
NESA No.           

 

Class: 12MTX21______ 
 
 

CHERRYBROOK TECHNOLOGY HIGH SCHOOL 
 

 
2021 

 
YEAR 12 

 
AP4 

 

MATHEMATICS EXTENSION 1 
 

Time allowed – 2 hours plus 10 minutes reading time 
 

General 
Instructions 

 Attempt all questions 
 Write your name and NESA number on the question paper 
 Write using black pen 
 NESA approved calculators may be used 
 The NESA reference sheet has been provided 
 For questions in Section II, show relevant mathematical reasoning 
      and/or calculations 
 

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 – 10) 
 Attempt Questions 11 – 14 
 Each question must be written in a new booklet clearly marked 

with your NESA number, class and question number eg. Question 
11, Question 12, Question 13 or Question 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. What is the projection of 2 3a i j= +
  

 on to 4 ?b i j= −
  

 

 
  

(A) 
20 30
17 17

i j− −
 

 

 
(B) 

10 40
17 17

i j− +
 

 

 
(C) 

20 30
13 13

i j− −
 

 

 
(D) 

10 40
13 13

i j− +
 

 

 

2. Which of the following is an expression for � sin24𝑥𝑥𝑥𝑥𝑥𝑥 ? 

 (A) 
𝑥𝑥
2
−

1
16

sin 8𝑥𝑥 + 𝐶𝐶 

 (B) 
𝑥𝑥
2

+
1

16
sin 8𝑥𝑥 + 𝐶𝐶 

 (C) 𝑥𝑥 −
1
8

sin 8𝑥𝑥 + 𝐶𝐶 

 (D) 𝑥𝑥 +
1
8

sin 8𝑥𝑥 + 𝐶𝐶 

 

3. Which one of the following differential equations has 𝑦𝑦 = 5𝑥𝑥𝑒𝑒2𝑥𝑥 as a solution? 

 (A) 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

− 2
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0 

 (B) 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

− 4
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0 

 (C) 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

− 4𝑦𝑦 = 20𝑒𝑒2𝑥𝑥 

 (D) 𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

− 4𝑦𝑦 = 𝑒𝑒2𝑥𝑥 
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4. Consider the graph of  shown here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Which one of the following would have 2 more roots than 𝑓𝑓(𝑥𝑥)? 

 (A) 𝑦𝑦 = −2 × 𝑓𝑓(𝑥𝑥)     

 (B) 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) + 3 

 (C) 𝑦𝑦 = 𝑓𝑓−1(𝑥𝑥) 

 (D) 𝑦𝑦 = 𝑓𝑓(𝑥𝑥 + 3) 

   

   

5. Which of the following is an expression for  � tan 𝑥𝑥 𝑑𝑑𝑑𝑑 ? 

   

 (A) sec2𝑥𝑥 + 𝑐𝑐 

 (B) ln|cos 𝑥𝑥| + 𝑐𝑐 

 (C) ln|sec𝑥𝑥| + 𝑐𝑐 

 (D) 
1
2

tan2𝑥𝑥 + 𝑐𝑐 

   



CTHS HSC Mathematics Extension 1 AP4 2021  4 

6. If 𝑓𝑓(𝑥𝑥) = 
3+𝑒𝑒2𝑥𝑥

5
 where 𝑓𝑓(𝑥𝑥) > 5

3
, which of the following is 𝑓𝑓−1(𝑥𝑥) ? 

 

 (A) ln (5𝑥𝑥 − 3) 

 (B) 
1
2

ln (5𝑥𝑥 − 3) 

 (C) ln (5𝑥𝑥) − ln 3 

 (D) 
1
2

ln (5𝑥𝑥) − ln 3 

   

   

7. A curve is defined parametrically by 𝑥𝑥 = − ln 𝑡𝑡, 𝑦𝑦 = cos 2𝑡𝑡 for 𝑡𝑡 > 0. 
At what approximate value of 𝑥𝑥 does the curve cross the 𝑥𝑥-axis for the first time as 𝑡𝑡 increases              
from zero? 
 

 (A)  - 1.7  

 (B) - 1.37 

 (C) - 0.86 

 (D) 0.24 

   

   

8. A company has a board of twelve directors. Six of these were selected at random to be candidates 
in the election for the positions of President, Vice-President and Treasurer. 

      In how many ways can these three senior positions be filled? 

 (A) 𝑃𝑃312   

 (B) 
12!
3!

  

 (C) 𝑃𝑃612

3!
  

 (D) 𝑃𝑃612

3!3!
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9. Which of the following best represents the direction field for the differential equation  
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 = 
−2𝑥𝑥
𝑦𝑦−2

 ? 

