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1. ( )f x′  
 (cos3 )(3)x=        A1 
 3cos3x=  
 The slope of L  
 ( )f π′=        (M1) for valid approach 
 3cos3π=  
 3= −         (A1) for correct value 
 The equation of L : 
 3y x b= − +        (M1) for valid approach 
 0 3( ) bπ= − +        (A1) for substitution 
 3b π=  
 3 3y x π∴ = − +       A1 N3 

[6] 
 
2. ( )f x′  
 ( )( )xeπ π=        A1 
 xeππ=  
 The slope of L  

 1
(1)f
−

=
′

       (M1) for valid approach 

 (1)
1

eππ
−

=  

 1
eππ

= −        (A1) for correct value 

 The equation of L : 

 1y x b
eππ

= − +       (M1) for valid approach 

 1 (1)e b
e

π
ππ

= − +       (A1) for substitution 

 1b e
e

π
ππ

= +  

 
2 1eb
e

π

π

π
π

+
=  

 
21 1ey x

e e

π

π π

π
π π

+
∴ = − +      A1 N3 

[6] 
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3. ( )f x  

 3( )(3)xe        A1 

 33 xe  

 The slope of L  

 ( )f k        (M1) for valid approach 

 33 ke         (A1) for correct value 

 3 33 2k ky e x e         (M1) for valid approach 

 3 3 33 2k k ke e k e        (A1) for substitution 

 3 33 3k ke e k  

 1k          A1 N3 

[6] 

 

4. ( )f x  

 
1 1

2 x

 
  

 
       A1 

 
1

2x
  

 The slope of L  

 
2

1

( )kf e





       (M1) for valid approach 

 

2

1

1

2 ke


  

 22 ke         (A1) for correct value 

 2 42 (2 2 )k ky e x e          (M1) for valid approach 

 2 2 42 ( ) (2 2 )k k kk e e e         (A1) for substitution 

 4 42 2 2k kk e e     

 2k          A1 N3 

[6] 
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1. (a) ( 5)f   

  
3 2( 5) 6( 5) 15( 5)          (M1) for substitution 

  125 150 75     

  100        A1 N2 

  (0)f  

  
3 20 6(0) 15(0)           

  0        A1 N1 

[3] 

 (b) ( )f x  

  
23 6(2 ) 15(1)x x        A1 

  
23 12 15x x    

  ( ) 0f x        R1 

  
23 12 15 0x x        (M1) for setting inequality 

  
2 4 5 0x x    

  ( 5)( 1) 0x x    

  5 1x         A1 N1 

[4] 

 (c) ( )f x  

  3(2 ) 12(1) 0x        A1 

  6 12x           

  ( ) 0f x           

  6 12 0x        (M1) for setting equation 

  6 12x            

  2x          A1 

  ( 2)f   

  
3 2( 2) 6( 2) 15( 2)          (M1) for substitution 

  8 24 30     

  46        A1 

x  2x    2x    2x    

( )f x    0   

  ( )f x  changes its sign at 2x   .   (M1) for valid approach 

Thus, the coordinates of the point of inflexion on  

the graph of f  are ( 2, 46)  for 5x   .  AG N0 

[6] 

 (d) For concave downward on the left of ( 2, 46)  and  

concave upward on the right of ( 2, 46)   A1 

  For passing through ( 5,100)  and (0, 0)   A1 

  For decreasing behavior in 5 1x     A1 N3 

[3] 
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2. (a) (0)f  

  
2 31 9(0) 3(0) (0)        (M1) for substitution 

  1 0 0 0     

  1        A1 N2 

  (3)f  

  
2 31 9(3) 3(3) (3)     

  1 27 27 27           

  28        A1 N1 

[3] 

 (b) ( )f x  

  
20 9(1) 3(2 ) 3x x        A1 

  
29 6 3x x    

  ( ) 0f x        R1 

  
29 6 3 0x x        (M1) for setting inequality 

  
23 6 9 0x x    

  
2 2 3 0x x    

  ( 1)( 3) 0x x    

  1 3x         A1 N1 

[4] 
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 (c) ( )f x  

  0 6(1) 3(2 )x        A1 

  6 6x           

  ( ) 0f x           

  6 6 0x        (M1) for setting equation 

  6 6x          

  1x         A1 

  (1)f  

  
2 31 9(1) 3(1) (1)         (M1) for substitution 

  1 9 3 1     

  12        A1 

x  1x   1x   1x   

( )f x    0   

  ( )f x  changes its sign at 1x  .   (M1) for valid approach 

Thus, the coordinates of the point of inflexion on  

the graph of f  are (1,12)  for 3x  .   AG N0 

[6] 

