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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. Which of the following vectors is perpendicular to 2 5i j 
 

? 

 A. 5𝑖
~

− 2𝑗
~

   

 B. 5𝑖
~

+ 2𝑗
~

 

 C. 2𝑖
~

− 5𝑗
~

 

 D. 2𝑖
~

+ 5𝑗
~

 

 

2. Which expression is equivalent to sin cos
4 4

x x
        
   

?  

A. 
1

sin 2
2

x   

B. 2cos 2x  

C. 
1

cos2
2

x   

D. 
1

sin 2
2 4

x
  
 

  

 

3. What are the equations of asymptotes of the function 𝑦 =
𝑒𝑥 + 2
𝑒𝑥 − 2

 ?  

A. 2, 1x y    

B. ln 2, 1x y    

C. ln 2, 1x y    

D. ln 2, 1x y    
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4. 9 people are to be arranged into two groups to sit around two circular tables. One group will consist 

of 4 people and will sit at Table 1, while the remaining people will be sitting at Table 2.  

 
In how many ways can they sit around the two tables?  

A. 18 144   

B. 90 720  

C. 362 880   

D. 8 709 120  

 
5. Which one of the following functions, 𝑓(𝑥), and its inverse function, 𝑓ିଵ(𝑥), are equivalent, i.e. 

where 𝑓(𝑥) ≡ 𝑓ିଵ(𝑥)? 

A. 𝑓(𝑥) =
ଵ

௫
   for (−∞, 0) ⋃  (0, ∞) 

B. 𝑓(𝑥) = |𝑒௫|  for (−∞, ∞) 

C. 𝑓(𝑥) = sin|𝑥| for ቂ−
గ

ଶ
,

గ

ଶ
ቃ 

D.  𝑓(𝑥) = 𝑥ଶ  for [0, ∞) 

 

 

6. Given  cos(𝜃 + 𝜙) =
  ସ

ହ
 and cot 𝜃 cot 𝜙 = −

ଵ

ଷ
,  then  cos(𝜃 − 𝜙) is equivalent to: 

A. −
ଷ

ହ
 

B. −
ଶ

ହ
 

C.    
ଶ

ହ
  

D.    
ଷ

ହ
 

 

7. 𝐴𝐵𝐶𝐷 is a parallelogram. Vector  
4

3
AB

 
  
 


 and Vector 

8

6
BC

 
   


. 

What is the area of the parallelogram 𝐴𝐵𝐶𝐷?  

A. 14  square units 

B. 24  square units 

C. 28  square units 

D. 48  square units 
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8. Which of the following differential equations matches the slope field shown?  

 

A. 
dy

y x
dx

    

B. 
dy

x y
dx

   

C. 
1dy

dx y x



  

D. 
1dy

dx x y



  

 

 

 

9. The diagram shows the interval from (0,2) to (2,0). 
 
 
 
 
 
 
 
 
 
 
 
 

Which pair of parametric equations does NOT represent the interval shown? 
 

A.    ൜  
𝑥 = 𝑒௧ − 1
𝑦 = 3 − 𝑒௧                         for  0 ≤ 𝑡 ≤ ln 2 

 

B.    ൜  
𝑥 = 2(1 − 𝑡ଶ)

𝑦 = 2𝑡ଶ            
                 for  0 ≤ 𝑡 ≤ 1 

 

C.    ൜  
𝑥 = 2 sin 𝑡                     

𝑦 = 2 − 2ඥ1 − cosଶ 𝑡
    for  0 ≤ 𝑡 ≤

𝜋

2
 

 

D.    ൞  
𝑥 = 2 −

2

𝜋
cosିଵ 𝑡

𝑦 =
2

𝜋
cosିଵ 𝑡        

          for − 1 ≤ 𝑡 ≤ 1 
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10. The polynomial 𝑃(𝑥) = 6𝑥ସ − 𝑥ଷ − 17𝑥ଶ + 16𝑥 − 4 has four real roots. 

What is the sum of the roots of the polynomial 𝑃 ቀ− 
1

2
𝑥 − 1ቁ ? 

