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Suggested solutions

1. (a) 𝑦 = cos
(
𝑥 + 𝜋

8

)
sin

(
𝑥 − 𝜋

24

)
=

1
2

[
sin

(
2𝑥 + 𝜋

12

)
+ sin

−𝜋
6

]
1M

=
1
2

sin
(
2𝑥 + 𝜋

12

)
− 1

4
1

(b) Maximum value of 𝑦 =
1
2
(1) − 1

4
1M

=
1
4

1A

Minimum value of 𝑦 =
1
2
(−1) − 1

4

= −3
4

1A

2. (a) By considering the sum of roots, sin𝛼 + sin 𝛽 =
7
12

. 1A

By considering the product of roots, sin𝛼 sin 𝛽 =
1
12

. 1A

(b) cos(𝛼 + 𝛽) cos(𝛼 − 𝛽) = 1
2
(cos 2𝛼 + cos 2𝛽) 1M

=
1
2
(1 − 2 sin2 𝛼 + 1 − 2 sin2 𝛽) 1M

= 1 − sin2 𝛼 − sin2 𝛽

= 1 + 2 sin𝛼 sin 𝛽 − (sin𝛼 + sin 𝛽)2 1M

= 1 + 2
(

1
12

)
−
(

7
12

)2

=
119
144

1A

3. (a) sin(𝐴 + 𝐵) sin(𝐴 − 𝐵) = 1
2
(− cos 2𝐴 + cos 2𝐵) 1M

=
1
2
(−1 + 2 sin2 𝐴 + 1 − 2 sin2 𝐵) 1M

= sin2 𝐴 − sin2 𝐵 1
(b) By (a),

sin2 𝑘𝑥 − sin2(𝑘 − 1)𝑥 = sin[𝑘𝑥 + (𝑘 − 1)𝑥] sin[𝑘𝑥 − (𝑘 − 1)𝑥] 1M

= sin[(2𝑘 − 1)𝑥] sin 𝑥 1A
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4.
cos 7𝜃 − cos 5𝜃 + cos 3𝜃 − cos 𝜃
sin 7𝜃 − sin 5𝜃 + sin 3𝜃 − sin 𝜃

=
−2 sin 6𝜃 sin 𝜃 − 2 sin 2𝜃 sin 𝜃
2 cos 6𝜃 sin 𝜃 + 2 cos 2𝜃 sin 𝜃

1M+2A

= − sin 6𝜃 + sin 2𝜃
cos 6𝜃 + cos 2𝜃

= − 2 sin 4𝜃 cos 2𝜃
2 cos 4𝜃 cos 2𝜃

1M

= − tan 4𝜃 1

5. cos 𝐴 + cos 𝐵 − cos𝐶

= 2 cos
𝐴 + 𝐵

2
cos

𝐴 − 𝐵

2
−
(
1 − 2 sin2 𝐶

2

)
2M

= 2 cos
𝜋 − 𝐶

2
cos

𝐴 − 𝐵

2
+ 2 sin

𝐶

2
sin

𝜋 − (𝐴 + 𝐵)
2

− 1

= 2 sin
𝐶

2
cos

𝐴 − 𝐵

2
+ 2 sin

𝐶

2
cos

𝐴 + 𝐵

2
− 1 1M

= 2 sin
𝐶

2

[
cos

(𝐴 + 𝐵)
2

+ cos
𝐴 − 𝐵

2

]
− 1

= 2 sin
𝐶

2

(
2 cos

𝐴

2
cos

𝐵

2

)
− 1 1M

= 4 cos
𝐴

2
cos

𝐵

2
sin

𝐶

2
− 1 1

6. sin 3𝐴 + sin 3𝐵 + sin 3[𝜋 − (𝐴 + 𝐵)]

= 2 sin
3
2
(𝐴 + 𝐵) cos

3
2
(𝐴 − 𝐵) + sin 3(𝐴 + 𝐵) 2M

= 2 sin
3
2
(𝐴 + 𝐵) cos

3
2
(𝐴 − 𝐵) + 2 sin

3
2
(𝐴 + 𝐵) cos

3
2
(𝐴 + 𝐵) 1M

= 2 sin
3
2
(𝐴 + 𝐵)

[
cos

3
2
(𝐴 − 𝐵) + cos

3
2
(𝐴 + 𝐵)

]
= 2 sin

3
2
(𝜋 − 𝐶)

