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1. (a) (2)F  

  
2

1

sin sin
2(2) 2r

r 



      (M1) for substitution 

  
2

1

sin sin
4 2r

r 



   

  sin sin sin
4 2

 


 
  

 
    A1 

  sin (1 0)
4

 
  
 

 

  sin
4


       A1 

[3] 

 (b) (i) cos( ) cos( )x y x y    

   
cos cos sin sin

(cos cos sin sin )

x y x y

x y x y

 

 
   A2 

   2sin sinx y      AG 

 

  (ii) Let 
2

A B
x


  and 

2

B A
y


 . 

   cos( ) cos( )x y x y    

   

cos
2 2

cos
2 2

A B B A

A B B A

  
  

 

  
  

 

   A1 

   
2 2

cos cos
2 2

A B
      M1 

   cos cosA B   

   cos cos 2sin sin
2 2

A B B A
A B

 
    AG 

[4] 
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 (c) (4)F  

  
4

1

sin sin
2(4) 4r

r 



       

  
4

1

sin sin
8 4r

r 



   

  
3

sin sin sin sin sin
8 4 2 4

   


 
    

 
  A1 

  

sin sin sin sin
8 4 8 2

3
sin sin sin sin

8 4 8

   

  


 

 

 

  

1
cos cos

2 8 4 8 4

1
cos cos

2 8 2 8 2

1 3 3
cos cos

2 8 4 8 4

   

   

   

    
       

    

    
       

    

    
       

    

   M1A1 

  

3 3 5
cos cos cos cos

8 8 8 81

2 5 7
cos cos

8 8

   

 

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

  
    

  

 

  

3 3 5
cos cos cos cos

1 8 8 8 8

5 72
cos cos

8 8

   

 

 
   

  
   
 

  A1 

  
1 7

cos cos
2 8 8

  
  

 
 

  

7 7

1 8 8 8 82sin sin
2 2 2

    
  

  
 
 

   A1 

  
3

sin sin
2 8

 
  

  
3

sin
8


       A1 

[6] 
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 (d) ( )F n  

  
1

sin sin
2

n

r

r

n n

 



  

  
1

1
cos cos

2 2 2

n

r

r r

n n n n

   



    
       

    
   M1A1 

  
1

1 2 2
cos cos

2 2 2 2 2

n

r

r r

n n n n

   



    
       

    
  

  
1

1 (1 2 ) (1 2 )
cos cos

2 2 2

n

r

r r

n n

 



  
  

 
   M1 

  

(1 2(1)) (1 2(1))
cos cos

2 2

1 (1 2(2)) (1 2(2))
cos cos

2 2 2

(1 2 ) (1 2 )
cos cos

2 2

n n

n n

n n

n n

 

 

 

  
 

 
    

 
 

     
 

 

  

3 3 5
cos cos cos cos

1 2 2 2 2

2 (1 2 ) (1 2 )
cos cos

2 2

n n n n

n n

n n

   

 

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

  
   
 

 

  

3 3 5
cos cos cos cos

1 2 2 2 2

(2 1) (1 2 )2
cos cos

2 2

n n n n

n n

n n

   

 

 
   

  
     

 

  A1 

  
1 (1 2 )

cos cos
2 2 2

n

n n

  
  

 
    M1 

  

(1 2 ) (1 2 )

1 2 2 2 22sin sin
2 2 2

n n

n n n n

     
  

  
 
 

 A1 

  
(2 2 ) 2

sin sin
4 4

n n

n n

 
   

  
(1 )

sin sin
2 2

n

n

 
  

  
(1 )

( ) sin
2

n
F n

n


       AG 

[6] 
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 (e) 1rz   

  
2 2

cos isin 1

r

n n

  
   
 

 

  
2 2

cos isin 1
r r

n n

 
       (M1) for valid approach 

  

2

22 2
cos 1 sin

r r

n n

  
   

 
 

  2 22 2 2
cos 2cos 1 sin

r r r

n n n

  
      M1 

  
2

2 2cos
r

n


   

  
22 2 1 2sin

r

n

 
   

 
    A1 

  
24sin

r

n


  

  2sin
r

n


  

  1 sin 1
r

n


        R1 

  1 2rz         A1 

[5] 
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 (f) ( )G n  

  
1

1
n

r

r

z


   

  
1

2sin
n

r

r

n





  

  1

2 sin sin
2

sin
2

n

r

r

n n

n

 