 

A. 
5

6
        

 B.  
1

12
 

  C. 
1

2
3

  

                             D. 
1

8
3

  
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Section II  

60 marks  

Attempt Questions 11–15  

Allow about 1 hour and 45 minutes for this section  

Answer each question in the appropriate writing booklet. Extra writing booklets are available.  

For questions in Section II, your responses should include relevant mathematical reasoning and/or 
calculations 

 
Question 11 (12 marks)  Use the Question 11 Writing Booklet 

 

(a) Find the exact value of cos ቀsinିଵ ଶ

ଷ
+ sinିଵ ଵ

ସ
ቁ. 3 

 

 

(b) Consider the 𝑓(𝑥) = 6 sin 𝑥 + 2 cos 𝑥 − 13, for 0 ≤ 𝑥 ≤ 2𝜋.   2 

Explain why the graph of 𝑦 =
ଵ

௙(௫)
 has no vertical asymptotes.  

 

 

(c) Forces of 60𝑁 and 20𝑁 act on an object, at point A, as shown in the diagram.  2 

 

The vector sum of forces acting on an object is called the resultant force.   

Find the magnitude of the resultant force vector acting on object 𝐴. 

 

 

 

 

 

 

Question 11 continues on page 7 

  

NOT TO 
SCALE 
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Question 11 (continued) 

 

(d) Find the term independent of 𝑥 in the expansion of ቀ2𝑥 −
ଷ

௫మቁ
଺

.   3 

 

 

(e) Given 𝑦 = 𝑒୲ୟ୬షభ ௫  show that: 2 

 
2

22
2

1 2
d y

x y xy
dx

   . 

  

 

 

  

End of Question 11  



- 8 - 

 

Question 12 (12 marks)  Use the Question 12 Writing Booklet 

 

(a) The diagram shows the graph of 𝑦 = 𝑓(𝑥). 3 

 

 

 
The diagram is reproduced in the Question 12 Answer Sheet provided.  

 

Sketch the graph of 𝑦 =
ଵ

௙(௫)
 on the Question 12 Answer Sheet provided, labelling all 

turning points and asymptotes. 
 

 

(b) The following letters are arranged in a row. 

 

 

(i) Find the number of different arrangements that can be made. 1 

 
(ii) Given that the 11 letters are arranged randomly, find the probability that all 5 E’s are  1 

together. 

 
(iii) Find the number of different arrangements in which the 2 F’s are next to each  3 

other, the 2 T’s are next to each other, exactly 4 of the E’s are next to each other, 
and the G is next to the H.  

  
 

 

Question 12 continues on page 9 

−√𝟑 √𝟑 

𝒚 = 𝒇(𝒙) 

(−𝟏, −𝟐) 

(𝟏, 𝟐) 

𝑦 

𝑥 
0 ● ● 

● 

● 

E F T E G E H E F T E 
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Question 12 (continued) 

 
(c) A student is standing against a wall in a room which is ℎ metres high and 𝑤 metres 4 

wide. They throw a ball from a height of 1.5 metres, at a speed of 5 m/s with an angle 
of projection of 40°. The ball just touches the ceiling before landing at the junction of 
the floor and the wall, as shown in the diagram.  

 
The horizontal and vertical displacement of the ball 𝑡 seconds after projection are 
 

𝑥 = 5𝑡 cos 40°  and 𝑦 = 5𝑡 sin 40° − 5𝑡ଶ + 1.5.       (Do NOT prove these.) 
  
 
 
 
 

 

 

 

 

 

 

Find the width and height of the room, correct to the nearest centimetre. 
 

 

 

End of Question 12 
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Question 13 (12 marks)  Use the Question 13 Writing Booklet 

 

(a) Using tan
2

x
t  , prove that:  2 

22
sec

1 cos 2

x

x
     

. 

 

 

(b) (i)  Show that 
3

2

3 tan tan
tan 3

1 3 tan

 






. 2 

 
(ii)  Hence, by letting 𝑥 = tan 𝜃, solve  3 

3 23 3 1 0x x x    . 

