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O-LEVEL A-MATHS 2016 – PAPER 1 

Question 1 

[ Ans: (i) (−2, 16), (4, 4) (ii) show ] 

(i) 𝑦 = 2𝑥2 − 6𝑥 − 4      (1) 

𝑦 + 2𝑥 = 12     (2) 
 

Sub. (1) into (2) 
(2𝑥2 − 6𝑥 − 4) + 2𝑥 = 12 

2𝑥2 − 4𝑥 − 16 = 0 

𝑥2 − 2𝑥 − 8 = 0 
(𝑥 + 2)(𝑥 − 4) = 0 
𝑥 = −2 or 𝑥 = 4 
 

Sub. 𝑥 = −2 into (2) 

𝑦 + 2(−2) = 12 ⇒ 𝑦 = 16 
 
Sub. 𝑥 = 4 into (2) 

𝑦 + 2(4) = 12 ⇒ 𝑦 = 4 
 

∴ the line intersects with the curve at (−2, 16) and (4, 4). 
 

(ii) 𝑦 = 2𝑥2 − 𝑘𝑥 − 4      (1) 
𝑦 + 2𝑥 = 12     (2) 
 
Sub. (1) into (2) 

(2𝑥2 − 𝑘𝑥 − 4) + 2𝑥 = 12 

2𝑥2 + (2 − 𝑘)𝑥 − 16 = 0 
Discriminant 

= (2 − 𝑘)2 − 4(2)(−16) 
= (2 − 𝑘)2 + 128 > 0 for all real value of 𝑘 

 
∴ the line intersects the curve at two distinct points for all real values of 𝑘. (shown) 
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Question 2 

[ Ans: (5 − 2√3)cm ] 

 
 
 
 
 
 
 
 
Height 

=
16 + 4√3

(√6 + √2)
2 

=
16 + 4√3

(√6)
2

+ 2√6√2 + (√2)
2 

=
16 + 4√3

8 + 2√12
=

16 + 4√3

8 + 2√4 × 3
=

16 + 4√3

8 + 4√3
=

4 + √3

2 + √3
 

=
4 + √3

2 + √3
(

2 − √3

2 − √3
)  

=
8 − 4√3 + 2√3 − (√3)

2

22 − (√3)
2  

=
5 − 2√3

4 − 3
 

= 5 − 2√3 

 

 

Question 3 

[ Ans: (a)(i) 
2

sin
2

1 
  x  (ii) 0 ≤ cos−1 𝑥 ≤ 𝜋 (b) 𝑎 = −1, 𝑏 = 6, 𝑐 = 2 ] 

(a) (i) 
2

sin
2

1 
  x  

(ii) 0 ≤ cos−1 𝑥 ≤ 𝜋 
 

(b) From observation, 

𝑎 = −1 
𝑐 = 2 
 

2𝜋

1
𝑏⁄

= 12𝜋 

2𝑏𝜋 = 12𝜋 ⇒ 𝑏 = 6 

 

  

√6 + √2 

√6 + √2 

(16 + 4√3) cm3 
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Question 4 

[ Ans: (i) sketch (ii) 𝑦 = 8𝑥 ] 

(i)   
 
 
 
 
 
 
 
 

(ii) 𝑦2 = 256𝑥     (1) 

𝑦 = 2𝑥2     (2) 
 
Sub. (2) into (1) 

(2𝑥2)2 = 256𝑥 

4𝑥4 − 256𝑥 = 0 

4𝑥(𝑥3 − 64) = 0 

𝑥 = 0 or 𝑥3 = 64 ⇒ 𝑥 = 4 
 

Sub. 𝑥 = 4 into (2) 

𝑦 = 2(4)2 = 32 
 
Equation of line: 

𝑦 =
32

4
𝑥 

⇒ 𝑦 = 8𝑥 

 

 

Queston 5 

[ Ans: 
2

3

3

5
2







xx
 ] 

                                           2 

𝑥2 + 𝑥 − 6|2𝑥2 + 4𝑥 − 31 

             −(2𝑥2 + 2𝑥 − 12) 

