
 
 

 
 
 

 
 

 
 
Mathematics Extension 1 
 
 
 

General 
Instructions 

• Reading Time – 10 minutes 
• Working Time – 2 hours 
• Write using black pen. 
• Calculators approved by NESA may be used. 
• A reference sheet is provided. 
• For questions in Section II, show relevant mathematical reasoning 

and/or calculations. 
• Marks may not be awarded for careless work or illegible writing. 
• Begin each question on a new page. 

 
Total 
marks: 
70 

 Section I — 10 marks (pages 2-5) 
• Attempt Questions 1 - 10 
• Allow about 15 minutes for this section. 
 
 Section II — 60 marks (pages 6-14) 
• Attempt Questions 11 - 14 
• Allow about 1 hour and 45 minutes for this section. 
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Section I 

10 marks 
Attempt Questions 1–10 
Allow about 15 minutes for this section. 
 
Use the multiple-choice answer sheet for Questions 1–10. 
 
1  The temperature of a cup of hot Milo milk (𝑇𝑇°𝐶𝐶) at time 𝑡𝑡 seconds is modelled using 

Newton’s Law of Cooling. If: 

𝑇𝑇(𝑡𝑡) = 21 + 64𝑒𝑒−0.016𝑡𝑡 

 what is the initial temperature of the cup of Milo? 

A. −0.016°𝐶𝐶 

B. 64°𝐶𝐶 

C. 21°𝐶𝐶 

D. 85°𝐶𝐶 

2 A group of 27 are voting for 4 people.  

 The person with the majority vote wins the vote and every person has only one vote.  

 What is the minimum number of votes a person can win with? 

A. 6 

B. 7 

C. 8 

D. 9 

3 Which of the following is a first order linear differential equation? 

A. 𝑦𝑦′′ + 𝑦𝑦′ sin 𝑥𝑥 = cos 𝑥𝑥 

B. �𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
� − 4𝑦𝑦 = 𝑥𝑥6𝑒𝑒𝑑𝑑 

C. �𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�
2

+ 𝑦𝑦 cos 𝑥𝑥 = 5 

D. 𝑦𝑦𝑦𝑦′ = 𝑦𝑦2 
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4 The diagram below shows the graphs 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) and 𝑦𝑦 = 𝑔𝑔(𝑥𝑥). 

 
  

It is known that: 

� 𝑓𝑓(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑆𝑆

𝑃𝑃
= 18 

� 𝑔𝑔(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑆𝑆

𝑃𝑃
= −5 

� 𝑔𝑔(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑄𝑄

𝑃𝑃
= 2 

� 𝑔𝑔(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑅𝑅

𝑄𝑄
= −9 

 What is the area between the curves 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) and 𝑦𝑦 = 𝑔𝑔(𝑥𝑥) between 𝑥𝑥 = 𝑃𝑃 and 𝑥𝑥 = 𝑆𝑆? 

A. 13 𝑢𝑢2 

B. 14 𝑢𝑢2 

C. 21 𝑢𝑢2 

D. 23 𝑢𝑢2 

5 Which of the following is the value of cos−1(cos𝜃𝜃) given that −𝜋𝜋
2
≤ 𝜃𝜃 ≤ 0? 

A. 𝜃𝜃 − 𝜋𝜋 

B. 𝜋𝜋 − 𝜃𝜃 

C. 𝜃𝜃 

D. −𝜃𝜃 

𝑆𝑆 𝑄𝑄 𝑃𝑃 𝑅𝑅 

Not to scale 
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6 A group of 5 Jets and 3 Sharks are arranged in a circle. How many ways can this be done if 
Tony and Riff from the Jets must be next to each other? 

A. 6! × 2! 

B. 7! × 2! 

C. 4! × 3! × 2! 

D. 4! × 2! × 2! 

 
 

7 The polynomial 𝑃𝑃(𝑥𝑥) has a remainder of 5 when divided by (𝑥𝑥 + 1) and 𝑃𝑃(3) = 13. The 
remainder when 𝑃𝑃(𝑥𝑥) is divided by 𝑥𝑥2 − 2𝑥𝑥 − 3 would be: 

A. 2𝑥𝑥 − 3 

B. 7𝑥𝑥 − 2 

C. 7𝑥𝑥 + 2 

D. 2𝑥𝑥 + 7 

 
 

8 Let 𝑎𝑎
∼

 and 𝑏𝑏
∼

 be two non-zero vectors and let the projection of 𝑎𝑎
∼

 onto 𝑏𝑏
∼

 be represented by the 

vector 𝑐𝑐
∼

.  

 Which of the following would be the projection of 10𝑎𝑎
∼

 onto 3𝑏𝑏
∼

? 

