
Solution Marks

REG-2425-MOCK-SET 13-MATH-EP(M2)
Suggested solutions

1. (a) (1 + 4𝑥 + 4𝑥2)𝑛 = (1 + 2𝑥)2𝑛 1M

= 1 + 𝐶2𝑛
1 (2𝑥) + 𝐶2𝑛

2 (2𝑥)2 + . . .

= 1 + 4𝑛𝑥 + 4𝑛(2𝑛 − 1)𝑥2 + . . .

(1 − 𝑥)9 = 1 − 9𝑥 + 36𝑥2 + . . .

4𝑛(2𝑛 − 1) + 4𝑛(−9) + 36 = 4 1M

8𝑛2 − 40𝑛 + 32 = 0

𝑛 = 4 or 1 (rejected) 1A

(b) (1 + 4𝑥 + 4𝑥2)4(1 − 𝑥)9

= (1 + 2𝑥)8(1 − 𝑥)9

= (1 + 16𝑥 + 112𝑥2 + 448𝑥3 + . . .) (1 − 9𝑥 + 36𝑥2 − 84𝑥3 + . . .)
Required coefficient = (448) (1) + (112) (−9) + (16) (36) + (1) (−84) 1M

= −68 1A

2. 𝑓 (𝑒 + ℎ) − 𝑓 (𝑒)

= (𝑒 + ℎ) ln(𝑒 + ℎ) − 𝑒 ln 𝑒

= (𝑒 + ℎ) ln(𝑒 + ℎ) − (𝑒 + ℎ) ln 𝑒 + ℎ 1M

= (𝑒 + ℎ) ln
(
1 + ℎ

𝑒

)
+ ℎ 1

𝑓 ′(𝑒) = lim
ℎ→0

𝑓 (𝑒 + ℎ) − 𝑓 (𝑒)
ℎ

1M

= lim
ℎ→0

[(
𝑒 + ℎ

ℎ

)
ln

(
1 + ℎ

𝑒

)
+ 1

]
= lim

ℎ→0

[
ln

(
1 + ℎ

𝑒

) 𝑒
ℎ
× 𝑒+ℎ

𝑒

+ 1

]
1M

= ln 𝑒1 + 1

= 2 1A
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3. (a) tan 𝐴 =
2 − tan 𝐵

1 − 2 tan 𝐵
sin 𝐴

cos 𝐴
=

2 cos 𝐵 − sin 𝐵

cos 𝐵 − 2 sin 𝐵
1M

sin 𝐴 cos 𝐵 − 2 sin 𝐴 cos 𝐵 = 2 cos 𝐴 cos 𝐵 − cos 𝐴 sin 𝐵

sin 𝐴 cos 𝐵 + cos 𝐴 sin 𝐵 = 2(cos 𝐴 cos 𝐵 + sin 𝐴 sin 𝐵)

sin(𝐴 + 𝐵) = 2 cos(𝐴 − 𝐵) 1

(b) tan
(
𝑥 + 5𝜋

18

)
=

2 − tan
(
𝑥 − 𝜋

18
)

1 − 2 tan
(
𝑥 − 𝜋

18
)

sin
(
𝑥 + 5𝜋

18
+ 𝑥 − 𝜋

18

)
= 2 cos

[
𝑥 + 5𝜋

18
−

(
𝑥 − 𝜋

18

)]
1M

sin
(
2𝑥 + 2𝜋

9

)
= 2 cos

𝜋

3

2 sin
(
2𝑥 + 2𝜋

9

)
= 1 1M

2𝑥 + 2𝜋
9

=
𝜋

2

𝑥 =
5𝜋
36

1A

4. (a)
𝐴(𝑥 − 1)

𝑥2 − 2𝑥 + 2
+ 𝐵(𝑥 + 1)
𝑥2 + 2𝑥 + 2

=
𝐴(𝑥 − 1) (𝑥2 + 2𝑥 + 2) + 𝐵(𝑥 + 1) (𝑥2 − 2𝑥 + 2)

