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Question 1 

a. 
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        M1 

 by the conjugate root theorem,  2
1 3

2
z i    is also a root  

  22
2 , . 1 3 2

4
z z z z i       

  2 sum of the roots product of the rootsz z   

  2 2 2z z    is the quadratic factor      A1 

 

b.   4 3 22 5 3 2 6 0f z z z z z       
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 all the roots are   2
1 3 , 3

2
z i i          A1 

 

 

Question 2 

95% confidence interval is  
1 1

2 1 , 1
2 n n n


  

    
        

    
      

this has a width of  
2

10n

 
          M1 

20n   

the minimum sample size is 400        A1 
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Question 3 

     

 

   when the 4kg mass moves downwards,  

   with an acceleration of a, resolving 
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Question 4 

 log 2 8e

x
xy

y
     by log laws 

     log 2 log log 8e e e

x
x y

y
        using implicit differentiation    M1 

2

1 1 1
0

dy x dy

x y dx y y dx
             

2

1 1 1dy x

x y dx y y

 
   

 
          A1 

2
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xy dx y
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             A1  

at the point 
1
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gradient of the normal is  
56

9
          A1

  

Question 5 
 

a.      
2

1

2 2t

t

s x t y t dt  


 

 3 25 , 6 1x t y t     

 23 12
dx dy

x t y t
dt dt

           M1 
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4 2 2 29 144 9 16
dx dy

t t t t
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b. 
3

2

0
3 16s t t dt     2 1

let 16 2
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           M1 
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Question 6 
 

2

2

4

4

ydy

dx x





  and  0 1y     separating the variables 
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dy dx
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          M1 
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         A1 
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Question 7 

 

a. 

 

 

 

  

 

 

 

         

                                                                                                              A1 

 

 

 

 

 

b. 

Let T be the tension in the strings, all the forces are in newtons. 

resolving horizontally       0 01 cos 60 cos 30 0F T T         

resolving vertically          0 02 sin 60 sin 30 0T T mg       A1 

      0 0 3 1 2
1 cos 30 cos 60

2 3 1

F
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   M1 

 

eliminating T, gives 
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Question 8 
 

a.i. Let   
 

  
11

sec cos
cos

y kx kx
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      using the chain rule  
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sin sin 1
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cos cos cos
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d
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   A1 

 

ii Let        log tan sec loge ey kx kx u    where    tan secu kx kx   

 
1dy

du u
     using the chain rule        

             2sec sec tan sec tan sec
du

k kx k kx kx k kx kx kx
dx

       A1 

 
   

        
1

. sec sec tan sec
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dy dy du
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dx du dx kx kx
    


  

 so  that        log tan sec sece

d
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b.  
2
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  when 0 , 2x y  , y intercept  0,2   

 The graph has vertical asymptotes when 
3
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c. 
2

0
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Question 9 
 

Let 2 3a i j k      ,  2 4b i j k     ,  c xi yj z k    

Since a  is perpendicular to c    . 0 1 2 3 0a c x y z          

Since b  is perpendicular to c    . 0 2 2 4 0b c x y z         A1 

Since c  is a unit vector   2 2 21 1c x y z      

     

          1 2 3 0x y z    

 2 2 2 4 8 0x y z        subtracting gives 7 7 0y z z y       

 

   4 1 8 12 4 0x y z             M1 

        2 2 4 0x y z       subtracting gives 7 14 0 2x y x y      

substituting into   2 2 2 2 1
3 4 6 1

6
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             A1 
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Question 10 

 

a.  
60

60
200 60 14

600B

dB

dt 

     gm/month  
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200 120 16

600B

dB

dt 

    gm/month 

  

  Since when 120B   the rate is larger,  

 the bird is gaining weight faster when 120B       A1 

 

b.  200
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dB B
B

dt
      separating the variables 
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            since  20 200B    the moduli are not needed 
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c.  21
200
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dB
B B

dt
   

    
2

2

1 1
200 2 100 0

600 300

d B dB dB
B B

dt dt dt
         for inflexion points 

2
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 100B   

 when   3

3
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B t e
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 3 39 1 9
t t

e e


    

  3log 9et    

 point of inflexion     3log 9 ,100e       

 the curve is concave up for   0 3log 9et        A1 

 

d.       Since   0 20B    and as , 200t B  , the horizontal asymptote is 200  
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