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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 gives the solutions to the inequality |2 − 3𝑥 | ≤ 4?

A. −2
3
≤ 𝑥 ≤ 2

B. −2 ≤ 𝑥 ≤ 2
3

C. 𝑥 ≤ −2 , 𝑥 ≥ 2
3

D. 𝑥 ≤ −2
3

, 𝑥 ≥ 2

2 A curve is defined parametrically by the equations 𝑥 = 2 cos 𝑡 and 𝑦 = 2 cos 2𝑡.
What is the Cartesian of the curve?

A. 𝑦 = 2 + 𝑥2

B. 𝑦 = 𝑥2 − 2

C. 𝑦 = 2𝑥

D. 𝑦 = 2𝑥2 − 1

– 2 –



3 Which of the following is the correct expression for
∫

sin2 3𝑥 𝑑𝑥?

A.
1
2
(1 − cos 6𝑥) + 𝐶

B. 𝑥 − 1
6

sin 6𝑥 + 𝐶

C.
1
2

(
𝑥 + 1

6
sin 6𝑥

)
+ 𝐶

D.
1
2

(
𝑥 − 1

6
sin 6𝑥

)
+ 𝐶

4 Which of the following is the correct value for cos−1(−𝑝) + sin−1(−𝑝) where −1 ≤ 𝑝 ≤ 1?

A. −𝜋

2

B. 0

C.
𝜋

2

D. 𝜋

5 Given that 𝑓 (𝑥) = 𝑥2 − 4𝑥 + 2, where 𝑥 ≥ 2, which of the following is 𝑓 −1(𝑥)?

A. 𝑓 −1(𝑥) = 2 ±
√
𝑥 + 2

B. 𝑓 −1(𝑥) = 2 +
√
𝑥 + 2

C. 𝑓 −1(𝑥) = 2 −
√
𝑥 + 2

D. 𝑓 −1(𝑥) = 2 −
√
𝑥 − 2
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6 A sketch of the graph of 𝑦 = 𝑓 (𝑥) is given below.

𝑥

𝑦

Which of the following is the graph of 𝑦 =
1

𝑓 (𝑥) ?

A.

𝑥

𝑦
B.

𝑥

𝑦

C.

𝑥

𝑦
D.

𝑥

𝑦
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7 If points 𝐴, 𝐵 and 𝐶 are such that
−−→
𝐴𝐵 ·

−−→
𝐵𝐶 = 0, which of the following statements must be

true?

A. Either
−−→
𝐴𝐵 or

−−→
𝐵𝐶 is the zero vector.

B. Points 𝐴, 𝐵 and 𝐶 are collinear.

C. The vector projection of
−−→
𝐴𝐶 onto

−−→
𝐴𝐵 is

−−→
𝐴𝐵.

D. The vector projection of
−−→
𝐴𝐵 onto

−−→
𝐴𝐶 is

−−→
𝐴𝐶.

8 A set of five distinct parallel lines intersects a different set of seven distinct parallel lines.
How many possible parallelograms can be made from these lines?

A. 𝐶12
4

B. 𝐶5 2 × 𝐶7 2

C. 𝐶5 2 + 𝐶7 2

D. 𝑃5
2 × 𝑃7

2

9 The graph of 𝑦 =
√︁
𝑓 ( |𝑥 |) is not defined for any value of 𝑥. In which quadrants can the

graph of 𝑦 = 𝑓 (𝑥) exist?

A. Fourth only

B. First and Second

C. Third and Fourth

D. Second, Third and Fourth
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10 The letters of the word IMPRESSION are rearranged such that the letters of the word
PRESS appear in order but not necessarily together.
One such arrangement is O P N R E I S M S I.
How many such arrangements are there?

A.
10!
2!2!

B.
10!
5!2!

C. 6!

D. 10!

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 in a SEPARATE writing booklet. Extra writing booklets are available.

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

Question 11 (15 marks) Use a SEPARATE Writing Booklet

(a) 3Solve
𝑥 + 1
𝑥 − 3

≤ 2.

(b) It is given that u = 5i − 4j and v = 8i + 9j.

(i) 1Find u · v.

(ii) 1Hence, explain with reasons whether the angle between u and v is acute or obtuse.

(c) (i) 1Show that 2 cos 2𝑥 cos 3𝑥 = cos 𝑥 + cos 5𝑥.

(ii) 2Hence, solve the equation cos 𝑥 + cos 5𝑥 = 0 for 0 ≤ 𝑥 ≤ 𝜋.

(d) A polynomial is given such that 𝑝(𝑥) = 𝑥3 − 8𝑥2 + 𝑞𝑥 − 16 where 𝑞 ∈ R.
It is known that the equation 𝑝(𝑥) = 0 has roots 𝛼, 𝛽 and 𝛼 + 𝛽.

(i) 2Show that 𝛼 = 2 and 𝛽 = 2.

(ii) 1Hence find the value of 𝑞.

Question 11 continues on page 9
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Question 11 (continued)

(e) A coastguard stationed at the origin 𝑂 monitors the movements of a small boat which is
moving in a straight line at a constant speed measured in km/h. The coastguard spots the
boat at (7i − j) at 10 a.m. At noon the location of the boat is at (−i − 5j).
Each unit is 1 km.