     M1 

  
2 ( )

sin
2

F n

n


       A1 

  

(1 )
2sin

2

sin
2

n

n

n







  

  

(1 )
2cos

2 2

sin
2

n

n

n

 



 
 

      A1 

  

2cos
2 2

sin
2

n n

n n

n

  



 
 

   

  

2cos
2

sin
2

n

n





 
 
       M1 

  

2cos
2

sin
2

n

n




  

  2cot
2n


       A1 

[5] 
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2. (a) (i) (0)I  

   
0

dx x


       M1 

   2

0

1

2
x


 

  
 

     A1 

   2 21 1
(0)

2 2
   

   21

2
       AG 

 

  (ii) (1)I  

   
0

sin dx x x


   

   Let cos x  .     (M1) for valid approach 

   
d d

sin ( 1) sin
d d

x x
x x

 
      

   (1)I  

   
0

d(cos )
( 1) d

d

x
x x

x



   

    
0 0

d( )
cos cos d

d

x
x x x x

x

 
      A1 

    
0 0

cos cos ( 1)dx x x x


       A1 

    
0 0

cos cos dx x x x


     

      
0 0

cos sinx x x
 

      A1 

    
0

cos sinx x x


    

   ( cos sin ) (0 sin0)        

          A1 

[7] 

 (b) (i) ( 2)I n  

   
2

0
sin dnx x x


       

   
2

0
sin sin dnx x x x



      M1 

   
2

0
sin (1 cos )dnx x x x



   

   
2

0 0
sin d sin cos dn nx x x x x x x

 

     A1 

   
2

0
( ) sin cos dnI n x x x x



      AG 
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  (ii) 2

0
sin cos dnx x x x



  

   
1

0

1 d(sin )
cos d

1 d

n x
x x x

n x




 
   

   

1

0

1

0

cos sin
1

d( cos )1 sin d
d

n

n

x x x

x xn x x
x









    
  

   
 

  A1 

   

1

0

1

0

cos sin1

1 sin (cos sin )d

n

n

x x x

n x x x x x









    
  

   
 

 A1 

   

1

0

1 2

0

cos sin1

1 (sin cos sin )d

n

n n

x x x

n x x x x x







 

    
  

   
 

  

   

1

0

1

0

cos sin1

1 sin cos d ( 2)

n

n

x x x

n x x x I n









    
  

    
 

 M1 

   

1

1

0

( cos sin 0)1

1 sin cos d ( 2)

n

nn x x x I n


  



 
 

  
     

 M1 

    1

0

1
sin cos d ( 2)

1

n x x x I n
n


   

   

   Let sinu x .     (M1) for substitution 

   
d

cos d cos d
d

u
x u x x

x
    

   sin 0x u      

   0 sin0 0x u     

   
2

0
sin cos dnx x x x



  

    
0

1

0

1
d ( 2)

1

nu u I n
n

   
    A1 

   
1

(0 ( 2))
1

I n
n

  


 

   
1

( 2)
1

I n
n

 


    A1 

 

 

 

 

 

 



    

 SE Production Limited 8 

  (iii) 
1

( 2) ( ) ( 2)
1

I n I n I n
n

   


  A1 

   ( 1) ( 2) ( 1) ( ) ( 2)n I n n I n I n       

   ( 2) ( 2) ( 1) ( )n I n n I n       M1 

   
1

( 2) ( )
2

n
I n I n

n


 


    AG 

[11] 

 (c) (i) (4)I  

   
2 1

(2)
2 2

I





     M1 

   
3 0 1

(0)
4 0 2

I
 

  
 

    M1 

   23 1 1

4 2 2


 
  

 
 

   23

16
      A1 

 

  (ii) (7)I  

   
5 1

(5)
5 2

I





     M1 

   
6 3 1

(3)
7 3 2

I
 

  
 

    M1 

   
6 4 1 1

(1)
7 5 1 2

I
  

   
  

 

   
6 4 2

7 5 3


  
   

  
 

   
16

35
      A1 

[6] 

 (d) 0 sin 1x   for 0 x   .    A1 

  Therefore, 2sin sin 1x x  , implies that 

  

2 2 2

0

2 2 2 2

0 0

sin sin d

sin sin d sin 1d

n

n n

x x x x

x x x x x x x



 



 



   



 
.  R1 

  Thus, (2 ) (2 1) (2 2)I n I n I n     for 1n  . AG 

[2] 
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