 
 (A)  (B)  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 (C)  (D)  
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10. The diagram shows OABC, a rhombus in which 𝑂𝑂𝑂𝑂�����⃗ = 𝐶𝐶𝐶𝐶�����⃗ = 𝑎𝑎

∼
 and 𝑂𝑂𝑂𝑂�����⃗ = 𝐴𝐴𝐴𝐴�����⃗ = 𝑐𝑐

∼
 

                                
To prove that the diagonals of OABC are perpendicular, what are you required to show? 
 

 (A) �𝑎𝑎
∼

+ 𝑐𝑐
∼
� ∙ �𝑎𝑎

∼
+ 𝑐𝑐

∼
� = 0 

 (B) �𝑎𝑎
∼
− 𝑐𝑐

∼
� ∙ �𝑎𝑎

∼
− 𝑐𝑐

∼
� = 0 

 (C) �𝑎𝑎
∼
− 𝑐𝑐

∼
� ∙ �𝑎𝑎

∼
+ 𝑐𝑐

∼
� = 0 

 (D)  𝑎𝑎
∼
∙ 𝑐𝑐
∼

= 0 

 
End of Section I 
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Section II 
 
60 marks 
Attempt Questions 11 – 14  
Allow about 1 hour and 45 minutes for this section 
 
Instructions • Answer each question in the appropriate booklet. Extra writing booklets are 

available. 
 
• In Questions 11-14 your responses should include relevant mathematical 

reasoning and/or calculations. 
 

Question 11 – Start a new booklet (15 marks) Marks 
    

(a) Solve 
𝑥𝑥

𝑥𝑥−3
 ≤ 4 for 𝑥𝑥. 2 

    

(b) 𝛼𝛼,𝛽𝛽 and 𝛾𝛾 are the roots of the polynomial 𝑃𝑃(𝑥𝑥) = 2𝑥𝑥3 − 4𝑥𝑥2 + 𝑥𝑥 + 5. 
 
Calculate: 
 

 

 (i) 3𝛼𝛼 + 3𝛽𝛽 + 3𝛾𝛾 − 4𝛼𝛼𝛼𝛼𝛼𝛼  2 

 (ii) 𝛼𝛼2 + 𝛽𝛽2 + 𝛾𝛾2 2 

    

(c) The diagram shows the graph of 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 

 

 

 
(i) Sketch 𝑦𝑦 = 𝑓𝑓−1(𝑥𝑥) after making an appropriate restriction on the domain 

of 𝑓𝑓(𝑥𝑥).  

2 

 (ii) On a separate diagram, sketch 𝑦𝑦 =
1

|𝑓𝑓(𝑥𝑥)|.  2 

      

  Question 11 continued on page 7  
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Question 11 continued  
    
(d) Determine the values of 𝑎𝑎 and 𝑏𝑏 so that 𝑥𝑥4 − 3𝑥𝑥3 + 𝑎𝑎𝑎𝑎2 + 𝑏𝑏𝑏𝑏 − 1 is divisible by 

(𝑥𝑥 − 1)2. 
3 

  
 
 

 

(e) Find the angle between the vectors  , correct to the 

nearest degree. 

2 

    

    

    

End of Question 11 – Start a new booklet  
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Question 12 – Start a new booklet (15 marks) Marks 
    

(a) In a particular circuit, the current I amperes is given by: 

𝐼𝐼 = 4 sin 𝜃𝜃 − 3 cos 𝜃𝜃 
Where 𝜃𝜃 is an angle related to the voltage and 𝜃𝜃 > 0. 

 

 

 (i) Express I  in the form 𝐼𝐼 = 𝑅𝑅 sin(𝜃𝜃 − 𝛼𝛼) where 𝑅𝑅 > 0 and 0𝑜𝑜 ≤ 𝛼𝛼 ≤ 𝜋𝜋
2

. 2 

 
(ii) Find the value of θ  for which the greatest value of I  first occurs.  

Justify your answer mathematically. 
2 

    

    

(b) Water is poured into a container at a rate of 8 cm3s–1 and the volume of the 
water in the container is given by: 

𝑉𝑉 =
3
2

(ℎ2 + 8ℎ) 

where ℎ is the depth of the water in centimetres. 

3 

 Find the rate of change of the depth of the water when V = 72 cm3.  

    

    

(c) Evaluate � cos22𝜃𝜃 sin 2𝜃𝜃  𝑑𝑑𝑑𝑑.
3π
4

π
2

 Use the substitution 𝑢𝑢 = cos 2𝜃𝜃. 3 

    

    

(d) Use the principle of mathematical induction to prove that for all 𝑛𝑛 ≥ 1,  
 

1
2

+
2

22
+

3
23

+ ⋯+
𝑛𝑛

2𝑛𝑛
= 2 −

𝑛𝑛 + 2
2𝑛𝑛

 

 

3 

    

    

(e) Use the pigeonhole principle to determine how many integers must be selected 
from the numbers 5, 6, 7, 8, 9 and 10 so that at least 2 of the numbers will have 
a difference of 3? 

