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Q1ai   ( ) ,2 tetf −= 0≥t  is a decreasing function. At 

,0=t ( ) 20 == fy . As ∞→t , +→ 0y . ∴ the range of f is 
( ]2,0 . 

Q1aii   Equation of f: tey −= 2 , equation of 1−f : yet −= 2 . 

Re-express with y as the subject: ,
2
te y =− ,2

t
e y =  







=∴

t
y e

2log . 

 
Q1bi   ( ) ( ) ,1 2 tettg −−= 0≥t . 

( ) ( ) ( ) ( ) ttt ettetettg −−− −+−=−−−=′ 34112 22 . 
,4=∴b 3−=c . 

 
Q1bii   At stationary points, ( ) ,0=′ tg  ( ) 0342 =−+−∴ −tett . 

Since ,0≠−te  ( ) ,0342 =−+−∴ tt  ( )( ) ,031 =−+− tt  

1=∴t  and 0=y  or 3=t  and .4 3−= ey  

Hence ,0=p 3=m  and .4 3−= en  
 
Q1biii   ( )tq  is a transformation of ( )tg : Vertical dilation by a  
factor of 2 and then downward translation by 5 units. These 
transformations affect only the y-coordinates of points. 
( ) ( )( )502,10,1 −×→ , i.e. ( )5,1 − . 

( ) ( )( )542,34,3 33 −×→ −− ee ,  i.e. ( )( )58,3 3 −−e . 
 
Q1ci   ( ) ( ) teattth −++= 102 ; 

( ) ( ) ( )( ) teatatth −−+−+−=′ 1022 .  
At stationary points, ( ) .0=′ th   

( ) ( )( ) .01022 =−+−+−∴ −teatat  

( ) ( ) .01022 =−+−+−∴ atat To have exactly one solution to 

this equation, ( ) ( ) 01042 2 =−+−=∆ aa , i.e. .0362 =−a  
Hence 6±=a . 
 
Q1cii   Since ,0>−te  
for ( ) 0<′ th , ( ) ( ) .01022 <−+−+− atat  

( ) ( )1022 −+−+−∴ atat  does not cross the t-axis. Hence its 

,0362 <−=∆ a  .66 <<−∴ a  Refer to the following graph. 
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Q2a   ( ) 412.041207.080.81Pr ≈=>X  
( ) 393.0393409.017.9080.81Pr ≈=<< X  
( ) 019.0018661.017.90Pr ≈=>X . 

 
Q2b   ( ) ,90.0Pr =≥ MX ( ) 10.0Pr =<∴ MX , 

03.7503302.75 ≈=∴M  
 
Q2c   Conditional probability: 

( ) ( )
( )17.90Pr

17.9080.81Pr17.9080.81Pr
<

<≤
=<≥

X
XXX  

401.040089.0
018661.01

393409.0
≈=

−
= . 

 
Q2d   For each throw, 
( ) ( ) 393409.020005.041207.0110005.00 ×+−−×+×=rewardE

1060$36.1061018661.010000 ≈=×+ . 
 
Q2ei   For 5 throws, 
( ) 5310$79.530636.10615 ≈=×=dtotalrewarE . 

 
Q2eii   Binomial distribution: ,5=n ,41207.0=p  

( ) ( ) 338.0338499.0661501.012Pr13Pr ≈=−=≤−=≥ XX . 
 
Q2eiii   ( ) 06.206035.241207.05 ≈=×== npXE . 
 
Q2eiv   There must be at least one over the Olympic Record or 5 
between A Standard and Olympic Record in order to earn at 
least $10000. 
Binomial: ,5=n 018661.0=p , 

( ) ( ) 08989.09101.010Pr11Pr =−==−=≥ XX  
Binomial: ,5=n 393409.0=p , 

( ) 0094237.05Pr ==X  
Required probability 099.00993.00094237.008989.0 ≈=+= . 
 
 
 
 
 
 
Q3a   Vertical distance between the mountain top and the tunnel 
= max value of 15050100 =+=y metres. 
 
Q3b   Vertical distance between the valley bottom and the bridge 
= |min value of y| 5050100 =+−= metres. 
 

Q3ci   When ,0=y ( ) 050
600

400cos100 =+



 −xπ , 

( ) ,
2
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( ) .
3
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=

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

−=

− −x  800=∴x . 

Length of tunnel = 800 metres. 
 

Q3cii   Length of bridge 400800
2
16002 =






 ×−= metres. 
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Q3d   When ,20=y ( ) ,2050
600

400cos100 =+



 −xπ  

( ) ,3.0
100
30

600
400cos −=−=



 −xπ  

( ) ( ) 8755.13.0cos
600

400 1 −=−=
− −xπ  or 1.8755. 

806.41=∴x or 758.192. 
Length of tunnel 716386.716806.41192.758 ≈=−= metres. 
 
Q3e   Start of the dam wall ,800=x middle of the dam wall 

1000=x . ( ) dxxArea 50
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13080= m2. 
 
Q3fi   Length of tunnel ( )kk −=−= 40022800  metres. 
 
Q3fii    
Length of bridge ( )( ) ( )kk +=×−−= 20022400600 metres. 
 
Q3fiii   

( )( ) ( )( ) ( ) ( )2222 2004400420024002 kkkkC ++−=++−=  
thousand dollars. 
 

Q3fiv   ( ) ( ) ( ).1001620084008 −=++−−= kkk
dk
dC Cost is 

minimum when ( ) ,010016 =−k  i.e. .100=k  
 

Q4a   At ,3=x .
8

2
84

qpqpy +
=+=  

Q4b   Addition of ordinates. 
 

 

Q4c   ( ) ( ) ,11419 11 −− −++= xxy  

( ) ( )
( ) ( )

.
11

4
1

911419 22
22

xx
xx

dx
dy

−
+

+
−=−++−= −−  

At the minimum, 
( ) ( )

,0
11

4
1

9
22 =

−
+

+
−

xx
 

( ) ( ) ,011914 22 =−−+ xx  
( ) ( )[ ] ( ) ( )[ ] ,01131211312 =−++−−+∴ xxxx  

or ( )( ) 035315 =−− xx , where .100 ≤≤ x  
 
 
Q4di   ( )( ) 035315 =−− xx , where .100 ≤≤ x  

200.6
5
31

==∴x  and 083.2
2.611

4
12.6

9
=

−
+

+
=y . 

 

Q4dii   ,5
11

4
1

9
<

−
+

+ xx
 and .100 ≤≤ x  

Use graphics calculator to sketch 
xx

y
−

+
+

=
11

4
1

9  and .5=y  

Find the x-coordinates of the intersections. The second one is 
outside the domain. 1095577.0 ≤<∴ x .  
Hence length of journey 044.904423.995577.010 ≈=−= km. 
 

Q4e   ( ) ( )[ ]10
0

10

0

11log41log9
11
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1

9 xxdx
xx ee −−+=







−
+

+∫  

[ ] 17.3111log1311log41log91log411log9 ==+−−= eeeee . 
Total pollution is 31.17. 
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