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O-LEVEL A-MATHS 2012 – PAPER 2 
Question 1 
(i) 𝑦𝑦 = 2 sin𝑥𝑥 − 3 cos 𝑥𝑥 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 2 cos 𝑥𝑥 + 3 sin𝑥𝑥 
𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

= −2 sin𝑥𝑥 + 3 cos 𝑥𝑥 
 

(ii) At stationary point, 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0 
2 cos 𝑥𝑥 + 3 sin 𝑥𝑥 = 0 

3 sin𝑥𝑥 = −2 cos 𝑥𝑥 ⇒ tan 𝑥𝑥 = −
2
3

 

Basic ∠
3
2tan 1−=  

𝑥𝑥 = π − tan−1
2
3

= 2.55 
 

(iii) When 
3
2tan 1−−= πx , 

𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

= −2 sin �π − tan−1
2
3
� + 3 cos�π − tan−1

2
3
� 

= −3.61 < 0 
 

∴ This is a maximum point. 
 
Question 2 
(i) cos 3𝑥𝑥 + cos 𝑥𝑥 

= 2 cos
1
2

(3𝑥𝑥 + 𝑥𝑥) cos
1
2

(3𝑥𝑥 − 𝑥𝑥) 
= 2 cos 2𝑥𝑥 cos 𝑥𝑥 
∴ 𝐴𝐴 = 2, 𝐵𝐵 = 2 
 

(ii) cos 3𝑥𝑥 + 2 cos 𝑥𝑥 = 0 
(2 cos 2𝑥𝑥 cos 𝑥𝑥 − cos 𝑥𝑥) + 2 cos𝑥𝑥 = 0 
2 cos 2𝑥𝑥 cos 𝑥𝑥 + cos 𝑥𝑥 = 0 
cos 𝑥𝑥 (2 cos 2𝑥𝑥 + 1) = 0 

cos 𝑥𝑥 = 0 
𝑥𝑥 = 90° 

or cos 2𝑥𝑥 = −
1
2
 

 
Basic ∠ 

= cos−1
1
2

= 60° 
 
0° ≤ 2𝑥𝑥 ≤ 360° 
 
2𝑥𝑥 = 180° − 60°, 180° + 60° 
𝑥𝑥 = 60°, 120° 
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Question 3 

(i) ( )( )313
20

383
20

2 +−
=

−+ xxxx
 

Let 
313383

20
2 +

+
−

=
−+ x

B
x
A

xx
 

 
∴ 20 = 𝐴𝐴(𝑥𝑥 + 3) + 𝐵𝐵(3𝑥𝑥 − 1) 
 
Let 𝑥𝑥 = −3 

20 = 𝐵𝐵(−9 − 1) ⇒ 𝐵𝐵 = −2 
 

Let 
3
1

=x , 

20 = 𝐴𝐴 �
1
3

+ 3� ⇒ 𝐴𝐴 = 6 
 

∴
20

3𝑥𝑥2 + 8𝑥𝑥 − 3
=

6
3𝑥𝑥 − 1

−
2

𝑥𝑥 + 3
 

 

(ii) dx
xx∫ −+ 383

20
2  

= �
6

3𝑥𝑥 − 1
−

2
𝑥𝑥 + 3

𝑑𝑑𝑑𝑑 

= 6�
ln|3𝑥𝑥 − 1|

3 � − 2 ln|𝑥𝑥 + 3| 

= 2 ln|3𝑥𝑥 − 1| − 2 ln|𝑥𝑥 + 3| + 𝑐𝑐 
 

�
20

3𝑥𝑥2 + 8𝑥𝑥 − 3

7

2
𝑑𝑑𝑑𝑑 

= [2 ln|3𝑥𝑥 − 1| − 2 ln|𝑥𝑥 + 3|]27 
= (2 ln 20 − 2 ln 10) − (2 ln 5 − 2 ln 5) 
= 2 ln 20 − 2 ln 10 

