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O-LEVEL ADDITIONAL MATH 2024 – PAPER 2 

Question 1 

[ Ans: 28.3t = months ] 

1800 ktV e−=  

 

When 12t = , 
( )12

1000 1800
k

e
−

=  

121000

1800

ke−=  

1000
ln 12

1800
k

 
= − 

 
 

5
ln 12

9
k

 
= − 

 
 

1 5
ln

12 9
k

 
= −  

 
 

 
1 5

ln
12 91800
t

V e

 
 
  =  

 

25% of purchase price ( )
1

1800 450
4

= =  

1 5
ln

12 9450 1800 28.3
t

e t

 
 
 =  =  

 

 

Question 2 

[ Ans: 2k  −  or 1k   ] 

(1)y kx= −−−  

( )2 3 2 2y x kx k= + + − − − −  

 

Sub. ( ) ( )1  into 2 : 

2 3 2kx x kx k= + + −  
2 2 2 0x kx k+ + − =  

 

For 2  distinct points, 

Discriminant 0  

( ) ( )( )
2

2 4 1 2 0k k− −   

24 4 8 0k k+ −   

( )( )2 1 0k k+ −   

 

2 or 1k k  −   
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Question 3 

[ Ans: 6x = ] 

( )2 4 8log log 3 3log 2x x− + =  

( )2

2

2 2

log 3 3
log

log 4 log 8

x
x

+
− =  

( )2

2 2 3

2 2

log 3 3
log

log 2 log 2

x
x

+
− =  

( )2

2

2 2

log 3 3
log

2log 2 3log 2

x
x

+
− =  

( )2 2

1 3
log log 3

2 3
x x− + =  

( )2 22log log 3 2x x− + =  

( )2

2 2log log 3 2x x− + =  

2

2log 2
3

x

x
=

+
 

2
22

3

x

x
=

+
 

2 4 12 0x x− − =  

( )( )6 2 0x x− + =  

6x =  or 2x = − (NA) 
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Question 4 

[ Ans: (a)(i) 5
dy

dx
=  (a)(ii) show (b) ( )f 4 tan 3x x= −  ] 

(a) (i) 
4

5 3

x
y

x
=

−
 

 
( )( ) ( )( )

( ) ( )
2 2

5 3 4 4 3 20

5 3 5 3

x xdy

dx x x

− − −
= =

− −
 

 

 When 1x = , 

  
( )

2

20
5

5 3

dy

dx
= =

−
 

 

(ii) 
( )

2

20
0

5 3

dy

dx x
= 

−
 for x   

         The curve has no stationary points. 
 

(b) ( ) 2

4
f  dx

cos
x

x
=   

              
24sec  dxx=   

              4 tan x C= +  

 

When 
4

x


= , 1y = , 

 1 4 tan
4

C
 

= + 
 

 

 3C = −  

 

     ( )f 4 tan 3x x = −  
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Question 5 

[ Ans: (a) verify (b) ln 2.5x =  or ln 0.4x =  ] 

(a) 
x xy e e−= +  

x xdy
e e

dx

−= −
 

 

When 0x = , 0 0x x dy
e e

dx

−− =  =  

 The curve has a stationary point at 0x = . (verified) 

 

(b) 2.9x xe e−+ =  

      
1

2.9x

x
e

e
+ =  

      
2 2.9 1 0x xe e− + =  

 

      Let 
xy e= , 

 
2 2.9 1 0y y− + =  

 

( ) ( ) ( )( )

( )

2
2.9 2.9 4 1 1

2 1

2.9 4.41

2

2.9 2.1

2

2.5 0.4 or 

y
− −  − −

=


=


=

=

 

 

(c) 2.5 0.4 or e
x xe = =  

 

    ln 2.5x =  or ln 0.4x =  
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Question 6 

[ Ans: (a) 4 , 3a b= − =  (b) 2 or 2 7  or 2 7x x x= = − − = − + ] 

