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Suggested solutions

Conventional Questions

1. (a) 𝑓 (𝑥) = 3𝑥2 − 12𝑘𝑥 + 11𝑘2 − 15

= 3[𝑥 − 2(2𝑘)𝑥 + (2𝑘)2] − 𝑘2 − 15 1M

= 3(𝑥 − 2𝑘)2 − 𝑘2 − 15

Required coordinates are
(
2𝑘, −𝑘2 − 15

)
. 1A

(b) The coordinates of the vertex of the graph of 𝑦 = 𝑔(𝑥) are
(
3𝑘, 𝑘2 + 30

)
. 1A

The maximum value of 𝑔(𝑥) is 𝑘2 + 30, and 𝑘2 + 30 > 0.
The claim is disagreed. 1A

2. (a) 𝑓 (𝑥) = 𝑥2 − 8𝑘𝑥 + 6𝑥 + 16𝑘2 − 19𝑘 + 11

= [𝑥2 − 2(𝑥) (4𝑘 − 3) + (4𝑘 − 3)2] + 5𝑘 + 2 1M

= [𝑥 − (4𝑘 − 3)]2 + 5𝑘 + 2
The coordinates of the vertex are (4𝑘 − 3, 5𝑘 + 2). 1A

(b) The coordinates of 𝑃 and 𝑄 are (4𝑘 − 3, 5𝑘 + 2) and (4𝑘 + 6, 5𝑘 + 8) respectively. 1A
(Slope of 𝑂𝐻) (slope of 𝑃𝑄)

=
12 − 0
−9 − 0

× (5𝑘 + 8) − (5𝑘 + 2)
(4𝑘 + 6) − (4𝑘 − 3) 1M

= −4
3
× 2

3

= −8
9
≠ −1

It is not possible. 1A

3. (a) 𝑝(𝑥) = 4𝑥2 − 48𝑎𝑥 + 146𝑎2 − 5

= 4[𝑥2 − 2(𝑥) (6𝑎) + (6𝑎)2] + 2𝑎2 − 5 1M

= 4(𝑥 − 6𝑎)2 + 2𝑎2 − 5

The coordinates of vertex are
(
6𝑎, 2𝑎2 − 5

)
. 1A

(b) The coordinates of 𝐻 are
(
6𝑎, 2𝑎2 − 5

)
.

The coordinates of 𝐾 are
(
−2𝑎, −2𝑎2 + 5

)
. 1A

Note that 𝐻𝑅 : 𝑅𝐾 = (6𝑎 − 0) : (0 + 2𝑎) = 3 : 1.
Let (0, 𝑟) be the coordinates of 𝑅.

(2𝑎2 − 5) − 𝑟
𝑟 − (−2𝑎2 + 5)

=
3
1

1M

2𝑎2 − 5 − 𝑟 = 3𝑟 + 6𝑎2 − 15

𝑟 =
5
2
− 𝑎2
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The coordinates of 𝑅 are
(
0,

5
2
− 𝑎2

)
. 1A

4. (a) 𝑔(𝑥) = 𝑓 (𝑘𝑥 − 1) 1M

= 2𝑘2𝑥2 − (𝑘2 + 4𝑘)𝑥 + 𝑘 + 2 1A

(b) −2𝑥 + 3 = 2𝑘2𝑥2 − (𝑘2 + 4𝑘)𝑥 + 𝑘 + 2

0 = 2𝑘2𝑥2 − (𝑘2 + 4𝑘 − 2)𝑥 + 𝑘 − 1
Δ = (𝑘2 + 4𝑘 − 2)2 − 4(2𝑘2) (𝑘 − 1) 1M

= 𝑘4 + 20𝑘2 − 16𝑘 + 4

= 𝑘4 + 4𝑘2 + (16𝑘2 − 16𝑘 + 4)

