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O-LEVEL ADDITIONAL MATH 2022 – PAPER 1 

Question 1 

[ Ans: (a) (2,3)  (b) 45k =  ] 

(a) 
2

2

2

2

2

2 8 11

2( 4 ) 11

2 ( 2) 4 11

2( 2) 8 11

2( 2) 3

y x x

x x

x

x

x

= − +

= − +

 = − − + 

= − − +

= − +

 

Stationary point 

(2,3)  

 
(b) 

2

2

2

2 8 11 2 3

2 10 8 0

5 4 0

( 1)( 4) 0

x x x

x x

x x

x x

− + = +

− + =

− + =

− − =

 

1, 4

2(1) 3 5

2(4) 3 11

x x

y

y

= =

= + =

= + =

 

(1,5)  and (4,11)  

Distance 
2 2(4 1) (11 5)

45

= − + −

=

 

45k =  
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Question 2(a) 

[ Ans: (a) Plot (b) 20.1grams (c) 165seconds ] 

(a) 

 

 
 
(b)  

3

ln 3

e

m

m

=

=
 

       20.1 grams 

 
(c)  

50%  of initial mass,
30.5em =  

( )3ln ln 0.5e 2.31m =   

2.75t = minutes 

2.75 60 165 = seconds 

 

t  1 2 3 4 5 

ln m  2.75 2.49 2.25 2.00 1.74 

 

 

  

3.6 

2.31 
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Question 3 

[ Ans: (a) 

2

3

5 4 6
2

2

x x

x x

− +
+

+

 
 (b) 

2

3 2 4
2

2

x

x x

−
+ −

+
 ] 

(a) 

      ( )

3 3 2

3

2

2

2 2 5 0 6

2 4

5 4 6

x x x x x

x x

x x

+ + + +

− +

− +

                     

                       

                   

 

3 2 2

3 3

2 5 6 5 4 6
2

2 2

x x x x

x x x x

+ + − +
 = +

+ +

 
 

 
(b) 

Let 

2 2

3 2 2

5 4 6 5 4 6

2 ( 2) 2

x x x x A Bx C

x x x x x x

− + − + +
= = +

+ + +
 

( )2 25 4 6 ( 2)x x A x Bx C x− + = + + +  

Let 0x = , 6 2 3A A=  =  

( )22 6 34 25 ( )x B xx x Cx + =− + + +  

By comparing coefficient of 
2x  and x , 

3 5 2

4

B B

C

+ =  =

= −
 

3 2

3 2

2 5 6 3 2 4
2

2 2

x x x

x x x x

+ + −
 = + −

+ +
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Question 4 

[ Ans: (a) 
2

0 4
3

k   (b) Explain ] 

(a) 
214y x x= −  

At 
2, 14A x k y k k=  = −   

At 
2, 2 14(2 ) (2 )B x k y k k=  = −

228 4k k= −  

y -coordinate of B  is greater than y -coordinate of A  

2 2

2

2

28 4 14

3 14 0

3 14 0

(3 14) 0

k k k k

k k

k k

k k

−  −

− + 

− 

− 

 

2
0 4

3
k    

 
(b)  

Gradient of the curve, 
d

14 2
d

y
x

x
= −  

At 
d

, 14 2
d

y
A k

x
= −  

At 
d

, 14 2(2 ) 14 4
d

y
B k k

x
= − = −  

( ) ( )14 2 14 4 2k k k− − − = (positive) 

14 2 14 4k k−  −  for 
2

0 4
3

k      

Gradient at A  is always greater than the gradient at B . 
 

OR 
214 (14 )y x x x x= − = −  

 
 
 
 
 
 

For  
2

0 4
3

k  , gradient decreases as x  increases.  

x -coordinate of A  is less than x -coordinate of B , 

Gradient at A  is always greater than the gradient at B . 
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Queston 5 

[ Ans: (a) 
2 2 3 332 40 20 5ax a x a x− + −  (b) 3a =  (c) 270  ] 

(a) 

 

5 1 2 3

5 4 3 2

2 2 3 3

5 5 5
2 2 (2) (2) (2) ...

