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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. 2 cos 3𝐴 sin 𝐴 =
(A) sin 4𝐴 − sin 2𝐴.
(B) sin 4𝐴 + sin 2𝐴.
(C) sin 2𝐴 − sin 4𝐴.
(D) − sin 4𝐴 − sin 2𝐴.

2. Determine
𝑑

𝑑𝑥 cos−1 𝑥
2 .

(A)
1√

4 − 𝑥2

(B)
−1√

4 − 𝑥2

(C)
1

2
√

4 − 𝑥2

(D)
−1

2
√

4 − 𝑥2

3. What is the magnitude of proj𝑎
∼
𝑏
∼

if 𝑎
∼

= 3𝑖
∼

− 2𝑗
∼

and 𝑏
∼

= 𝑖
∼

+ 3𝑗
∼

?

(A)
−3√
10

(B)
−3√
13

(C)
3√
13

(D)
3√
10
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4. State the number of solutions to cos
𝑥
2 sin

𝑥
2 = 0 for 0 ≤ 𝑥 ≤ 2𝜋.

(A) 0
(B) 1
(C) 2
(D) 3

5. In how many ways can six people be seated around a circular table if 2
particular people refuse to sit next to each other?

(A) 72
(B) 120
(C) 480
(D) 720

6. Determine arcsin (sin
5𝜋
7 ).

(A) −5𝜋
7

(B) −2𝜋
7

(C)
2𝜋
7

(D)
5𝜋
7

7. 𝑓(𝑥) is a continuous function.

𝑓(𝑥) = 5 has 3 distinct solutions. |𝑓(𝑥)| will have

(A) at least 3 solutions.
(B) at most 3 solutions.
(C) at most 6 solutions.
(D) at least 6 solutions.
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8. Below is the graph of 𝑦 = 𝑓(𝑥) + 𝑔(𝑥). It’s natural domain is 𝑥 > 0.

What are the possible expressions of 𝑓(𝑥) and 𝑔(𝑥)?

(1, −1)

𝑥

𝑦

(A) 𝑓(𝑥) = − ln 𝑥 and 𝑔(𝑥) = 𝑥

(B) 𝑓(𝑥) = −1
𝑥 and 𝑔(𝑥) = 𝑥

(C) 𝑓(𝑥) = 1
𝑥 and 𝑔(𝑥) = −𝑥

(D) 𝑓(𝑥) = ln 𝑥 and 𝑔(𝑥) = −𝑥
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9. The graph of 𝑦 = 𝑥3 + 𝑏𝑥2 − 𝑥 + 𝑑 is given below. Assume it is drawn to scale.
Which of the following statements are true?

I. 𝑏 < 0
II. 𝑑 < 0
III. 𝑏𝑑 < 0

𝑥

𝑦

(A) I only.
(B) II only.
(C) I and III.
(D) II and III.

10. 𝑦 = 𝑓(𝑥) is a curve that passes through (1, 3) with a gradient of 2.

By letting 𝑔(𝑥) = 𝑓−1(𝑥), determine 𝑔′(3).

(A) −1
2

(B)
1
2

(C) 3

(D)
1
3
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Section II

60 marks
Attempt Questions 11–15
Allow about 1 hour 45 minutes for this section

Answer each question in a SEPARATE writing booklet.
Your answers should include relevant mathematical reasoning and/or calculations.

Question 11 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) 2Find ∫ cos2 3𝑥 𝑑𝑥.

(b) 1Consider the two vectors 𝒂 = (−3
𝑚 ) and 𝒃 = (1

4). If 𝒂 is parallel to 𝒃,

what is the value of 𝑚?

(c) 2A drone is set to fly at a velocity of (15
12) km/h.

However, there is wind blowing at (−6
5 ) km/h.

Calculate the overall speed of the drone. Leave your answer to 1 decimal

place.

(d) 3Solve
1

𝑥 − 5 ≤ 3.

(e) 2Determine the coefficient of 𝑥2 in (1 + 1
𝑥) (𝑥 + 1)3.

(f) 2𝑃(𝑥) = (𝑎2 − 1)𝑥3 + 𝑎𝑥2 + −7𝑥 + 2 is divisible by (𝑥 − 1).