= 𝑘4 + 4𝑘2 + 4(2𝑘 − 1)2 1M

> 0
Thus, 𝐿 and 𝛤 intersect at two distinct points. 1

5. (a) 𝑓 (𝑥) = 3𝑥2 − 24𝑘𝑥 + 200

= 3[𝑥2 − 2(𝑥) (4𝑘) + (4𝑘)2] + 200 − 48𝑘2 1M

= 3(𝑥 − 4𝑘)2 + 200 − 48𝑘2

The coordinates of 𝑃 are
(
4𝑘, 200 − 48𝑘2

)
. 1A

(b) (i) The coordinates of 𝑄 are
(
4𝑘 − 8, 200 − 48𝑘2

)
. 1A

The circumcentre lies on the perpendicular bisector of 𝑃𝑄.
4𝑘 + (4𝑘 − 8)

2
= 4

𝑘 = 2 1A

(ii) We have ∠𝑄𝑃𝑅 = 90◦ and 𝑄𝑅 is a diameter of circle 𝑃𝑄𝑅. 1M
The coordinates of 𝑄 are (0, 8).
Let the coordinates of 𝑅 be (𝑎, 𝑏).

𝑎 + 0
2

= 4 1M

𝑎 = 8

and
𝑏 + 8

2
= −8

𝑏 = −24

The coordinates of 𝑅 are (8, −24). 1A

6. (a) 𝑓 (𝑥) = 2𝑥2 − (4𝑘 + 8)𝑥 + 2𝑘2 + 4𝑘 + 9

= 2[𝑥2 − 2(𝑥) (𝑘 + 2) + (𝑘 + 2)2] − 4𝑘 + 1 1M

= 2[𝑥 − (𝑘 + 2)]2 − 4𝑘 + 1
The coordinates of the vertex are (𝑘 + 2, −4𝑘 + 1). 1A

(b) (i) The coordinates of 𝐴 and 𝐵 are (𝑘 + 2, −4𝑘 + 1) and (3𝑘 + 6, 4𝑘 − 1) respectively. 1A
The coordinates of 𝑆 are (2𝑘 + 4, 0). 1A

REG-CP1B-2425-ASM-SET 4-MATH-MS 2



(ii) Note that area of △𝑂𝐴𝑆 is half the area of △𝑂𝐴𝐵.

110 = 2 × (4𝑘 − 1) (2𝑘 + 4)
2

1M

0 = 8𝑘2 + 14𝑘 − 114

𝑘 = 3 or − 19
4

(rejected) 1A

7. (a) Let 𝑓 (𝑥) = 𝑎𝑥2 + 𝑏(2𝑥 − 7), where 𝑎 and 𝑏 are non-zero constants. 1A{
10 = 𝑎(4)2 + 𝑏(8 − 7) 1M

7 = 𝑎(7)2 + 𝑏(14 − 7)

Solving, we have 𝑎 = 1 and 𝑏 = −6. 1A+1A
Thus, 𝑓 (𝑥) = 𝑥2 − 6(2𝑥 − 7) = 𝑥2 − 12𝑥 + 42.

(b) (i) 𝑓 (𝑥) = 𝑥2 − 12𝑥 + 42

= [𝑥2 − 2(6) (𝑥) + 62] + 6 1M

= (𝑥 − 6)2 + 6
Required coordinates are (6, 6). 1A

(ii) (−2, 0) 1A

(iii) (slope of 𝑄𝑆) (slope of 𝑅𝑆)

=
7 − 6
−1 − 6

× 7 − 0
−1 + 2

1M

= −1
We have ∠𝑄𝑆 ⊥ 𝑅𝑆 and 𝑃 is at point 𝑆.
Thus, 𝑃𝑄 ⊥ 𝑃𝑅.
The claim is agreed. 1A

8. (a) 𝑓 (𝑥 + 𝑘) = (𝑥 + 𝑘)2 − 2(𝑥 + 𝑘) + 2

= 𝑥2 + (2𝑘 − 2)𝑥 + 𝑘2 − 2𝑘 + 2

and 𝑓 (−𝑥) = (−𝑥)2 − 2(−𝑥) + 2 1M

= 𝑥2 + 2𝑥 + 2
Compare the coefficients of 𝑥 and the constant terms.
We have 2𝑘 − 2 = 2 and 𝑘2 − 2𝑘 + 2 = 2.
Solving, we have 𝑘 = 2. 1A

