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Mathematics Extension 1 
General instructions • Reading time – 5 minutes 

• Working time – 2 hours 
• Write using black or blue pen. 
• NESA approved calculators may be used. 
• A reference sheet is provided with this examination paper. 
• In questions 11-14, show relevant mathematical reasoning and/or 

calculations. 
• No correction tape to be used. 

Total marks: 
70 

Section I – 10 marks (pages 1 - 4) 
• Attempt Questions 1-10  
• Allow about 15 minutes for this section 

Section II – 60 marks (pages 5 - 8) 
• 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 point 𝑃𝑃 divides the interval from 𝐴𝐴(−7, 6) and 𝐵𝐵(4,−6) externally in the ratio 
2: 3. 
What is the 𝑥𝑥-coordinate of  𝑃𝑃 ? 

  
 (A) −29 
 (B) 15 
 (C) 20 
 (D) 22 

2 
 What is the value of    lim

𝑥𝑥→0

𝑠𝑠𝑠𝑠𝑠𝑠 3𝑥𝑥
5𝑥𝑥

  ? 

  
 (A) 0 
 (B) 3

5
 

 (C) 1 
 (D) 5

3
 

3 The Cartesian equation of the tangent, at 𝑡𝑡 = −2, to the parabola 𝑥𝑥 = 𝑡𝑡 − 4,  
𝑦𝑦 =  𝑡𝑡2 + 5 is: 

 (A) 4𝑥𝑥 − 𝑦𝑦 + 15 = 0 
 (B) 4𝑥𝑥 + 𝑦𝑦 − 15 = 0 
 (C) 4𝑥𝑥 − 𝑦𝑦 − 15 = 0 
 (D) 4𝑥𝑥 + 𝑦𝑦 + 15 = 0 
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4 
 

 
What are the asymptotes of 

 

 𝑦𝑦 = 5𝑥𝑥
(𝑥𝑥+7)(3𝑥𝑥−1)

  
 

 
? 

 (A) 𝑦𝑦 = 0,  𝑥𝑥 = −7,  𝑥𝑥 = 1
3
 

 (B) 𝑦𝑦 = 0,  𝑥𝑥 = 7,  𝑥𝑥 = −1
3
 

 (C) 𝑦𝑦 = 5,  𝑥𝑥 = −7,  𝑥𝑥 = −1
3
 

 (D) 𝑦𝑦 = 5,  𝑥𝑥 = −7,  𝑥𝑥 = 1
3
 

5 
 

Two secants from an external point 𝑃𝑃 cut off intervals on a circle as shown below.  

 

 
 What is the value of 𝑥𝑥 ? 
  

 (A) 1
2

 

 (B) 1 + √69
2

 

 (C) 3
2

 

 (D) 6 

6 Which of the following is the derivative of 𝑡𝑡𝑡𝑡𝑡𝑡−1(𝑒𝑒−2𝑥𝑥)? 
 (A) 𝑒𝑒2𝑥𝑥

1 + 𝑒𝑒2𝑥𝑥 
   
 (B) −𝑒𝑒−2𝑥𝑥

1 + 𝑒𝑒−2𝑥𝑥 
   
 (C) −2𝑒𝑒−2𝑥𝑥

1 + 𝑒𝑒4𝑥𝑥  
   
 (D) −2𝑒𝑒−2𝑥𝑥

1 + 𝑒𝑒−4𝑥𝑥 
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7 Let |𝑏𝑏| ≤ 1 . What is the general solution to cos 𝑥𝑥
3

= 𝑏𝑏 ? 
 (A) 𝑘𝑘𝑘𝑘 ±  𝑐𝑐𝑐𝑐𝑐𝑐−1 𝑏𝑏 
   
 (B) 2𝑘𝑘𝑘𝑘 ± 3 𝑐𝑐𝑐𝑐𝑐𝑐−1 𝑏𝑏 
   
 (C) 4𝑘𝑘𝑘𝑘 ±  𝑐𝑐𝑐𝑐𝑐𝑐−1 𝑏𝑏 
   
 (D) 6𝑘𝑘𝑘𝑘 ± 3 𝑐𝑐𝑐𝑐𝑐𝑐−1 𝑏𝑏 

8 Adrian, Bryson and six friends arrange themselves at random in a circle. What is the 
probability that Adrian and Bryson are not together? 