Determine the possible values of 𝑎.
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Question 12 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) 3Prove by mathematical induction that for all integers 𝑛 ≥ 1:

1
1 ⋅ 2 + 1

2 ⋅ 3 + 1
3 ⋅ 4 + ⋯ + 1

𝑛(𝑛 + 1) = 𝑛
𝑛 + 1

(b) 2The position vector of a particle at time 𝑡 seconds is given below.

𝑟̃(𝑡) = (3 − 𝑡)𝑖
∼

− 2
√

𝑡 𝑗
∼

Determine the velocity vector at 𝑡 = 4.

(c) 2Graph the curve represented by the pair of parametric equations below

for −1 ≤ 𝑡 ≤ 1.

𝑥 = 1 + 𝑡
𝑦 = −𝑡2

(d) (i) 3Express 3 cos 𝑥+
√

3 sin 𝑥 in the form 𝑅 cos (𝑥 + 𝛼) for −𝜋
2 ≤ 𝛼 ≤ 0.

(ii) 2Hence, solve 3 cos 𝑥 +
√

3 sin 𝑥 = 3 for 0 ≤ 𝑥 ≤ 2𝜋.
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Question 13 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) 3By using the substitution 𝑢 = 1 − 𝑥2, find ∫ −2𝑥3√
1 − 𝑥2 𝑑𝑥.

(b) 3A boat needs to travel to a port that is on a bearing of 048∘.

The boat’s engine is set to drive at a constant speed of 20 km/h.

There is a current flowing from the West at a constant speed of 8 km/h.

𝑁

48∘

20 km/h

8 km/h

Port

𝑁

On what bearing, to the nearest degree, should the boat be directed in

order to reach the port?

(c) From a height of 1.75 m, a ball was thrown directly upwards at a speed of
25 m/s.

Assume a gravitational acceleration of −10 m/s2 and no air resistance.

(i) 2Find an equation to represent the height of the ball from the ground,

ℎ, in terms of 𝑡 seconds after the ball is thrown.

(ii) 1Hence, when will the ball hit the ground? Answer to the nearest

second.

(d) 3A triangle has two fixed side lengths of length 8 cm and 6 cm. The included

angle, 𝜃, is increasing at a constant rate of
𝜋
6 radians per second.

Find the exact rate the area of the triangle is increasing when 𝜃 = 𝜋
3 .
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Question 14 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) 2Solve for 𝑥, given

sin−1 𝑥 − cos−1 𝑥 = 𝜋
6 .

(b) 4The region bounded by 𝑦 = 𝑥2

2 , 𝑦 = 6 − 𝑥2, and 𝑥 = 0 is rotated about

the 𝑦-axis.

𝑦 = 6 − 𝑥2

𝑦 = 𝑥2

2

6

𝑥

𝑦

Determine the exact volume formed.

(c) 3It is known that the product of two consecutive numbers is even.
I.e. 𝑘(𝑘 + 1) = 2𝐴, where 𝑘 and 𝐴 are integers.

Prove by mathematical induction that for all integers 𝑛 ≥ 1,

𝑛3 + 11𝑛 is divisible by 6.

(d) (i) 2Show that (𝑛 + 1
𝑟 + 1) = (𝑛

𝑟) + ( 𝑛
𝑟 + 1).

(ii) 1Hence, find ONE possible set of values for 𝑝 and 𝑞 such that

(2025
41 ) + (2025

42 ) + (2026
43 ) = (𝑝

𝑞).
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Question 15 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) Two projectiles are fired at the same time to collide at a point 𝑃 , when

they are both at their maximum height.

Projectile A is fired from the origin at a speed of 𝑈 m/s at an angle of

45∘ from the horizontal.

Projectile B is fired from point B, 𝑑 metres from 𝑂 at a speed of 𝑉 m/s

at an angle of 30∘ from the horizontal, as shown in the diagram below.

𝑥

𝑦

𝑂

𝑃

𝐵

𝑈 m/s
45∘

𝑉 m/s

30∘

𝑑 m

The displacement vector equations from 𝑂 are as follows.