(b) 𝑓 (𝑥) = 𝑓 (−𝑥)

𝑥2 − 2𝑥 + 2 = 𝑥2 + 2𝑥 + 2 1M

𝑥 = 0
The coordinates of 𝐴 are (0, 2). 1A

(c) The coordinates of 𝐵 and 𝐶 are (1, 1) and (−1, 1) respectively. 1A
(slope of 𝐴𝐵) (slope of 𝐴𝐶)

=
2 − 1
0 − 1

× 2 − 1
0 + 1

1M

= −1
We have 𝐴𝐵 ⊥ 𝐴𝐶.
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The orthocentre of △𝐴𝐵𝐶 is at point 𝐴, which is not outside the triangle.
The claim is disagreed. 1A

9. (a) 𝑓 (𝑥) = 𝑥2 − 4𝑘𝑥 + 3𝑘2 + 25

= [𝑥2 − 2(2𝑘)𝑥 + (2𝑘)2] − 𝑘2 + 25 1M

= (𝑥 − 2𝑘)2 − 𝑘2 + 25

Required coordinates are
(
2𝑘, −𝑘2 + 25

)
. 1A

(b) −𝑘2 + 25 > 0 1M

−5 < 𝑘 < 5 1A

(c) The coordinates of 𝐵 and 𝐶 are
(
2𝑘, −𝑘2 + 15

)
and

(
2𝑘 − 24, −𝑘2 + 15

)
respectively. 1A

The circumcentre of △𝐴𝐵𝐶 lies on the perpendicular bisector of 𝐵𝐶.

𝑥 =
(2𝑘) + (2𝑘 − 24)

2
𝑥 = 2𝑘 − 12

Since −5 < 𝑘 < 5, we have 𝑥 = 2𝑘 − 12 < −2 < 0. 1M
It is not possible for the circumcentre of △𝐴𝐵𝐶 to be on the right of the 𝑦-axis. 1A

10. (a) 𝑓 (𝑥) = 3𝑥2 − 6(𝑘 − 1)𝑥 + 4𝑘2 − 6𝑘 − 6

= 3[𝑥2 − 2(𝑘 − 1)𝑥 + (𝑘 − 1)2] + 𝑘2 − 9 1M

= 3[𝑥 − (𝑘 − 1)]2 + 𝑘2 − 9

Required coordinates are
(
𝑘 − 1, 𝑘2 − 9

)
. 1A

(b) (i) The graph of 𝑦 = 𝑓 (𝑥) is reflected about the 𝑥-axis;
then is translated upwards by 6 units. 1A

The graph of 𝑦 = 𝑓 (𝑥) is translated downwards by 6 units;
then is reflected about the 𝑥-axis. 1A

(ii) The coordinates of 𝑄 are
(
𝑘 − 1, −𝑘2 + 15

)
.

−𝑘2 + 15 > 0 1M

−
√

15 < 𝑘 <
√

15

Note that 𝑘 is positive. We have 0 < 𝑘 <
√

15. 1A

(iii) (1) We have 𝑘 = 3, 𝑃 (2, 0) and 𝑄 (2, 6). 1M
Note that 𝑂𝑃 ⊥ 𝑃𝑄.
The coordinates of 𝐹 are (2, 0). 1A
𝐺 is the mid-point of 𝑂𝑄.
The coordinates of 𝐺 are (1, 3). 1A
Since 𝐹𝐺 is a median of △𝑂𝑃𝑄, 𝐻 lies on 𝐹𝐺.
Thus, 𝐹, 𝐺 and 𝐻 are collinear. 1
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(2) Slope of 𝐺𝑃 =
3 − 0
1 − 2

= −3 ≠ −1

We have ∠𝐺𝑃𝑂 ≠ 45◦ and 𝐺𝑃 is not the angle bisector of ∠𝑂𝑃𝑄. 1M
The in-centre of △𝑂𝑃𝑄 does not lie on the line 𝐺𝑃.
The claim is disagreed. 1A
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