(𝑥2 − 2𝑥 + 2) (𝑥2 + 2𝑥 + 2)

=
(𝐴 + 𝐵)𝑥2 + (𝐴 − 𝐵)𝑥 + (−2𝐴 + 2𝐵)

𝑥4 + 4
We have 𝐴 + 𝐵 = 0, 𝐴 − 𝐵 = 1 and −2𝐴 + 2𝐵 = −2. 1M

Solving, we have 𝐴 =
1
2

and 𝐵 = −1
2

. 1A

(b) Let 𝑢 = 𝑥2 − 2𝑥 + 2. Then d𝑢 = (2𝑥 − 2) d𝑥. 1M
Let 𝑤 = 𝑥2 + 2𝑥 + 2. Then d𝑤 = (2𝑥 + 2) d𝑥.∫ 1

0

𝑥2 − 2
𝑥4 + 4

d𝑥 =

∫ 1

0

(
𝑥 − 1

2(𝑥2 − 2𝑥 + 2)
− 𝑥 + 1

2(𝑥2 + 2𝑥 + 2)

)
d𝑥 1M

=
1
4

∫ 1

2

d𝑢
𝑢

− 1
4

∫ 5

2

d𝑤
𝑤

=
1
4

[
ln |𝑢 |

]1

2
− 1

4

[
ln |𝑤 |

]5

2
1M

= −1
4

ln 5 1A
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5. (a) 𝑉 = 𝜋

∫ 𝑏

0
[16 − (𝑦 − 4)2] d𝑦 1M

= 𝜋

[
16𝑦 − (𝑦 − 4)3

3

]ℎ
0

1A

=
𝜋ℎ2(12 − ℎ)

3
1A

(b) 𝑉 =
𝜋

3
(12ℎ2 − ℎ3)

d𝑉
d𝑡

=
𝜋

3
(24ℎ − 3ℎ2) dℎ

d𝑡
1M

= 𝜋ℎ(8 − ℎ) dℎ
d𝑡

1A
When ℎ = 3,

𝜋 = 𝜋(3) (8 − 3) dℎ
d𝑡

dℎ
d𝑡

=
1
15

1A

Required rate is
1
15

cm/s.

6. (a) det 𝑃 = 2

𝑃−1 =
1
2

(
2 0
1 1

)
1A

𝑃−1𝐴𝑃 =
1
2

(
2 0
1 1

) (
4 0
−3 1

) (
1 0
−1 2

)
=

(
4 0
0 1

)
1A

(b) (𝑃−1𝐴𝑃)𝑛 =

(
4 0
0 1

)𝑛
𝑃−1𝐴𝑛𝑃 =

(
4𝑛 0
0 1

)
1M

𝐴𝑛 = 𝑃

(
4𝑛 0
0 1

)
𝑃−1

=
1
2

(
1 0
−1 2

) (
4𝑛 0
0 1

) (
2 0
1 1

)
=

(
4𝑛 0

1 − 4𝑛 1

)
1A

(c) 𝐴𝑛 − 𝛼𝐼 =

(
4𝑛 − 𝛼 0
1 − 4𝑛 1 − 𝛼

)
Suppose 𝐴𝑛 − 𝛼𝐼 is a singular matrix.

(𝛼 − 4𝑛) (𝛼 − 1) = 0 1M

𝛼 = 4𝑛 or 1 (rejected) 1A
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7. (a) 𝑓 (𝑥) =
∫

(2𝑥 − 12) d𝑥 1M

= 𝑥2 − 12𝑥 + 𝐶 where 𝐶 is a constant.
13 = (3)2 − 12(3) + 𝐶 1M

𝐶 = 40
Required equation is 𝑦 = 𝑥2 − 12𝑥 + 40. 1A

(b) (i) Let (𝑎, 𝑏) be the coordinates of 𝑃.