= 2 ln �
20
10
� 

= 2 ln 2 
 
Question 4 
(i) ∠𝑅𝑅𝑅𝑅𝑅𝑅 = ∠𝑃𝑃𝑃𝑃𝑃𝑃 (alternate segment theorem) 

∠𝑃𝑃𝑃𝑃𝑃𝑃 = ∠𝑆𝑆𝑆𝑆𝑆𝑆 (alternate segment theorem) 
∴ ∆𝑃𝑃𝑃𝑃𝑃𝑃 is similar to ∆𝑆𝑆𝑆𝑆𝑆𝑆 (AA similarity) (proven) 
 

(ii) By similar triangles, 
𝑄𝑄𝑄𝑄
𝑄𝑄𝑄𝑄

=
𝑄𝑄𝑄𝑄
𝑄𝑄𝑄𝑄

⇒ 𝑄𝑄𝑄𝑄 × 𝑄𝑄𝑄𝑄 = (𝑄𝑄𝑄𝑄)2 

(proven) 
 

(iii) ∠𝑆𝑆𝑆𝑆𝑆𝑆 + ∠𝑃𝑃𝑃𝑃𝑃𝑃 = 180° (∠s in opposite segments) 
∠𝑃𝑃𝑃𝑃𝑃𝑃 + ∠𝑅𝑅𝑅𝑅𝑅𝑅 = 180° (∠s in opposite segments) 
 
∠𝑃𝑃𝑃𝑃𝑃𝑃 = ∠𝑅𝑅𝑅𝑅𝑅𝑅 (similar ∆s) 
 
∴ ∠𝑆𝑆𝑆𝑆𝑆𝑆 = ∠𝑃𝑃𝑃𝑃𝑃𝑃 (proven) 
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Question 5 
(i) At 𝑃𝑃(0, 4), 

𝐴𝐴𝑒𝑒0 + 𝐵𝐵𝑒𝑒0 = 4 ⇒ 𝐴𝐴 + 𝐵𝐵 = 4    (1) 
 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 2𝐴𝐴𝑒𝑒2𝑥𝑥 − 𝐵𝐵𝑒𝑒−𝑥𝑥 
 
At 𝑃𝑃(0, 4) 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −1 
⇒ 2𝐴𝐴𝑒𝑒0 − 𝐵𝐵𝑒𝑒0 = −1 
2𝐴𝐴 − 𝐵𝐵 = −1     (2) 

 
(1) + (2) 

3𝐴𝐴 = 3 ⇒ 𝐴𝐴 = 1 
 
Sub. 𝐴𝐴 = 1 into (1) 

1 + 𝐵𝐵 = 4 ⇒ 𝐵𝐵 = 3 
 

(ii) dxy∫  

= �𝑒𝑒2𝑥𝑥 + 3𝑒𝑒−𝑥𝑥 𝑑𝑑𝑑𝑑 

=
1
2
𝑒𝑒2𝑥𝑥 − 3𝑒𝑒−𝑥𝑥 + 𝑐𝑐 

 

� 𝑦𝑦
1

0
𝑑𝑑𝑑𝑑 = �

1
2
𝑒𝑒2𝑥𝑥 − 3𝑒𝑒−𝑥𝑥�

0

1
 

= �
1
2
𝑒𝑒2 − 3𝑒𝑒−1� − �

1
2
− 3� = 5.1 
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Question 6 
(a) (i) log8 𝑥𝑥3 = log4 𝑢𝑢 

3 log8 𝑥𝑥 = log4 𝑢𝑢 

3 �
log2 𝑥𝑥
log2 8

� =
log2 𝑢𝑢
log2 4

 

3 �
log2 𝑥𝑥

3
� =

log2 𝑢𝑢
2

 
2 log2 𝑥𝑥 = log2 𝑢𝑢 
log2 𝑢𝑢 = log2 𝑥𝑥2 ⇒ 𝑢𝑢 = 𝑥𝑥2 

 