(a) Let ( ) 3 2f 2x x x ax b= + + +  & ( ) 3 2g 4x x x ax b= + − +  

( ) ( ) ( ) ( )
3 2

f 3 3 3 3 2 0a b− = − + − + − + =  

( )3 2 18 1a b− + = − − −
 

 

( ) ( ) ( ) ( )
3 2

3 3 4 3 3 0g a b− = − + − − − + =  

( )3 9 2a b+ = − − − −  

 

( ) ( )1 2 : 3 9 3b b+ =  =  

 

Sub. into ( )1 : 4a = −  

 

(b) Let ( ) 3 2f 2 11 6x x x x= + − +  

( ) ( ) ( ) ( )
3 2

f 2 2 2 2 11 2 6 0= + − + =  

( )2x −  is a factor of ( )f x  

 

( )( )3 2 22 11 6 2 3x x x x x Ax+ − + = − + −  

2 :  2 2 4x A A= − +  =  

( )( )3 2 22 11 6 2 4 3x x x x x x+ − + = − + −  

For 
2 4 3 0x x+ − = , 

 

( ) ( )( )

( )

2
4 4 4 1 3

2 1

4 28

2

2 7

x
−  − −

=

− 
=

= − 

 

 

2x =  or 2 7x = − −  or 2 7x = − +  
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Question 7 

[ Ans: (a) ( )1,4−  (b) 1g = , 4f = − , 8h = −  (c) explain (d) ( )7, 2R −  ] 

(a) Coordinates of the centre of the circle 

( )
( )

3 5 1 7
, 1,4

2 2

+ − +
= = − 
 

 

 
(b)  Radius of the circle 

( ) ( )
2 2

4 1 1 3 5= − + − − =  

 
 Equation of circle: 

 ( )( ) ( )
2 2 21 4 5x y− − + − =  

 ( ) ( )
2 2

1 4 25x y+ + − =  

 
2 22 1 8 16 25 0x x y y+ + + − + − =  

 
2 2 2 8 8 0x y x y+ + − − =  

 ( ) ( ) ( )2 2 2 1 2 4 8 0x y x y+ + + − + − =  

 

 1g = , 4f = − , 8h = −  

 

(c) Gradient of QP  
7 1 3

5 3 4

−
= = −
− −

 

Gradient of the line passing through R  
4

3
=  

Since the gradient of PQ  is perpendicular to the line as 
3 4

1
4 3

−  = − R  is on the 

line that is closest to the circle, hence R  lies on QP  extended. 

 

(d) Equation of the line QP : 

 ( )
3

1 3
4

y x− = − −  

 ( )
3 13

1
4 4

y x= − + − − −  

Sub. ( )1  into 3 4 34y x= − : 

 
3 13

3 4 34
4 4
x x

 
− + = − 
 

 

 
9 39

4 34
4 4
x x− + = −  

 9 39 16 136x x− + = −  

 25 175x =  

 7x =  

 

Sub. 7x = into ( )1 : 

 ( )
3 13

7 2
4 4

y = − + = −  

 

 Coordinates of ( )7, 2R −  
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Question 8 

[ Ans: (a) explain; 0.5A =  (b) 21a = m/s2 (c) 206 m ] 

(a) 
2.5 11v At t C= + +  

When 0 , 25t v= = , 

 ( ) ( )
2.5

25 0 11 0A C= + +  

 25C =  

 

When 4 , 85t v= = , 

       ( ) ( )
2.5

85 4 11 4 25A= + +  

 0.5A =  

 

(b) 
2.50.5 11 25v t t= + +  

1.51.25 11
dv

a t
dt

= = +  

When 4t = , ( )
1.5

1.25 4 11 21a = + =  

 

(c) Distance PQ , 
2.50.5 11 25 dts t t= + +  

                                ( )
3.5 2

0.5 11 25
3.5 2

t t
t D

   
= + + +   

   
 

                                

3.5 211
25

7 2

t t
t D= + + +  

 