                           2𝑥 − 19 
 

2𝑥2 + 4𝑥 − 31

𝑥2 + 𝑥 − 6
= 2 +

2𝑥 − 19

𝑥2 + 𝑥 − 6
= 2 +

2𝑥 − 19

(𝑥 + 3)(𝑥 − 2)
 

 

Let 
   2323

192











x

B

x

A

xx

x
 

2𝑥 − 19 = 𝐴(𝑥 − 2) + 𝐵(𝑥 + 3) 
 
When 𝑥 = −3, 

2(−3) − 19 = 𝐴(−3 − 2) 
−5𝐴 = −25 ⇒ 𝐴 = 5 

 
When 𝑥 = 2, 

2(2) − 19 = 𝐵(2 + 3) 

5𝐵 = −15 ⇒ 𝐵 = −3 
 

∴
2𝑥2 + 4𝑥 − 31

𝑥2 + 𝑥 − 6
= 2 +

5

𝑥 + 3
−

3

𝑥 − 2
 

 

𝑦 

𝑥 
𝑂 

𝑦 = 2𝑥2 

𝑦2 = 256𝑥 
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Question 6 

[ Ans: (i) explain (ii) 
2

3
a , 𝑏 = −12, 𝑐 = 18 (iii) {𝑞 ∈ ℝ: 0 < 𝑞 < 6} ] 

(i) Since 𝑥-coordinate of 𝑀 is the midpoint of the 𝑥-coordinates of 𝐴 and 𝐵, 
𝑝 + 6

2
= 4 

∴ 𝑝 = 2 
 

(ii) Let 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 𝑎(𝑥 − 2)(𝑥 − 6) 
 
Since 𝑎 > 0, curve of 𝑦 = 𝑎(𝑥 − 2)(𝑥 − 6) passes through (4, −6). 

−6 = 𝑎(4 − 2)(4 − 6) 
−4𝑎 = −6 

𝑎 =
3

2
 

 

∴ 𝑎𝑥2 + 𝑏𝑥 + 𝑐 =
3

2
(𝑥 − 2)(𝑥 − 6) 

=
3

2
(𝑥2 − 6𝑥 − 2𝑥 + 12) 

=
3

2
(𝑥2 − 8𝑥 + 12) 

=
3

2
𝑥2 − 12𝑥 + 18 

 
∴ 𝑏 = −12, 𝑐 = 18 
 

(iii) From observation, {𝑞 ∈ ℝ: 0 < 𝑞 < 6} 
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Question 7 

[ Ans: (i) show (ii) 
 

 8016125

8125

2 



tt

t
 (iii) 44.7m ] 

(i) 𝑂𝑃 = 5𝑡 

𝑂𝑄 = 100 − 10𝑡 

𝑠 = √𝑂𝑃2 + 𝑂𝑄2 

= √(5𝑡)2 + (100 − 10𝑡)2 

= √25𝑡2 + 10000 − 2000𝑡 + 100𝑡2 

= √125𝑡2 − 2000𝑡 + 10000 

= √125(𝑡2 − 16𝑡 + 80) 
(shown) 

 

(ii) 𝑠 = [125(𝑡2 − 16𝑡 + 80)]
1

2 
𝑑𝑠

𝑑𝑡
=

1

2
[125(𝑡2 − 16𝑡 + 80)]−

1
2[125(2𝑡 − 16)] 

=
125(2𝑡 − 16)

2√125(𝑡2 − 16𝑡 + 80)
 

=
125(𝑡 − 8)

√125(𝑡2 − 16𝑡 + 80)
 

 

(iii) Let 0
dt

ds
 

125(𝑡 − 8)

√125(𝑡2 − 16𝑡 + 80)
= 0 

𝑡 − 8 = 0 
𝑡 = 8 
 

𝑡 (8)− 8 (8)+ 

𝑑𝑠

𝑑𝑡
 − 0 + 

Shape \ _ / 

 

∴ least 𝑠 

= √125[(8)2 − 16(8) + 80] 
= 44.7 
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Question 8 

