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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 provided for Questions 1 to 10. 

 
 

1. A section of a proof by mathematical induction is shown below. 
 
Test 𝑛 = 1 
 

LHS = 𝑛                                                    RHS = 
1

6
× 1 × (1 + 1) × (2 + 1) 

         = 1                                                              = 
1

6
× 1 × 2 × 3 

                                                                              = 1 

∴ true for 𝑛 = 1 
 
 
What is the name of this section of the proof? 
 

 
 

A. Initial statement 

 
 
 

B. 
 

Base case 
 

 
 

C. 
 

Inductive step 
 

 
 

D. 
 

Conclusion 
 
 
 

 

2. 
 

What is the domain of the function 𝑓(𝑥) = 3 cos−1 (1 +
𝑥

2
) ?  

 

 A. [−4, 0] 
 

 B. [−4, 4] 
 

 C. [−2, 2] 

 D. [−1, 1] 
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Section I continued 

3. 
 

What is the Cartesian equation of the curve with the parametric equations below? 

 
𝑥 = 3 sin 𝜃 + 1 

𝑦 = 3 cos 𝜃 

 

 
 

A. 𝑥2 + (𝑦 − 1)2 = 3 

 
 

B. (𝑥 − 1)2 + 𝑦2 = 3 

 
 

C. 𝑥2 + (𝑦 − 1)2 = 9 

 
 

D. (𝑥 − 1)2 + 𝑦2 = 9 

   

    
4. 
 

In Δ𝐴𝑂𝐵, 𝑂𝐴 = 10cm,𝑂𝐵 = 10cm, and ∠𝐴𝑂𝐵 = 𝜃 radians. 𝜃 is increasing at a constant 
rate of 0.01 radians/second. What, correct to 2 decimal places, is the rate at which the 
area of the triangle is changing when 𝜃 = 1? 

 

 
 

A. 0.27cm2/s 

 
 

B. 0.28cm2/s 

 
 

C. 0.49cm2/s 

 
 

D. 0.50cm2/s 

 

 

5. 
 

 
Ten people, including Gordon and David, wish to board a plane. The plane has only one 
door, so only one person can board at a time. Given David has to board before Gordon, 
in how many ways can the 10 people board the plane? 
 

 A. 181 440 

 B. 362 880 

 
 

C. 1 814 400 

 D. 3 628 800 
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Section I continued 

6. 
 

Consider the vector 𝒖 = 5𝒊 − 12𝒋. Which of the following is a vector which is 
perpendicular to 𝒖 and has magnitude 26 units? 
 

 A. 𝒗 = −12𝒊 − 5𝒋 

 
 

B. 𝒗 = 12𝒊 + 5𝒋 

 
 

C. 𝒗 = 24𝒊 − 10𝒋 

 D. 𝒗 = −24𝒊 − 10𝒋 

  
 

7. 
 

A bag contains 5 blue balls, 7 green balls, 8 yellow balls, 9 orange balls, and 10 red balls. 

Balls are drawn at random one at a time without replacement from the bag. What is the 

least number of balls that needs to be drawn from the bag in order to be certain that 8 

balls of the same colour are amongst those selected? 

 
 

A. 9 

 
 
 

B. 
 

34 

 
 

C. 
 

35 

 
 

D. 
 

36 

 
  

8. 
 

Which of the following is an expression for                              , where 𝑎 is a constant ? 
 

 A.  
 
 

 B.  
 
 

 C.  
 
 

 D.  
 
 

  

∫
1

𝑎𝑥2 + 𝑎2
𝑑𝑥 

1

√𝑎
tan−1 (

𝑥

√𝑎
) + 𝐶 

1

𝑎2
tan−1 (

𝑥

√𝑎
) + 𝐶 

1

𝑎
tan−1 (

𝑥

√𝑎
) + 𝐶 

1

𝑎√𝑎
tan−1 (

𝑥

√𝑎
) + 𝐶 
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Section I continued 
 

9. The quantity 𝑁 increases exponentially over time according to the equation 

𝑁 = 𝑃 + 𝐴𝑒0.2𝑡 . The graph below shows the change in 𝑁 over time (𝑡). 

