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Q1a  c
x

dx
x

+
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−

∫ 2
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1 1
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Q1b  ( ) 







=

=

2
cos

1 x
xf , 1

2
1 ≤≤−

x
, 22 ≤≤− x .  

Domain is [ ]2,2− . 

 

Q1c  ( ) xx ln26ln =+ , .: 06 >+x  and 0>x , .: 0>x  

26 xx =+ , 062 =−− xx , ( )( ) 023 =+− xx  

.: 3=x  

 

Q1d  Let 4
2

3
=

+x
, .: 

4

5
−=x  

For 4
2

3
<

+x
, 2−<x  or 

4

5
−>x   (see the graphs of 

2

3

+
=

x
y  

and 4=y  below) 

 
 

Q1e  Let xu −= 1 , 1=−
dx

du
, ux −= 1  
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Q1f  Binomial: 5=n , 
6

1
=p , 

6

5
=q  

( )
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3
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6

1
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
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


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Q2a  ( ) ( )xxxf 2cos1
2

1
sin

2
−==′  

.: ( ) ( ) cxxdxxxf +−=−= ∫ 2sin
4

1

2

1
2cos1

2

1
 

Given ( ) 20 =f , .: ( ) 22sin
4

1

2

1
+−= xxxf  

Q2bi  kteM −−= 5.3536 , .: Me kt −=− 365.35  

.: ( )Mkke
dt

dM kt
−==

−
365.35    

 

Q2bii  Given 20=M  when 10=t , .: ke 105.353620 −−=  

.: 450704.0
5.35

1610
==

− k
e , 080.0

10

450704.0ln
=

−
=k  

 

Q2biii  Let  ( ) 036 =−= Mk
dt

dM
, limiting 36=M  tonnes 

 

Q2ci  ( ) ( )( ) ( ) baxxQxxxP ++−+= 31  

( )xP  has a factor of 3−x , .: ( )3−=+ xabax , .: ab 3−=  

When ( )xP  is divided by 1+x , the remainder is 

( ) 81 =+−=− baP , .: 84 =− a , .: 2−=a  and 6=b  

 

Q2cii  When ( ) ( )( ) ( ) 6231 +−−+= xxQxxxP  is divided by 

( )( )31 −+ xx , the remainder is 62 +− x . 

 

Q2d  36
2

+= xr  and 100=
dt

dx
 

dt

dx

x

x

dt

dr
×

+
=

36
2

36

100

2
+

=
x

x
 

 

 

Q3ai  60
!2

!5
=   

 

Q3aii  24!4 =  

 

Q3bi  ( )
2

xexf −= ,  ( )
2

2 xxexf −−=′  

( ) ( ) ( )
22

22
2 xx eexxf −− −+−=′′  

Let ( ) 0=′′ xf , ( ) ( ) 022
222

=−+− −− xx eex  

.: ( ) 0122
2

2 =− − xex , 012 2 =−x , .: 
2

1
±=x  are the x-

coordinates of the points of inflexion. 

 

Q3bii  ( )xf  is a many-to-one function, it has an inverse but not 

an inverse function. By restricting the domain ( )xf  can be made 

a one-to-one function and has an inverse function. 

 

Q3biii  Let ( )
2

xexfy −== , 0≥x , .: ( ]1,0∈y  

Equation of inverse: 
2

yex −= , 
x

xy
1

lnln
2

=−= , .: 
x

y
1

ln=  

.: ( )
x

xf
1

ln1 =−  

 

Q3biv  The domain of ( )xf 1−  is the range of the restricted 

( )xf , i.e. ( ]1,0  
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Q3bv 

 
 

Q3bvi(1)  At 6.0=x , 
2

xex −< ; at 7.0=x , 
2

xex −>  

.: xy =  and 
2

xey −= intersect at 7.06.0 << x . 

Hence 
2

xex −= has a solution in the interval 7.06.0 << x . 