 

 

(c) Liz heats a mug of milk to 90 C in a microwave.  She takes it out into a room where 

the temperature is a constant of 26 C.  The milk cools to 70 C in 5 minutes. At time t 
minutes, its temperature T, in degrees Celsius, decreases according to the equation:     

 26
dT

k T
dt

   ,  where 𝑘 is a positive constant. 

(i) Verify that  26 ktT Ae   is a solution of this equation, where A is a constant.  1
  

(ii) Find the values of A and k. 2 
 

(iii) How long will it take for the temperature to cool to 30 C? Give your answer  2 
 correct to the nearest minute.   

 

 

 

End of Question 13  
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Question 14 (12 marks)  Use the Question 14 Writing Booklet 

  

(a) A cone has a fixed height of 24 cm. It’s curved surface area, given by 𝐴 = 𝜋𝑟𝑠, is  3 
increasing at the rate of 36𝜋 cmଶ𝑠ିଵ.    

Find the rate at which its radius is increasing when its slant height is 30 cm?  

 

 

(b) Find one possible set of values for 𝑎 and 𝑏 such that:  3 

ቀ
102
90

ቁ − ቀ
100
11

ቁ − ቀ
100
12

ቁ = ቀ
𝑎
𝑏

ቁ. 

 
 

(d) (i)  Show that 
   2

1 1 1

4 4 2 4 2x x x
 

  
. 1 

(ii)    Consider the graph of 
2

1

4
y

x



 and the line 

1

2
y   shown below.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Show that the points of intersection are ቀ√2,
ଵ

√ଶ
ቁ and ቀ−√2,

ଵ

√ଶ
ቁ. 2 

 
(iii) Hence, find the exact volume generated when the shaded region enclosed by the  3 

 curve 
2

1

4
y

x



  and the line 

1

2
y    is rotated about the x-axis.  

 

End of Question 14  

𝑦 =
1

√4 − 𝑥ଶ
 

𝑦 =
1

√2
 

0.5 

0 x 

y 
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Question 15 (12 marks) Use the Question 15 Writing Booklet 

 

(a) A curve is defined by the parametric equations:  2 

𝑥 = cosec(𝜃) + 1 

𝑦 = 2cot(𝜃) 

for 𝜃 ∈ [0,2𝜋]. Find the cartesian equation of the curve. 

 

 

(b) 𝑃𝑄𝑅 is a triangle, 𝑆 is the midpoint of 𝑄𝑅 and  𝑃𝑄ሬሬሬሬሬ⃗ = 𝑎
~

 , 𝑃𝑅ሬሬሬሬሬ⃗ = 𝑏
~

.  

 

 

 

 
 
 
 
 

(i) Show that 𝑄𝑆ሬሬሬሬሬ⃗ =
ଵ

ଶ
ቀ𝑏

~
− 𝑎

~
ቁ and 𝑃𝑆ሬሬሬሬ⃗ =

ଵ

ଶ
ቀ𝑎

~
+ 𝑏

~
ቁ. 2 

 

(ii) Hence, prove ห𝑃𝑄ሬሬሬሬሬ⃗ ห
ଶ

+ ห𝑃𝑅ሬሬሬሬሬ⃗ ห
ଶ

= 2 ቀห𝑃𝑆ሬሬሬሬ⃗ ห
ଶ

+ ห𝑄𝑆ሬሬሬሬሬ⃗ ห
ଶ

ቁ. 2 

 

 

(c) Use the substitution 𝑢 =  
ଵ ା ௫ 

ଵ ି ௫
  to find 

   

2

2

1

1 1

x
dx

x x



 





. 2 

 

 

(d) Use Mathematical Induction to prove that: 

 2sin
sin sin 3 sin 5 ... sin(2 1)

sin

nx
x x x n x

x
      for all positive integers, 1n  . 4 

 

 

End of paper 
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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. Which of the following vectors is perpendicular to 2 5i j− + ? 

 A. 5𝑖
~
− 2𝑗

~
   

 B. 5𝑖
~
+ 2𝑗

~
 

 C. 2𝑖
~
− 5𝑗

~
 

 D. 2𝑖
~
+ 5𝑗

~
 

 

2. Which expression is equivalent to sin cos
4 4

x x
    
− −   

   
?  