You do NOT need to derive these.

𝑟𝐴
̃

(𝑡) = (𝑈
√

2
2 𝑡) 𝑖

∼
+ (𝑈

√
2

2 𝑡 − 5𝑡2) 𝑗
∼

𝑟𝐵
̃

(𝑡) = (𝑑 − 𝑉
√

3
2 𝑡) 𝑖

∼
+ (𝑉

2 𝑡 − 5𝑡2) 𝑗
∼

(i) 1Show that the projectile from 𝑂 reaches its maximum height after

𝑡 = 𝑈
√

2
20 .

(ii) 1Show that at point 𝑃 ,
𝑉 = 𝑈

√
2.

(iii) 2Hence, determine the distance 𝑑 between 𝑂 and 𝐵 in terms of 𝑈 .

Question 15 continues on the next page
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Question 15 continued

(b) 4An object has three forces acting on it. The forces are:

F1 = (−𝑎2 + 3𝑎
𝑎3 − 6𝑎 ) F2 = ( 𝑘 + 4

−10𝑎 + 𝑘) F3 = (−3𝑎 − 2𝑘
−24 )

If the object is in equilibrium, what are the possible values of 𝑎?

(c) The figure 𝑂𝐴𝐶𝐵 below is a rhombus of area 4 square units.

⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗𝑂𝐴 is defined as 𝒂 and ⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗𝑂𝐵 is defined as 𝒃.

𝑂

𝐴

𝐵

𝐶

𝒂

𝒃

The information below are given. Do NOT prove them.

• the area of a rhombus is 𝐴 = 1
2𝑥𝑦, where 𝑥 and 𝑦 are the diagonal

lengths

• (𝒖 + 𝒗) ⋅ (𝒖 + 𝒗) = |𝒖|2 + |𝒗|2 + 2𝒖 ⋅ 𝒗

(i) 2Show that
|𝒂 + 𝒃|2 |𝒃 − 𝒂|2 = 64.

(ii) 2Hence, show that:
|𝒂|4 − (𝒂 ⋅ 𝒃)2 = 16

End of paper
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Question 5 Step 1: Find the total number of circular arrangements For 𝑛 distinct people around a circular table, the total number of arrangements is given by: ሺ𝑛 − 1ሻ! For 6 people: Total arrangements = ሺ6 − 1ሻ! = 5! = 120 Step 2: Find the number of arrangements where the 2 people sit together Treat the 2 people who refuse to sit together as a single block. This leaves 5units to arrange around the circular table: ሺ5 − 1ሻ! = 4! = 24 The 2 people within the block can arrange themselves in: 2! = 2 ways So, the number of arrangements where they are together is: 24 × 2 = 48 Step 3: Subtract to ϐind the desired arrangements Number of ways = 120 − 48 = 72 Correct Answer: (A) Question 6 Step 1: Understand the principal range of the arcsine function The range of arcsin(𝜃)is: ቂ−, గଶ గଶቃ Step 2: Use trigonometric symmetry The angle ହగ଻  lies in the second quadrant (గଶ < ହగ଻ < 𝜋). Using the identity sin(𝜋 − 𝜃) = sin𝜃: 
sin ൬5𝜋7 ൰ = sin ൬𝜋 − 5𝜋7 ൰ = sin ൬2𝜋7 ൰ Step 3: Evaluate the inverse sine Since ଶగ଻ ∈ ቂ−, గଶ గଶቃ:  arcsin ቀsin ହగ଻ ቁ = ଶగ଻   Correct Answer: (C) Question 7 Step 1: Analyse the given equation The absolute value equation is:  ∣ 𝑓(𝑥) ∣= 5   ⟺   𝑓(𝑥) = 5 or 𝑓(𝑥) = −5 Step 2: Count the solutions 

• We are given that 𝑓(𝑥) = 5has 3distinct solutions. 
• All 3of these solutions satisfy ∣ 𝑓(𝑥) ∣= 5. 
• In addition, any solutions to 𝑓(𝑥) = −5would also satisfy ∣ 𝑓(𝑥) ∣= 5. Therefore, ∣ 𝑓(𝑥) ∣= 5must have at least 3 solutions. Correct Answer: (A) Question 8 Step 1: Analyse the graph’s key features 1. Natural Domain: 𝑥 > 0, and as 𝑥 → 0ା, 𝑦 → −∞. 2. Stationary Point: A local maximum occurs at (1,−1). 3. End Behaviour: As 𝑥 → ∞, 𝑦 → −∞.  



