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Section I 

1 2 3 4 5 6 7 8 9 10 

C B D C B A A B C B 
 

Q1  There are 8 solutions, .: polynomial equation is of degree 8, and 

1 is one of the solutions as shown in the given diagram.         C 
 

Q2                 B

     

Q3  ( ) 5|2|13 =−=−− ii , 352 <<                           D 

 

Q4  A and B are undefined for 1−<x  or 20 << x . 

D is an even function.             C 
 

Q5  22
3 −= αα , 223 −= ββ , 223 −= γγ  

.: ( ) ( ) 660262333 −=−=−++=++ γβαγβα           B 

 

Q6  15−=αβγ , ( )( ) 1522 −=−+ iiα , 3−=α  

.: ( ) ( ) aii −=−+++− 223 , .: 1−=a                   A 

 

Q7  ( ) ( )( ) ( ) ( ) ( ) 02
0

+=+=+ ∫∫∫∫
−−−

aa

a

a

a

a

a

dxxfdxxgdxxfdxxgxf          A 

 

Q8  Since ( )xf  is an odd function,  

.: ( )( ) ( )( ) ( )( )xffxffxff −=−=− , .: ( )( )xff  is odd.         B 

 

Q9  0=+
dt

dy
y

dt

dx
x , xy

y

x

dt

dx

y

x

dt

dy
−=×−=×−=  

.: for positive x , y decreases at a higher rate as x  increases  

.: particle travels clockwise              C 

 

Q10  A possible graph of ( )xf  is shown below. 

 

 
 

When 0=a  and 1=b , area under the curve ( )∫
1

0

dxxf  is less than 

the area of the trapezium 
( ) ( )

2

10 ff +
.           B 

 

 

 

 

 

 

 

 
 

 

 

 

 

Section II 

Q11ai  iz 31−= , ( )
31

3
tanarg 1 π

−=












 −
= −z  

 

Q11aii  iw += 1 , ( )
4

arg
π

=w , ( ) ( )
12

7
argargarg

π
−=−=








wz

w

z
 

 
 

Q11b  
3

1

12

2
tan ==α , .: 

6

π
α =  

 

Q11c  Shaded region 

 

 
 

Q11d  
2

tan
θ

=t , t
1
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−=θ , 

2
1

2

tdt

d

+
=

θ
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1

1
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+
=

+

−
+=+ θ  
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3
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3
2

====
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d
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Q11e   
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




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2

0

2

2

0
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2

32 dyyydy
y
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Q11f  θ2sin=x , x
1

sin
−=θ  

x

x

xxx

x

xxdx

d

−
=

−
=

−
=

12

1

1212

1θ
,  .: 

dx

d
x

x

x θ
2

1
=
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1

4
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Q12ai  ( )
1

2
1

1

1

+
−=

+

−
=

xx

x

ee

e
xf , ( )

( )
0

1

2
2

>
+

=′
x

x

e

e
xf  for Rx ∈  

.: ( )xf  is increasing for all real x . 
 

Q12aii  ( ) ( )xf
e

e

e

e
xf

x

x

x

x

−=
+

−
=

+

−
=−

−

−

1

1

1

1
 for Rx ∈ ,  .: ( )xf  is odd. 

 

Q12aiii  ( )
1

2
1

1

1

+
−=

+

−
=

xx

x

ee

e
xf .   As ∞+→x , ( ) −→1xf . 

 

Q12aiv   

 
 

Q12av 

            
 

Q12b  ( ) ( ) ( )( ) ( )iziziziz 3113113132
22 +++++=++++  

( ) ( )( ) 0311 =+++= izz , .: 1−=z  or i31−−  
 

Q12c  Let xu
1tan−=  and x

dx

dv
= , .: 

21

1

xdx

du

+
= , 

2

2x
v = . 

c
x

x
x

cx
x

x
x

dx
x

x
x

dx
x

x
x

x

dx
x

x
x

x
dx

dx

du
vuvdx

dx

dv
udxxx

+−
+
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
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+
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+
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−−
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∫∫
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2
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1
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1
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tan
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1
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1
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Q12di  ( ) ( ) ( )xQxxP
2α−= , ( ) ( ) ( ) ( ) ( )xQxxQxxP ′−+−=′ 2

2 αα  

.: ( ) 0=αP  and ( ) 0=′ αP  
 

Q12dii  ( ) 43 234 ++−= xxxxP , ( ) xxxxP 294 23 +−=′   

From part i,  

( ) 043 234 =++−= ααααP …….(I), and 

( ) 0294 23 =+−=′ ααααP ………(II)  

( ) ( )( ) 0214 =−−=′ ααααP  

Only 2=α  satisfies both I and II. 