2𝑎 − 12 =
𝑏 + 4
𝑎 − 5

1M

(2𝑎 − 12) (𝑎 − 5) = (𝑎2 − 12𝑎 + 40) + 4

𝑎2 − 10𝑎 + 16 = 0 1M

𝑎 = 2 (rejected) or 8

When 𝑎 = 8, 𝑏 = 82 − 12(8) + 40 = 8.
Required coordinates are (8, 8). 1A

(ii) Slope = 2(8) − 12 = 4
Required equation is

𝑦 − 8
𝑥 − 8

= 4 1M

4𝑥 − 𝑦 − 24 = 0 1A
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8. (a) When 𝑛 = 1,
L.H.S. = 2 cos 𝜃 [− cos 2𝜃 + cos 4𝜃]

= −(cos 3𝜃 cos 𝜃) + (cos 5𝜃 + cos 3𝜃)

= cos 5𝜃 − cos 𝜃
R.H.S. = cos 5𝜃 − cos 𝜃 = L.H.S.
It is true for 𝑛 = 1. 1

Assume 2 cos 𝜃
2𝑝∑︁
𝑘=1

(−1)𝑘 cos 2𝑘𝜃 = cos(4𝑝 + 1)𝜃 − cos 𝜃, where 𝑝 ∈ Z+. 1

2 cos 𝜃
2𝑝+2∑︁
𝑘=1

(−1)𝑘 cos 2𝑘𝜃

= 2 cos 𝜃
2𝑝∑︁
𝑘=1

(−1)𝑘 cos 2𝑘𝜃 + 2 cos 𝜃
[
(−1)2𝑝+1 cos(4𝑝 + 2)𝜃 + (−1)2𝑝+2 cos(4𝑝 + 4)𝜃

]
= cos(4𝑝 + 1)𝜃 − cos 𝜃 + 2 cos 𝜃 [− cos(4𝑝 + 2)𝜃 + cos(4𝑝 + 4)𝜃] 1M

= cos(4𝑝 + 1)𝜃 − cos 𝜃 − [cos(4𝑝 + 3)𝜃 + cos(4𝑝 + 1)𝜃] + [cos(4𝑝 + 5)𝜃 + cos(4𝑝 + 3)𝜃] 1M

= cos(4𝑝 + 5)𝜃 − cos 𝜃
It is true for 𝑛 = 𝑝 + 1.
By M.I., it is true ∀𝑛 ∈ Z+. 1

(b) Put 𝜃 =
𝜋

14
and 𝑛 = 64.

2 cos
𝜋

14

128∑︁
𝑘=1

(−1)𝑘 cos
2𝑘𝜋
14

= cos
257𝜋
14

− cos
𝜋

14
1M

2 cos
𝜋

14

128∑︁
𝑘=1

(−1)𝑘
(
2 cos2 𝑘𝜋

14
− 1

)
= cos

(
18𝜋 + 𝜋

2
− 𝜋

7

)
− cos

𝜋

14
1M

2 cos
𝜋

14

[
2

128∑︁
𝑘=1

(−1)𝑘 cos2 𝑘𝜋

14
−

128∑︁
𝑘=1

(−1)𝑘
]
= 2 sin

𝜋

14
cos

𝜋

14
− cos

𝜋

14

4
128∑︁
𝑘=1

(−1)𝑘 cos2 𝑘𝜋

14
− 0 = 2 sin

𝜋

14
− 1

128∑︁
𝑘=1

(−1)𝑘 cos2 𝑘𝜋

14
=

1
2

sin
𝜋

14
− 1

4

Thus, 𝑎 =
1
2

, 𝑏 =
1
14

and 𝑐 = −1
4

. 1A
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9. (a) (i) (1)