(ii) ( )
4log

1log5log
3

3
8

2
4 =−+ xxx  

log2(𝑥𝑥2 + 5𝑥𝑥)
log2 4

−
log2 𝑥𝑥3

log2 8
=

1
log2 4

log2 3�
 

log2(𝑥𝑥2 + 5𝑥𝑥)
2

−
log2 𝑥𝑥3

3
=

log2 3
2

 

log2(𝑥𝑥2 + 5𝑥𝑥) −
2
3

log2 𝑥𝑥3 = log2 3 
log2(𝑥𝑥2 + 5𝑥𝑥) − log2 𝑥𝑥2 = log2 3 

log2 �
𝑥𝑥2 + 5𝑥𝑥
𝑥𝑥2 � = log2 3 

𝑥𝑥2 + 5𝑥𝑥
𝑥𝑥2

= 3 
𝑥𝑥2 + 5𝑥𝑥 = 3𝑥𝑥2 
2𝑥𝑥2 − 5𝑥𝑥 = 0 
𝑥𝑥(2𝑥𝑥 − 5) = 0 

𝑥𝑥 = 0 (NA) or 
2
5

=x  

(b) 𝑒𝑒𝑦𝑦(𝑒𝑒𝑦𝑦 − 2) = 15 
Let 𝑢𝑢 = 𝑒𝑒𝑦𝑦 
𝑢𝑢(𝑢𝑢 − 2) = 15 
𝑢𝑢2 − 2𝑢𝑢 − 15 = 0 
(𝑢𝑢 + 3)(𝑢𝑢 − 5) = 0 
𝑢𝑢 = −3 
𝑒𝑒𝑦𝑦 = −3 (NA) 

or 𝑢𝑢 = 5 
𝑒𝑒𝑦𝑦 = 5 
𝑦𝑦 = ln 5 
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Question 7 
(i) 2𝑥𝑥2 + 3𝑥𝑥 − 2 = (2𝑥𝑥 − 1)(𝑥𝑥 + 2) 

Let 𝑓𝑓(𝑥𝑥) = 2𝑥𝑥4 + 3𝑥𝑥3 + 𝑎𝑎(𝑥𝑥2 + 𝑥𝑥) + 𝑏𝑏 

𝑓𝑓 �
1
2
� = 0 

2 �
1
2
�
4

+ 3 �
1
2
�
3

+ 𝑎𝑎 ��
1
2
�
2

+ �
1
2
�� + 𝑏𝑏 = 0 

1
2

+
3
4
𝑎𝑎 + 𝑏𝑏 = 0 

3
4
𝑎𝑎 + 𝑏𝑏 = −

1
2
⇒ 3𝑎𝑎 + 4𝑏𝑏 = −2   (1) 

 
𝑓𝑓(−2) = 0 
2(−2)4 + 3(−2)3 + 𝑎𝑎[(−2)2 + (−2)] + 𝑏𝑏 = 0 
8 + 2𝑎𝑎 + 𝑏𝑏 = 0 ⇒ 𝑏𝑏 = −2𝑎𝑎 − 8   (2) 
 
Sub. (2) into (1) 

3𝑎𝑎 + 4(−2𝑎𝑎 − 8) = −2 
−5𝑎𝑎 = 30 ⇒ 𝑎𝑎 = −6 

 
Sub. 𝑎𝑎 = −6 into (2) 

𝑏𝑏 = −2(−6) − 8 = 4 
 

(ii) 𝑓𝑓(𝑥𝑥) = 2𝑥𝑥4 + 3𝑥𝑥3 − 6𝑥𝑥2 − 6𝑥𝑥 + 4 
 
Let 2𝑥𝑥4 + 3𝑥𝑥3 − 6𝑥𝑥2 − 6𝑥𝑥 + 4 = (2𝑥𝑥2 + 3𝑥𝑥 − 2)(𝑥𝑥2 + 𝐴𝐴𝐴𝐴 − 2) 
 
