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Section I 

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

In Questions 1 – 4, your response should include relevant mathematical reasoning and/or

calculations. 

Question 1 (5 marks) Use a new writing booklet. 

Consider the function 𝑓(𝑥) = (𝑥 − 1)3(𝑥 + 1)
(a) Find any stationary points of the function 𝑓(𝑥) and determine their nature. 3 

(b) Sketch 𝑓(𝑥) showing all major features. 2 

End of Question 1 
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Question 2 (8 marks) Use the a new writing booklet. 

In the diagram above, 𝑃(2𝑎𝑝, 𝑎𝑝2) and 𝑄(2𝑎𝑞, 𝑎𝑞2) are distinct points on the parabola 𝑥2 = 4𝑎𝑦,

and 𝑅 is the point (−𝑎𝑝, 3𝑎 + 𝑎𝑝2).
(a) Show that the normal to the parabola at 𝑃 has equation 𝑥 + 𝑝𝑦 = 2𝑎𝑝 + 𝑎𝑝3. 2 

(b) Show that the normal at 𝑃 passes through 𝑅. 1 

(c) If the normal at 𝑄 also passes through 𝑅, show that 𝑞2 + 𝑝𝑞 − 1 = 0. 2 

(d) Show that there are always two real values of 𝑞 satisfying the equation in part (c). 1 

(e) Deduce that three normals to the parabola, two of which are perpendicular to each

other, pass through the point 𝑅.

(You may assume that 𝑝2 = 12.) 
2 

End of Question 2 

lOMoARcPSD|35984220



– 5 –

Question 3 (3 marks) Use the a new writing booklet. 

A point 𝑅 moves on the line 𝑥 + 𝑦 = 1 from (1,0) to (0,1). The point 𝑃(𝑥, 𝑦) moves

such that the 𝑥-coordinate of 𝑃 is the square of that of 𝑅 and the 𝑦-coordinate is the

same as that of 𝑅.

Find the locus of 𝑃 and draw the loci of both 𝑃 and 𝑅.

3 

End of Question 3 
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Question 4 (9 marks) Use the a new writing booklet. 

Consider the function 𝑓(𝑥) = 𝑥3 − 3𝐵𝑥2 + 24, where 𝐵 is an integer with a constant value.

(a) Show that the curve has stationary points at 𝑥 = 0 and 𝑥 = 2𝐵. 1 

(b) Consider 𝐵 > 0.

Determine the nature of the stationary points at 𝑥 = 0 and 𝑥 = 2𝐵.

2 

(c) Let 𝛼 be the only root of this function.

Draw a possible curve with exactly one root, showing the turning points.

1 

(d) Draw possible curves with exactly one root for 𝐵 < 0 and for 𝐵 = 0. 2 

(e) Explain why 𝛼 < 0. (That is, 𝛼 is always negative) 1 

(f) For 𝐵 > 0, explain why the only value 𝐵 can take is 𝐵 = 1. 2 

End of Question 4 
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