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Section I 
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C D C D A B A D B C 

 

Q1 ( ) kxxxxP +−−= 64 23  and 2−x  is a factor 

.: ( ) 0262422 23 =+×−×−= kP , .: 20=k   C 

 

Q2 ( )xfy 1−=  is the reflection of ( )xfy =  in the line xy = . D 

 

Q3  
10

7

5

3
2

2

1 ππ
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






−=∠ABC     C 

 

Q4  ( ) ( ) ( ) ( )2323
3131 −−−=−−= xxxxxxy  

( )31−x  indicates a stationary point of inflection on the x-axis at 

1=x , and ( )2
3−x  indicates a turning point on the x-axis at 

3=x . −∞→y  as +∞→x  due to the negative sign.  D 

 

Q5  xu 21+= , ( )1
2

1
−= ux , dudx
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1
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( ) ( )∫∫∫ −=−=+ duuuduuudxxx 1
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1
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Q6  ax =2sin , akx
1

sin22
−+= π  or ( ) ak 1sin12 −−+ π  

.: ( ) anx
n 1sin12 −−+= π  which gives the former if n is even; 

and the latter if n is odd. 

.: 
( )

2

sin1 1 an
x

n −−+
=

π
     B 

 

Q7  The youngest can sit at any one of the 8 seats, .: in 8 ways. 

The second youngest can sit on either side of the youngest, .: in 

2 ways. The remaining 6 of the family can sit around the table in 

6! ways. .: total number of ways is !628 ××  

Without restrictions the total number of ways is 8! 

.: ( )
!7

!62

!8

!628
2Pr

×
=

××
=togetheryoungest    A 

 

Q8  
13

5
sin =θ  and πθ

π
<<

2
, .: 

13

12
sin1cos 2 −=−−= θθ  

.: 
169

120

13

12
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5
2cossin22sin −=

−
××== θθθ   D 

 

Q9  The given diagram shows the graph of xy 1sin−=  

translated upwards by 
2

π
 units.    B 
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062 ≤−− xx , ( )( ) 032 ≤−+ xx , .: 32 ≤≤− x   C 

 

Section II 
 

Q11a  ( )( )( )γβα −−−=+−− xxxxxx 271132
23 , .: 

2

7
−=αβγ  

 

Q11b  

( )
c

x
dx

x
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x
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


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


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Q11c  10=n , 
4

1
=p , ( )

37

4

3

4

1
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7Pr 






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
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
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Q11di  ( )
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4 x
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xf
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−−−
=′  

Since both 24 x+  and ( )224 x−  are positive, .: ( ) 0>′ xf  for all x in 

the domain of ( )xf . 
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Q11f  x
eu

3= , dxedu
x3

3

1
= . When 0=x , 1=u ; 

3

1
=x , eu = . 
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Q12ai  

( ) ααα sinsin2coscos2cos2sincos3 xxxxx −=+=−  

.: 
2

3
cos =α  and 

2

1
sin =α , .: 

3

1
tan =α , 

6

π
α =  

.: 
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π
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Q12aii  xx sin1cos3 +=  and π20 << x  

.: 1
6

cos2sincos3 =







+=−

π
xxx , .: 

2

1

6
cos =








+

π
x  

.: 
36

ππ
=+x , 

3

5π
, .: 

6

π
=x , 

2

3π
 

 

Q12b  ( )∫∫∫ −=







==

2
3

2
3

2
3
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0

2 cos1
2

9

2
sin3

πππ

π
ππ dxxdx

x
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[ ] 
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Q12c  kt
BeAT

−+=  

When 0=t , 80=T ; 10=t , 60=T ; ∞→t , 22→T . 

.: 80=+ BA , 60
10 =+ − k

BeA  and 22=A  

.: 58=B  and 
29

1910 =− k
e , .: 04229.0

29

19
log

10

1
≈

−
= ek  

.: t
eT

04229.0
5822

−+≈ , .: 
58

22
log

04229.0

1 −

−
≈

T
t e  

When 40=T , 28≈t  minutes 

 

Q12di  ( )
22

11

ba

cbyax
tD

+

++
=  where ( )11, yx  is ( )3, 2 +tt  and 

0=++ cbyax  is 012 =−− yx . 

.: ( )
( ) 5
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5
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42

12

132 2
22
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2
+−

=
+−

=
−−

=
−+

−−−
=

tttttttt
tD  

since ( ) 03142
22 >+−=+− ttt  for all Rt ∈ . 

 

Q12dii  Let 0
5

22
=

−
=

t

dt

dD
, .: 1=t  when P is closest to l . 

 

Q12diii  32 += xy , when 1=t , ( )4,1P , ( ) 2122 ==== x
dx

dy
m  

.: the tangent at P is parallel to l . 