A. 
1

sin 2
2

x   

B. 2cos 2x  

C. 
1

cos 2
2

x   

D. 
1

sin 2
2 4

x
 
− 

 
  

 

3. What are the equations of asymptotes of the function 𝑦 =
𝑒𝑥 + 2
𝑒𝑥 − 2

 ?  

A. 2, 1x y= =   

B. ln 2, 1x y= = −  

C. ln 2, 1x y= =   

D. ln 2, 1x y= =   
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4. 9 people are to be arranged into two groups to sit around two circular tables. One group will consist 

of 4 people and will sit at Table 1, while the remaining people will be sitting at Table 2.  

 

In how many ways can they sit around the two tables?  

A. 18 144   

B. 90 720  

C. 362 880   

D. 8 709 120  

 

5. Which one of the following functions, 𝑓(𝑥), and its inverse function, 𝑓−1(𝑥), are equivalent, i.e. 

where 𝑓(𝑥) ≡ 𝑓−1(𝑥)? 

A. 𝑓(𝑥) =
1

𝑥
   for (−∞, 0)⋃  (0,∞) 

B. 𝑓(𝑥) = |𝑒𝑥|  for (−∞,∞) 

C. 𝑓(𝑥) = sin|𝑥| for [−
𝜋

2
,
𝜋

2
] 

D.  𝑓(𝑥) = 𝑥2  for [0,∞) 

 

 

6. Given  cos(𝜃 + 𝜙) =
  4

5
 and cot 𝜃 cot 𝜙 = −

1

3
,  then  cos(𝜃 − 𝜙) is equivalent to: 

A. −
3

5
 

B. −
2

5
 

C.    
2

5
  

D.    
3

5
′ 

 

7. 𝐴𝐵𝐶𝐷 is a parallelogram. Vector  
4

3
AB

 
=  
 

 and Vector 
8

6
BC

 
=  

− 
. 

What is the area of the parallelogram 𝐴𝐵𝐶𝐷?  

A. 14  square units 

B. 24  square units 

C. 28  square units 

D. 48  square unitsm 
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8. Which of the following differential equations matches the slope field shown?  

 

A. 
dy

y x
dx

= −   

B. 
dy

x y
dx

= −  

C. 
1dy

dx y x
=

−
  

D. 
1dy

dx x y
=

−
  

 

S 

 

9. The diagram shows the interval from (0,2) to (2,0). 

 

 

 

 

 

 

 

 

 

 

 

 

Which pair of parametric equations does NOT represent the interval shown? 

 

A.    {  
𝑥 = 𝑒𝑡 − 1
𝑦 = 3 − 𝑒𝑡                         for  0 ≤ 𝑡 ≤ ln 2 

 

B.    {  
𝑥 = 2(1 − 𝑡2)

𝑦 = 2𝑡2            
                 for  0 ≤ 𝑡 ≤ 1 

 

C.    {  
𝑥 = 2 sin 𝑡                     

𝑦 = 2 − 2√1 − cos2 𝑡
    for  0 ≤ 𝑡 ≤

𝜋

2
 

 

D.    {  
𝑥 = 2 −

2

𝜋
cos−1 𝑡

𝑦 =
2

𝜋
cos−1 𝑡        

          for − 1 ≤ 𝑡 ≤ 1 
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10. The polynomial 𝑃(𝑥) = 6𝑥4 − 𝑥3 − 17𝑥2 + 16𝑥 − 4 has four real roots.

What is the sum of the roots of the polynomial 𝑃 (− 
1

2
𝑥 − 1) ?

A. 
5

6

B. 
1

12

  C. 
1

2
3

−

    D. 
1

8
3

−



- 6 -

Section II 
60 marks  

Attempt Questions 11–15  

Allow about 1 hour and 45 minutes for this section  

Answer each question in the appropriate writing booklet. Extra writing booklets are available.  