A. 3𝑐𝑐
∼

 

B. 3. 3̇𝑐𝑐
∼

 

C. 10𝑐𝑐
∼

 

D. 30𝑐𝑐
∼

 

 
 

9 Which statement is always true for real numbers 𝛼𝛼 and 𝛽𝛽 where −1 ≤ 𝛼𝛼 < 𝛽𝛽 ≤ 1? 

A.  cosec𝛼𝛼 < cosec𝛽𝛽 

B. sec𝛼𝛼 < sec𝛽𝛽 

C. arccos𝛼𝛼 < arccos𝛽𝛽 

D. sin−1 𝛼𝛼 < sin−1 𝛽𝛽 
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10 The graph of a function 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) is given below. 

 
 

 Which of the following functions will have an inverse relation whose graph could have more 
than 2 points that intersect with the line 𝑦𝑦 = 𝑥𝑥? 

A. 𝑦𝑦 = |𝑓𝑓(𝑥𝑥)| 

B. 𝑦𝑦 = �𝑓𝑓(𝑥𝑥) 

C. 𝑦𝑦 = 𝑓𝑓(|𝑥𝑥|) 

D. 𝑦𝑦 = 1
𝑓𝑓(𝑑𝑑) 
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Section II 

60 marks 
Attempt Questions 11–14 
Allow about 1 hour and 45 minutes for this section. 
 
Answer each question on a new page in the answer booklet. 
 
For questions in Section II, your responses should include relevant mathematical reasoning 
and/or calculations. 

 
Question 11 (14 marks) Start a NEW page. 

(a) Differentiate 6 tan−1 3𝑥𝑥. 2 

(b) If 𝑢𝑢
∼

= �3
1� and 𝑣𝑣

∼
= � 𝑥𝑥−2� are perpendicular, find the value of 𝑥𝑥. 2 

(c) Evaluate sin �2 cos−1 3
5
� in exact form. 2 

(d) In how many ways can the letters in the word CAESAREAN be arranged in a  2 

line?  

(e) Given: 𝑃𝑃(𝑥𝑥) = 𝑥𝑥3 + 𝑥𝑥2 − 16𝑥𝑥 + 20, find the value of: 

i. 𝛼𝛼2𝛽𝛽𝛽𝛽 + 𝛼𝛼𝛽𝛽2𝛽𝛽 + 𝛼𝛼𝛽𝛽𝛽𝛽2 2 

ii. 𝛼𝛼2 + 𝛽𝛽2 + 𝛽𝛽2 2 

(f) Solve 𝑦𝑦′ = 𝑒𝑒3𝑑𝑑, leaving 𝑥𝑥 as a function of 𝑦𝑦. 2 

 

End of Question 11 
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Question 12 (16 marks) Start a NEW page. 

 

(a) Solve cos 𝜃𝜃 − √3 sin𝜃𝜃 = 1 for 0 ≤ 𝜃𝜃 ≤ 2𝜋𝜋 3 

 

 

 

(b) Evaluate: 3 

�
𝑥𝑥 + 1
√𝑥𝑥 − 2

4

2
𝑑𝑑𝑥𝑥 

using the substitution of 𝑢𝑢 = 𝑥𝑥 − 2. 

 

 

 

 

(c) Use mathematical induction to prove that  3 

32𝑛𝑛 − 22𝑛𝑛 is divisible by 5  

for all positive integers 𝑛𝑛. 

 

 

 

 

Question 12 continues on page 8 
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Question 12 (continued) 

(d) 𝑂𝑂𝑂𝑂𝑂𝑂𝐶𝐶 is a parallelogram where 𝑂𝑂𝑂𝑂�����⃗ = 𝑎𝑎
∼

 and 𝑂𝑂𝐶𝐶�����⃗ = 𝑐𝑐
∼

.  

𝑂𝑂𝑂𝑂 and 𝐶𝐶𝑂𝑂 are produced to meet at 𝐸𝐸 such that �𝑂𝑂𝐸𝐸�����⃗ � = �𝑂𝑂𝑂𝑂�����⃗ � as shown below:  

 

i. Find an expression for 𝑂𝑂𝐸𝐸�����⃗  in terms of 𝑎𝑎
∼

 and 𝑐𝑐
∼

. 1 

ii. Hence, show that 𝑂𝑂 is the midpoint of 𝑂𝑂𝐸𝐸�����⃗ . 3 

 

 

 

 

(e)    Solve the differential equation: 3 

𝑑𝑑𝑦𝑦
𝑑𝑑𝑥𝑥

= 3𝑥𝑥𝑦𝑦 

given 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 12 when 𝑥𝑥 = 2. 

 

 

 

End of Question 12 

  

Not to scale 

𝑎𝑎
∼

 

𝑐𝑐
∼
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Question 13 (15 marks) Start a NEW page. 

(a) Solve 3𝑑𝑑
𝑑𝑑−1

≥ 2 3 

 

(b) Chicken pox is a highly contagious disease caused by the varicella-zoster virus. 