Let 𝑥𝑥 = 1, 

2 + 3 − 6 − 6 + 4 = (2 + 3 − 2)(1 + 𝐴𝐴 − 2) 
−3 = (3)(𝐴𝐴 − 1) ⇒ 𝐴𝐴 = 0 

 
∴ 2𝑥𝑥4 + 3𝑥𝑥3 − 6𝑥𝑥2 − 6𝑥𝑥 + 4 = 0 
(2𝑥𝑥2 + 3𝑥𝑥 − 2)(𝑥𝑥2 − 2) = 0 
(2𝑥𝑥 − 1)(𝑥𝑥 + 2)�𝑥𝑥 − √2��𝑥𝑥 + √2� = 0 

𝑥𝑥 = −2, −√2, 
2
1  or √2 

 
Question 8 
(i) 𝑦𝑦 = 2𝑥𝑥 − 𝑥𝑥2   (1) 

𝑦𝑦 = 𝑚𝑚𝑚𝑚 + 1   (2) 
(1) = (2) 

2𝑥𝑥 − 𝑥𝑥2 = 𝑚𝑚𝑚𝑚 + 1 
𝑥𝑥2 + (𝑚𝑚 − 2)𝑥𝑥 + 1 = 0 
Discriminant < 0 
(𝑚𝑚 − 2)2 − 4(1)(1) < 0 
(𝑚𝑚 − 2 + 2)(𝑚𝑚 − 2 − 2) < 0 
𝑚𝑚(𝑚𝑚 − 4) < 0 
0 < 𝑚𝑚 < 4 

 
(ii) 𝑦𝑦 = |2𝑥𝑥 − 𝑥𝑥2| 
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(iii) (a) 2  (b) 3 
 
Question 9 
(i)   

 
 
 
 
 
 
∠𝐶𝐶𝐶𝐶𝐶𝐶 = ∠𝑂𝑂𝑂𝑂𝑂𝑂 = 𝜃𝜃 

sin𝜃𝜃 =
𝑂𝑂𝑂𝑂
10

⇒ 𝑂𝑂𝑂𝑂 = 10 sin𝜃𝜃 

cos 𝜃𝜃 =
𝐵𝐵𝐵𝐵
24

⇒ 𝐵𝐵𝐵𝐵 = 24 cos 𝜃𝜃 
∴ 𝐿𝐿 = 𝑂𝑂𝑂𝑂 + 𝐵𝐵𝐵𝐵 = 10 sin 𝜃𝜃 + 24 cos 𝜃𝜃 
 

(ii) Let 
𝐿𝐿 = 10 sin𝜃𝜃 + 24 cos 𝜃𝜃 

= 𝑅𝑅 cos(𝜃𝜃 − 𝛼𝛼) 
= 𝑅𝑅 cos 𝜃𝜃 cos𝛼𝛼 + 𝑅𝑅 sin𝜃𝜃 sin𝛼𝛼 

 
∴ 𝑅𝑅 cos𝛼𝛼 = 24   (1) 
𝑅𝑅 sin𝛼𝛼 = 10   (2) 
 
(2)

(1)�   tan𝛼𝛼 =
10
24

⇒ 𝛼𝛼 = 22.620° 
 
(1)2 + (2)2   𝑅𝑅2 = 242 + 102 

⇒ 𝑅𝑅 = √676 = 26 
 
∴ 𝐿𝐿 = 26 cos(𝜃𝜃 − 22.6°) 
 

(iii) Greatest 𝐿𝐿 = 26 
 
This happens when 

cos(𝜃𝜃 − 22.620°) = 1 
𝜃𝜃 − 22.620° = 0 
𝜃𝜃 = 22.6° 

 
(iv) 𝐿𝐿 = 20 

26 cos(𝜃𝜃 − 22.620°) = 20 

𝜃𝜃 = 22.6199° + cos−1
20
26

 
= 62.3° 

 
  

𝑂𝑂 2 

(1, 1) 

𝑦𝑦 = 𝑥𝑥 + 1 

𝑦𝑦 = −
1
2
𝑥𝑥 + 1 

𝑂𝑂 

𝐴𝐴 

𝐵𝐵 

𝐶𝐶 

𝐷𝐷 
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Question 10 
(i) Midpoint of 𝐴𝐴𝐴𝐴 