 

Q13a  ( ) 0
2

≥− sr , 02 ≥+− ssrr , rssr 2≥+  

.: rs
sr

≥
+

2
 

 

Q13bi  a−=+++
β

β
α

α
11

 

c−=















+




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
+
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α
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β
α
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β

β
β

α
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α
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.: c−=+++
β

β
α

α
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, .: ca =  

 

Q13bii  
αβ

αβα
ββ

ββ
αα

α
11111

++







+

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+


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
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
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


=b  

αβ
αβ

α

β

β

α 1
2 ++++=  

αβ
αβ

α

β

β

α 1
222 ×+×+≥ ,   .: 6≥b  

 

Q13c  ( )2
kvgx +−=&& , 

( ) ( )2
2

2

1
kvg

dx

vd
+−= , ( ) 22

1
2

kvgvd

dx

+
−= , 

( ) ( ) ckvg
k

vd
kvg

x e ++−=
+

−= ∫
22

2
log

11
2  

At ground level, 0=x  and 
k

g
v

2

1
= , .: 

4

5
log

1 g

k
c e=  

.: 










+
=

2

4

5

log
1

2
kvgk

x

g

e  

When Hx = , 0=v , .: 







=

4

5
log

2

1
e

k
H  

 

Q13d  Height
4

1
x

+=                        Base x
x

+=







+= 2

2
12   

  
 

Area of ( ) ( )86
8

1

4
12

2

1 2 ++=







++=∆ xx

x
xPQR  

Volume ( )
3

38
83

38

1
86

8

1
4

0

2
34

0

2 =







++=++= ∫ xx

x
dxxx  

 

Q13e  acAC −= , adAD −= , dcDC −=   

DC  is the anticlockwise rotation of AD  by °90 ,   .: ( )adiDC −=  

Since DCADAC += , .: ( )adiadac −+−=− , .: ( ) iadic −+= 1    
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Q14ai  ( )( ) ( )( ) 16222222 22 =++−++−+ xxxBxxxA  for all x  

Let 0=x , 8=+ BA . Let 1=x , 245 =+ BA .    .: 4== BA  
 

Q14aii  ∫∫∫ +−

−
−

++

+
=

+

mmm

dx
xx

x
dx

xx

x
dx

x
0

2

0

2

0

4
22

42
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42

4

16
 

∫∫∫∫ +−
+
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−
−
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+
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+
=

mmmm

dx
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xx
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dx
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dx
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x
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2 22
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2
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22
 

 

( ) ( )∫∫∫∫
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+
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−
−

++
+
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+
=

mmmm

dx
x

dx
xx

x
dx

x
dx

xx

x

0
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2

0
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0

2
11

2

22

22

11

2

22
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( ) ( )
m

e xx
xx

xx

0

11

2

2

1tan21tan2
22
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log












−+++









+−

++
= −−  

( ) ( )1tan21tan2
22

22
log 11

2

2

−+++








+−

++
= −− mm
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e

 

 

Q14aiii  ∫ +∞→

m

m
dx

x
0

4 4

16
lim  

( ) ( )











−+++









+−

++
= −−

∞→
1tan21tan2

22

22
loglim

11

2

2

mm
mm

mm
e

m
 

πππ 21log =++= e  
 

Q14b  Two dotted lines are added to the diagram to define angles.  

b , c , d  and e  are used to label equal angles. 
 

 
 

Q14bi  EBDEAD ∠=∠ , because the same chord ED subtends the 

two angles on the circumference of circle 1. 
 

Q14bii  eABCAFCEDA =∠=∠=∠ . See diagram above. 
 

Q14biii  In CEF∆ , ( ) °=+++ 180edcb  

.:  ( ) ( ) °=+++ 180ebdc  in quadrilateral BCGD. 

.: the two opposite angles in quadrilateral BCGD are supplementary. 

Hence B, C, G and D are concyclic points. 
 

Q14ci  Vertical: 0sin =− mgR θ    Horizontal: 2cos ωθ mrR =    

Solving simultaneously, 
( ) 2

2

tan r

gh

r

g

r

g

h
r

===
θ

ω  

 

Q14cii  Vertical: 0cossin =−+ mgTN θθ  

Horizontal: 2
cossin ωθθ mrNT =−  where 

2

2

r

gh
=ω  

Eliminating T , 







−=−= θθθθ cossincossin

r

h
mg

r

mgh
mgN  

 

Q14cii  Since 0≥N , 0cossin ≥− θθ
r

h
, .: 

r

h
≥θtan   

.: 
θ

θ
tan

1
tan ≥ , 1tan 2 ≥θ , 1tan ≥θ ,    .: 

4

π
θ ≥  
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0
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

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

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x

dxxxI  

 

Q15aii  ∫∫ −=−= −
1

0

21

1

0

2
11 dxxxxdxxxI

nn

n  

Let 1−= n
xu  and 21 xx

dx

dv
−= ,  

then ( ) 2
1

−−= n
xn

dx

du
, 

3

1
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2 

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 −
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x

v . 

