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3(ii) Replace x with cos x , 
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When 
1
2cos x   ,   3x      
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5(b) 3 22 18 9 0z az z     

Given that iz k  is a root 

3 22( i) ( i) 18( i) 9 0k a k k     

3 22 i 18 i 9 0k ak k      

 3 22 18 i 9 0k k ak     ------------------- (1) 

From (1) 

32 18 0k k    

2( 2 18) 0k k    

0, 3k k   or 3k   

Since k is real and negative, 3k    

29 0ak    

9 9 0a    

1a    

3 22 18 9 0z z z     

Since the coefficients are real, the complex numbers 

occur in conjugate pairs. One other root will be 3iz  . 

3 22 18 9 ( 3i)( 3i)(2 )z z z z z z b        

By comparison  

9 ( 3i)(3i)( )b    

1b    

The third root will be 
1
2

z  . 
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The other roots of the equation 3 22 18 9z z z     are 

3iz  , and 
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Hence a


 is perpendicular to b


. 
 

7(b) a b
a b
 

 
 

ˆâ b 
 

 (the unit vector of a


and b


 are the same) 
 
Hence a


and b


have the same direction (or they are 

parallel to each other).  
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7(c)(iii) sin 5b c b c   
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Let OB b




 and OC c



. And note that b


is unit 

vector.  
 
Geometrical meaning 1:  
b c
 

 means the parallelogram with adjacent sides 

OB and OC  has area 5  units square. 
 
Or 
 
Geometrical meaning 2: 
The perpendicular distance of the point C (1, 2, 2)  to 
the line passing through origin O and with direction 
vector b


is 5  units. 
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8(ii) 
Notice from part (ii) that    1f fx x , i.e. self-
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8(v) 
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If 4a   , we have  f 2x  , which is not a 1-1 

function, thus 
1  will not exist, a contradiction. 

Thus 4a   . 
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9(i) Diff wrt x: 
2

2
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d d d
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2 3 2 2

2 3 2 2
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d d d d d

y y y y yx x x x
x x x x x
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Sub 0x    
2 3
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d d d
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   
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3

y x x x

x x x

    

   
 

 

9(ii) o1
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


 

Sub 180
x 


 

o o 2 35tan1 sec1 = 1 2( ) 2( ) ( )
180 180 3 180

1.03552468
=1.0176(4d.p.)

  
   
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9(iii) 2
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
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9(iv) Answers from both parts are consistent  
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t
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10(ii) d 1
d ( )

t
I kI N I


   
Method 1: Using partial fractions 
 
d 1 1 1 1
d ( )

1 1 1 d

t
I kI N I kN I N I

t I
kN I N I

      
    

 

  

 

1 1 1  d

1 ln ln( )  ( 0 )

1 ln

I
kN I N I

I N I C I N
kN

I C
kN N I

    

     

    





 

( ) ln IkN t C
N I

        

ekNt kNC I
N I

 
  

e

e ( )
e (1 e )

e
1 e e

kNt

kNt

kNt kNt

kNt

kNt kNt

IA
N I

A N I I
A N I A

A N ANI
A A




 

 

 
   
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When 
0,  0.01 ,  0.01

1
ANt I N N

A
  

   
0.01( 1)

1
99

A A

A

  

 
 

When 
12

1
9912,  0.25 ,  0.25 1e

99
Nk

N
t I N N


  


  

12

12

12

ln33
12

ln33
12

ln33

12

1 10.25 e
99 99

1e
33

ln 33
12
1
99

1e
99

    
99e 1

    
99e 1

    
99 33 1

t

Nk

Nk

t

t

t

Nk

N
I

N

N

N













   
 

 

 

 









 

 
   

 
 
Method 2: Using MF26 

2 2
2

2 2

d 1
d

2 2

1

2 2

t
I N Nk I NI

N Nk I


                


                 

1 2 2ln

2 2
1 ln

N NI
t CN NkN I

It C
kN N I

   
  

  
 
       
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( ) ln IkN t C
N I

       

e

e

e ( )
e (1 e )

e
1 e e

kNt kNC

kNt

kNt

kNt kNt

kNt

kNt kNt

I
N I
IA

N I
A N I I
A N I A

A N ANI
A A











 

 

 
   

When 
0,  0.01 ,  0.01

1
ANt I N N

A
  

   
0.01( 1)

1
99

A A

A

  

 
 

When 12

1
9912,  0.25 ,  0.25 1e

99
Nk

N
t I N N


  


  

12

12

1 10.25 e
99 99

1e
33

ln 33
12

Nk

Nk

Nk





   
 

 

 
 

12
ln33 ln33

ln3312 12

1
99   

1 99e 1e 99e 1
99

tt t

N N NI
    
 

 

12

   
99 33 1

t

N



 

 
   

10(iii) Method 1:  
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12

12

12

12

When  0.50

0.5
99 33 1

99 33 1 2

99 33 1

133
99

ln 33 ln 99
12
15.8

t

t

t

t

I N
N N

t

t












 

 
 
 

  
 
 

 
 

 
 

 


 

   
The least number of weeks is 16. 
Method 2: Use GC 

12

12

   0.5
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From the graph, 15.8t   
The least number of weeks is 16. 
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10(iv)  
 
 
 
 
 
 
 
 
 
 
 

As ,t   
ln33
12e 0

t

I N


   . 
 
If this situation continues indefinitely, almost everyone 
in the community will be infected by the virus. 
 

 

10(v)  One possible limitation is that the model assumes that 
everyone will get the virus which in actual fact, some 
may have natural immunity against the flu virus. 
OR: 
The death may have occurred during some weeks and N 
is no longer constant. 

 

11(i) 
 

Volume of tank 2 2 221
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v
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Let ml  be slant height of cone. 

2 2l r h    
Let 2mA  be external surface area of water tank.  
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Or 
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11(iii) 

Since 2
v
rh  , 

3 13 2 58
18

13 2 58
18

( )
1

0.7984889679
0.798 (3 s.f.)

h v v
r r v  



  




  

For minimum A , the height of the inverted cone must 
be shorter than its radius, giving a water tank that is 
very wide at the top compared to its height.      
 

 

 
 
 

 