1 2 32 2 2 2

32 40 20 5 ...

ax ax ax ax

ax a x a x

            
− = + − + − + − +            

            

= − + − +

 

(b) 

( )
5

2 2 3 3(2 3 ) 2 (2 3 ) 32 40 20 5 ...
2

ax
x x ax a x a x
 

+ − = + − + − + 
 

 

Coefficient of 
2x  

2

2

2(20 ) 3( 40 ) 0

40 120 0

40 ( 3) 0

a a

a a

a a

+ − =

− =

− =

 

3a =  ( a  is a positive constant)  

 
(c) 

( )
5

2 33
(2 3 ) 2 (2 3 ) 32 120 180 135 ...

2
x x x x x x
 

+ − = + − + − + 
 

 

Coefficient of 
3x  

2( 135) 3(180) 270− + =  
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Question 6 

[ Ans: 
23 3

2e e 2
2 2

x xy x−= + + +  ] 

( )

2
2

2

2

2

2

d
2e 6e

d
2e 6e d

2e 6e

1 2

2e 3e

x x

x x

x x

x x

y

dx

y
x

dx

C

C

−

−

−

−

= +

= +

= + +
−

= − + +

  

At 
d

0, 3
d

y
x

x
= = . 

( )

0 0

2

2

2

2

3 2e 3e

2

d
2e 3e 2

2e 3e 2 d

2e 3e
2

1 2

3
2e e 2

2

x x

x x

x x

x x

C

C

y

dx

y x

x D

x D

−

−

−

−

= − + +

=

= − + +

= − + +

−
= + + +

−

= + + +

  

At 0, 5x y= = . 

0 0

2

3
5 2e e 0

2

3

2

3 3
2e e 2

2 2

x x

D

D

y x−

= + + +

=

= + + +
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Question 7 

 

[ Ans: (i) Prove (ii) Prove ] 

(i) 

PS RS=  (Tangent to the circle from an external point S  are equal in length) 

PRS RPS x = =  (Base angles of isosceles PSR  are equal) 

2RST PRS RPS x x x = + = + =  (Exterior angle of a triangle is equal to the sum of 

its opposite interior angles) 
 

(ii) 

90QRP =  (Angle in a semicircle) 

180 90 90SRT x x = − − = − (Sum of angles on a straight line is 180 ) 

( )180 2 90STR x x = − − − (Sum of angles in a triangle is 180 ) 

           
180 2 90

90

x x

x

= − − +

= −
 

SRT STR =  RST  is isosceles. 
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Question 8 

[ Ans: (a) (1,2)P ; (9,6)Q  (b) 12k = ] 

(a) 

3 ..........(1)

4 3 9.....(2)

y x

y x

=

= +
 

Sub (1) into (2) 

( ) ( )
2 2

2

2

4(3 ) 3 9

4 3

4 3

16 6 9

0 10 9

0 ( 1)( 9)

x x

x x

x x

x x x

x x

x x

= +

= +

= +

= + +

= − +

= − −

  

1, 9x x= =  

Sub into (1) 

3 1 3

3 9 9

y

y

= =

= =
 

(1,3)P  and (9,9)Q  

 
(b) 

( ) ( )
2 2

2 2

2 2

4(3 ) 3

12 3

12 3

144 9 6

0 9 6 144

x x k

x x k

x x k

x x kx k

x kx x k

= +

= +

= +

= + +

= + − +

 

Discriminant 

( )
2 2

2 2

6 144 4(9)( ) 0

36 1728 20736 36 0

20736 1728

12

k k

k k k

k

k

− − =

− + − =

=

=
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Question 9 

[ Ans: (a) Show (b) 2,3 11,3 11x = + −  ] 

(a) 
2d

3 2
d

y
x ax b

x
= − +  

For y  to be increasing, 
d

0
d

y

x
 . 

23 2 0x ax b− +   

 
 
 
 
 
Discriminant 

( )
2

2

2

2

2 4(3)( ) 0

4 12 0

3 0

3

a b

a b

a b

a b

− − 

− 

− 



 

 

(b) 
3 28 10 4y x x x= − + +  

Intersection at x -axis 
3 28 10 4 0x x x− + + =  

Let 
3 22, 2 8(2) 10(2) 4 0x = − + + =  

( )2x −  is a factor. 