 (d) For concave upward on the left of (1,12)  and  

concave downward on the right of (1,12)   A1 

  For passing through (0,1)  and (3, 28)   A1 

  For increasing behavior in 1 3x      A1 N3 

[3] 
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3. (a) (0)f  

  
2(0)ke       (M1) for substitution 

  
0e  

  1        A1 N2 

[2] 

 (b) ( )f x  

  
2

( )( 2 )kxe kx       A1 

  
2

2 kxkxe        A1 N1 

  ( )f x  

  
2 2

( 2 )( ) ( 2 )( )( 2 )kx kxk e kx e kx         A2 

  
2 22 (1 2 )kxke kx        A1 N1 

[5] 

 (c) ( 1) 0f             

  
2( 1) 22 (1 2 ( 1) ) 0kke k         (M1) for setting equation 

  2 (1 2 ) 0kke k    

  1 2 0k   

  1 2k  

  
1

2
k         A1 N2 

[2] 

 (d) ( 1)f   

  
21

( 1)
2e

 

       M1 

  

1

2e


  

  
1

e
           

  Thus, the coordinates of the point of inflexion on  

the graph of f  are 
1

1,
e

 
 
 

 for 0x  .  AG N0 

[1] 

 (e) ( ) 0f x        R1 

  
21

2
1

2 0
2

x

xe
 

  
 

     (M1) for setting inequality 

  
21

2 0
x

xe


   

  0x         R1 

  0x         AG N0 

[3] 
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 (f) For concave upward on the left of 
1

1,
e

 
 
 

 and  

concave downward on the right of 
1

1,
e

 
 
 

 A1 

  For passing through (0,1)     A1 

  For increasing behavior in 0x     A1 N3 

[3] 
 

 

 

 

 

 

 

 

 

4. (a) ( ) 0f x   

  
2

0
( 1)

kx

x
 


      (M1) for setting equation 

  0kx   

  0x         A1 N2 

[2] 

 (b) ( )f x  

  
2

4

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

( 1)

x k kx x

x

  
 


   A2 

  
3

( 1) 2

( 1)

k x kx

x

 
 


 

  
3( 1)

kx k

x

 
 


 

  
3( 1)

kx k

x





 

  
3

( 1)

( 1)

k x

x





      A1 N1 

  ( )f x  

  

3 2

6

( 1) (1) ( 1)(3)( 1)

( 1)

k x x x

x

     


   A2 

  
 

4

( 1) ( 1)(3)

( 1)

k x x

x

  



 

  
4

( 2 4)

( 1)

k x

x

 



 

  
4

2 ( 2)

( 1)

k x

x

 



      A1 N1 

[6] 
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(c) (1) 1f    

  
2

1
(1 1)

k
  


      (M1) for setting equation 

  4k    

  4k         A1 N2 

[2] 

 (d) ( ) 0f x   

  
4

2(4)( 2)
0

( 1)

x

x

 



     (M1) for setting equation 

  2 0x           

  2x         A1 

  (2)f  

  
2

4(2)

(2 1)
 


      (M1) for substitution 

  
8

9
         A1 

x  2x   2x   2x   

( )f x    0   

  ( )f x  changes its sign at 2x  .   (M1) for valid approach 

Thus, the coordinates of the point of inflexion on  

the graph of f  are 
8

2,
9

 
 

 
 for 1x   .  AG N0 

[5] 

 (e) For concave upward on the left of 
8

2,
9

 
 

 
 and  

concave downward on the right of 
8

2,
9

 
 

 
  A1 

  For passing through (0, 0)     A1 

  For increasing behavior in 1 1x    and  

increasing behavior in 1x      A1 N3 

[3] 
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1. (a) P  

  
1 1

(OB)(OC)sin (OA)(OC)sin( )
2 2

       M1A2 

  
1 1

(4)(4)sin (4)(4)sin
2 2

      M1   

  16sin       AG N0 

[4] 

 (b) Attempt to find ( )P    

  ( ) 16cosP         (M1) for valid approach 

  ( ) 0P         (M1) for setting equation 

  16cos 0   

  cos 0   

  
2


         A1 N3 

  By the first derivative test,    M1A1 

  
2


   

2


   

2


   

( )P     0   

  Thus, P  attains its maximum at 
2


  .  R1 N0 

[6] 

 (c) The maximum value of P  

  16sin
2


       (M1) for substitution 

  16        A1 N2 

[2] 

