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Q1a  ( ) ( )( ) ( )2
1212 −+−−=′ xxxxf  

( ) ( ) ( )[ ] ( )( )5311221 −−=−+−−= xxxxx   

∴ 3=u , 5−=v  

 

Q1b  At the turning points ( ) 0=′ xf , 

( )( ) 0531 =−− xx , 1=∴ x  or 
3

5
. 

When 1,1 == yx  ∴ one of the turning points is ( )1,1 , 

∴ 1=a  and 
3

5
=b . 

 

Q1c              y 

                                                          ( )xfy =  

                 

 

                                  1           
27
23  

 

                 0                                                x                        

 

( ) pxf = , i.e. ( ) 0=− pxf .  

For ( ) 0=− pxf  to have exactly one solution, 

( )xfy =  must be translated downwards by less than 

27

23
 or more than 1, i.e. 

27

23
<p  or 1>p . 

 

Q1d  ( ) ( ) ( ) 254211 232
−+−=−−=−= xxxxxxfy  
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Q1ei  Dilation from the y-axis by a scale factor of 2, 

then a translation parallel to the y-axis by –1. 

 

Q1eii  ( ) ( ) ( ) 121
2

+−−== xxxfy  
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2

1
22
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



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
−








−=








=

xxx
fy  









−








−=−








= 2

2
1

2
1

2

2
xxx

fy . To find the x-

intercepts of the graph of the last equation, let y = 0, 

02
2

1
2

2

=







−








−∴

xx
, ∴ 01

2
=−

x
 or 02

2
=−

x
, 

hence 2=x  or 4. 

 

Q1eiii 

                     y 

 

                 0                 2                  4       x 

 

 

The region is stretched horizontally by a factor of 2, 

∴ area = 2 × 0.083 = 0.17 

 

Q1f  ( ) 1=+ hxf , ∴ ( ) ( ) 1121
2

=+−+−+ hxhx  or 

( ) ( ) 021
2

=−+−+ hxhx . 

Hence 01 =−+ hx , i.e. hx −=1  or 02 =−+ hx , i.e. 

hx −= 2 . 

To have only one of the solutions positive, 

01 ≤− h   and 02 >− h , i.e. h≤1  and 2<h , 

∴ 21 <≤ h . 

 

Q2ai  ( ) ( ) ( ) 122544 222 =++++++ kkkkkkk , 0>k  

∴ 01910 2 =−+ kk , 0>k . 

 

Q2aii  ( )( ) 01110 =+− kk , since 0>k , ∴ 0110 =−k , 

i.e. 
10

1
=k . 

 

Q2bi  Binomial, 9=n , 14.0=p  

26.114.09 =×== npµ  

 

Q2bii  ( ) ( ) 245.02,14.0,92Pr === binompdfX  
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Q2biii  ( ) 09.014.01 ≤−
n

, 09.086.0 ≤n ,  

09.0log86.0log e

n

e ≤ , 09.0log86.0log een ≤  

965.15
86.0log

09.0log
=≥

e

en . The smallest whole number n 

greater than or equal to 15.965 is 16. 

 

Q2c  Normal, 125=µ , ?σ  

( ) 078.0100Pr =<X , 078.0
125100

Pr =






 −
<

σ
Z , 

∴ ( ) 4187.1078.0
25

−==
−

invNorm
σ

, 18=σ  

 

Q2d  Hypergeometric, 15=N , 4=D , 3=n . 

( )
3

15

3

11

0

4

0Pr
C

CC
X

×
== , ( ) ( )0Pr11Pr =−=≥ XX  

                                                       = 0.637 

 

Q2e  Small sample from a large population, ∴ 

binomial approximation, 12=n , 08.0=p . 

( ) ( ) 751.01,08.0,121Pr ==≤ binomcdfX  

 

 

Q3  ( ) ( )tG

oePtP =  thousand millions. 

At the beginning of 1990, 0=t ; 

                                1991, 1=t  etc. 

( ) ,btatG +=′  Rba ∈,  

 

Q3ai  ( ) 0≥′ tG , 0≥+ bta  where 0>a  and 0<b , 

abt −≥∴ , 
b

a
t −≤ . Number of years 

b

a

b

a
−=−−= 0 . 

 

Q3aii  ( ) ( )tG

oePtP = , ( ) ( )00 G

oePP = , ( )0G

oo ePP = , 

( ) 10 =∴ G
e , ( ) 00 =∴G . 

 

Q3aiii  ( ) ,btatG +=′  ( ) cbtattG ++=∴ 2

2

1
, 

( ) ( ) ( ) 00
2

1
00

2
=++= cbaG , 0=∴c  and  

( ) 2

2

1
btattG +=∴ . 

 

 

 

 

Q3bi  When 02.0=a  and 0002.0−=b , 

( ) 20001.002.0 tttG −=  and ( ) ( )20001.002.03 tt
etP

−=∴  

 

Q3bii  Greatest number of years 

100
0002.0

02.0
=

−
−=−=

b

a
. 

 

Q3biii  Rate of change 

( ) ( )20001.002.00002.002.03 tt
et

dt

dP −−== . 

 

Q3biv  At the beginning of 2010, 20=t , 

( ) ( ) 069.0200002.002.03
2200001.02002.0 =×−= ×−×

e
dt

dP
 

 

Q3ci  t
eP

01.03=   in thousand millions, t
e

P 01.0

3
= , 









=

3
log01.0

P
t e , 








=∴

3
log100

P
t e . 

 

Q3cii  When 0=t , 3=P . Double the population, i.e. 

6=P , ?t  

3.69
3

6
log100 =








= et . The year is 1990 + 69 = 2059. 

 

 

Q4a  Since 
( )

1
2

15
sin1 ≤







 −
≤−

πt
 

∴ max height = 62 + 60 = 122 

 

Q4b  min height = 62 – 60 = 2 

 

Q4c  Period 8.0
22

2
5

===
π

ππ

n
T hour i.e. 48 minutes. 

∴ At 1.48 pm. 

 

Q4di  
( )








 −
+=

2

15
sin606292

πt
, 

( )
2

1

2

15
sin =







 −
∴

πt
, 

( )
6

5
,

62

15 πππ
=

−t
. 

Hence 
15

4
=t  (first time), 

15

8
 (second time). 

15

4
=t hour 16=  minutes, ∴ at 1.16 pm. 
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Q4dii  At least 92 metres above ground level when 

15

8

15

4
≤≤ t , 

15

4

15

4

15

8
=−=∆∴ t hour, i.e. 16 minutes. 

 

Q4ei  

( ) ( )







 −
=







 −
×=

2

15
cos150

2

15
cos

2

5
60

π
π

ππ tt

dt

dh
. 

 

Q4eii  When 1=t , ( ) 2.4712cos150 == ππ
dt

dh
 mh

-1
. 

 

Q4f i and ii 

               y 

 

                                      (0.4, 122) 

                                                

 

 

 

 

            0                              0.4         0.603        0.8    t 

 

 

 

 

Domain for ( )ts  is [ ]603.0,4.0 . 

 

 

                                Graphics calculator 

 

Q4fiii  Spider reaches ground when ( ) 0=ts , at 

603.0=t hour. At the highest point 4.0=t hour. 

203.04.0603.0 =−=∆∴ t hour, i.e. 12 minutes. 

 

 

 

 
     Please inform mathline@itute.com re conceptual, 

      mathematical and/or typing errors 

 

 

 

 

 

 

 

 

 

 

 
 


