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SECTION 1 
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Q1  
2

log
xa

a

−
, 0>a  is defined when 02 >− xa , 

axa <<−∴ .  The value of 
2

log
xa

a

−
 is minimum when 

0=x , i.e. alog .     E 

 

Q2           axy −−=                y           axy +=  

                                           b 

 

 
 

                                     -a    0       a                         x 

          abxy −+=                                        abxy ++−=  
 

Solve axy −−=  and abxy −+=  simultaneously, 

2
1

b
x −=  and a

b
y −=

2
1 . 

Solve axy +=  and abxy ++−=  simultaneously, 

2
2

b
x =  and a

b
y +=

2
2 . 

021 =+∴ xx  and byy =+ 21     C 

 

Q3   

0344 =−− zyx  ……(1)  

0233 =++ zyx  ……(2) 

)2(3)1(2 eqeq ×+× : 017 =+ yx , 17−=∴
x

y
 ……(3) 

1.2−=x  and 5.35=y  do not satisfy eq(3).   D 
 

Q4  ( ) →= xfy 






 +
−−=

3

1
2

x
fy . 

Reflection in the x-axis, reflection in the y-axis, dilation from the 

y-axis by a factor of 3, left translation by a unit, and upward 

translation by 2 units 








−
+

















−

−
=









2

1

10

03

y

x

y

x
T     C 

 

Q5  A dilation of 2axy =  by a factor of a from the x-axis gives 

22xay = , and then a dilation by a factor of a from the y-axis 

gives 
2

2

2
x

a

x
ay =








= .     D 

 

 

 

 

Q6  ( ) ( )2
cossin1cossin22sin xxxxx −−==  

( )( ) ( )( )xxxx cossin1cossin1 −+−−=  

( )( )xxxx cossin1cossin1 −++−=     B 

 

Q7  For example, sketch the graph of ( ) ( )xxy sinsin2 ×= . B 

 

Q8  ( ) 1=xf  is a constant function, ( )( ) xxff ≠∴ .  D 

 

Q9  
( )2

21

2

1

e
ee

xx =−−
, 144 2212 =−− xx eeee  

0144 122 =+− ++ xx ee , ( ) ( ) 0144 121 =+− ++ xx ee  

( )( ) 012
21 =−+xe , ( ) 012 1 =−∴ +xe  

2

11 =+x
e , 2log1 ex −=+  

( )12log12log +−=−−=∴ eex     A 

 

Q10  ( ) ( ) 05cos5sin3 =+ xx  

( )
3

1
5tan −=x , π

π
nx +=∴

6

5
5  

56

ππ n
x +=       D 

 

Q11  Equation of the tangent is 55
2

1
+







+−= xy ,  

i.e. xy
2

1
−= .      A 

 

Q12  The graph of [ ) Rf →− 0,3: , ( )
9

13
2x

xf −−=  is: 

                                                               y 
 

 

  •           0                x 

                                           -3            

 

                                                            °-3 

 

The graph of its inverse is: 

                                                               y 
 

 
    °           0                x 

                                           -3            
 

                                                            • -3 

 

 

The inverse is ( ] Rf →−− 0,3:1 , ( ) 21 9 xxf −−=− .  A 
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Q13  ( ) ( )( ) ( )( )xfxfxg e ++= 1log1  and ( ) 11 −= ef  

Apply the product rule: 

( ) ( )( ) ( )
( )

( ) ( )( )xfxf
xf

xf
xfxg e +×′+

+

′
+=′ 1log

1
1  

( ) ( ) ( )( )xfxfxf e +×′+′= 1log  

( ) ( )( )( )xfxf e ++′= 1log1  

( ) ( ) ( )( )( )11log111 ffg e ++′=′∴  

( )( ) ( )12log11 fef e
′=+′=      B 

 

Q14  The two graphs have exactly two intersections when they 

touch each other at one point and cross each other at another 

point. 

 

 

 

 

 

 

 

 

At the point where they touch each other 
x

ax
1

12 =−  (same 

coordinates) and 
2

1
2

x
ax −= (same gradient).  

xx
ax

1
1

2

12 +=−=∴  

1
2

1
+=−∴ x , 

2

3
−=x . 

27

4
=∴a . 

Hence there is only one intersection when 
27

4
>a .  E 

 

Q15  By definition     D 

 

Q16  ( ) ( ) ( )aghaghag ′+≈+  

( ) ( ) ( ) ( ) 505.05.001.05.0001.0001.0001.0 =×+=′+≈+= gggg  

B 

 

Q17  ( )
a

t
tv

2
cos10

π
π=  is 0≥  over the interval [ ]a,0 . 

