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Mathematics 

Extension 1 
General Instructions 
 Reading time –  5 minutes. 
 Working time – 2  hours. 
 Write using black pen. 
 Board-approved calculators may be 

used. 
 A reference sheet is provided. 
 In Questions 11 – 16, show relevant 

mathematical reasoning and/or 
calculations. 

 Marks may not be awarded for 
incomplete or poorly presented 
solutions. 

Section I    /10 
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Question 11 /10 

Question 12 /10 

Question 13 /10 

Question 14 /10 

Question 15 /10 

Question 16 /10 

Total /70 
 

Total Marks – 70 
 
                                  Pages 3 – 6  

    10 marks 

 Attempt Questions 1 – 10. 
 Allow about 15 minutes for this 

section. 
 Answer on the multiple choice 

answer sheet provided at the back 
of this paper. 

 
 
                                  Pages 7 – 13 

    60 marks 

 Attempt Questions 11 – 16. 
 Allow about 1 hour and 45 minutes 

for this section. 
 Begin each question in a new 

writing booklet. 

 

Section 1 

I 
 

Section II 
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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 line AT is the tangent to the circle at A and the line BT is a secant meeting   
  the circle at B and C, as shown in the diagram. 
  
 
 
 
 
 
 
 
 
 
 Given that AT = 9, BC = 5 and CT = 𝑥, which one of the following equations is correct? 
    

 (A)   𝑥2 + 5𝑥 − 81 = 0 

 (B)   𝑥2 + 5𝑥 + 81 = 0 

 (C)   𝑥2 − 5𝑥 − 81 = 0 

 (D)   𝑥2 + 5𝑥 − 9 = 0 

  

2.  The acute angle between the lines 𝑦 = 2𝑥 + 4 and 5𝑥 − 𝑦 + 34 = 0 , 
 to the nearest degree is: 
  

 (A) 4° 

 (B) 7° 

 (C) 15° 

 (D) 74° 

 

 

B 

A 
T 

9 cm 

C 

x cm 

5 cm 
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3.  If  𝑡 = tan
𝜃

2
 ,  what is the correct expression for  

1−cos 𝜃

sin 𝜃
. 

 

 
(A) 

1

𝑡
 

 (B) 𝑡 

 (C) 2𝑡 

 
(D) 

2

𝑡
 

  

 

4. Find the Cartesian equation of the curve defined by the parametric 
 equations:      
          
    𝑥 =  sin 𝜃 

     𝑦 =  cos2𝜃 − 3.  

  

 (A)   𝑦 = −3 + 3𝑥2 

 (B)  𝑦 = sin2𝑥 − 3 

 (C)   𝑦 = −2 − 𝑥2 

 (D)   𝑦 = sin 2𝑥 + 3 cos2𝑥 

 

 

 

5.     What is the value of 

 

 (A) 0 

 
(B) 

1

2
 

 (C) 1 

 (D) 2 

 

 

lim   
𝑥→0

sin 2𝑥

𝑥 cos 𝑥
? 
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6. Consider the graph below. 
  

 

 Which function best describes this graph?      

 (A)    𝑦 = cos−1(𝑥) 

 (B)     𝑦 = 1 − cos−1(𝑥) 

 (C)     𝑦 = cos−1(𝑥 − 1) 

 (D)    𝑦 = cos−1(1 − 𝑥) 

 
 

 

7. 

 

 = 

   

 (A) (2𝑥 +
1

4
sin 8𝑥) + 𝐶 

 (B) (𝑥 +
1

2
sin 8𝑥) + 𝐶 

 (C) (𝑥 +
1

2
cos 8𝑥) + 𝐶 

 (D) (𝑥 +
1

4
sin 8𝑥) + 𝐶 

 

  

 

 

 

∫ 4 cos24 𝑥  𝑑𝑥  

𝑦 

𝑥 
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8. The velocity of a particle is given by 𝑣 = √2 − 𝑥, where 𝑥 is its displacement                     
in metres and velocity (m/s). 
Which of the following is a correct expression for the acceleration �̈� ?   

  

 (A) �̈� =
1

2
 m/s2 

 (B)  �̈� =
1

4
 m/s2 

 (C)  �̈� = −
1

2
 m/s2 

 (D)  �̈� = −
1

4
 m/s2 

  

 

 

9. Which of the following is a general solution of the equation sin 
𝑥

2
  = sin 

𝜋

 10
 ? 

   

 (A) 𝑥 = 𝑛𝜋 + (−1)𝑛 𝜋

5
  

 (B)   𝑥 =
𝑛 𝜋

2
+ (−1)𝑛 𝜋

20
 

 (C)  𝑥 = 2𝑛𝜋 + (−1)𝑛 𝜋

10
  

 (D)   𝑥 = 2𝑛𝜋 + (−1)𝑛 𝜋

5
 

 

 

10. 

