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SECTION 1 
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Q2  ( ) xxxf 23 += , [ ]5,1  

When 1=x , 3=y ; when 5=x , 135=y  
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Q3  For ( ) 92 −= xxf , the range is [ )∞,0 . 

For ( ) 392 +−= xxf , the range is [ )∞,3 .   A 
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Q6  ( ) xxxg 22 −=′ , ( )0,1  
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Q7  ( ) 751 =+− yxm  and ( ) mymx 7.033 =−+  

Change to standard form: 
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Equate coefficients: 
3
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.: 6=m        D 

Q8  ( ) ( )xxf e 2log3=  

( ) ( )( ) ( )( ) ( )yxxxf eee log10log52log35
3

===  

.: ( ) 33
100010 xxy ==      E 

 

Q9  The graph of ( ) 33 23 +−= xxxf : 
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The graph is 1 to 1 in the interval ( ]0,∞− , .: 0≤a   A 

 

Q10  

( )
3.26

3cos
0

2

−≈=
∫

π

π

dxxe
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x

   C 

 

Q11  ( ) ( ) 25.02cosPr

4
3

==< ∫
a

dxxax
π

 

By CAS or by checking each alternative, 88.2≈a   C 

 

Q12  Binomial: 15=n , 
5

3
=p  

( ) ( ) 0950.06Pr7Pr =≤=< XX     B 

 

Q13  
σ

µ−
=

X
Z , .: ZX σµ +=  

( ) ( ) ( )3214Pr268Pr12Pr <<=<<=<<− XXZ   B 
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Q15  ( ) 14.0Pr =++==∑ baxX  and 

14.0210 =×+×+×= baµ  

Solve the simultaneous equations: 4.0=a  and 2.0=b  C 

 

Q16  The graph of ( )
3

5
2 +

=
x

x
xf : 
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( )xf ′  is negative for 3−<x  OR 3>x .   D 

 

Q17  Sketch according to the given conditions:  B 
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Q18  The graph of ( ) 1−=
x

exf : 
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( )xf  is not differentiable at 0=x .    D 

 

Q19  Gradient function ( )xf ′  has three x-intercepts. They are at 

0<x , 0=x  and 0>x . .: function ( )xf  has stationary points 

at those locations. On the right of the third x-intercept, ( ) 0>′ xf  

.: ( )xf  has a positive slope.    D 
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Alternatively:  
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Q21  The Venn diagram shows mutually exclusive A and B. 

                          
The shaded region represents BA ′∩′ . 

( ) ( ) ( ) ( )( ) ( )qpBABA +−=+−=′∩′ 1PrPrPrPr ξ   C 

 

Q22  For 1>a  and 1>b , the range of the interval [ ]2,3 +ab  is 

greater than the sum of the range of the interval [ ]2,3 +a  and the 

range of the interval [ ]2,3 +b .  

Proof: 1>a  and 1>b , ( ) ( )11 −>− aba , 1−>− abab , 

1−+> baab , 21 −+>− baab , 111 −+−>− baab ,  

.: ( ) ( ) ( ) 323232 −++−+>−+ baab . 

 

.: ( )xf  must be a decreasing function for  

( ) ( ) ( )∫∫∫
+++

+=
2

3

2

3

2

3

baab

dxxfdxxfdxxf  to hold. 

Only ( )
2

1

−
=

x
xf  in the given choices is a decreasing function. 

E 

Let 
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u = , 15 =
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du
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SECTION 2 

 

Q1ai  The domain of 1−g  is the range of g , i.e. R. 

The equation of the inverse of g is ( ) 14log2 ++= yx e .  

Express y in terms of x: 42
1

−=
−x

ey . .: ( ) 42
1

1 −=
−

−
x

exg  

 

Q1aii  x-intercept, 0=y , 12log414log2 +=+= eex  

y-intercept: 0=x , 42
1

−=
−

ey  

 
 

Q1aiii  Let ( ) 14log2 ++= xx e . By CAS calculator, 914.3−≈x  

or 503.5≈x . 