For questions in Section II, your responses should include relevant mathematical reasoning and/or 

calculations 

Question 11 (12 marks)  Use the Question 11 Writing Booklet 

(a) Find the exact value of cos (sin−1 2

3
+ sin−1 1

4
). 3 

(b) Consider the 𝑓(𝑥) = 6 sin 𝑥 + 2 cos 𝑥 − 13, for 0 ≤ 𝑥 ≤ 2𝜋. 2 

Explain why the graph of 𝑦 =
1

𝑓(𝑥)
 has no vertical asymptotes.

Alternative solution: 

Since  1 sin 1 ; 1 cos 1

then    6 6sin 6 ; 2 2cos 2

6sin 2cos 13 0

( ) 0

x x

x x

x x

f x

−   −  

−   −  

 + − 

 

Marking Criteria: 

3 – Correct Solution 

2 – Applies an appropriate compound angle result 

1 –  Finds exact values of cos (sin−1 2

3
)  and 

cos (sin−1 1

4
) or equivalent merit 

Marking Criteria: 

2 –  Correct reason 

1 –  Attempts to write 2 sin 𝑥 + 6 cos 𝑥 as 

single function or equivalent merit 

( ) 0f x 

( ) 0f x =
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(c) Forces of 60𝑁 and 20𝑁 act on an object, at point A, as shown in the diagram. 2 

The vector sum of forces acting on an object is called the resultant force.  

Find the magnitude of the resultant force vector acting on object 𝐴. 

Question 11 continues on page 7 

NOT TO 

SCALE 

Marking Criteria: 

2 –  Correct Solution 

1 –  Correctly finds forces in horizontal & 

vertical directions 
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Question 11 (continued) 

(d) Find the term independent of 𝑥 in the expansion of (2𝑥 −
3

𝑥2
)
6

.  3 

(e) Given 𝑦 = 𝑒tan−1 𝑥  show that: 2 

( )
2

2
2

2
1 2

d y
x y xy

dx
+ = − . 

End of Question 11 

Marking Criteria: 

3 – Correct Answer 

2 – Correct value of 𝑟 

1 – Correctly sets up the general term 

Marking Criteria: 

2 – Correct Solution 

1 – obtains correct expression with one error  
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Question 12 (12 marks)  Use the Question 12 Writing Booklet 

(a) The diagram shows the graph of 𝑦 = 𝑓(𝑥). 3 

The diagram is reproduced in the Question 12 Answer Sheet provided. 

Sketch the graph of 𝑦 =
1

𝑓(𝑥)
 on the Question 12 Answer Sheet provided, labelling all 

turning points and asymptotes. 

−ξ𝟑 ξ𝟑

𝒚 = 𝒇(𝒙)

(−𝟏,−𝟐)

(𝟏, 𝟐)

𝑦

𝑥
0

● ● 

● 

● 

Marking Criteria: 

3 –  Correct Solution 

2 –  Draws the correct curve and writes the 

coordinates of the turning points or 

shows the vertical and horizontal 

asymptotes, or equivalent merit 

1 –  Attempts to sketch a reciprocal curve 

or equivalent merit 

Ali Razzaghi
Pencil

Ali Razzaghi
Line

Ali Razzaghi
Line
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(b) The following letters are arranged in a row.

(i) Find the number of different arrangements that can be made. 1 

(ii) Given that the 11 letters are arranged randomly, find the probability that all 5 E’s are 1 

together.

(iii) Find the number of different arrangements in which the 2 F’s are next to each 3 

other, the 2 T’s are next to each other, exactly 4 of the E’s are next to each other,

and the G is next to the H.

Question 12 continues on page 9 

E F T E G E H E F T E 

Marking Criteria: 

1 – Correct Solution 

Marking Criteria: 

1 – Correct Solution 

Marking Criteria: 

3 –  Correct Solution 

2 –  Partially correct solution 

1 –  Makes progress towards correct 

solution 



Alternative Solution 1

Alternative  Solution 2

Ali Razzaghi
Stamp

Ali Razzaghi
Stamp
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Question 12 (continued) 

(c) A student is standing against a wall in a room which is ℎ metres high and 𝑤 metres 4 

wide. They throw a ball from a height of 1.5 metres, at a speed of 5 m/s with an angle

of projection of 40°. The ball just touches the ceiling before landing at the junction of

the floor and the wall, as shown in the diagram.