 (d) 0   and        A2 N2 

[2] 
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2. (a) P  

  
2(10) (2(10cos ))(2(10sin ))       M1A2 

  100 400sin cos            

  100 200(2sin cos )        M1 

  100 200sin 2    

  100( 2sin 2 )        AG N0 

[4] 

 (b) Attempt to find ( )P    

  ( )P   

  100(0 2(cos2 )(2))      (M1) for valid approach 

  400cos2   

  ( ) 0P         (M1) for setting equation 

  400cos2 0   

  cos2 0   

  2
2


   

  
4


         A1 N3 

  By the first derivative test,    M1A1 

  
4


   

4


   

4


   

( )P     0   

  Thus, P  attains its minimum at 
4


  .  R1 N0 

[6] 

 (c) The minimum value of P  

  100 2sin 2
4



  

    
  

    (M1) for substitution 

  100( 2)        A1 N2 

[2] 

 (d) 0   and 
2


       A2 N2 

[2] 
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3. (a) ( ) 0Q t        (M1) for setting equation 

  
3 212 36 0t t t           

  
2( 12 36) 0t t t    

  
2( 6) 0t t         (M1) for factorization 

  0t   and 6t       A1 N3 

[3] 

 (b) Attempt to find ( )Q t   

  ( )Q t  

  
23 12(2 ) 36(1)t t        (M1) for valid approach 

  
23 24 36t t    

  ( ) 0Q t        (M1) for setting equation 

  
23 24 36 0t t    

  
23( 8 12) 0t t    

  3( 2)( 6) 0t t    

  2t   or 6t        A1 N3 

  By the first derivative test,    M1A1 

t  2t   2t   2 6t   6t   6t   

( )Q t    0   0   

  Thus, Q  attains its local maximum at 2t  .  R1 N0 

[6] 

 (c) (0) 0Q   and (6) 0Q      (M1) for valid approach 

Thus, the minimum value of Q  is 0.   A1 N2 

[2] 

 (d) 20        A2 N2 

[2] 
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4. (a) (12)P          

  
3 212 9(12) 24(12) 720        M1 

  12( 144 108 24 60)         M1 

  12(0)  

  0  

  Thus, the t -intercept of P  is 12.   AG N0 

[2] 

 (b) Attempt to find ( )P t   

  ( )P t  

  
23 9(2 ) 24(1) 0t t         (M1) for valid approach 

  
23 18 24t t     

  ( ) 0P t        (M1) for setting equation 

  
23 18 24 0t t     

  
23( 6 8) 0t t     

  3( 2)( 4) 0t t     

  2t   or 4t        A1 N3 

  By the first derivative test,    M1A1 

t  2t   2t   2 4t   4t   4t   

( )Q t    0   0   

  Thus, Q  attains its local minimum at 2t  .  R1 N0 

[6] 

 (c) (0)P   

  
3 20 9(0) 24(0) 720         M1 

  720  

  (4) 704P   and (12) 0P      (M1) for valid approach 

Thus, the maximum value of P  is 720.  A1 N2 

[3] 

 (d) 720       A2 N2 

[2] 
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1. (a) 39.8 cm A2 N2 

[2] 

(b) The particle first changes direction at 3.7435483 s. (M1)(A1) for correct value

( )s t  
2 3( 3 )(cos ) ( )( sin ) 6cost t t t t      (A1) for differentiation 

3 2sin (6 3 )cost t t t  

The acceleration at 3.7435483 s 

(3.7435483)s (M1) for valid approach 

68.94404 
-268.9 cms  A1 N2 

[5] 

2. (a) 1.52 cm A2 N2 

[2] 

(b) The particle first goes back to O  at 1.3932491 s. (M1)(A1) for correct value 

( )s t  

 cos (4)(cos ) (4 )( sin )t t t t    (A1) for differentiation 

4 sin 3cost t t   

The acceleration at 1.3932491 s 

(1.3932491)s (M1) for valid approach 

7.8742361
-27.87 cms A1 N2 

[5] 

3. (a) ( )v t

( )s t (A1) for differentiation 

1 (cos( ))( )t te e   

1 cos( )t te e    A1 N2 

[2] 

(b) The particle changes direction for the 4th time at

2.3891023 s. (M1)(A1) for correct value 

The acceleration at 2.3891023 s

(2.3891023)v (M1) for valid approach 

117.38686
-2117 cms A1 N2 

[5] 

Exercise 60 
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4. (a) The particle changes direction for the 1st time and  

the 3rd time at 2.0318977 s and 7.9806638 s  

respectively.      (M1)(A1) for correct values 

  The amount of time  

  7.9806638 2.0318977      (M1) for valid approach 

  5.9487661  

  5.95 s       A1 N2 

[4] 