  
 (A) 1

5040
 

   
 (B) 5

7
 

   
 (C) 2

7
 

   
 (D) 5039

5040
 

 
9 

 

 
The primitive function of  

1
𝑥𝑥2 − 6𝑥𝑥 + 12

  
is: 

 (A) ln( 𝑥𝑥2 − 6𝑥𝑥 + 12) + 𝐶𝐶 
   
 (B) 1

3
 𝑡𝑡𝑡𝑡𝑡𝑡−1 �

𝑥𝑥 − 3
3

� + 𝐶𝐶 

   
  (C) 1

√3
 𝑡𝑡𝑡𝑡𝑡𝑡−1 �

𝑥𝑥 − 3
√3

� + 𝐶𝐶 

   
 (D) 1

9
 𝑡𝑡𝑡𝑡𝑡𝑡−1 �

𝑥𝑥 − 3
9

� + 𝐶𝐶 

10 Given that 
𝑔𝑔′(𝑥𝑥)
𝑔𝑔(𝑥𝑥)

= 2, which of the following statements are true? 

 (Note: 𝐶𝐶 is a constant in each case) 
  

 (A) 𝑔𝑔(𝑥𝑥) = 𝑒𝑒𝑥𝑥 + 𝐶𝐶 
 (B) 𝑔𝑔(𝑥𝑥) = 𝑒𝑒2𝑥𝑥 × 𝐶𝐶 
 (C) 𝑔𝑔(𝑥𝑥) = 2 ln 𝑥𝑥 + 𝐶𝐶 
 (D) 𝑔𝑔(𝑥𝑥) = 𝐶𝐶 ln 𝑥𝑥 

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 
 
Answer each question on a SEPARATE booklet.  
 
In Questions 11-14, your responses should include relevant mathematical reasonings and/or 
calculations. 
 

 
Question 11 (15 marks) 
 
 
(a) Solve the inequality:    5𝑥𝑥

𝑥𝑥 − 2
≤ 4 

3 

    
(b) Find  �𝑐𝑐𝑐𝑐𝑐𝑐26𝑥𝑥 𝑑𝑑𝑑𝑑   2 

   
(c) 
 
 

Evaluate 
�

3𝑥𝑥
(3𝑥𝑥 + 1)2

2

0
𝑑𝑑𝑑𝑑 

by using the substitution 𝑢𝑢 = 3𝑥𝑥 + 1. 
 

3 

   
(d) A circular oil slick lies on the surface of a body of water. Its area is increasing at the rate of  3 
 16 𝑚𝑚2/𝑚𝑚𝑚𝑚𝑚𝑚. At what rate is the radius increasing at the time the radius is 5 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 to 2 

decimal places ?  
 

   
(e) Colour blindness affects 8% of all men. What is the expression of the probability that any 

random sample of 14 males should contain exactly 6 males that are colour blind? 
1 

    
(f) The shaded area shown in the diagram below is bounded by the 𝑥𝑥-axis, 𝑦𝑦 = 𝑠𝑠𝑠𝑠𝑠𝑠−1𝑥𝑥 and the 

line 𝑥𝑥 = 1
2
. 

 

  

 

 

 Find the exact value of the shaded area.  3 
   
   End of Question 11  
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Question 12 (15 marks)  
 
 
(a) 𝐴𝐴𝐴𝐴𝐴𝐴 is a triangle inscribed in a circle. 𝑃𝑃𝐴𝐴 is a tangent to the circle. 𝑃𝑃𝑃𝑃 is drawn parallel  
 to 𝐴𝐴𝐴𝐴 and meets 𝐵𝐵𝐵𝐵 produced to 𝑄𝑄.   
 Copy the diagram into your booklet.  
    