 

Which equation describes the rate of change of N with respect to t ? 

 A. 
𝑑𝑁

𝑑𝑡
= 0.2(𝑁 − 10) 

 B. 
𝑑𝑁

𝑑𝑡
= 0.2(𝑁 − 25) 

 C. 
𝑑𝑁

𝑑𝑡
= 10(𝑁 − 0.2) 

 D. 
𝑑𝑁

𝑑𝑡
= 25(𝑁 − 10) 
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Section I continued 
 

10. 
 

Consider the polynomial 𝑃(𝑥) = 𝑎𝑥4 + 𝑏𝑥3 + 𝑐𝑥 + 𝑑, where the constant 𝑎 is negative 

and the constant 𝑏 is positive.  

Which graph could represent 𝑦 = 𝑃(𝑥)?  

 

 
 

End of Section I 
 

A. B. 

C. D. 
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Section II   
60 marks 
Attempt Questions 11 – 15 
Allow about 1 hour and 45 minutes for this section 
 
In Questions 11-15, your responses should include relevant mathematical reasoning and/or 
calculations 

 
Question 11 (12 marks)   Marks 
 

(a) Evaluate ∫ cos2 𝜃
𝜋

0
 𝑑𝜃. 3 

    

(b) Sketch the curve 𝑦 = tan−1 𝑥, showing all important features. 
 
 

2 

(c) 
 

Consider the polynomial 𝑃(𝑥) = 𝑥4 − 3𝑥3 − 6𝑥2 + 28𝑥 − 24. It is known that 𝑃(𝑥) 

has a triple root at 𝑥 = 𝛼. 

 

 (i) By using differentiation, find the value of 𝛼. 

 

2 

 (ii) Hence express 𝑃(𝑥) as a product of linear factors. 

 

1 

 (iii) Hence solve 𝑥4 − 3𝑥3 − 6𝑥2 + 28𝑥 − 24 ≥ 0. 

 

 

1 

(d) Use the 𝑡-formulae to solve 2 cos 𝑥 − √3 sin 𝑥 = −2, for 0 ≤ 𝑥 ≤ 2𝜋. 

Give your answer correct to 2 decimal places where necessary.  

3 
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Question 12 (12 marks) Use a SEPARATE writing booklet.   Marks 
 

(a) (i) Express √12 sin 𝑥 + 2 cos 𝑥 in the form 𝑅 sin(𝑥 − 𝛼), where 𝑅 > 0 and 

 0 ≤ 𝛼 < 2𝜋. 

3 

 (ii) Hence, or otherwise, solve √12 sin 𝑥 + 2 cos 𝑥 = 2, for 0 ≤ 𝑥 ≤ 2𝜋. 

 

 

1 

(b) Use mathematical induction to prove that 9𝑛 − 4𝑛 is divisible by 5 for all integers 
𝑛 ≥ 1. 
 
 

3 

 

(c) 
 

 Find the coefficient of 𝑥3 in the expansion of (2𝑥3 −
1

𝑥2
)
11

. 

 
 
 

 

2 

(d) By using the substitution 𝑢 = 𝑥 + 1, or otherwise, evaluate                            ,  
correct to 2 decimal places. 
 

3 
 
 

   
             
 
  

∫ 𝑥√𝑥 + 1
1

0

𝑑𝑥 
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Question 13 (12 marks) Use a SEPARATE writing booklet.   Marks 
 

(a) Greta Hayes hits a hockey ball at an angle of 30° above the horizontal, at an initial 

velocity of 35 𝑚𝑠−1. Gravity acts downward at 9.8 𝑚𝑠−2. 

By integrating �̈� = −9.8, show that the ball reaches its maximum height before 𝑡 = 2. 

 

2 

(b) Solve                     . 

 

2 

 

(c) In the diagram, 𝑂𝐴𝐵𝐶 is a rectangle in which 𝑂𝐴⃗⃗⃗⃗  ⃗ =
5

2
𝑖̰  and 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑗̰ .  

𝑃 is a point on 𝑂𝐴 such that 𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝜆𝑖̰  , for some scalar parameter 𝜆. 
 