 

Q3bvi(2)  At 65.0=x , 
2

xex −< , .: the solution to 
2

xex −= is 

65.0> , .: 7.0=x  correct to one decimal place. 

 

 

Q4ai  22 2824 xxv −−=  

When 0=v , 02824 2 =−− xx , ( )( ) 0262 =−+ xx   

.: 6−=x  or 2 

 

Q4aii  xv
dx

d
a 24

2

1 2
−−=


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



=  

 

Q4aiii  Let 0=a , 2−=x , .: 322 =v , 2432 ±=±=v  

Maximum speed 24== v  

 

Q4bi  

( ) αθαθαθ sinsincoscoscos RRR −=+









++

3
cos2cos2

π
θθ

3
sinsin2

3
coscos2cos2

π
θ

π
θθ −+=

θθ sin3cos3 −=  

.: 3cos =αR  and 3sin =αR  

39sincos 2222 +=+ αα RR , .: 32=R  

3

3

cos

sin
=

α

α

R

R
, .: 

3

1
tan =α , 

6

π
α =  

Hence 







++

3
cos2cos2

π
θθ 








+=

6
cos32

π
θ  

 

Q4bii  3
3

cos2cos2 =







++

π
θθ  and πθ 20 <<   

3
6

cos32 =







+

π
θ , .: 

2

3

6
cos =








+

π
θ   

.: 
6

11

6

ππ
θ =+ , 

3

5π
θ =   

 

Q4c  Equation of the tangent at ( )2,2 apapP : 

Gradient p
a

ap

dp
dx

dp

dy

===
2

2
, .: cpxy += , .: ( ) cappap += 22  

.: 2apc −= , 2appxy −=  

.: y-intercept of the tangent is ( )2,0 apL −   

Point ( )aapM −,2  

Length 2apaSL += , length aapPM += 2 , 

length ( ) ( ) aapaapapPS +=−+= 2222
2 , 

length ( ) ( ) aapaapapML +=+−+= 2222
2  

All sides of SLMP are equal, .: it is a rhombus. 

 

 

Q5ai  °= 20tan
1

AP
, 

°
=

20tan

1
AP  

°

°
=°=

20tan

3tan
3tanAPPT  

3

1
30tan =°=

BP

PT
, .: 

°

°
==

20tan

3tan3
3PTBP  

 

Q5aii  
°

°−
=

°

°
−

°
=−=

20tan

3tan31

20tan

3tan3

20tan

1
BPAPAB  

498.2≈  km 
 

Q5bi  ( ) 







+=

−−

x
xxf

1
tantan

11
 

( )
( )

0
11

1
21

1

2

2

=
+

−
+

+
=′

x

x

x
xf , .: ( )xf  is a constant for any 0>x  

Let 1=x , ( )
244

1tan1tan1
11 πππ

=+=+=
−−

f , .: ( )
2

π
=xf  

 

Note that ( ) π<< xf0  for 0>x , and  

( )( ) 















+=

−−

x
xxf

1
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11

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

x

x

x

x

x

x

x

x

1

1

111

111

1tantantantan1

tantantantan

×−

+
=

−

+
=

−−

−−

, which is undefined 

.: ( )
2

π
=xf , the only value in ( )π,0  that tan is undefined. 
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Q5bii   
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Q5ci  °=∠+∠+∠ 180BXDXDBABD  

.: AXDBXDXDBABD ∠=∠−°=∠+∠ 180  

 

Q5cii  TADAXD ∠=∠  (angle between a tangent and a chord 

equals to angle in the alternate segment) 

.: CADTACAXD ∠+∠=∠  

 

Q5ciii  From i and ii, CADTACXDBABD ∠+∠=∠+∠  

TACABCABD ∠=∠=∠  (alternate segment theorem) 

.: CADXDB ∠=∠  

DABXDB ∠=∠  (alternate segment theorem) 

.: DABCAD ∠=∠  

Hence AD  bisects BAC∠ . 