�������
1 𝑎 + 2 1
1 −𝑎 6𝑏 − 1
2 𝑎 + 3 2𝑏 + 1

������� =
�����1 −𝑎
2 𝑎 + 3

����� − (6𝑏 − 1)
�����1 𝑎 + 2
2 𝑎 + 3

����� + (2𝑏 + 1)
�����1 𝑎 + 2
1 −𝑎

����� 1M

= (3𝑎 + 3) − (6𝑏 − 1) (−𝑎 − 1) + (2𝑏 + 1) (−2𝑎 − 2)

= 2𝑏(𝑎 + 1)
Since (𝐸) has unique solution, we have 2𝑏(𝑎 + 1) ≠ 0. 1M
Thus, 𝑎 ≠ −1 and 𝑏 ≠ 0. 1

(2) 𝑥 =

�������
2 𝑎 + 2 1
1 −𝑎 6𝑏 − 1
3 𝑎 + 3 2𝑏 + 1

�������
2𝑏(𝑎 + 1) 1M

=
−4𝑏 + 1

2𝑏(𝑎 + 1) 1A

𝑦 =

�������
1 2 1
1 1 6𝑏 − 1
2 3 2𝑏 + 1

�������
2𝑏(𝑎 + 1)

=
4𝑏 − 1

2𝑏(𝑎 + 1)

𝑧 =

�������
1 𝑎 + 2 2
1 −𝑎 1
2 𝑎 + 3 3

�������
2𝑏(𝑎 + 1)

=
𝑎 + 1

2𝑏(𝑎 + 1)

=
1

2𝑏
1A

(ii) (1) The augmented matrix of (𝐸) is

©­­«
1 1 1 2
1 1 6𝑏 − 1 1
2 2 2𝑏 + 1 3

ª®®¬ ∼
©­­«
1 1 1 2
0 0 6𝑏 − 2 −1
0 0 2𝑏 − 1 −1

ª®®¬ ∼
©­­«
1 1 1 2
0 0 6𝑏 − 2 −1
0 0 −1

3 − 2
3

ª®®¬ 1M

We have 𝑧 = 2.

(6𝑏 − 2) (2) = −1

𝑏 =
1
4

1A

(2) The augmented matrix of (𝐸) is

©­­«
1 1 1 2
0 0 − 1

2 −1
0 0 − 1

3 − 2
3

ª®®¬ ∼
©­­«
1 1 1 2
0 0 1 2
0 0 0 0

ª®®¬
The solution set is {(−𝑡, 𝑡, 2) : 𝑡 ∈ R}. 1A

(b) When 𝑎 = −1 and 𝑏 =
1
4

, the system (𝐹) is equivalent to (𝐸).
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The solution set of (𝐹) is {(−𝑡, 𝑡, 2) : 𝑡 ∈ R}.

4(−𝑡) + 𝑡2 + 2 < −2 1M

𝑡2 − 4𝑡 + 4 < 0

(𝑡 − 2)2 < 0 1M

Note that (𝑡 − 2)2 ≥ 0 for all real values of 𝑡.
There is no real solutions of (𝐹) satisfying 4𝑥 + 𝑦2 + 𝑧 < −2. 1A
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10. (a) Let 𝑥 = sin 𝜃. Then d𝑥 = cos 𝜃 d𝜃. 1M∫ 1