 

The cubic curve 𝑦 =  𝑥3 + 3𝑎𝑥 + 𝑏 has two turning points and crosses the 𝑦 − axis at 
(0, –  𝑎). 

Which of the following could be true? 

  

 (A) 𝑎 <  0 and 𝑏 >  0 

 (B) 𝑎 >  0 and 𝑏 <  0 

 (C) 𝑎 >  0 and 𝑏 >  0 

 (D) 𝑎 <  0 and 𝑏 <  0 

  

 

 End of Section I 
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Section II 

60 marks 
Attempt Questions 11 ‒ 16 
Allow about 1 hour and 45 minutes for this section 
Answer each question in the appropriate writing booklet. 
Your responses should include relevant mathematical reasoning and/or calculations. 
 

Question 11 (10 marks)    Use a separate writing booklet Marks 

 

(a) 

 

The point 𝐶 (𝑥, 𝑦) divides the interval joining 𝐴 (–  4, 8) to 𝐵 (6, – 12) 
internally in the ratio 2 : 3. 
 
Find the coordinates of C. 

           

 

2 

 

 

 

 

 

 

(b) Solve for 𝑥: 
𝑥

1−3𝑥
≥ 1.   3 

       

   

(c) Show that   
sin 3𝑥

sin 𝑥
−

cos 3𝑥

cos 𝑥
= 2. 2 

   

 
 
 

 

 

 (d) 

 

Find the exact value of 

  

3 

 

 
 
 
 
 
 
 
 

∫
𝑑𝑥

√5 − 4𝑥2

√5
2

0

 . 
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Question 12 (10 marks)    Use a separate writing booklet Marks 

 

(a) 

 

 

If 𝛼, 𝛽 and 𝛾 are the roots of the equation 2𝑥3
 

+  5𝑥 − 3 = 0, find the value 
of   𝛼−1 + 𝛽−1 + 𝛾−1.  

2 

   

   

(b) 

 

 

 

 

The rate of increase of a population 𝑃 of sandflies on the track to Culbarra 
Beach is proportional to the difference between the population, 𝑃, and 
2000.  This rate is expressed by the differential equation 
𝑑𝑃

𝑑𝑡
= 𝑘(𝑃 − 2000), where 𝑘  is a constant and 𝑡 represents time in weeks. 

 

 

 

 

 
(i) Show that 𝑃 = 2000 + 𝐴𝑒𝑘𝑡 , where 𝐴 is a constant, satisfies the 
 differential equation 

 

1 

 

 

 

(ii) Initially, the population was 2500 and two weeks later it had 
 increased to 5000. Find the value of 𝐴 and 𝑘. 

 

2 

 

 

 
(iii) After how many weeks will the population of sandflies exceed     
 10 000? 

2 

 

 

 

 

 

 

 

 

 

 

(c) 

 

 

Evaluate ∫ 𝑥√3 − 𝑥
2

−1

 𝑑𝑥 

 

using the substitution 𝑢 = 3 − 𝑥,   𝑥 < 3.
  

3 
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Question 13 (10 marks)    Use a separate writing booklet Marks 

 (a) Consider the continuous function 𝑓(𝑥) =  sec−1𝑥 +  sin−1 1
𝑥

  for 𝑥 ≥ 1.  
 

 

 (i)    Show that sec−1𝑥 =  cos−1 1
𝑥
 .    1 

   (ii)    Hence, show that 𝑓′(𝑥) = 0. 2 

 
(iii)  Hence, or otherwise, prove that                                                 

                     sec−1𝑥 + sin−1 1

𝑥
=  

π

2
  for 𝑥 ≥ 1. 

 

2 

 

   

   

(b) The point 𝐴(2𝑎𝑝, 𝑎𝑝2 ) lies on the parabola 𝑥2  =  4𝑎𝑦.    
The tangent at A intersects the 𝑦 −axis at B.  
 
The line 𝑦 =  𝑝𝑥 crosses the parabola at the origin and at the point C. 
Let D be the midpoint of OC.  
 
 
 
 
 
 

 

 

 

 

 

 

  
  
 (i)     Show that the coordinates of D is (2𝑎𝑝, 2𝑎𝑝2).   
      
 (ii)    Show that the coordinates of B is  (0, − 𝑎𝑝2).   
     

 (iii)   Show that ODAB is a parallelogram.   

 

 

 

   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
1 
 
2 
 
2 

 

C 

D 

𝑦 

𝑥 
O 

B 

𝐴 (2𝑎𝑝, 𝑎𝑝2)  

𝑥2   =  4𝑎𝑦 𝑦 =  𝑝𝑥 
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Question 14 (10 marks)    Use a separate writing booklet Marks 

 

(a) 

 

   

Consider the function 𝑓(𝑥) = 3 sin 2𝑥 − 𝑥.  