 

Q1aiv  ( )( ) 63.52414log2

503.5

914.3

2
1

≈












 −−++= ∫

−

−

dxexArea
x

e  

unit squares, by CAS calculator. 

 

Q1bi  ( ) ( ) caxkxf e ++= log , 1=a  

 

Q1bii  1=y  when 0=x , .: ( ) ck e += 1log1 , .: 1=c  

 

Q1biii  From the results of Q1bi and Q1bii, and given ( )10,pP , 

( ) 11log10 ++= pk e , .: 
( )1log

9

+
=

p
k

e

. 

 

Q1biv  ( ) ( ) 11log ++= xkxf e , ( )
1+

=′
x

k
xf . 

At px = , ( )
( ) ( )1log1

9

1 ++
=

+
=′

ppp

k
pf

e

 

 

Q1bv  Equation of the tangent at ( )10,pP : 

( ) ( )
( ) 10

1log1

9
+−

++
= px

pp
y

e

 

At ( )0,1− , 
( ) ( )

( ) 101
1log1

9
0 +−−

++
= p

pp e

, 

( )
10

1log

9
0 +

+

−
=

pe

, ( )
10

9
1log =+pe , 19.0 −= ep . 

 

Q2a  ( ) ( ) ( )SRRSSRRisthird PrPr..Pr +=  

( ) ( ) ( )( ) 12.02.011111 =−−−+−= pppp  when 9.0=p  

 

Q2b  ( ) 729.09.01Pr 33 ==×= pSSSS  

 

Q2c   









→









125.0125.0

875.0875.0

3.01.0

7.09.0
n

 as ∞→n   

.: steady state ( ) 875.0Pr =S  

 

Q2di   

The transition matrix is 
( ) 









−−

−
=









−−−

−

pp

pp

pp

pp

2.11

2.0

2.011

2.0
. 

State matrix for the first statue is 








0

1
. 

State matrix for the second statue is 










−−

−

pp

pp

2.11

2.0









0

1









−
=

p

p

1
. 

State matrix for the third statue is 










−−

−

pp

pp

2.11

2.0









− p

p

1








=







 −
=

...

7.0

...

2.02.1 p
. 

.: 7.02.02.1 =−p , 75.0=p  

 

Q2dii  ( ) 75.0|Pr == pSS , ( ) 25.0|Pr =SR , 

( ) 55.02.0|Pr =−= pRS , ( ) 45.0|Pr =RR  

 

( ) ( ) 2025.045.045.01Pr'Pr =××== RRRsnoS  

( ) ( ) ( )RRSRSRS PrPr1Pr +=  

385.055.045.0125.055.01 =××+××=  

( ) ( ) 4125.075.055.01Pr'2Pr =××== RSSsS  

 

x 0 1 2 

( )xX =Pr  0.2025 0.385 0.4125 

 

( ) 21.14125.02385.012025.00 =×+×+×=xE  

 

Q2e  Binomial: n statues, 2.0=Sp  

( ) 9.02Pr ≥≥X , ( ) 9.01Pr1 ≥≤− X   

.: ( ) 1.01Pr ≤≤X , ( ) 1.01,2.0, ≤nbinomcdf  

Use CAS calculator to find n, , 18≥n  .: minimum n is 18. 

 

 

Q3ai  ( )x
AZ

cos
10

= , ( )xAZ cos10= , .: ( )xAB cos20=  

 

Q3aii  ( )x
WZ

sin
10

= , ( )xWZ sin10=  
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Q3b   

Total surface area ( )( ) ( )( ) ( )( )







+= xxxS sin10cos20

2

1
4cos20

2
 

( ) ( ) ( )( )xxx sincoscos400 2 +=  

 

Q3c  
22

ZYWZWY += ( ) ( )xx
22

cos100sin100 −=  

( ) ( ) ( )xxx
222

cos2110cossin10 −=−=  

 