Step 2: Test the given functions Consider option (D): 𝑦 = 𝑓(𝑥) + 𝑔(𝑥) = ln 𝑥 − 𝑥: 
• Domain: 𝑥 > 0. 
• Value at 𝑥 = 1:  𝑦(1) = ln(1) − 1 = 0− 1 = −1 
• Derivative: 𝑦ᇱ = 1𝑥 − 1 Setting 𝑦ᇱ = 0   ⟹   𝑥 = 1. 
• Second Derivative: 𝑦ᇱᇱ = − 1𝑥ଶ < 0   ⟹   local maximum at (1,−1) This matches all features of the given graph. Correct Answer: (D) Question 9 Step 1: Determine the sign of 𝑑 The 𝑦-intercept occurs at 𝑥 = 0:   𝑦(0) = 𝑑 From the graph, the curve crosses the 𝑦-axis below the origin (𝑦 < 0), so 𝑑 < 0 (Statement II is true) Step 2: Determine the sign of 𝑏 Find the second derivative of 𝑦 = 𝑥ଷ + 𝑏𝑥ଶ − 𝑥 + 𝑑: 𝑦ᇱ = 3𝑥ଶ + 2𝑏𝑥 − 1 𝑦ᇱᇱ = 6𝑥 + 2𝑏 At 𝑥 = 0, the curve is concave up (just before reaching the local minimum on the right): 𝑦ᇱᇱ(0) = 2𝑏 > 0   ⟹   𝑏 > 0 Thus, 𝑏 < 0 is false (Statement I is false). Step 3: Determine the sign of 𝑏𝑑 Since 𝑏 > 0 and 𝑑 < 0:   𝑏𝑑 < 0 (Statement III is true) Correct Answer: (D) Question 10 Step 1: Recall the derivative of an inverse function Given 𝑔(𝑥) = 𝑓ିଵ(𝑥): 𝑔ᇱ(𝑦) = 1𝑓ᇱ(𝑥)  where 𝑦 = 𝑓(𝑥) Step 2: Substitute the known values The point on 𝑓(𝑥)is (1, 3), which means 𝑓(1) = 3   ⟹   𝑔(3) = 1. The gradient of 𝑓(𝑥)at 𝑥 = 1is 𝑓ᇱ(1) = 2. Applying the formula: 𝑔ᇱ(3) = 1𝑓ᇱ(1) = 12 Correct Answer: (B) 
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Question 13 (a) We want to evaluate the integral:  න−2𝑥ଷඥ1− 𝑥ଶ 𝑑𝑥 Using the substitution: 𝑢 = 1− 𝑥ଶ   ⟹   𝑑𝑢 = −2𝑥 𝑑𝑥 Rearranging for 𝑥ଶ: 𝑥ଶ = 1− 𝑢 Rewrite the integrand by splitting −2𝑥ଷinto 𝑥ଶ(−2𝑥): න𝑥ଶ ඥ1 − 𝑥ଶ(−2𝑥 𝑑𝑥) Substitute 𝑢and 𝑑𝑢into the integral: න( 1 − 𝑢)√𝑢 𝑑𝑢 = න(𝑢ଵ/ଶ − 𝑢ଷ/ଶ൯ 𝑑𝑢 Integrate term-by-term: 
= 𝑢ଷ/ଶ32 − 𝑢ହ/ଶ52 + 𝐶 

= 23𝑢ଷ/ଶ − 25𝑢ହ/ଶ + 𝐶 Substitute back 𝑢 = 1− 𝑥ଶ: = 23 (1− 𝑥ଶ)ଷ/ଶ − 25 (1 − 𝑥ଶ)ହ/ଶ + 𝐶 
(Alternatively, factored form: ଶଵହ (1− 𝑥ଶ)ଷ/ଶ(3𝑥ଶ + 2) + 𝐶)  (b) Let: 