The probability of contracting chicken pox after exposure is 0.85 if the person  

is unvaccinated and drops to 0.18 if the person has had one dose of the vaccine. 

A group of 9 students are all exposed to the chicken pox in a room. It is known  

that in this group of students, 5 have been vaccinated against the chicken pox and  

4 have not. All 9 have never had chicken pox previously.  

 

i. Find an expression for the probability that exactly 3 of the 5 vaccinated 1  

students will still contract chicken pox. 

ii. Find the probability that exactly 3 of the 5 vaccinated students and all  1 

the unvaccinated students will contract chicken pox, to 2 decimal  

places.  

 

 

 

(c) Given that for all integers 1 ≤ 𝑘𝑘 + 1 ≤ 𝑛𝑛, 2 

 

find a possible set of values of 𝑛𝑛 and 𝑟𝑟 such that: 

 

 
 

Question 13 continues on page 10 
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Question 13 (continued) 

(d) A sample of 1200 Australian newborn babies were randomly selected.   

Let �̂�𝑝 be the sample proportion of Australian newborn babies who had a head  

circumference at birth of 33.5 cm or less. Data from the World Health  

Organisation showed that 26% of newborn babies have a head circumference  

at birth of 33.5 cm or less.  

 

 

i. Assuming the sample proportion is normally distributed, show that  1 

the standard deviation is 0.0127 to 3 significant figures. 

 

ii. Hence, using the standard normal distribution table and information  2 

on page 14, approximate the probability that of the 1200 Australian  

newborn babies, at least 300 of them have a head circumference at  

birth of 33.5 cm of less, giving your answer correct to 2 decimal places. 

 

 

 

 

 

 

 

 

 

Question 13 continues on page 11 
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(e) A pot plant self-watering system is created by rotating the parabola 𝑦𝑦 = 9𝑥𝑥2  

around the 𝑦𝑦 − axis between 𝑦𝑦 = 0 and 𝑦𝑦 = 𝐷𝐷. 

 

 

 
 

i. Show that the volume of water at depth 𝐷𝐷 can be given by: 2 

𝑉𝑉 =
9
2
𝜋𝜋𝑟𝑟4 

 

ii. The variable 𝐷𝐷 is the depth of water left in the system as the water  3 

seeps into the soil after the plug at the vertex has been removed and  

𝑟𝑟 is the radius of the upper surface of the water at time 𝑡𝑡. All  

measurements are in centimeters and time is in days. 

Given 𝑑𝑑𝑑𝑑
𝑑𝑑𝑡𝑡

= −0.5, find the rate of change of the volume (𝑉𝑉)  

when the radius is 4 cm.  

 

 

End of Question 13 
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Question 14 (15 marks) Start a NEW page. 

(a) Find: 3 

� sin 5𝑥𝑥 cos 4𝑥𝑥 𝑑𝑑𝑥𝑥 

 

 

(b) Consider the function: 

𝑓𝑓(𝑥𝑥) = arccos(2𝑥𝑥 − 1) − 2 arccos√𝑥𝑥 + 3 for 0 ≤ 𝑥𝑥 ≤ 1. 

i. Show that 𝑓𝑓′(𝑥𝑥) = 0 for 0 ≤ 𝑥𝑥 ≤ 1. 2  

ii. Hence, sketch the graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 2 

 

 

 

(c) Consider the monic polynomial:  

𝑃𝑃(𝑥𝑥) = 𝑥𝑥𝑚𝑚+1 − (𝑚𝑚 + 1)𝑥𝑥 + 𝑚𝑚 where 𝑚𝑚 is a positive integer. 

i. Show that 𝑃𝑃(𝑥𝑥) has a double root at 𝑥𝑥 = 1. 2 

ii. By considering 𝑃𝑃′(𝑥𝑥), show that 𝑃𝑃(𝑥𝑥) ≥ 0 for all 𝑥𝑥 ≥ 0. 1  

 

(d)  

i. In how many ways can 𝑛𝑛 students be placed in two distinct rooms 1 

so that neither room is empty? Give your answer in simplest form. 

ii. In how many ways can five students be placed in three distinct rooms  2 

so that no room is empty? 

 
 
 
 
 

Question 14 continues on page 13 
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Question 14 (continued) 

(e) The table below shows some values of a strictly monotonically increasing  2 

continuous function 𝑓𝑓(𝑥𝑥) and its derivative 𝑓𝑓′(𝑥𝑥). 
 

𝑥𝑥 −1 0 

𝑓𝑓(𝑥𝑥) −6 −1 

𝑓𝑓′(𝑥𝑥) 4 3 

 
 
Find the gradient of the tangent at 𝑥𝑥 = −1 of 𝑓𝑓−1(𝑥𝑥). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

End of paper  
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