Average speed 
a

dt
a

t
a

∫ 








= 0
2

cos10
π

π

a

a

a

t
a

02

2
sin10

















=

π

π
π

20=   A 

 

Q18  te
dt

dV 25.020 −=   

( )1

4

0

25.04

0

25.0 180
25.0

20
20 −

−
− −=









−
== ∫ e

e
dteV

t
t    C 

 

Q19  Binomial: 18=n , 
6

2
=p , 6== npµ    D 

 

 

Q20  ( )( ) 112cos
0

=+∫
π

dxxxa  

( ) 112cos
0

=+∫
π

dxxxa , 18637112.3 =×a   

26.0≈a , 26.0±≈a      D 

 

Q21  ( ) ( ) ( ) ( )
3

1

3

2

2

1
Pr|PrPrPr =×==∩=∩ AABABBA  

( ) ( )
( ) 3

2

|Pr

Pr
Pr

2
1

3
1

==
∩

=
BA

BA
B  

 

                            

1

0

3
1

3
2

3
1

3
1

3
2

3
1

3
1

B

B

AA

′

′

 

 

( ) 0Pr =′∩′ BA       A 

 

Q22  3=Xµ  and 3=Xσ  

σ

µ−
=

x
z , 

3

3
3

−
=

x
, 6=x     C 

 

 

SECTION 2 

 

Q1a   

 
 

            a−6            a 

 

Q1bi  At ax = , 26 aay −=  

Area of the trapezium A ( )( )( )( ) 322
6666

2

1
aaaaaa −=−+−−=  

 

Q1bii  2312 aa
da

dA
−= ( ) 043 =−= aa , 4=a . 

When 4=a , ( ) 32446 32

max =−=A . 
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Q1ci  26 xxy −= , x
dx

dy
26 −=  

At point P bx =  and b
dx

dy
26 −= . 

( )11 xxmyy −=− , ( ) ( )( )bxbbby −−=−− 266 2  

Expand and simplify: ( ) 232 bxby +−=  

 

Q1cii  y-intercept: Let 0=x , 2by = , ( )2,0 b . 

x-intercept: Let 0=y , 
( ) ( )3232

22

−
=

−
−=

b

b

b

b
x , 

( ) 










−
0,

32

2

b

b
. 

 

Q1ciii  Area ( )
( ) ( )34322

1 42
2

−
=











−
=

b

b

b

b
bA  

( )( )
( )

( )
( )34

43

3

43

4

1 2

2

43

−

−
=

−

−−
×=

b

bb

b

bbb

db

dA
, where 63 << b  

Let 0=
db

dA
 to get 4=b . 

4<b  4=b  4>b  

0<′A  A′  0>′A  

 

A∴ is a minimum when 4=b . 

 

Q1di  Gradient of chord AB 2
62

08
−=

−

−
= . 

Gradient of the tangent at P 226 −=−= b . 

∴ chord AB and the tangent at P are parallel. 

 

Q1dii   

 
 

PAB∆ has the greatest area because it has the greatest altitude 

(distance between the chord and the tangent at P) among the 

triangles in the region bounded by AB and ( )xfy = . 

 

Q1diii  Area ( ) ( )( )0826
2

1
6

6

2

2 −−−−= ∫ dxxx  

16
3

3

6

2

3
2 −








−=

x
x

3

32
=  

Q2a  θsinax = , 
22

π
θ

π
≤≤− , 0cos ≥∴ θ  

θθ 2
sin1cos −=

2

1 







−=

a

x
 or 221

xa
a

−  

 

Q2b  θ
θ

cosa
d

dx
= , 222

xa
a

a
xbk −=−∴  

2ab =∴  and 




>

<−
==

01

01

a

a

a

a
k  

 

Q2c  θsinax = , 







= −

a

x1
sinθ  

22

1 11
sin

xaa

a

dx

d

a

x

dx

d

d
dx

−
×===







−

θ

θ
 

(i)  
22

1 1
sin

xaa

x

dx

d

−
=







−  for 0>a  

(ii)  
22

1 1
sin

xaa

x

dx

d

−
−=







−  for 0<a  

 

Q2d  Given 6.0=
dt

dx
 

θsin3=x , 







=∴ −

3
sin

1 x
θ , 

2
9

1

xdx

d

−
=

θ
 

6.0
9

1

2
×

−
=×=

xdt

dx

dx

d

dt

d θθ
 

At 1=x , 212132.06.0
19

1
≈×

−
=

dt

dθ
 radians per second or 

12.2 degrees per second 

 

Q2e  θcos3=y , 212132.0sin3 ×−≈×= θ
θ

θ dt

d

d

dy

dt

dy
 

When 1=x , 
3

1
sin =θ , 2.0212132.0

3

1
3 −≈××−≈

dt

dy
 

The speed is 0.2 ms
-1

. 

