct to two significant figures.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 21 (3 marks)

3The function 𝑓(𝑥) = 𝑒𝑥2 is continuous on the interval [−1, 1]. Use the trapezoidal rule with

four subintervals to estimate the value of �
1

−1
𝑒𝑥2 𝑑𝑥.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

– 13 –
© NSW Mathematics (nswmaths.com), 2025.

This material may be used for non-commercial, educational purposes only.

3 amE bus
3 72

t.EE E san
as

I a co E bin F
1
52 a b C2

a z 452 2a a 252
i C2 252 2b b E

flu 0 252 six Kwon D

2sie use

tanne
ti

Liebe etitzleeite.ie
e 4e 2

e 254 1

3.14316633

http://nswmaths.com


ns
wm

ath
s.c

om

Question 22 (4 marks)

oneeightseven records the number of hours spent training per week and the resting heart rate (in
beats per minute) of six participants.

Training Hours (𝑇) 2 3 4 6 7 10
Resting Heart Rate (𝐻) 85 82 80 76 74 70

(a) 3Find the equation of the least-squares regression line, rounding coefficients to the nearest
integer, and use the equation to estimate the resting heart rate of someone who trains for 5
hours a week.
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(b) 1oneeightseven trains for 25 hours a week to prepare for a marathon. Explain why the
regression equation from part (a) may not be appropriate for estimating oneeightseven’s
resting heart rate.
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Question 23 (5 marks)

Consider the two curves 𝑦 = ln 𝑥 + 8𝑥 and 𝑦 = ln 𝑥 + 𝑥2 + 7.

(a) 2Find the 𝑥 value(s) at which the two curves intersect.
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(b) 3Hence, find the area bound between the two curves.
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Question 24 (5 marks)

A discrete random variable 𝑋 has the following probability distribution table

𝑥 0 1 2 3 4
𝑃(𝑋 = 𝑥) 𝑎 2𝑎 𝑏 0.2 𝑐

where 𝑎, 𝑏 and 𝑐 are constants.

It is known that 𝐸(𝑋) = 2.

(a) 3By finding expressions for 𝑏 and 𝑐 in terms of 𝑎, show that 0.05 ≤ 𝑎 ≤ 0.18.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) 2Hence deduce the maximum possible value for the variance of 𝑋.
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Question 25 (7 marks)

Abdullah wishes to purchase an itemwhich she can resell for one dollar. Benjamin is selling this
item and believes that the item is worth 𝑋 dollars where 𝑋 is a random variable with probability
density

𝑓(𝑥) = �
𝛼 + 𝛽(2𝑥 − 1) ∶ 0 ≤ 𝑥 ≤ 1
0 ∶ otherwise

where 𝛼 and 𝛽 are constants.

(a) 2Show that 𝛼 = 1 and find the possible values of 𝛽 for which 𝑓(𝑥) is a valid probability
density function.
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(b) 1Abdullah places a bid 𝑏 for the item and will gain the item only if her bid is above
Benjamin’s valuation of the item. Otherwise she will lose her bid.

Show that her expected profit, 𝐸, is given by

𝐸 = 𝐹(𝑏) − 𝑏

where 𝐹(𝑥) is the cumulative density function (cdf) of 𝑋.
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(c) 2Suppose 𝛽 > 0. Explain why Abdullah should either bid 𝑏 = 0 or 𝑏 = 1.
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(d) 2Suppose 𝛽 < 0. Find the value of 𝑏 that maximises Abdullah’s expected profit and find
the expected profit in terms of 𝛽.

You do NOT need to show that this is a maximum.
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Question 26 (4 marks)

4Show that

2 + 22 + 222 + 2222 +⋯+ 2222…2�������
𝑛 2’s

=
2
81

(10𝑛+1 − 9𝑛 − 10).
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Question 27 (4 marks)

4Let 𝑘 be a real number. For what values of 𝑘 does the equation 𝑘𝑥2+3(𝑘−2)𝑥 = 9𝑘−9 have
two real roots for 𝑥?
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Tens
2 red nets 470

Δ 3 Ck 2 4K 9k 9

9k 36k 36 36kt 36k
9 512 8kt 4

Heme first consider
9 5 2 86 4 0

Discount for this quadratic is
832 415 4 16 o

i 9 512 8k 4 0 has no real neatforallk
Sime 9.5 4570 9 512 86 4 represents
a concave upperdale with no nets ie no x interest
Heme 9 562 86 4 0 always holds

Δ70 always
HOWEVER if 4 0 ongilequation is not
a quadratic have has only one not
All red k except k 0
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Question 28 (4 marks)

4The graphs of 𝑦 = 𝑓(𝑥) and 𝑦 = 𝑔(𝑥) are given below.