(
2 cos

3𝐴
2

cos
3𝐵
2

)
1M

= 4 sin
(
3𝜋
2

− 3𝐶
2

)
cos

3𝐴
2

cos
3𝐵
2

= −4 cos
3𝐶
2

cos
3𝐴
2

cos
3𝐵
2

1M

= −4 cos
3𝐴
2

cos
3𝐵
2

cos
3𝐶
2

1
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7. (a)
sin𝛼 − sin 𝛽

cos𝛼 − cos 𝛽
=

2 cos 𝛼+𝛽
2 sin 𝛼−𝛽

2

−2 sin 𝛼+𝛽
2 sin 𝛼−𝛽

2

1M

= − cot
𝛼 + 𝛽

2
1

(b) 3 sin𝛼 − 4 cos 𝛽 = 3 sin 𝛽 − 4 cos𝛼
3(sin𝛼 − sin 𝛽)
4(cos𝛼 − cos 𝛽) = −1

−3
4

cot
𝛼 + 𝛽

2
= −1 1M

cot
𝛼 + 𝛽

2
=

4
3

1A

Since 𝛼 and 𝛽 are acute, the angle
𝛼 + 𝛽

2
is also acute.

sin
𝛼 + 𝛽

2
=

3
√

32 + 42
1M

=
3
5

1A

8. (a) sin
(𝑚 + 4)𝜋

8
− sin

𝑚𝜋

8
= 2 cos

𝑚𝜋 + 2𝜋
8

sin
𝜋

4
1M

=
√

2 cos
(𝑚 + 2)𝜋

8
1A

(b) cos
3𝜋
8

+ cos
7𝜋
8

+ . . . + cos
2015𝜋

8

=
1
√

2

(
sin

5𝜋
8

− sin
𝜋

8

)
+ 1
√

2

(
sin

9𝜋
8

− sin
5𝜋
8

)
+ . . . + 1

√
2

(
sin

2017𝜋
8

− sin
2013𝜋

8

)
1M

=
1
√

2

(
sin

2017𝜋
8

− sin
𝜋

8

)
=

1
√

2

(
sin

(
252𝜋 + 𝜋

8

)
− sin

𝜋

8

)
1M

= 0 1A

9. When 𝑛 = 1,
L.H.S. = cos 𝑥
R.H.S. =

sin 2𝑥
2 sin 𝑥

=
2 sin 𝑥 cos 𝑥

2 sin 𝑥
= cos 𝑥 = L.H.S.

It is true for 𝑛 = 1. 1

Assume cos 𝑥 + cos 3𝑥 + cos 5𝑥 + . . . + cos(2𝑘 − 1)𝑥 =
sin 2𝑘𝑥
2 sin 𝑥

, where 𝑘 ∈ Z+. 1M

cos 𝑥 + cos 3𝑥 + cos 5𝑥 + . . . + cos(2𝑘 − 1)𝑥 + cos(2𝑘 + 1)𝑥

=
sin 2𝑘𝑥
2 sin 𝑥

+ cos(2𝑘 + 1)𝑥 1M

=
1

2 sin 𝑥
[sin 2𝑘𝑥 + 2 cos(2𝑘 + 1)𝑥 sin 𝑥]

=
1

2 sin 𝑥
[sin 2𝑘𝑥 + sin(2𝑘 + 2)𝑥 + sin(−2𝑘𝑥)] 1M

=
sin(2𝑘 + 2)𝑥

2 sin 𝑥
It is true for 𝑛 = 𝑘 + 1.
By M.I., it is true ∀𝑛 ∈ Z+. 1
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10. 2 cos 𝐴 + cos 2𝐵 + cos 2𝐶 = 0

2 cos 𝐴 + 2 cos(𝐵 + 𝐶) cos(𝐵 − 𝐶) = 0 1M

cos 𝐴 + cos(𝜋 − 𝐴) cos(𝐵 − 𝐶) = 0

cos 𝐴 − cos 𝐴 cos(𝐵 − 𝐶) = 0 1M

cos 𝐴[1 − cos(𝐵 − 𝐶)] = 0

cos 𝐴 = 0 or cos(𝐵 − 𝐶) = 1 1A

𝐴 =
𝜋

2
or 𝐵 − 𝐶 = 0

𝐴 =
𝜋

2
or 𝐵 = 𝐶 1A

Thus, △𝐴𝐵𝐶 is a right-triangle or △𝐴𝐵𝐶 is an isosceles triangle with 𝐵 = 𝐶. 1M
△𝐴𝐵𝐶 can be a right-angled triangle with 𝐴 =

𝜋

2
but 𝐵 ≠ 𝐶.

The claim is disagreed. 1A
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