(b) The particle is at the maximum distance from O   

at 11.0854 s.      (A1) for correct value 

  ( )s t  

   2(2 )( ) ( )( ) (1)(sin ) ( )(cos )t tt e t e t t t         (A1) for differentiation 

  22 sin cost tte t e t t t      

  The acceleration at 11.0854 s 

  (11.0854)s       (M1) for valid approach 

  11.21888   

  -211.2 cms        A1 N2 

[4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    

 SE Production Limited 15 

 

 

 

1. (a) (0)n  

  0.28(0)300e       (A1) for substitution 

  300(1)  

  300        A1 N2 

[2] 

 (b) (6)n        (M1) for valid approach 

  450.70671  

  451        A1 N2 

[2] 

 (c) ( ) 1000n k        A1 

  0.28300(e )(0.28) 1000k      M1 

  0.28 250
e

21

k   

  8.8462089k       (A1) for correct value 

  Thus, the least value of k  is 9.   A1 N2 

[4] 

 

2. (a) (10)V  

  210 100 10       (A1) for substitution 

  10(0)  

  0        A1 N2 

[2] 

 (b) (1)V         (M1) for valid approach 

  9.8493705  

  9.85        A1 N2 

[2] 

 (c) ( ) 30V k        A1 

  2

2

1
( )( 100 ) (1) ( 2 ) 30

2 100
k k k

k

 
    

 
 M1 

  2

2
100 30

100

k
k k

k
  


 

  
2

2
100 30 0

100

k
k k

k
   


 

  3.2024653k       (A1) for correct value 

  Thus, the greatest value of k  is 3.   A1 N2 

[4] 
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3. (a) (5)p        (A1) for correct approach 

  250sin(2(5) 3.9) 750       (A1) for substitution 

  993.0018753  

  993        A1 N3 

[3] 

 (b) ( ) 0p t        A1 

  250cos(2 3.9)(2) 0 0t        M1 

  500cos(2 3.9) 0t    

  0.4061945t           

  The value of n  

  (0.4061945)(31)      (M1) for substitution 

  12.5920295          

  13        A1 N2 

[4] 

 

4. (a) (13)w        (A1) for correct approach 

  145cos(0.5(13) 5.2) 1020      (A1) for substitution 

  1058.78733  

  1059       A1 N3 

[3] 

 (b) ( )w t           

  145( sin(0.5 5.2))(0.5) 0t       A1 

  72.5sin(0.5 5.2)t    

  ( )w t  attains its maximum for the first time when  

7.2584079t  .     (A1) for correct value 

  The value of n  

  (7.2584079)(30)      (M1) for substitution 

  217.752237          

  218        A1 N2 

[4] 
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1. (a) For approximately correct shape   A1 

  For approximately correct maximum and minimum  

points       A1 

  For approximately correct x -intercepts between 1  

and 2 and between 4 and 5    A1  

For approximately correct endpoints   A1 N4 

[4] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) ( )v t  

  ( )s t        (M1) for differentiation 

  ( 1)(cos ) ( )( sin )t t t         (M1) for product rule 

  cos sint t t    

  The minimum velocity 

  5.100127   
-15.10 ms        A1 N2 

[3] 
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2. (a) For approximately correct shape   A1 

  For approximately correct maximum point  A1 

  For approximately correct x -intercept between 2  

and 3       A1  

For approximately correct endpoints   A1 N4 

[4] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) ( )a t  

  ( )v t        (M1) for differentiation 

  
1

(2)(cos ) (2 )( sin )
2

t t t
t

 
    

 
   (M1) for product rule 

  2cos sint t t   

  The maximum acceleration 
-22 ms       A1 N2 

[3] 
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3. (a) For approximately correct shape   A1 

  For approximately correct maximum and minimum  

points       A1 

  For correct x -intercepts at 0, 5 and 10  A2 N4 

[4] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (b) The acceleration of the particle is zero when its  

velocity reaches its maximum or minimum.  (M1) for valid approach 

  2.1132472t   or 7.8867528t    

  2.11st   or 7.89 st      A2 N2 

[3] 
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4. (a) ( )a t  

  ( )v t        (M1) for differentiation 

  3 2d 1
2

d 3
t t

t

 
  

 
      

  21
(3 ) 2(2 )

3
t t       (A1) for correct approach 

  2 4t t        A1 N2 

[3] 

(b) For approximately correct shape   A1 

  For approximately correct minimum point  A1 

  For correct x -intercept at 0 and 4   A1 

For approximately correct endpoint at 5  A1 N4 

[4] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 