2

2

( 2)( ) 0

( 2)( 2) 0

x Ax Bx C

x x Bx

− + + =

− + − =
 

Comparing coefficients of 
2x   

2 8

6

B

B

− = −

= −
 

2

2

( 2)( 6 2) 0

( 6) ( 6) 4(1)( 2)

2(1)

  6.32, 0.317

x x x

x

− − − =

− −  − − −
=

= −

 

2,6.32, 0.317x = −  

 OR 
2

2

2

6 2 0

( 3) 9 2 0

( 3) 11

3 11

x x

x

x

x

− − =

− − − =

− =

= 

 

2,3 11,3 11x = + −  
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Question 10 

[ Ans: (a)(i) 2 ;360 / 2 (ii) 4 ;180 /  (b) Sketch ] 

(a)(i) Amplitude 2= , Period 360=   or 2  

 

(a)(ii) Amplitude 4= , Period
360

180
2


= =   or Period 

2

2


= =  

 
(b)  

 
 

 

 

 

Question 11 

[ Ans: (a) Explain (b) 12, 4p p= = − ] 

(a) Base of the triangle 10 4 6AB = − = unit 

1
6 15

2

5

h

h

  =

=

 

0, 2 5 7q q  = + =  

 

(b) Distance AC , where ( ,7)C p  

2 2

2 2

2

( 4) (7 2) 89

( 4) 5 89

( 4) 64

p

p

p

− + − =

− + =

− =

 

               
4 8, 4 8

12, 4

p p

p p

− = − = −

= = −            
 

 

 

 

 

 

 

0 

3 

7 

-1 

2 

-2 

2    

2


 

3

2


 

3 4cos 2y x= −  

2siny x=  
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Question 12 

[ Ans: (a) Explain & show (b) 62.8cm/s (c) 65.8cm/s2 ] 

(a) sinx a nt=  

Amplitude  

120
60

2
a = =  

Period 

2 2 1
6

6 3
n

n

 
=  = =  

 

(b) 
1

60sin
3

x t=  

d 1 1
60cos

d 3 3

1
20 cos

3

x
v t

t

v t

 

 

  
= =   

  

=

 

Maximum speed 20 62.8=  cm/s 

 

(c) 
1

20 cos
3

v t =  

2

d 1 1
20 sin

d 3 3

20 1
sin

3 3

v
a t

t

t

  

 

  
= = −  

  

= −

 

At A , 
6

1.5
4

t = =  

220 1
sin (1.5)

3 3

65.8

a  = −

 −

 

Magnitude of acceleration 65.8  cm/s2 
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Question 13 

[ Ans: (a) Explain (b) 6.25unit2 ] 

(a)  

2

2

2

d 4( 1) 1(4 2)

d ( 1)

4 4 4 2

( 1)

2

( 1)

y x x

x x

x x

x

x

+ − +
=

+

+ − −
=

+

=
+

 

2

2
0

( 1)x


+
  for all real values of x . 

d
0,

d

y

x
 The curve does not have a stationary point. 

 
 

(b)  

2

2

d 1

d 2

2 1

( 1) 2

4 ( 1)

1 2, 1 2

y

x

x

x

x x

=

=
+

= +

+ = + = −

 

          1,       3x x= = − (rejected 1x  − ) 

4(1) 2
3

1 1

(1,3)

y

P

+
= =

+  

1
, 2

2
T Nm m= = −  

Equation of normal AB  

3 2( 1)

3 2 2

2 5

y x

y x

y x

− = − −

− = − +

= − +

 

At , 0A y =  

0 2 5

 2 5

   2.5

(2.5,0)

x

x

x

A

= − +

=

=
 

At , 0, 5B x y= =  

(0,5)B  

Area of 
1

2.5 5 6.25
2

AOB =   = unit2 
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Question 13 (continuation) 

[ Ans: (c) Explain ] 

(c)  

( )

4

1 4 2

4 4

2

x x

x

+ +

− +

−

     

        

            

 

4 2 2
4

1 1

x

x x

+
= −

+ +
 

 

Given that 1x  −     
2

4 0
1x

 − 
+

   

 

The curve 
4 2

1

x
y

x

+
=

+
  always lies below the line 4y =  (asymptote), 

The line y c=  does not intersect the curve when 4c  . 

 

 