(i) 1Find the velocity vector of the boat.

(ii) 1Hence, if 𝑡 is the time in hours after 10 a.m., find the displacement vector for the
position of the boat at time 𝑡.

(iii) 2Hence, find the value of 𝑡 when the boat is closest to the coastguard.

End of Question 11
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Question 12 (15 marks) Use a SEPARATE Writing Booklet

(a) 2Sketch the graph of the function 𝑓 (𝑥) = cos−1(2𝑥 − 1).

(b) 2Find
∫

1
√

9 − 4𝑥2
𝑑𝑥.

(c) 3Prove the following identity:

tan 𝑎
tan 2𝑎 − tan 𝑎

= cos 2𝑎

(d) (i) 2Express
√

3 sin 3𝑡 − cos 3𝑡 in the form 𝑅 sin(3𝑡 − 𝛼) where 𝛼 is acute and 𝑅 > 0.

(ii) 2Hence, or otherwise, solve
√

3 sin 3𝑡 − cos 3𝑡 = 0 for 0 ≤ 𝑡 ≤ 𝜋.

Question 12 continues on page 11
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Question 12 (continued)

(e) An engineer has designed a lifting device. The handle turns a screw which shortens the
horizontal length and increases the vertical height.

The device is modelled by a rhombus of side length 25 cm.
The horizontal diagonal of the rhombus is 𝑥 cm, and the vertical diagonal is ℎ cm as shown
below.

𝒉

𝒙

25cm

(i) 2Show that ℎ =
√

2500 − 𝑥2.

(ii) 2As the handle is turned, the length of the horizontal diagonal decreases at a
constant rate of 0.3 cm per second.
Find the rate of change of the vertical diagonal when the horizontal diagonal
is 30 cm long.

End of Question 12
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Question 13 (15 marks) Use a SEPARATE Writing Booklet

(a) 3𝑂 is the origin of a coordinate system whose units are in cm. The points 𝐴, 𝐵, 𝐶 and 𝐷

have coordinates (1, 0), (1, 4), (6, 9) and (0, 9) respectively. The arc 𝐵𝐶 is part of the
curve with equation 𝑥2 + (𝑦 − 10)2 = 37. The closed shape 𝑂𝐴𝐵𝐶𝐷 is formed, in turn,
from the line segments 𝑂𝐴 and 𝐴𝐵, the arc 𝐵𝐶 and the line segments 𝐶𝐷 and 𝐷𝑂

(see diagram).

Find the exact volume of the object formed when 𝑂𝐴𝐵𝐶𝐷 is rotated about the 𝑦-axis.

𝑂 𝐴 (1, 0)

𝐵 (1, 4)

𝐶 (6, 9)𝐷 (0, 9)

𝑥

𝑦

(b) 3Using the substitution 𝑢 = ln 𝑥, evaluate
∫ 𝑒

1

√
1 + ln 𝑥

2𝑥
𝑑𝑥.

Question 13 continues on page 13
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Question 13 (continued)

(c) The coefficient of 𝑥2 in the expansion of (1 − 4𝑥)𝑛 is 240, where 𝑛 is a positive integer.

(i) 2Show that 𝑛 = 6.

(ii) 3Hence, find the coefficient of 𝑥4 in the expansion of (1 − 4𝑥)𝑛
(
1 + 2

𝑥

)3
.

(d) 4The position of a particle at time 𝑡 is given by the parametric equations
𝑥 = 𝑡 cos 𝑡, 𝑦 = 𝑡 sin 𝑡 where 𝑡 ≥ 0.

The path of the particle is shown on the diagram below.
By first finding the velocity vector, calculate the exact value of instantaneous speed of the
particle at point 𝐴.

𝐴 𝑥

𝑦

End of Question 13
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Question 14 (15 marks) Use a SEPARATE Writing Booklet

(a) 3In a square with sides of unit length, 51 points are chosen.

Show that there are at least 3 points which lie within a circle with a radius of
1

5
√

2
.

(b) 3Use the principle of mathematical induction to show that 𝑛3 + 5𝑛 is divisible
by 6 for all positive integers 𝑛.

(c) The polynomial 𝑃(𝑥) is of degree 3 and 𝑃(𝑥) − 1 is divisible by (𝑥 − 1)2.

(i) 1Find the value of 𝑃(1).

(ii) 1Show that 𝑃′(𝑥) is divisible by (𝑥 − 1).

(iii) 3Given also that 𝑃′(𝑥) is divisible by (𝑥 + 1) and 𝑃(−1) = −1, find 𝑃(𝑥).

Question 14 continues on page 15
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Question 14 (continued)

(d) 4On the diagram below it is given that
−−→
𝑂𝐴 = 5a and

−−→
𝑂𝐵 = 2b.

𝐶 is the point on 𝑂𝐴 such that 𝑂𝐶 : 𝐶𝐴 = 4 : 1.
𝐷 is the point on 𝐴𝐵 such that 𝐴𝐷 : 𝐷𝐵 = 1 : 2.
The line 𝑂𝐵 is extended to point 𝐸 .

5a

2b

𝐴

𝑂 𝐵 𝐸

𝐷
𝐶

Given that 𝐶, 𝐷 and 𝐸 are collinear show that
−−→
𝐵𝐸 = 2b.

End of paper
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