When 0t = , 0 0s D=  =  

 
3.5 211

25
7 2

t t
s t = + +  

 

When 4t = , 

 
( ) ( )

( )
3.5 2

4 11 4
25 4 206

7 2
s = + + =  (to nearest metre) 
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Question 9 

[ Ans: (a) prove (b) 0.365x = , 1.21, 3.51, 4.35  (c) 2 2k−   ] 

(a) From LHS : 

2 2

sin cos
tan cot

cos sin

sin cos

sin cos

1

sin cos

2

2sin cos

2

sin 2

2cosec 2 RHS (Proven)

x x
x x

x x

x x

x x

x x

x x

x

x

+ = +

+
=

=

=

=

= =

 

 

(b) tan cot 3x x+ =  

2cosec2 3x =  

2
3

sin 2x
=  

2
sin 2

3
x =  

0 2 0 2 4x x       

2 0.72973x = , 0.72973 − , 2 0.72973 + , 2 0.72973 + −  

0.365x = , 1.21, 3.51, 4.35  

 

(c) tan cotx x k+ =  

2cosec2x k=  

2

sin 2
k

x
=  

sin 2 2k x =  

 

k  is the amplitude of the sin 2x  graph. In order for the sin 2y k x=  not to intersect the 

line 2y = , 2 2k−   . 
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Question 10 

[ Ans: (a)(i) explain (ii) 100R =  (iii) 1.40k =  (b) explain ] 

(a) (i) 
kR Av=  

 lg lg kR Av=  

 lg lg lg kR A v= +  

 lg lg lgR k v A= + , which correspond to a straight line Y mX C= +  

 lgY R= , lgX v= , m k= , lgC A=  

       

lgv  0.699 1.00 1.18 1.30 1.40 

lgR  1.32 1.74 2.04 2.16 2.30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) From the graph, the incorrect reading of R  is 110 . 

 A suggested value is when 
2lg 2 10 100R R=  = =  

 

(iii) Gradient of the line, k
2.30 1.32

1.40
1.40 0.699

−
= =

−
 

 

(b) 
b

y ax
x

= +  

 
2xy ax b= + , which correspond to a straight line Y mX C= +  

Y xy= , 
2X x= , m a= , C b=  

 

We will be plotting xy  against 
2x . The gradient of the line will be a  and the y -

intercept will be b . 

 

  

 

X 

X 
X 

X 

X 
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Question 11 

[ Ans: (a) explain (b) show (c) show ] 

(a) 
2 sinxy e x−=  

 

When 0 x   , 0 sin 1x   and 
20 1xe−   

 
2 sinxy e x− =  will always be above the x-axis for 0 x   . 

 

(b) 
2 sinxy e x−=  

2 2cos 2 sinx xdy
e x e x

dx

− −= −  

For stationary point, 0
dy

dx
= , 

 
2 2cos 2 sin 0x xe x e x− −− =  

 ( )2 cos 2sin 0xe x x− − =  

 
2 0xe− =  (NA) or cos 2sin 0x x− =  

                                      cos 2sinx x=  

                                      
1

tan
2

x =  

                                      
1 1

tan
2

x −  
=  

 
 (shown) 

 

(c) ( )
2

2 2 2 2

2
sin 2 cos 2 cos 2 sinx x x xd y

e x e x e x e x
dx

− − − − = − − − −   

2
2 2 2 2

2
sin 2 cos 2 cos 4 sinx x x xd y

e x e x e x e x
dx

− − − −= − − − +  

( )
2

2

2
3sin 4cosxd y

e x x
dx

−= −  

( ) ( ) ( )
2

2 2 2 2

2

2 2 2 2 2

4 5 3sin 4cos 4 cos 2 sin 5 sin

3 sin 4 cos 4 cos 8 sin 5 sin

0 (shown)

x x x x

x x x x x

d y dy
y e x x e x e x e x

dx dx

e x e x e x e x e x

− − − −

− − − − −

+ + = − + − +

= − + − +

=

 

 

 