 

Q6ai  ( ) BABABA sinsincoscoscos +=−  









+=

BA

BA
BA

coscos

sinsin
1coscos  

( )BABA tantan1coscos +=  

 

Q6aii  π<< AB  .: BBA −<−< π0  

2
0

π
<< B , .: 

+

<−<
2

0
π

BA  

If 1tantan −=BA , ( ) 0cos =− BA , 
2

π
=− BA  

 

Q6bi  θcosvtx = , 
θcosv

x
t = ,  

25sin tvty −= θ  

.: 

22

cos
5

cos

sin

cos
5

cos

sin








−=








−=

θθ

θ

θθ

θ

v

xx

v

xx
y  

.: 

2

cos
5

cos

sin








−=

θθ

θ

v

dd
h , α

θθ

θ
tan

cos

5

cos

sin
22

=−=
v

d

d

h
 

.: ( ) dv 5tancossincos 22 =− αθθθ  

.: 
αθθθ tancossincos

5
2

2

−
=

d
v  

 

Q6bii(1)  As αθ → , 0tancossincos 2 →− αθθθ  

 ∞→
−

=
αθθθ tancossincos

5
2

2 d
v , .: ∞→v  

 

Q6bii(2)  

( )αθθθαθθθ tancossincos

5

tancossincos

5
2

2

−
=

−
=

dd
v  

As 
2

π
θ → , 1tancossin →− αθθ , ∞→→

θcos

52 d
v  .: ∞→v  

 

Q6biii  

( ) ( )αθθθαθθθθ tancossincostancossincos 2 −=−=F  

( ) ( ) ( )αθθθαθθθθ tancossinsintansincoscos −−+=′F  

αθθθθ tancossin2sincos 22 +−=  

αθθ tan2sin2cos +=  

αθθθ tan2tan2cos2cos += 02cos2cos =−= θθ  

 

Q6biv  From part aii, if 1tan2tan −=αθ ,  

then 
2

2
π

αθ =− , i.e. 
42

πα
θ +=  

.: ( ) 0=′ θF  when 
42

πα
θ +=  

 

Q6bv  From part bii, ∞→2v  as αθ →  or 
2

π
θ → , .: 2v  is a 

minimum when 
2

0
π

θα <<< . 

From part biv,  ( ) 0=′ θF  when 
42

πα
θ +=  only.  

.: ( )θF  is a maximum when 
42

πα
θ +=  because 2v  is a 

minimum. 

.: 2v  is a minimum when 
42

πα
θ += . 

 

 

 

 

 

 

Q7a  Let 11475347 −×+= nn

nI  

10053471 =+=I  is divisible by 100 

Assume 11475347 −×+= kk

kI  is divisible by 100 

11

1 1471475347471475347 −+

+ ××+×=×+= kkkk

kI  

11 1475310014753474747 −− ××+××+×= kkk  

( ) 11 14753100147534747 −− ××+×+= kkk  

Both terms in 1+kI  are divisible by 100, .: 1+kI  is divisible by 

100. 

Hence 11475347 −×+= nn

nI  is divisible by 100 for all integers 

1≥n . 

        π/2 

- π/2 
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Q7bii  Let 100=n ,  
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
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
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Q7ci  The selection may have 0 red balls, 1 red ball, 2, 3, ..., r 

red balls. .: 1+r  possible combinations. 

 

Q7cii  Selecting rn −  from n different balls, number of ways 









=









−
=

r

n

rn

n
 

 

Q7ciii  Using the results of parts ci and cii, there are 1+r  ways 

to select r red/blue balls and 








r

n
 ways to select rn −  white 

balls.  

.: number of ways to select n balls consisting r red/blue balls and 

rn −  white balls is ( ) 







+

r

n
r 1 . 

.: number of different selections 

( ) ∑∑∑∑∑
=====
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
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+
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n
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n
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01000
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111 22222 −−− ×+=+= nnnn nn  

( ) 122 −+= nn  
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