The horizontal and vertical displacement of the ball 𝑡 seconds after projection are 

𝑥 = 5𝑡 cos 40°  and 𝑦 = 5𝑡 sin 40° − 5𝑡2 + 1.5.       (Do NOT prove these.)

Find the width and height of the room, correct to the nearest centimetre. 

End of Question 12 

Marking Criteria: 

4 –  Correct Solution 

3 –  Finds the height of the room, or finds 

the width of the room, or equivalent 

merit 

2 –  Finds the time to max height of the 

ball, or the width of the room, or 

equivalent merit 

1 –  Finds an expression for the vertical 

velocity or the time until 𝑦 = 0, or 

equivalent merit 
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Question 13 (12 marks)  Use the Question 13 Writing Booklet 

(a) Using tan
2

x
t = , prove that: 2 

22
sec

1 cos 2

x

x

 
=  

+  
. 

(b) (i) Show that 
3

2

3tan tan
tan 3

1 3tan

 




−
=

−
. 2 

Marking Criteria: 

2 – Correct Solution  

1 –  Prove the LHS or RHS = 1 + t2, using the t 

substitution, or sec2 (
𝑥

2
) = 1 + tan2 (

𝑥

2
) = 1 

+ t2 or equivalent merit

Marking Criteria: 

2 –  Correct Solution 

1 –  Use correct compound angle or 

equivalent merit 
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(ii) Hence, by letting 𝑥 = tan𝜃, solve 3 

3 23 3 1 0x x x− − + = . 

(c) Liz heats a mug of milk to 90 C in a microwave.  She takes it out into a room where

the temperature is a constant of 26 C.  The milk cools to 70 C in 5 minutes. At time t

minutes, its temperature T, in degrees Celsius, decreases according to the equation:

( )26
dT

k T
dt

= − − ,  where 𝑘 is a positive constant. 

(i) Verify that  26 ktT Ae−= + is a solution of this equation, where A is a constant. 1 

Marking Criteria: 

3 –  Correct Solution  

2 –  Find three different values for 3𝜃, or one 

correct x value or equivalent merit 

1 –  Correctly moves two terms of 
3 23 3 1 0x x x− − + = to the other side of

the equation (can still be in terms of 𝑥 or 

in terms of tan θ), or equivalent merit 

Marking Criteria: 

1 – Correct Solution  
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(ii) Find the values of A and k. 2 

(iii) How long will it take for the temperature to cool to 30 C? Give your answer 2 

correct to the nearest minute.

End of Question 13 

Marking Criteria: 

2 – Correct Solution 

1 – Finds correct value for 𝐴 or 𝑘 

Marker’s comments: 

Mostly well done, those got 1 mark 

usually only found A. Those who got 

the correct value of k usually find A 

correctly. 

Marking Criteria: 

2 –  Correct Solution 

1 –  Makes progress towards finding 

time. 
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Question 14 (12 marks)  Use the Question 14 Writing Booklet 

(a) A cone has a fixed height of 24 cm. It’s curved surface area, given by 𝐴 = 𝜋𝑟𝑠, is 3 

increasing at the rate of 36𝜋 cm2𝑠−1.

Find the rate at which its radius is increasing when its slant height is 30 cm? 

(b) Find one possible set of values for 𝑎 and 𝑏 such that: 3 

(
102
90

) − (
100
11

) − (
100
12

) = (
𝑎
𝑏
). 

Marking Criteria: 

3 – Correct Solution 

2 –  Attempts to find 
𝑑𝑟

𝑑𝑡
using 

𝑑𝐴

𝑑𝑟
and 

𝑑𝑆

𝑑𝑡

1 –  Indicates
𝑑𝐴

𝑑𝑟
= 𝜋ξ𝑟2 + 144 +

𝜋𝑟2

ξ𝑟2+144

or equivalent merit 

 

Marking Criteria: 

3 –  Correct Solution  

2 –  Finds correct value of 𝑎 or 𝑏  

1 –  Correctly applies Pascals’ identity or 

equivalent merit 
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(d) (i) Show that 
( ) ( )2

1 1 1

4 4 2 4 2x x x
= +

− − +
. 1 

(ii) Consider the graph of
2

1

4
y

x
=

−
 and the line 

1

2
y =  shown below. 