2 

    

    

End of Question 12 – Start a new booklet  
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Question 13 – Start a new booklet (15 marks) Marks 
    

(a) Find the solution of the differential equation 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 = 1 + 4𝑦𝑦2, given 𝑦𝑦(0) = 1
2
. 

Give your answer in the form 𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 

3 

    

    

(b) Use the compound angle identities to first simplify and then solve 

cos 3𝑥𝑥 − cos 2𝑥𝑥 + cos 𝑥𝑥 = 0 for 0 ≤ 𝜃𝜃 ≤ 𝜋𝜋. 
3 

    

    

(c) A solid is generated when the region bounded by 𝑦𝑦 = 
1
𝑥𝑥

 , 𝑦𝑦 = 4, the line 𝑥𝑥 = 3 
and the 𝑦𝑦-axis is rotated about the 𝑥𝑥-axis.  

Determine the volume of the solid. 

3 

    

    

(d) (i) Find  �
𝑥𝑥

√1 − 𝑥𝑥2
𝑑𝑑𝑑𝑑 using the substitution 𝑢𝑢 = 1 − 𝑥𝑥2 2 

 (ii) Differentiate  𝑥𝑥 cos−1 𝑥𝑥 with respect to 𝑥𝑥. 2 

 (iii) Hence, find  � cos−1 𝑥𝑥 𝑑𝑑𝑑𝑑 2 

    

    

    

End of Question 13 – Start a new booklet  
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Question 14 – Start a new booklet (15 marks) Marks 
    

(a) A particle is projected upwards from the top of a building 12 metres high with an 
initial velocity of 40 ms-1. The particle is launched at an angle of 30 degrees with 
the horizontal.  

Take 9.8 ms-2 for the acceleration due to gravity. 

 

 

(i) If the origin is at the base of the building, show that the displacement 
vector of the particle is: 

𝑠𝑠
∼

(𝑡𝑡) = 20√3  𝑡𝑡 𝑖𝑖
∼

+ (−4.9𝑡𝑡2 + 20𝑡𝑡 + 12)𝑗𝑗
∼

 

3 

 (ii) Show that the time of flight is 4.61 seconds, correct to 2 decimal places. 1 

 (iii) Determine the speed, correct to 2 decimal places, and the angle, correct 
to the nearest degree, at which the particle hits the ground. 

3 

    
    
(b) Consider a set with 𝑛𝑛 objects without regard to order. 

 
The set is to be split into 𝑟𝑟 groups. The first group is of size 𝑛𝑛1, the second is of 
size 𝑛𝑛2, and so forth, with the last group of size 𝑛𝑛𝑟𝑟.  
 
Note  𝑛𝑛1 + 𝑛𝑛2 + ⋯+ 𝑛𝑛𝑟𝑟 = 𝑛𝑛. 
 

 

 

(i) Explain why the number of ways to split the set into 𝑟𝑟 groups is: 
 

�
𝑛𝑛
𝑛𝑛1
� �
𝑛𝑛 − 𝑛𝑛1
𝑛𝑛2

� �
𝑛𝑛 − 𝑛𝑛1 − 𝑛𝑛2

𝑛𝑛3
�… �

𝑛𝑛 − 𝑛𝑛1 − 𝑛𝑛2 −⋯− 𝑛𝑛𝑟𝑟−1
𝑛𝑛𝑟𝑟

� 

 

1 

 

(ii) Show that the expression in part (i) is equal to 
 

𝑛𝑛!
𝑛𝑛1! 𝑛𝑛2! …𝑛𝑛𝑟𝑟!

 

 

2 

 

(iii) A club consisting of four Year 12 students and twelve Year 11 students is 
randomly divided into groups of four. 
 
Find the probability that each group includes a Year 12 student. 

3 

    
    

(c) Prove that 
cos 3𝑥𝑥
cos𝑥𝑥

 − 
sin3𝑥𝑥
sin𝑥𝑥

 is independent of 𝑥𝑥. 2 

    

End of Paper  
 
 



Year 12 Mathematics Extension 1 Section I – Answer Sheet 
 

NESA No.           
 
Name:  _____________________________________ Class:  ________________ 

 
Select the alternative A, B, C or D that best answers the question. Fill in the response oval 
completely. 
 

Sample: 2 + 4 = (A) 2 (B) 6 (C) 8 (D) 9 

  A B C D 

 
 If you think you have made a mistake, put a cross through the incorrect answer and fill in 

the new answer. 
 

  A B C D 

 
 If you change your mind and have crossed out what you consider to be the correct 

answer, then indicate the correct answer by writing the word correct and drawing an 
arrow as follows. 

 
  A B C D 

 
 
 

1. A  B C D 

2. A B C D 

3. A B C D 

4. A  B C D 

5. A B C D 

6. A B C D 

7. A  B C D 

8. A B C D 

9. A B C D 

10. A  B C D 

 

correct 
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