 

Q12e  kxv =+ 22 9 , 22

2

9

22

1
x

k
v −= , xv

dx

d
a 9

2

1 2 −=







=  

.: the particle moves in simple harmonic motion, and the period 

is 
3

2

9

2 ππ
=  

 

 

Q13ai  Given 3

3

4
rV π= , 24 rA π=  and A

dt

dV 4
10

−−=  

.: Ar
dr

dV
== 2

4π  and A
dt

dr

dr

dV

dt

dV 4
10

−−=×=  

.: A
dt

dr
A

4
10

−−=× , .: 
4

10
−−=

dt

dr
 is constant 

 

Q13aii  When 0=t , 
63

10
3

4 −== rV π m
3
 , .: 0062.0≈r m 

Since 
4

10
−−=

dt

dr
 is constant, .: time taken 62

10

0062.0
4

≈≈
−

s 

 

Q13bi  Let ( )yxG ,  divides NT externally in the ratio 1:2 . 

.: ( )0,apT  is the midpoint of NG  

.: ( ) 








 +++
=

2

2
,

2

0
0,

2
yapax

ap  

.: apx 2=  and 22 apay −−= , i.e. ( )22,2 apaapG −−  

 

Q13bii  apx 2= , 
a

x
p

2
= , .: 

2

2
2 








−−=

a

x
aay   

.: ( )ayax 242 +−= . It is a parabola with directrix aaay −=−= 2  

and focal length a, same directrix and focal length as the original 

parabola. 

 

 
 

Q13ci  Given 2

2
sin t

g
Vty −= θ , for projectile fired at A, 

2

2
sin t

g
uty −= α , gtu

dt

dy
−= αsin .  

At maximum height, 0sin =−= gtu
dt

dy
α , .: 

g

u
t

αsin
=  

 

A13cii   

For projectile fired at B, 2

2
sin t

g
wty −= β , gtw

dt

dy
−= βsin .   

At maximum height, 0sin =−= gtw
dt

dy
β , .: 

g

w
t

βsin
= . 

Since they collide, .: they reach the same maximum height at the 

same time, .: 
g

u αsin

g

w βsin
= , .: βα sinsin wu =  

 

Q13ciii  Given θcosVtx = , for projectile fired at A, 

( )( )ααα
α

cossin
1

cos
sin

uu
gg

u
ux =








= . 

Similarly, for projectile fired at B, ( )( )ββ cossin
1

ww
g

x = . 

.: ( )( )+= ββ cossin
1

ww
g

d ( )( )αα cossin
1

uu
g

 

( )( ) ( )( )( )ααββ cossincossin
1

uuww
g

+=  

( )( ) ( )( )( )αββα cossincossin
1

uwwu
g

+=  

( )βα += sin
g

uw
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Q13d  Draw common tangent MN, chords QT and PT. 

 

 
 

QBTQTM ∠=∠  and PATPTN ∠=∠  (angles in alternate 

segments) 

PATQBT ∠=∠  (alternate angles) 

.: PTNQTM ∠=∠ , .: they are vertically opposite angles and  .: 

QTP is a straight line segment, i.e. Q, T and P are collinear. 

 

 

 

 

Q14ai  

( )
( ) ( )

( ) ( )
0

1

1

1
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1
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1

1
22

2

2
<

+

−
=

+
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=

+
+−

+ kkkk

kkkk
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given 0>k . 

 

Q14aii   For 2=n , 
2

1
2

2

1

1

1
22

−<+  is true. 

Assume the statement is true for kn = ,  

i.e.  
kk

1
2

1
...

3

1

2

1

1

1
2222

−<++++  

then 

( ) ( )222222
1

11
2

1

11
...

3

1

2

1

1

1

+
+−<

+
+++++

kkkk 1

1
2

+
−<

k
  

since 
( ) 1

11

1

1
2 +

−<−
+ kkk

 from Q14ai. 

.: the statement is true for 1+= kn  

.: it is true for all integers 2≥n . 

 

Q14bi  The term consisting of nx2  in the expansion of ( ) n
x

4
1+  

is ( )( ) nnn
x

n

n
x

n

n 222

2

4
1

2

4








=








, .: coefficient 








=

n

n

2
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Q14bii  

( )( ) ( ) ( ) 122122022
21

1

2
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2
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+
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


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
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Q14biii   ( ) ( )( ) ( ) nnn
xxxx

42222
1121 +=+=++  

.: coefficient of n
x

2  in the expansion of ( ) n
xx

22
21 ++  is 









n
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
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Q14ci  Given 5.00 =t  is an approximate root of 0
1

=−
t

e
t

. 

Let ( )
t

etf t 1
−= , ( )

2

1

t
etf

t +=′  

( )
( )

56.05.0
25.0

15.0
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0
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Q14cii  Let rxt = , .: the two curves are tey =  and 







=

r

t
y elog , 

and the derivatives are t
e

dt

dy
=  and 

tdt

dy 1
=  respectively. 

At their point of intersection, the two curves have a common tangent. 

.: 
t

e
t 1

= , .: 56.0≈t  from Q14cii. 

Also, t
e e

r

t
=








log  .: 56.056.0

log e
r

e ≈







, 

56.056.0 ee
r

≈ , .: 097.0≈r  
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