[ Ans: (i) 𝐵(7, 12) (ii) 







3,

2

13
M , 𝐷(6, −6) ] 

(i) Equation of 𝐵𝐶: 
2𝑦 + 3𝑥 = 45 

2𝑦 = −3𝑥 + 45 

𝑦 = −
3

2
𝑥 +

45

2
    (1) 

 

∴ gradient of 𝐴𝐵 
3

2
  

 

Equation of 𝐴𝐵: 

𝑦 − 6 =
2

3
[𝑥 − (−2)] 

𝑦 =
2

3
𝑥 +

4

3
+ 6 =

2

3
𝑥 +

22

3
    (2) 

 
(1) = (2) 

−
3

2
𝑥 +

45

2
=

2

3
𝑥 +

22

3
 

13

6
𝑥 =

91

6
⇒ 𝑥 = 7 

 
Sub. 𝑥 = 7 into (1) 

𝑦 = −
3

2
(7) +

45

2
= 12 

 
∴ 𝐵(7, 12) 
 

(ii) For equation 𝐵𝐶 at 𝐶, 𝑦 = 0 

0 + 3𝑥 = 45 ⇒ 𝑥 = 15 
 

∴ 𝐶(15, 0) 
 

𝑀 (
−2 + 15

2
,
6 + 0

2
) ⇒ 𝑀 (

13

2
, 3) 

 
Let coordinates of 𝐷 be (𝑝, 𝑞). 
𝑝 + 7

2
=

13

2
⇒ 𝑝 = 6 

𝑞 + 12

2
= 6 ⇒ 𝑞 = −9 

 
∴ 𝐷(6, −6) 
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Question 9 

[ Ans: (i) (−2, −6) and (2, −6) (ii) both are maximum points ] 

(i) 𝑦 = 2 − 𝑥2 − 16𝑥−2 
𝑑𝑦

𝑑𝑥
= −2𝑥 − 16(−2𝑥−3) = −2𝑥 +

32

𝑥3
 

Let 0
dx

dy
 

−2𝑥 +
32

𝑥3
= 0 

2𝑥 =
32

𝑥3
 

𝑥4 = 16 
𝑥 = ±2 
 
When 𝑥 = −2, 

𝑦 = 2 − (−2)2 −
16

(−2)2
= −6 

When 𝑥 = 2, 

𝑦 = 2 − (2)2 −
16

(2)2
= −6 

 

∴ the stationary points of the curve are at (−2, −6) and (2, −6). 
 

(ii) 3322  xx
dx

dy
 

𝑑2𝑦

𝑑𝑥2
= −2 + 32(−3𝑥−4) = −2 −

96

𝑥4
 

 
When 𝑥 = −2, 

𝑑2𝑦

𝑑𝑥2
= −2 −

96

(−2)2
= −8 < 0 

∴ (−2, −6) is a maximum point. 
 
When 𝑥 = 2, 

𝑑2𝑦

𝑑𝑥2
= −2 −

96

(2)2
= −8 < 0 

∴ (2, −6) is a maximum point. 
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Question 10 

[ Ans: (i) show (ii) c
x

x

x


22 2

ln

4

1
 (iii) 1

2

ln

4

1
22


x

x

x
 ] 

(i) 







2

ln

x

x

dx

d
 

=
𝑥2 (

1
𝑥

) − (ln 𝑥)(2𝑥)

(𝑥2)2
=

𝑥 − 2𝑥 ln 𝑥

𝑥4
 

=
1

𝑥3
−

2 ln 𝑥

𝑥3
 

(shown) 
 

(ii) 
233

lnln21

x

x
dx

x

x

x
  

∫ 𝑥−3 𝑑𝑥 − 2 ∫
ln 𝑥

𝑥3
𝑑𝑥 =

ln 𝑥

𝑥2
 

𝑥−2

−2
− 2 ∫

ln 𝑥

𝑥3
𝑑𝑥 =

ln 𝑥

𝑥2
 

2 ∫
ln 𝑥

𝑥3
𝑑𝑥 = −

1

2𝑥2
−

ln 𝑥

𝑥2
 

∫
ln 𝑥

𝑥3
𝑑𝑥 = −

1

4𝑥2
−

ln 𝑥

2𝑥2
+ 𝑐 

 