0
𝑥2

√︁
1 − 𝑥2 d𝑥 =

∫ 𝜋
2

0
sin2 𝜃

√︁
1 − sin2 𝑥 cos 𝜃 d𝜃

=

∫ 𝜋
2

0
sin2 𝜃 cos2 𝜃 d𝜃

=
1
4

∫ 𝜋
2

0
sin2 2𝜃 d𝜃 1M

=
1
8

∫ 𝜋
2

0
(1 − cos 4𝜃) d𝜃 1M

=
1
8

[
𝜃 − sin 4𝜃

4

] 𝜋
2

0

=
𝜋

16
1A

(b) (i) Let 𝑢 = 𝑘 − 𝑥. Then d𝑢 = − d𝑥. 1M∫ 𝑘

0
𝑓 (𝑥)𝑔(𝑥) d𝑥 = −

∫ 0

𝑘

𝑓 (𝑘 − 𝑢)𝑔(𝑘 − 𝑢) d𝑢

=

∫ 𝑘

0
𝑓 (𝑢)𝑔(𝑘 − 𝑢) d𝑢

=

∫ 𝑘

0
𝑓 (𝑥)𝑔(𝑘 − 𝑥) d𝑥 1

(ii)
∫ 𝑘

0
𝑓 (𝑥)𝑔(𝑥) d𝑥 =

1
2

[∫ 𝑘

0
𝑓 (𝑥)𝑔(𝑥) d𝑥 +

∫ 𝑘

0
𝑓 (𝑥)𝑔(𝑘 − 𝑥) d𝑥

]
1M

=
1
2

∫ 𝑘

0
𝑓 (𝑥) [𝑔(𝑥) + 𝑔(𝑘 − 𝑥)] d𝑥

=
𝑎

2

∫ 𝑘

0
𝑓 (𝑥) d𝑥 1

(c) Put 𝑓 (𝑥) = sin2 𝑥 cos2 𝑥 and 𝑔(𝑥) = 1
1 + 𝑒sin 8𝑥 . 1M

𝑓

(𝜋
2
− 𝑥

)
= sin2

(𝜋
2
− 𝑥

)
cos2

(𝜋
2
− 𝑥

)
= cos2 𝑥 sin2 𝑥 = 𝑓 (𝑥)

𝑔(𝑥) + 𝑔

(𝜋
2
− 𝑥

)
=

1
1 + 𝑒sin 8𝑥 + 1

1 + 𝑒sin(4𝜋−8𝑥 )

=
1

1 + 𝑒sin 𝑥
+ 1

1 + 𝑒− sin 8𝑥 · 𝑒
sin 8𝑥

𝑒sin 8𝑥

= 1∫ 𝜋
2

0

sin2 𝑥 cos2 𝑥

1 + 𝑒sin 8𝑥 d𝑥 =
1
2

∫ 𝜋
2

0
sin2 𝑥 cos2 𝑥 d𝑥 1M

=
1
2

( 𝜋
16

)
1M

=
𝜋

32
1A
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11. (a) 𝑓 (𝑥) = (𝑥 − 6)3

(𝑥 + 6)2

= 𝑥 − 30 + 432
𝑥 + 6

− 1728
(𝑥 + 6)2

𝑓 ′(𝑥) = 1 − 432
(𝑥 + 6)2 + 3456

(𝑥 + 6)3 1M

=
(𝑥 + 30) (𝑥 − 6)2

(𝑥 + 6)3 1A

𝑓 ′′(𝑥) = 864
(𝑥 + 6)3 − 10 368

(𝑥 + 6)4

=
864(𝑥 − 6)
(𝑥 + 6)4 1A

(b) When 𝑓 ′(𝑥) = 0, 𝑥 = −30 or 6.

𝑥 𝑥 < −30 −30 < 𝑥 < −6 −6 < 𝑥 < 6 𝑥 > 6

𝑓 ′(𝑥) + − + +
1M

Maximum point is (−30, −81).
𝐻 has 1 turning point. 1A

(c) Vertical asymptote is 𝑥 = −6. 1A

𝑓 (𝑥) = 𝑥 − 30 + 432
𝑥 + 6

− 1728
(𝑥 + 6)2 1M

Oblique asymptote is 𝑦 = 𝑥 − 30. 1A

(d) (i) We have 𝑓 (3) = −1
3

and 𝑓 ′(3) = 11
27

. 1M
Required equation is

𝑦 + 1
3

𝑥 − 3
=

11
27

𝑦 =
11𝑥
27

− 14
9

1A

(ii) Required area

=

∫ 42
11

3

[(
11𝑥
27

− 14
9

)
− 𝑓 (𝑥)