𝑥

𝑦

2

2

4

𝑦 = 𝑓(𝑥)

𝑥

𝑦

2

1

𝑦 = 𝑔(𝑥) = �

1
𝑥

if 𝑥 < 0

𝑥 +
1
𝑥

if 𝑥 > 0

Find the domain and range of 𝑓�𝑔(𝑥)�.
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Question 29 (5 marks)

Consider a random variable 𝑋 that is normally distributed with mean 15 and standard deviation
𝜎. It is known that 𝑃(𝑋 < 10) = 𝑎 and 𝑃(𝑋 > 25) = 𝑏.

(a) 2Find 𝑃(20 < 𝑋 < 25) in terms of 𝑎 and 𝑏.
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(b) 3Consider a random variable 𝑌 that is normally distributed with mean 25 and standard
deviation 3𝜎. Find two pairs (𝑚, 𝑛) such that 𝑃(𝑚 < 𝑌 < 𝑛) = 1 − 𝑎 − 𝑏.
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Question 30 (5 marks)

In the figure below, the graphs of 𝐶1 ∶ 𝑥2 + 𝑦2 = 4 with centre 𝑂1 and 𝐶2 ∶ (𝑥 − 2)2 + 𝑦2 = 9
with centre 𝑂2 are shown without the coordinate axes. Their intersections are labelled 𝐴 and 𝐵.

𝐴

𝐵

𝑂1 𝑂2

(a) 1Find the value of cos∠𝐴𝑂1𝑂2.
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Question 30 continues on page 24
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Question 30 (continued)

(b) 4Hence, or otherwise, find the shaded area shown below.

𝐴

𝐵

𝑂1 𝑂2

Give your answer correct to 2 decimal places.
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Question 31 (9 marks)

In the year 2050, NSWMaths manufactures and sells Ruiace sip stickers. Suppose

𝐶(𝑞) =
7𝑞3 − 1000𝑞2 + 126000𝑞

100000
+ 84

is the cost in millions of dollars to produce and sell 𝑞 million units (you may assume this is
the only cost). It is also known that the price each sticker can be sold for can be modelled by
𝐷(𝑞) = 𝑏 − 𝑎𝑞, where 𝑎 and 𝑏 are positive constants. Define 𝑃(𝑞) to be the profit in millions
of dollars associated with selling 𝑞 million stickers.

(a) From historical data, when 200million units were produced, each unit sold for $1.50, and
when 50 million units were produced and sold, a profit of $44.25 million was made.

(i) 1Explain why 𝑏 = 1.5 + 200𝑎.
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(ii) 1Write down an expression for 𝑃(𝑞) in terms of 𝑎, 𝑏, and 𝑞.
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Question 31 continues on page 26
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(iii) 3Hence, show that

𝑃(𝑞) = 𝑞�
25
6
−

𝑞
75

� − �
7𝑞3 − 1000𝑞2 + 126000𝑞

100000
+ 84� .
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Question 31 (continued)

(b) 4Find the maximum profit the company can make, to the nearest million.

You must justify why your answer is a maximum.
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End of paper
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a

102 841863 from negative care

reject ve care as this gives negative q
and 970 for quantities

P 102.841863 103 333067045
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I want to learn more and more to see as beautiful what is necessary in things;
then I shall be one of those who make things beautiful.

— Friedrich Nietzsche, Die fröhliche Wissenschaft.

EXAMINERS

one eight seven Q2, 5, 20, 21, 22, 29
MokSifu Q1, 6, 7, 9, 11, 13, 14,

17, 18, 24, 28, 30
Hugh Entwistle Q18, 19, 24, 25
MagiicMushroom Everything else.
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