(iii)   dx
x

x
xf  3

ln
 

𝑓(𝑥) = −
1

4𝑥2
−

ln 𝑥

2𝑥2
+ 𝑐 

 

𝑓(1) =
3

4
 

−
1

4(1)2
−

ln 1

2(1)2
+ 𝑐 =

3

4
 

𝑐 = 1 
 

∴ 𝑓(𝑥) = −
1

4𝑥2
−

ln 𝑥

2𝑥2
+ 1 
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Question 11 

[ Ans: (a) prove (b)(i) 
30


 (ii) 40min ] 

(a) LHS 

= (sec 𝜃 − tan 𝜃)2 

= (
1

cos 𝜃
−

sin 𝜃

cos 𝜃
)

2

 

= (
1 − sin 𝜃

cos 𝜃
)

2

 

=
(1 − sin 𝜃)2

cos2 𝜃
 

=
(1 − sin 𝜃)2

1 − sin2 𝜃
 

=
(1 − sin 𝜃)2

(1 − sin 𝜃)(1 + sin 𝜃)
 

=
1 − sin 𝜃

1 + sin 𝜃
 

= RHS (proven) 
 

(b) (i) When 𝑡 = 15, 
𝑑 = 80 
|80 sin 15𝑘| = 80 
|sin 15𝑘| = 1 

sin 15𝑘 = 1 

15𝑘 =
𝜋

2
 

𝑘 =
𝜋

30
 

 
(ii) 𝑑 > 40 

 
 
 
 
 
 
 
 
 
For 0 < 𝑡 < 30, 

|80 sin
𝜋

30
𝑡| = 40 

80 sin
𝜋

30
𝑡 = 40 

sin
𝜋

30
𝑡 =

1

2
 

Basic angle 
62

1
sin 1 


 

𝜋

30
𝑡 =

𝜋

6
, 𝜋 −

𝜋

6
 

𝜋

30
𝑡 =

𝜋

6
,
5𝜋

6
 

𝑡 = 5 or 25 
 

∴ period in each hour when 𝑑 > 40 
= 2(25 − 5) = 40 

  

𝑑 

𝑡 

𝑑 = |80 sin
𝜋

30
𝑡| 

80 

40 

15 30 45 60 𝑂 
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Question 12 

[ Ans: (i) shown (ii) cos 𝑥 + sin 2𝑥 (iii) 3
3

2 


xy  ] 

(i)  
4

3
6

0
 dxxf



 

[sin 𝑥 + 𝑘 cos 2𝑥]
0

𝜋
6 =

3

4
 

(sin
𝜋

6
+ 𝑘 cos

𝜋

3
) − (sin 0 + 𝑘 cos 0) =

3

4
 

(
1

2
+

1

2
𝑘) − (0 + 𝑘) =

3

4
 

−
1

2
𝑘 =

1

4
 

2

1
k  (shown) 

 

(ii)   cxkxdxxf  2cossin  

𝑓(𝑥) =
𝑑

𝑑𝑥
(sin 𝑥 −

1

2
cos 2𝑥 + 𝑐) 

= cos 𝑥 −
1

2
(− sin 2𝑥)(2) 

= cos 𝑥 + sin 2𝑥 
 

(iii) xx
dx

dy
2cos2sin   

When 
6


x , 

𝑦 = cos
𝜋

6
+ sin (2 ×

𝜋

6
) 

=
√3

2
+

√3

2
= √3 

 
𝑑𝑦

𝑑𝑥
= − sin

𝜋

6
+ 2 cos (2 ×

𝜋

6
) 

= −
1

2
+ 2 (

1

2
) =

1

2
 

 
Equation of normal: 

𝑦 − √3 = −2 (𝑥 −
𝜋

6
) 

𝑦 = −2𝑥 +
𝜋

3
+ √3 

 