]
d𝑥 +

∫ 6

42
11

[− 𝑓 (𝑥)] d𝑥 1M

=

∫ 42
11

3

(
11𝑥
27

− 14
9

)
d𝑥 −

∫ 6

3

(
𝑥 − 30 + 432

𝑥 + 6
− 1728

(𝑥 + 6)2

)
d𝑥

=

[
11𝑥2

54
− 14𝑥

9

] 42
11

3
−
[
𝑥2

2
− 30𝑥 + 432 ln |𝑥 + 6| + 1728

𝑥 + 6

]6

3
1M

=
1368
11

+ 432 ln
3
4

1A
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12. (a) (i)
−−→
𝐶𝑀 =

−−−→
𝑂𝑀 − −−→

𝑂𝐶

=
1
2

a − (𝑟a + 𝑠b)

=

(
1
2
− 𝑟

)
a − 𝑠b 1A

−−→
𝑂𝐴 · −−→𝐶𝑀 = 0

a ·
[(

1
2
− 𝑟

)
a − 𝑠b

]
= 0 1M(

1
2
− 𝑟

)
a · a − 𝑠a · b = 0(

1
2
− 𝑟

)
(22) − 𝑠

(
1
4

)
= 0

𝑠 = 8 − 16𝑟 1

(ii)
−−→
𝐶𝑁 =

−−→
𝑂𝑁 − −−→

𝑂𝐶

=
1
2

b − (𝑟a + 𝑠b)

= −𝑟a +
(
1
2
− 𝑠

)
b 1A

−−→
𝑂𝐵 · −−→𝐶𝑁 = 0

b ·
[
−𝑟a +

(
1
2
− 𝑠

)
b
]
= 0

−𝑟a · b +
(
1
2
− 𝑠

)
b · b = 0

𝑟 + 4𝑠 = 2

Solving, we have 𝑟 =
10
21

and 𝑠 =
8
21

. 1A+1A

(iii)
−−→
𝐶𝑃 =

−−→
𝑂𝑃 − −−→

𝑂𝐶

=
1
2
(a + b) −

(
10
21

a + 8
21

b
)

=
1
42

a + 5
42

b

Since 𝑂𝐻//𝐶𝑃, there is a real number 𝜆 such that
−−→
𝑂𝐻 = 𝜆

−−→
𝐶𝑃 =

𝜆

42
a + 5𝜆

42
b. 1A

−−→
𝐵𝐻 =

−−→
𝑂𝐻 − −−→

𝑂𝐵

=
𝜆

42
a +

(
5𝜆
42

− 1
)

b 1A
−−→
𝐵𝐻 · −−→𝑂𝐴 = 0[

𝜆

42
a +

(
5𝜆
42

− 1
)

b
]
· a = 0 1M

𝜆

42
(22) +

(
5𝜆 − 42

42

)
1
4
= 0

𝜆 = 2

Thus,
−−→
𝑂𝐻 =

1
21

a + 5
21

b. 1A
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(b) (𝐴𝐵)2 =
−−→
𝐴𝐵 · −−→𝐴𝐵

= (b − a) · (b − a)

= |b|2 − 2a · b + |a|2

= 5 − 2𝑚

𝐴𝐵 =
√

5 − 2𝑚 1A
Suppose 𝐴𝐵 = 𝑂𝐴 = 2.

√
5 − 2𝑚 = 2

5 − 2𝑚 = 4

𝑚 =
1
2

Suppose 𝐴𝐵 = 𝑂𝐵 = 1, then 𝐴𝐵 +𝑂𝐵 = 1 + 1 = 2 = 𝑂𝐴 and △𝑂𝐴𝐵 does not exist. 1M
There is only 1 value of 𝑚 such that △𝑂𝐴𝐵 is an isosceles triangle.
The claim is disagreed. 1
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