 

 

 

 

(i) Show that 𝑓(𝑥) = 0 has a root 𝛼 such that 1.33 < 𝛼 < 1.34. 

 

 

2 

 

 

 
(ii) Starting with 𝛼 = 1.33, use one application of Newton’s Method to 
  find a better approximation for this root, giving your answer to 4 
  decimal places. 

2 

 

 

   

   

   

 

(b) 

 

 

 

 

 

 

 

 

In the diagram, 𝐴𝐵𝐶 is a triangle inscribed in the circle.  The tangent to 
the circle at 𝐴 meets 𝐵𝐶 produced to 𝐷.  𝐸 is the point on 𝐴𝐶 produced 
such that 𝐷𝐴 = 𝐷𝐸. 

 

Copy the diagram into your booklet. 

 

Prove that 𝐴𝐵𝐸𝐷 is a cyclic quadrilateral. 

 

    

 

 

        

3 

(c) 

 

Use mathematical induction to prove that 4𝑛 + 6𝑛 − 1 is divisible by 9 for 
integers 𝑛 ≥ 1.         

3 

 

   

 
 

 

 

 

 
 

D 

C 

A 

B 

E

D 
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Question 15 (10 marks)    Use a separate writing booklet Marks 

  

(a) A particle is moving  so that its distance 𝑥 centimetres from a fixed point 𝑂 
at time 𝑡 seconds is 𝑥 = 6 sin 2𝑡. 

 

  

 

(i)    Show that the particle is moving in simple harmonic motion. 

 

2 

 

 

 

(ii)   Find the period of the motion.  

 

1 

 

 

 

(iii)   Find the velocity of the particle when it first reaches 3 centimetres 
 to the right of the origin. 

 

2 

 

 

 

(b) 

 

 

The diagram shows a ladder PQ, 2 metres in length, leaning against a wall 
such that the top of the ladder, Q, initially reaches 1.8 metres up the wall. 
The base of the ladder, P, is 𝑥 metres from the base of the wall, B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ladder begins to slide down the wall at the rate of 0.5 metres per 
minute such that the top of the ladder is h metres below its original 
position after t minutes.  

 

 

 

(i) Show that t minutes after the ladder begins to slide down the wall,  

    ℎ = 1.8 − √4 − 𝑥2. 
2 

 

(ii) Tom is standing on the ground 1.6 metres from the base of the wall 
in a direct line with the ladder.  At what rate does base of the ladder 
hit Tom?  

3 

 

 

 

Q 

P 
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Question 16 (10 marks)    Use a separate writing booklet Marks 

  

(a) A method to score a home run in a baseball game is to hit the ball over the 

boundary fence on the full. 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A ball is hit at 50 m/s  The fence, 200 metres away, is 2 metres high.  You may 

neglect air resistance and acceleration due to gravity can be taken as 10 m/𝑠2. 

You may assume the following equations of motion: 

 

 𝑥 = 50𝑡 cos 𝜃    and  𝑦 = 50𝑡 sin 𝜃 − 5𝑡2     
                 DO NOT PROVE 

               THESE EQUATIONS 

 

 

 

 

(i) Show that the Cartesian equation of motion is given by 

 

    𝑦 = 𝑥 tan 𝜃 −
𝑥2

500
(sec2𝜃),    where 𝜃 is the angle of projection. 

 

2 

 

 

 

 

 

 

(ii) Show that if the ball just clears the 2 metre boundary fence then,  

 

              40 tan2𝜃 − 100 tan 𝜃 + 41 = 0. 

 

2 

 

 

 

 
(iii) In what range of values must 𝜃 lie to score a home run by this method? 

 

2 

   

   

𝑦 

𝑥 

50m/𝑠 

200m 

2m fence 

O 
𝜃 
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(b)   

 

 

  

 

 

                

 

 

 

 

The curve shows the graph of the function 

𝑓(𝑥) =
𝑒𝑥 − 𝑒−𝑥

𝑒𝑥 + 𝑒−𝑥 

 

where 𝑦 = ±1 are the horizontal asymptotes. 

 

 

(i) If 𝑘 is a positive constant, show that the area in the first quadrant 
enclosed by the above curve, the lines 𝑦 = 1, 𝑥 = 0 and 𝑥 = 𝑘 is 
given by: 

   𝐴 = 𝑘 − ln(𝑒𝑘 + 𝑒−𝑘) + ln 2 

 

2 

 
(ii) By considering the area in (i), prove that for all positive values of 𝑘, 

the area is always less than ln 2. 2 

 

 

 

 

 

 

 

 

 

 

    END OF PAPER 
 

 

𝑘 

𝑦 

𝑥 O 

1 

-1 

𝑦 = 1 

𝑦 = −1 
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