[ ]
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∫∫






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
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Q15aiii  
105

8
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1

5

2

7

4

23
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4

25

15
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
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Q15bi  ( ) a
dx

d
yx

dx

d
=+ , 0

2

1

2

1
=+

dx

dy

yx
  

.: 
c

d

x

y

dx

dy
−=−=  at ( )dcP ,  

Equation of the tangent at ( )dcP , : 

( )cx
c

d
dy −−=− ,    .: dccddxcy +=+  

  

Q15bii  Let 0=y , ccdx += ; let 0=x , dcdy +=  

( ) ( ) aadcdcdcyxOBOA ==+=++=+=+
22

2  
 

Q15ci  ( )11, yxP  is on both conics. 

.: 1
2

2

1

2

2

1

2

2

1

2

2

1 =−=+
d

y

c

x

b

y

a

x
    

.: 
2

2

1

2

2

1

2

2

1

2

2

1

a

x

c

x

b

y

d

y
−=+  

.: 
2
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2
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1111
x
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y

bd








−=








+    
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Q15cii  Ellipse: ( )222 1 eab −= , .: 
22

baae −=  

1

1

2

2

2

2

y

x

a

b

y

x

a

b

dx

dy
me −=−==  at ( )11, yxP  

Hyperbola: ( )1222 −= Ecd , .: 22
dccE +=  

1

1

2

2

2

2

y

x

c

d

y

x

c

d

dx

dy
mh ===  at ( )11, yxP  

Both conics have the same foci, .: cEae = , 2222
dcba +=−  

.: 2222
dcba +=− , 2222

dbca +=−  

.: ( )
( )

22

22

22

22

22

22

2

1

2

1

db

ca

db

db

ca

ca

y

x
=

+
×

−
=  

.: the product of the two gradients 1
2

1

2

1

22

22

−=−==
y

x

ca

db
mm he  

.: the tangents to the two conics at ( )11, yxP  are perpendicular. 

 

 

Q16ai  θθα sincos i+=  

( ) ( )θθθθαα kikkikkk −+−++=+ − sincossincos  
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θθθθ
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−++=
 

 

 

Q16aii  Geometric series: n
a α= , 1−= αr , number of terms 12 += n  
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−−−
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nnnn
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θ
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cos22
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−
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nn
n  
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θ
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−

+−
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nn
n  

 

Q16aiv  Let 
n

π
θ = . 

.: 
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n

n

n

n

n

n

n

nn π

ππ
πππ
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1
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
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
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
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.: 
n

n

nn

πππ
cos...

2
coscos +++  is independent of n . 

 

Q16bi  1
2

2

2

2

=−
b

y

a

x
, 0, >ba   

Vertices: ax ±= ; foci: ax 2±=  

12 =− aa  OR 12 =+ aa  

.: 1=a  OR  
3

1
=a  

 

Q16ci  

( ) ( ) ( )B from diff. CB as same Ccol second for the colours NNN +=  

( ) ( ) ( ) ( )
( ) ( )( )

33

1111

DCDC

2 +−=

−−+−=

×+×=

xx

xxx

NNNN ddss

 

 

Q16cii  For 1 column (2 by 1), it is given ( )1−= xxN  

( )( ) ( )1331
112 −=+−−=

−
xxxxxxN  for 1=n  

.: true for 1=n  

Assuming ( )( ) 12
331

−
+−−=

n
xxxxN  is true for n  columns. 

For the next column, i.e. the (n + 1)th column, the number of ways is 

33
2 +− xx . 

.: the total number of ways to paint the 2 by 1+n  grid  

( )( ) ×+−−=
−12

331
n

xxxx ( )332 +− xx  

( )( )nxxxx 331
2 +−−=  

.: true for 1≥n  

 

Q16ciii  The total number of ways to paint the 2 by 5 grid using all 3 

colours at least once 

( ) ( )2 ,53 ,5 2

3 ==×−=== xnNCxnN  

( )( ) ( )( )
480

323212233333133
152152

=

+×−−×−+×−−=
−−
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