Q3d  Volume ( )( ) ( )xxT 22
cos2110cos20

3

1
−××=  

( ) ( )xx 22 cos21cos
3

4000
−= ( ) ( )( )xx 24 cos21cos

3

4000
−=  

( ) ( )( )xx 64 cos2cos
3

4000
−=  

 

Q3e  
( ) ( ) ( ) ( )

( ) ( )( )xx

xxxx

dx

dT

64

53

cos2cos2

sincos12sincos4

3

4000

−

+−
×=  

( ) ( ) ( ) ( )

( ) ( )( )xx

xxxx

64

53

cos2cos

sincos3sincos

3

8000

−

+−
×=  

Let 0=
dx

dT
, .: ( ) ( ) ( ) ( ) 0sincos3sincos 53 =+− xxxx  

.: ( ) ( ) ( )( ) 01cos3sincos 23 =−xxx  

Since 
24

ππ
<< x ,  .: ( ) 01cos3 2 =−x , ( )

3

1
cos =x , 









= −

3

1
cos 1x . 

.: maximum 
27

34000

39

4000

273

4000

27

2

9

1

3

4000
===−=T  m

3
  

 

Q3f  Let ( ) ( )( )
273

4000

2

1
cos2cos

3

4000 64 ×=− xx  

.: ( ) ( )( )
272

1
cos2cos

64 =− xx  

( ) ( )
108

1

274

1
cos2cos 64 =

×
=− xx  

.: 81.0≈x  or 1.23 radians by CAS calculator. 

 
 

Q4a  ( ) ( ) ( ) ( ) ( ) 1212
9

1
13612

27

1 33
+−−−=+−−= xxxxxf  

( ) ( ) ( ) ( )( ) ( ) ( )13812
9

1
212612

9

1 223
−−−=−−+−−=′ xxxxxxf  

.: stationary points are at 
2

1
=x  (inflection)  and 

8

13
=x  

(maximum). The nature of each point is determined by sketching  

( )xf . 

Q4b  ( ) ( ) ( ) 131
27

1 3
+−−= xbaxxf  

( ) ( ) ( ) ( )( )32
131

9

1
−−−−=′ axxbaxaxf  

( ) ( ) ( )( )131
9

1 2
−−−−= axxbaax  

( ) ( )axabax 411
9

1 2
−+−=  

Stationary points are at 
a

x
1

=  and 
a

ab
x

4

1+
= . 

 

Q4c  
a

x
1

=  and 
a

ab
x

4

1+
=  are undefined when 0=a , i.e. no 

stationary points when 0=a . 

 

Q4d  One stationary point when 
a

ab

a 4

11 +
= , i.e. 

b
a

3
= . 

 

Q4e  The maximum number of stationary points is 3 for quartic 

polynomial functions. They are either local max. or min. In this 

case, quartic ( )xf  is in the form of ( ) ( ) 131
27

1 3
+−− xbax , it 

has a stationary inflection point and a maximum (or minimum). 

.: the maximum number of stationary points is 2. 

 

Q4f  ( ) ( ) ( )axabaxxf 411
9

1 2
−+−=′  

Stationary points are at 
a

x
1

=  and 
a

ab
x

4

1+
= . 

Given two stationary points ( )1,1  and ( )pp, . 

Consider the possibility:  
a

p
1

=  and 
a

ab

4

1
1

+
=  

.: ( ) ( ) ( ) 1131
27

1 3
=+−−= pbappf , .: ( ) ppf ≠  and 

a
p

1
≠ . 

Consider the possibility: 
a

1
1 =  and 

a

ab
p

4

1+
=  

.: 1=a  and 14 −= pb  

.: ( ) 11 =f  

.: ( ) ( ) ( ) ( ) ppppppf =+−=+−−−= 11
27

1
13141

27

1 43
 

.: ( ) ( ) 011
27

1 4
=−−− pp , ( ) ( ) 011

27

1
1

3
=








−−− pp  

Since 1≠p , i.e. 01 ≠−p , .: ( ) 011
27

1 3
=−−p  

Hence ( ) 271
3

=−p , 31 =−p , 4=p . 
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