 

 

 

 Prove 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 is a cyclic quadrilateral. 2 
   
   
(b) 𝑃𝑃(2𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎2) and 𝑄𝑄(2𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎2) are two points on the parabola 4𝑎𝑎𝑎𝑎 = 𝑥𝑥2 such that the 

tangents at 𝑃𝑃 and 𝑄𝑄 intersect at an angle of 45°. Let 𝑇𝑇 be the point of intersection. The 
tangent at 𝑃𝑃 is 𝑦𝑦 = 𝑝𝑝𝑝𝑝 − 𝑎𝑎𝑎𝑎2. (DO NOT PROVE THIS). 

 

   
 i) Show that 𝑝𝑝 − 𝑞𝑞 = 1 + 𝑝𝑝𝑝𝑝 2 
    
 ii) Find the locus of 𝑇𝑇. 2 
    
    
(c) i) Sketch the curve 𝑦𝑦 = 𝑐𝑐𝑐𝑐𝑐𝑐−1 �𝑥𝑥−2

2
� 2 

    
 ii) Show that when this curve is rotated about the 𝑦𝑦-axis , the volume of solid of 

revolution generated is 6𝜋𝜋2 cubic units.  
4 

    
    
(d) Show that 

 
� 𝑛𝑛0 � +  2 � 𝑛𝑛1 �+  3 � 𝑛𝑛2 �+  … … . . +(𝑛𝑛 + 1) � 𝑛𝑛𝑛𝑛 � = (𝑛𝑛 + 2)2𝑛𝑛−1 

 

3 

    
 
  
 

End of Question 12 
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 i) Find the polynomial in the form 𝑎𝑎𝑎𝑎3 + 𝑏𝑏𝑏𝑏2 + 𝑐𝑐𝑐𝑐 + 𝑑𝑑. 3 
   
 ii) The polynomial above has a root close to 𝑥𝑥 = 1. Using one application of Newton’s 

Method, give a better approximation to 2 decimal places. 
2 

    
    
(c) Siranjeeve buys a 2 metre tall LCD television screen for his cinema room. He mounts it on a 

vertical wall, placing it so that the base of the television is 3 metres above his horizontal eye 
line from where he sits in his favourite armchair. Let the distance from his eye to the wall be 𝑥𝑥 
metres and the angle from his eye to the top and base of the television be 𝛼𝛼 (the viewing 
angle). 
Let 𝜃𝜃 be the angle of elevation to the base of the television.  

 

   
   
 i) Show that  the angle of vision 𝛼𝛼 is given by  

  𝛼𝛼 = 𝑡𝑡𝑡𝑡𝑡𝑡−1 �
5
𝑥𝑥� − 𝑡𝑡𝑡𝑡𝑡𝑡−1 �

3
𝑥𝑥� 

1 

   
 

 

 

   
 ii) Show that for a maximum viewing angle 𝛼𝛼, 𝑥𝑥 = √15 metres. 3 
   
 iii) Hence, find the maximum viewing angle 𝛼𝛼, to the nearest degree. 1 
   
   
(d) Solve for 𝑥𝑥:      log1

2
�1
𝑥𝑥
� ≥ log2(4𝑥𝑥 − 1) 3 

   
 End of Question 13 

 
 

 

Question 13 (15 marks) 
 
(a) Find the exact value of   

𝑠𝑠𝑠𝑠𝑠𝑠 �𝑐𝑐𝑐𝑐𝑐𝑐−1  
2
3

+ 𝑡𝑡𝑡𝑡𝑡𝑡−1 �−
3
4
�� 

2 

 
(b) A monic cubic polynomial when divided by 𝑥𝑥2 + 7 leaves a remainder of 𝑥𝑥 + 12  
 and when divided by 𝑥𝑥 leaves a remainder of −6.  
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End of Question 14 
 
 

End of Examination

Question 14 (15 marks) 
 
   
(a) A certain particle moves along the 𝑥𝑥-axis according to the equation 𝑡𝑡 = 4𝑥𝑥2 − 6𝑥𝑥 + 3  
 where  𝑥𝑥 is measured in centimetres and 𝑡𝑡 in seconds. Initially the particle is 1.5 𝑐𝑐𝑐𝑐 to the   
 right of the origin 𝑂𝑂 and moving away from 𝑂𝑂.  
    