Use vector methods, and the fact that ∠𝐶𝑃𝐵 = 90°, to show that 2𝜆2 − 5𝜆 + 2 = 0, 
and hence find any values of 𝜆. 

 

3 

(d) 
 

Consider the curves 𝑦 = 3 cos 2𝑥 and 𝑦 = √3 cos 𝑥, and the shaded region between 
them and the 𝑦-axis, as shown in the diagram below. 
 
 
 
 
 
 
 
 
 
 
 

 

 (i) By solving the equations simultaneously, show that the two curves meet when 

𝑥 =
𝜋

6
. 

 

2 

 (ii) Find the volume of the solid of revolution formed when the shaded region is 
rotated about the 𝑥-axis. 
 

3 

𝐶 𝐵 

𝐴 𝑂 𝑃 

3

𝑥
> 𝑥 + 2 

𝑥 

𝑦 = 3 cos 2𝑥 

𝑦 = √3cos 𝑥 

𝑦 

𝑆 

√3 

3 
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Question 14 (13 marks) Use a SEPARATE writing booklet.   Marks 
 

(a) Use Mathematical Induction to show that for all integers 𝑛 ≥ 1. 

(1 × 1! +
0

1!
) + (2 × 2! +

1

2!
) + (3 × 3! +

2

3!
) + ⋯+ (𝑛 × 𝑛! +

𝑛 − 1

𝑛!
) = (𝑛 + 1)! −

1

𝑛!
 

 

3 

(b) Consider the curve 𝑥 = √4 − 𝑦2, and the two vectors 𝒖 = 𝒊 + √3𝒋 and  

𝒗 = 𝒊 − √3𝒋. 

 

 (i) Sketch the curve, as well as 𝒖 and 𝒗 as position vectors. 

 

1 

 (ii) Find the angle between the two vectors 𝒖 and 𝒗. Give your answer exactly, in 

radians. 

 

1 

 (iii) Hence, or otherwise, find the exact area enclosed between the curve 

 𝑥 = √4 − 𝑦2 and 𝑥 = 1. 

 

 

2 

(c) 
 

 The velocity of a particle is given by 𝑣 = tan 𝑡, for 0 ≤ 𝑡 ≤
𝜋

2
 , where 𝑡 is the time  

  in seconds. 
 

 

 (i) Use differentiation from first principles to find an expression for 𝑎, the 

acceleration. You may use the fact that lim
ℎ→0

tanℎ

ℎ
= 1. 

 

3 

 (ii) Find when the acceleration is 2𝑚/𝑠2, correct to 2 decimal places. 

 

1 

 (iii) Find how far the particle has travelled in the first second in exact form. 

 

 

2 
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Question 15 (11 marks) Use a SEPARATE writing booklet.   Marks 
 
 

(a) Find                             .  

 

2 

(b) 
 

 𝑂 is at the base of a ramp inclined at an angle 𝛽 = tan−1 1

2
 above the horizontal. 

A stone is projected from point 𝑂 with speed 𝑉 𝑚𝑠−1 at an angle 𝛼 = tan−1 4

3
  above 

the horizontal. The stone moves in a vertical plane above the ramp under gravity 

where the acceleration due to gravity is 𝑔 𝑚𝑠−2. At time 𝑡 seconds the horizontal and 

vertical displacement of the stone relative to 𝑂 is given by: 

𝑥 = 𝑉𝑡 cos 𝛼 

𝑦 = 𝑉𝑡 sin 𝛼 −
1

2
𝑔𝑡2 

(Do not prove these results.) 

 

 

 (i) Show that the stone hits the ramp at time              seconds. 

 

3 

 (ii) Hence or otherwise, find the angle of impact, 𝜃, between the stone and the 
ramp. 

 

 

3 

(c) The first rows of Pascal’s triangle are shown below. Consider an ordering of the  

numbers, counting down and across the rows, as given in the diagram. 

 
 
Find the sum of the first 496 numbers of Pascal’s triangle. 

3 
 

 
 

 
 
 

END OF EXAMINATION 

𝑡 =
𝑉

𝑔
 

∫
sin−1 𝑥

√1 − 𝑥2

1
2

0

𝑑𝑥 














































