• 𝑣⃗boat be the boat’s velocity vector with speed ∣ 𝑣⃗boat ∣= 20 km/h. 
• 𝑣⃗current be the current’s velocity vector with speed ∣ 𝑣⃗current ∣= 8 km/h ϐlowing from the West towards the East (bearing 90∘). 
• 𝑣⃗resultant be the resultant velocity along the required bearing of 48∘. From vector addition, the velocities form a triangle: 𝑣⃗resultant = 𝑣⃗boat + 𝑣⃗current  



1. Find the angle opposite the boat’s velocity vector: 
o The resultant path makes an angle of 48∘with North. 
o The East direction makes an angle of 90∘with North. 
o The angle between the resultant direction and the East direction is: 90∘ − 48∘ = 42∘ 2. Use the Sine Rule to ϐind the angle 𝜃 between the boat’s heading and the resultant heading: sin𝜃8 = sin 42∘20  

sin𝜃 = 8 sin 42∘20 = 0.4 sin 42∘ ≈ 0.26766 𝜃 = arcsin(0.26766) ≈ 15.52∘ 3. Calculate the required bearing: Since the current is pushing the boat to the East, the boat must steer into the current (more towards the North): Bearing = 48∘ − 15.52∘ = 32.48∘ ≈ 32∘ Answer: The boat should be directed on a bearing of 32∘  (c) (i) Find an equation for the height ℎ(𝑡): The acceleration due to gravity is: ℎሷ (𝑡) = −10 m/sଶ Integrate to ϐind the velocity 𝑣(𝑡) = ℎሶ (𝑡): 𝑣(𝑡) = −10𝑡 + 𝐶ଵ Given the initial velocity 𝑣(0) = 25 m/s: 𝐶ଵ = 25   ⟹   𝑣(𝑡) = −10𝑡 + 25 Integrate to ϐind the height ℎ(𝑡): ℎ(𝑡) = −5𝑡ଶ + 25𝑡 + 𝐶ଶ Given the initial height ℎ(0) = 1.75 m: 𝐶ଶ = 1.75 Therefore, the equation is: ℎ(𝑡) = −5𝑡ଶ + 25𝑡 + 1.75 



(ii) When will the ball hit the ground? The ball hits the ground when ℎ(𝑡) = 0: −5𝑡ଶ + 25𝑡 + 1.75 = 0 Divide the entire equation by −5: 𝑡ଶ − 5𝑡 − 0.35 = 0 Using the quadratic formula 𝑡 = ି௕±ඥ௕మିସ௔௖ଶ௔ : 
𝑡 = 5 ±ඥ(−5)ଶ − 4(1)(−0.35)2(1)  
𝑡 = 5 ± √25 + 1.42 = 5 ± √26.42  Since 𝑡 > 0: 
𝑡 = 5 + 5.1382 ≈ 5.07 seconds To the nearest second: 𝑡 ≈ 5 seconds (d) The area 𝐴of a triangle with side lengths 𝑎 = 8 cm, 𝑏 = 6 cm, and included angle 𝜃is: 𝐴 = 12𝑎𝑏 sin𝜃 = 12 (8)(6) sin𝜃 = 24 sin𝜃 Differentiating with respect to 𝜃: 𝑑𝐴𝑑𝜃 = 24 cos𝜃 Using the Chain Rule to ϐind the rate of change of area with respect to time 𝑡: 𝑑𝐴𝑑𝑡 = 𝑑𝐴𝑑𝜃 ⋅ 𝑑𝜃𝑑𝑡  

Given ௗఏௗ௧ = గ଺  rad/sand 𝜃 = గଷ: 𝑑𝐴𝑑𝑡 = ቀ24 cos ቀ𝜋3ቁቁ ⋅ 𝜋6 𝑑𝐴𝑑𝑡 = ൬24 ⋅ 12൰ ⋅ 𝜋6 = 12 ⋅ 𝜋6 = 2𝜋 cmଶ/s  Answer: The exact rate of increase of the area is 2𝜋 cmଶ/s. 
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