Show that the points of intersection are (ξ2,
1

ξ2
) and (−ξ2,

1

ξ2
). 2 

𝑦 =
1

ξ4 − 𝑥2

𝑦 =
1

ξ20.

5

0 x 

y 

Marking Criteria: 

1 – Correct Solution  

Marking Criteria: 

2 – Correct Solution  

1 –  Finds one correct value of 𝑥 or 𝑦 
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(iii) Hence, find the exact volume generated when the shaded region enclosed by the 3 

curve 
2

1

4
y

x
=

−
 and the line 

1

2
y =  is rotated about the x-axis. 

End of Question 14 

Marking Criteria: 

3 –  Finds exact volume  

2 –  Makes substantial progress 

1 –  Correctly sets up integral for volume  
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Question 15 (12 marks) Use the Question 15 Writing Booklet 

(a) A curve is defined by the parametric equations: 2 

𝑥 = cosec(𝜃) + 1 

𝑦 = 2cot(𝜃) 

for 𝜃 ∈ [0,2𝜋]. Find the cartesian equation of the curve. 

Marking Criteria: 

2 –  Correct Solution  

1 –  Makes progress using Pythagorean 

identity or equivalent merit 
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(b) 𝑃𝑄𝑅 is a triangle, 𝑆 is the midpoint of 𝑄𝑅 and  𝑃𝑄⃗⃗⃗⃗  ⃗ = 𝑎
~
 , 𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑏

~
.

(i) Show that 𝑄𝑆⃗⃗⃗⃗  ⃗ =
1

2
(𝑏
~

− 𝑎
~
) and 𝑃𝑆⃗⃗ ⃗⃗  =

1

2
(𝑎
~

+ 𝑏
~
). 2 

P

S 

R 

Q 

b 

a 

Marking Criteria: 

2 –  Correct Solution  

1 –  Finds ⃗⃗⃗𝑄𝑆⃗⃗  or ⃗⃗⃗𝑃𝑆⃗ 
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(ii) Hence, prove |𝑃𝑄⃗⃗ ⃗⃗  ⃗|
2
+ |𝑃𝑅⃗⃗⃗⃗  ⃗|

2
= 2(|𝑃𝑆⃗⃗ ⃗⃗  |

2
+ |𝑄𝑆⃗⃗⃗⃗  ⃗|

2
). 2 

(c) Use the substitution 𝑢 =
1 + 𝑥 

1 − 𝑥
to find 

( ) ( )

2

2

1

1 1

x
dx

x x

−

− +





. 2 

Marking Criteria: 

2 –  Correct Solution  

1 –  Makes progress using algebraic 

manipulation progress or equivalent 

merit 

Marking Criteria: 

2 –  Correct Solution 

1 –  Indicates  
ξ1−𝑥2

1 + 𝑥
= (

1 + 𝑥

1 − 𝑥
)
−

1

2
= 𝑢−

1

2 or    

𝐼 = ∫
ξ 1 − 𝑥2 

(1 − 𝑥 )2(1 + 𝑥 )
𝑑𝑥 = ∫

ξ1−𝑥2

1+𝑥
× 

1

2
×

2

(1−𝑥)2
𝑑𝑥 
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(d) Use Mathematical Induction to prove that:

( )2sin
sin sin 3 sin 5 ... sin(2 1)

sin

nx
x x x n x

x
+ + + + − = for all positive integers, 1n  . 4 

End of paper 

Marking Criteria: 

4 –  Defines appropriate sequence of 

statements and proves them true by 

Mathematical Induction 

3 –   Makes substantially progress in the 

inductive step 

2 –  Correctly sets up the assumption 

stating 𝑘 is a positive integer ≥ 1 or 

equivalent merit 

1 –  Correctly tests 𝑛 = 1 
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