 

 

Q2f  ( )[ ]cxAy e ++= 2log  

( )0,1 , ( )[ ]cA e ++= 21log0 , 3logec −=∴  

( )9.7,0 , [ ] 5.1log3log2log9.7 eee AA −=−=  

5.1log

9.7

e

A −=∴  

 

Q2g  ( )[ ]cxAy e ++= 2log 






 +
−=

3

2
log

5.1log

9.7 x
e

e

 

Average distance 31.1
1

3

2
log

5.1log

9.7
1

0 ≈








 +
−

=
∫ dx

x
e

e
m 
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Q3a  ( )( )
22

24 1cos
2

1

2
cos

2
cos 








+=
















=








x

xx
π

ππ
 

( ) ( )( ) ( )( ) ( ) 







+++=++= 1cos212cos

2

1

4

1
1cos2cos

4

1 2
xxxx ππππ  

( ) ( )( )3cos42cos
8

1
++= xx ππ  

 

Q3b  ( ) ( )( )∫∫
−−

=++=







1

1

1

1

4 13cos42cos
82

cos dxxx
k

dx
x

k ππ
π

 

( ) ( )
13

sin4

2

2sin

8

1

1

=















++

−

x
xxk

π

π

π

π
 

1
8

6
=

k
, 

3

4
=k  

 

Q3c  ( ) ( ) ( )( )3cos42cos
8

1

3

4

2
cos

4 ++×=







= xx

x
kxf ππ

π
 

( ) ( )( )3cos42cos
6

1
++= xx ππ  

( ) ( )( ) 95.03cos42cos
6

1
=++∫

−

c

c

dxxx ππ  

( ) ( )( ) 95.03cos42cos
6

1
2

0

=++× ∫
c

dxxx ππ  

( ) ( )
95.03

sin4

2

2sin

3

1

0

=







++

c

x
xx

π

π

π

π
 

( ) ( )
85.23

sin4

2

2sin
=++ c

cc

π

π

π

π
 

544.0≈c  by CAS/graphics calc. 

 

Q3d  ( )544.0544.0|5.0Pr <<−> XX  

( )
( ) 95.0

2
cos

3

4

544.0544.0Pr

544.05.0Pr

544.0

5.0

4

∫ 








=
<<−

<<
=

dx
x

X

X

π

013.0≈  

 

Q3e  ( ) 032.095.0195.0 9 ≈−  

 

Q3f  20 bolts picked in random from a very large batch are 

packed in a box. Binomial distribution: 20=n , 95.0=p , 

19≥X  (95% of 20 19= ) 

( ) ( ) 736.0264.0118Pr119Pr =−≈≤−=≥ XX  

 

Q3g  544.02 =σ , 272.0=σ  

 

Q3h  Company B: 68% within 272.0180 ±  

Company A: ( ) %5.64645.0272.0272.0Pr ==<<− X  

∴Company B. 

 

 

Q4ai  05.1cos 32 =++ zex y , 32 5.1cos zxe y −−= , 

( )35.1coslog2 zxy e −−= , ( )3
5.1coslog

2

1
zxy e −−=  

Q4aii  When π=x  and 
y

ez 3
1

= ,  

05.1cos 2 =++ yy eeπ , ( ) 015.1
2

=−+ yy ee  

( ) 0232
2

=−+∴ yy ee , ( )( ) 0212 =+− yy ee  

Since 02 >+ye , 012 =−∴ ye , 2log
2

1
log eey −== . 

 

Q4b  



















=++

−=++

−=++−

15.08cos3

,19cos2

,25.0cos

32

32

32

zex

zex

zex

y

y

y

 

Let px =cos , qe y =2  and rz =3 . 

[ ]1,1−∈∴ p , +∈ Rq  and Rr ∈ . 

25.0 −=++− rqp  ……(1) 

192 −=++ rqp  ………(2) 

15.083 =++ rqp  ……..(3) 

2×eq(1) + eq(2):  5211 −=+ rq  …….(4) 

3×eq(1) + eq(3):  5211 −=+ rq  …….(5) 

Eq(4) − eq(5): 00 =  

∴there exists an infinite number of solutions to the simultaneous 

equations (1), (2) and (3). Hence there exists an infinite number 

of solutions to the given set of simultaneous equations.  

 

For example, let 5.0=q , 25.5−=∴r  (from eq(4)) and 

125.0−=p  (from eq(1)). 

5.0log
2

1
ey =∴ , 3 25.5−=z  and ( )125.0cos 1 −= −x . 

 

Q4c  Given that π=x , my =  and nz = . 

35.0 32 −=+ ne m  ……(1) 

19 32 =+ ne m  ………..(2) 

45.08 32 =+ ne m  …….(3) 

Eq(3) − eq(1): 77 2 =me , 12 =me , 0=m  

Eq(2) − 9×eq(1): 285.3 3 =− n , 83 −=n , 2−=n  

 

Q4d  π=x , 0=y  and 2−=z  are solutions to the set of 

simultaneous equations 

qpzex y =++− 32cos ……….(1) 

19cos2 32 −=++ zex y ………(2) 

15.08cos3 32 =++ zex y ……..(3) 

From eq(1) 28 =+ qp  

Eq(3) + eq(1): ( ) 15.09cos2 32 +=+++ qzpex y  ……(4), 

compare with eq(2). 

If π=x , 0=y  and 2−=z  are the only solutions to the set of 

simultaneous equations, then 15.0 ≠+p  and 11 −≠+q . 

5.0≠∴ p  and 2−≠q  

∴  any 5.0≠p  and 2−≠q  satisfying 28 =+ qp  are the 

possible values of p and q. 

 

      Please inform mathline@itute.com re conceptual, 

      mathematical and/or typing errors 

 