= �
3 + 8

2
,
6 + 𝑘𝑘

2
� = �

11
2

,
6 + 𝑘𝑘

2
� 

 
As midpoint of 𝐴𝐴𝐴𝐴 lies on 𝑦𝑦 + 3𝑥𝑥 = 25, 

6 + 𝑘𝑘
2

+ 3�
11
2
� = 25 

6 + 𝑘𝑘
2

=
17
2
⇒ 6 + 𝑘𝑘 = 17 

⇒ 𝑘𝑘 = 11 (shown) 
 

(ii) Gradient of 𝐵𝐵𝐵𝐵 

=
6 − 2
3 − 1

= 2 
 
Equation of 𝐴𝐴𝐴𝐴: 

𝑦𝑦 − 11 = 2(𝑥𝑥 − 8) 
⇒ 𝑦𝑦 = 2𝑥𝑥 − 5   (1) 

 
𝑦𝑦 + 3𝑥𝑥 = 25   (2) 
 
Sub. (1) into (2) 

2𝑥𝑥 − 5 + 3𝑥𝑥 = 25 
⇒ 5𝑥𝑥 = 30 ⇒ 𝑥𝑥 = 6 

 
Sub. 𝑥𝑥 = 6 into (1) 

𝑦𝑦 = 2(6) − 5 = 7 
 
∴ 𝑁𝑁(6, 7) 
 
Equation of 𝐶𝐶𝐶𝐶: 

𝑦𝑦 − 2 = −
1
2

(𝑥𝑥 − 1) 

⇒ 𝑦𝑦 = −
1
2
𝑥𝑥 +

5
2

    (3) 
 
(1) = (3) 

2𝑥𝑥 − 5 = −
1
2
𝑥𝑥 +

5
2
 

5
2
𝑥𝑥 =

15
2
⇒ 𝑥𝑥 = 3 

 
Sub. 𝑥𝑥 = 3 into (1) 

𝑦𝑦 = 2(3) − 5 = 1 
 
∴ 𝐷𝐷(3, 1) 
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(iii) 







2
17,

2
11M  

 
Area of ∆𝐴𝐴𝐴𝐴𝐴𝐴 

=
1
2 �

8
11

11
2�

17
2�

6
7

8
11� 

=
1
2 �
�68 +

77
2

+ 66� − �
121

2
+ 51 + 56�� 

=
5
2
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Question 11 

(i) ( )2
1

45 xy +=  
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
1
2

(5 + 4𝑥𝑥)−
1
2(4) =

2
√5 + 4𝑥𝑥

 

 
When 𝑥𝑥 = 1 

𝑦𝑦 = √5 + 4 = 3 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
2

√5 + 4
=

2
3
 

 
Equation of normal at 𝐵𝐵: 

𝑦𝑦 − 3 = −
3
2

(𝑥𝑥 − 1) 

𝑦𝑦 = −
3
2
𝑥𝑥 +

9
2
 

Let 𝑦𝑦 = 0, 

−
3
2
𝑥𝑥 +

9
2

= 0 
3
2
𝑥𝑥 =

9
2
⇒ 𝑥𝑥 = 3 

 
∴ 𝐶𝐶(3, 0) 
 

(ii) For 𝑦𝑦 = √5 + 4𝑥𝑥, at 𝐴𝐴, 
𝑦𝑦 = 0, 
√5 + 4𝑥𝑥 = 0 

𝑥𝑥 = −
5
4
 

∴ 𝐴𝐴 �−
5
4

, 0� 
 
Area 

= � (5 + 4𝑥𝑥)
1
2

1

−54

𝑑𝑑𝑑𝑑 +
1
2

(2)(3) 

= �
(5 + 4𝑥𝑥)

3
2

(4)�3
2� �
�

−54

1

+ 3 

=
1
6 �

(5 + 4𝑥𝑥)
3
2�
−54

1
+ 3 

=
1
6 �

(5 + 4)
3
2 − (5 − 5)

3
2� + 3 

=
15
2
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