 i) Prove that the velocity, 𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐−1 is given by  𝑣𝑣 = 1

8𝑥𝑥−6
 . 1 

    
 ii) Find an expression for the acceleration, 𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐−2, in terms of  𝑥𝑥 2 
   
 iii) Find the velocity of the particle when 𝑡𝑡 = 8 seconds.  2 

 
   

(b) i) Show that the function 𝑇𝑇 = 𝑅𝑅 + 𝐴𝐴𝐴𝐴−𝑘𝑘𝑘𝑘 is a solution to the differential equation  1 
    
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= −𝑘𝑘(𝑇𝑇 − 𝑅𝑅)  

   
 ii) A metal cake tin is removed from an oven at a temperature of 190℃. If the cake 

tin takes five minutes to cool to 85℃ and the room temperature is 25℃, find the 
time (to the nearest minute) it takes for the cake tin to cool to 63℃. 
 
(Assume that the cake tin cools at a rate proportional to the difference between the 
temperature of the cake tin and the temperature of the surrounding air.) 

2 

   
(c) A die is biased so that in any single throw the probability of an odd number is 𝑝𝑝 where 𝑝𝑝 is 

a constant such that 0 < 𝑝𝑝 < 1, 𝑝𝑝 ≠ 0.5. 
 

   
 i) Show that in six throws of the die the probability of at most one even number is 

6𝑝𝑝5 − 5𝑝𝑝6. 
2 

   
 ii) Find the probability that in six throws of the die the product of the scores is even. 2 
    
(d) Prove by Mathematical Induction  
    
 1 + 1

22
+ 1

32
+ ⋯+ 1

𝑛𝑛2
≤ 2 − 1

𝑛𝑛
, for all integers 𝑛𝑛 ≥ 1. 3 
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Find the exact value of the volume of the solid of revolution formed when the region  3 
bounded by the 
curve 

𝑦𝑦 = 3 sec 𝑥𝑥
2
 , the 𝑥𝑥-axis and the lines 𝑥𝑥 = 0 and 𝑥𝑥 =  𝜋𝜋 is 

rotated  

 

about the 𝑥𝑥-axis.  
  
Find the value of 𝑘𝑘 such that 𝑡𝑡𝑡𝑡𝑡𝑡−1(𝑘𝑘) + 𝑡𝑡𝑡𝑡𝑡𝑡−1 �3

5
� = 𝜋𝜋

4
 3 

  

In the expansion of �𝑥𝑥3 + 1
𝑥𝑥
�
7
, does the expression contain a constant term?  

Justify your answer. 

2 

  
A particle is moving in a straight line. At time t seconds it has displacement 
𝒙𝒙 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 where from a fixed point 𝑶𝑶 on the line, velocity 𝒗𝒗 𝒎𝒎𝒎𝒎−𝟏𝟏  given by         
𝒗𝒗 = 𝒄𝒄𝒄𝒄𝒄𝒄𝟐𝟐𝒙𝒙 and acceleration 𝒂𝒂 𝒎𝒎𝒎𝒎−𝟐𝟐. The particle starts at 𝑶𝑶.   

 

  
i) Find expressions for 𝒂𝒂 in terms of 𝒙𝒙 for 𝒙𝒙 in terms of 𝒕𝒕 2 
  
ii) Sketch the graph of 𝒙𝒙 against 𝒕𝒕. 1 
  
ii) Describe the motion of the particle from its initial position to its limiting 

position. 
2 

  
  
  
  
i) Show that the function 𝑇𝑇 = 𝑅𝑅 + 𝐴𝐴𝐴𝐴−𝑘𝑘𝑘𝑘 is a solution to the differential 

equation  
1 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝑘𝑘(𝑇𝑇 − 𝑅𝑅) 
 

  
ii) A metal cake tin is removed from an oven at a temperature of 190℃. If the 

cake tin takes ten minutes to cool to 155℃ and the room temperature is 
25℃, find the time (to the nearest minute) it takes for the cake tin to cool to 
90℃. 

(Assume that the cake tin cools at a rate proportional to the difference 
between the temperature of the cake tin and the temperature of the 
surrounding air.) 

2 
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