
  

© Pearson Education Ltd 2017. Copying permitted for purchasing institution only. This material is not copyright free. 1 

Differentiation 9G  

1 a 22 , 3 2x t y t t      

  
d d

2, 2 3
d d

x y
t

t t
     

  

d

d 2 3 3d
dd 2 2

d

y

y tt t
xx

t


      

 

 b 2 33 , 2x t y t    

  2d d
6 , 6

d d

x y
t t

t t
    

  
2

d

d 6d
dd 6

d

y

y tt t
xx t

t

     

 

 c  23 , 4x t t y t     

  
d d

1 6 , 4
d d

x y
t

t t
     

  

d

d 4d
dd 1 6

d

y

y t
xx t

t

 


 

 

 d 2 52, 3x t y t     

  4d d
2 , 15

d d

x y
t t

t t
    

  
4 3

d

d 15 15d
dd 2 2

d

y

y t tt
xx t

t

    

 

 e  22
, 3 2x y t

t
     

  
2

d 2 d
, 6

d d

x y
t

t t t
     

  
3

2

d

d 6d 3
d 2d

d

y

y tt t
xx

t t

      

 

 

 

 

 

 

 f 
21

,
2 1 2 1

t
x y

t t
 

 
  

  

2

2 2

2

2

d 2 d 2 (2 1) 2
,

d (2 1) d (2 1)

2 2

(2 1)

x y t t t

t t t t

t t

t

 
  

 






 

  
2

d

d 2 2d (1 )
dd 2

d

y

y t tt t t
xx

t


      

 

 g 
2

2 2

2 1
,

1 1

t t
x y

t t


 

 
  

  
2 2 2

2 2 2 2

d 2(1 ) 4 2(1 )

d (1 ) (1 )

x t t t

t t t

  
 

 
 

  
2 2

2 2 2 2

d 2 (1 ) 2 (1 ) 4

d (1 ) (1 )

y t t t t t

t t t

   
  

 
  

  
2 2

d

d 4 2d
dd 2(1 ) 1

d

y

y t tt
xx t t

t


  

 
 

 

 h 2e , 2tx t y t    

  2d d
e 2 e , 2

d d

t tx y
t t

t t
     

  
2 2

d

d 2 2d
dd e 2 e ( 2 )e

d

t t t

y

y t
xx t t t t

t

  
 

 

 

 i 4sin3 , 3cos3x t y t    

  
d d

12cos3 , 9sin3
d d

x y
t t

t t
     

  

d

d 9sin 3 3d tan 3
dd 12cos3 4

d

y

y tt t
xx t

t


     

 

 j 2 sin , 3 4cosx t y t      

  
d d

cos , 4sin
d d

x y
t t

t t
    

  

d

d 4sind 4 tan
dd cos

d

y

y tt t
xx t

t

    



  

© Pearson Education Ltd 2017. Copying permitted for purchasing institution only. This material is not copyright free. 2 

1 k sec , tanx t y t    

  2d d
sec tan , sec

d d

x y
t t t

t t
    

  
2

d

d sec secd cosec 
dd sec tan tan

d

y

y t tt t
xx t t t

t

     

 

 l 2 sin 2 , 1 cos2x t t y t      

  
d d

2 2cos 2 , 2sin 2
d d

x y
t t

t t
     

  

2

d

d 2sin 2 sin 2d
dd 2 2cos 2 1 cos 2

d

2sin cos
cot

1 (1 2sin )

y

y t tt
xx t t

t

t t
t

t

  
 

 
 

 

 

 m e 5, lntx y t     

  
d d 1

e ,
d d

tx y

t t t
    

  

d

d 1d
dd e

d

t

y

y t
xx t

t

   

 

 n 2ln , 64x t y t     

  
d 1 d

, 2
d d

x y
t

t t t
    

  
2

d

d 2d 2
d 1d

d

y

y tt t
xx

t t

    

 

 o 
2e 1, 2e 1t tx y      

  2d d
2e , 2e

d d

t tx y

t t
    

  
2

d

d 2e 1d e
dd 2e e

d

t
t

t t

y

y t
xx

t

     

 

 

 

 

 

 

 

2 a 3 2sin , cosx t y t t     

  
d d

2cos , sin cos
d d

x y
t t t t

t t
      

  
d sin cos 1

tan
d 2cos 2 2

y t t t t
t

x t

 
   


  

  At point P, where t = π,  

  
d 1

3, π and 
d 2

y
x y

x
       

  Equation of tangent is 

  

1
( π) ( 3)

2

1 3
π

2 2

y x

y x

    

   

  

 

 b 2 29 , 6x t y t t      

  
d d

2 , 2 6
d d

x y
t t

t t
     

  
d 2 6 3

d 2

y t t

x t t

 
       

  At point P, where t = 2, 

  
d 5

5, 16 and
d 2

y
x y

x
      

  Equation of tangent is 

  
5

16 ( 5)
2

y x     

  2 32 25 5y x     

  2 5 57y x    

 

3 a e , e et t tx y     

  
d d

e , e e
d d

t t tx y

t t

    

  2d e e
1 e

d e

t t
t

t

y

x




     

  At point P, where t = 0, 

  
d

1 1 0
d

y

x
    

  Gradient of curve is 0  

   normal is parallel to the y-axis. 

  When 0, 1and 2t x y    

  Equation of the normal is x = 1. 
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3 b 1 cos2 , sin 2x t y t    

  
d d

2sin 2 , 2cos 2
d d

x y
t t

t t
   

  
d 2cos 2

cot 2
d 2sin 2

y t
t

x t
    

  At point P, where 
π

6
t  , 

  
π
3

d 1 1

d tan 3

y

x
   

   gradient of the normal is – 3  

  

π π 1
When , 1 cos

6 3 2

π 3
and sin

3 2

t x

y

   

 
 

  Equation of the normal is 

  
3 1

3
2 2

y x
 

    
 

 

  
3 3

3
2 2

y x     

  3 3y x   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 
2

,
1 1

t t
x y

t t
 

 
 

 Using the quotient rule, 

 
2 2

d (1 ) 1 ( 1) 1

d (1 ) (1 )

x t t

t t t

   
 

 
 

 
2 2

2 2

d (1 )2 ( 1) 2

d (1 ) (1 )

y t t t t t

t t t

   
 

 
 

 

2

2 2

2

d 2 1

d (1 ) (1 )

2 (2 )

y t t

x t t

t t t t


  

 

   

 

 
d

0 when 0 or 2
d

y
t

x
   

 When 0, 0 and 0t x y    

 When 2, 2 and 4t x y       

  (0, 0) and (−2, −4) are the points of  

 zero gradient on the curve. 

 

5 a 
2e , e 1t tx y     

  2d d
2e , e

d d

t tx y

t t
    

  
2

d e 1

d 2e 2e

t

t t

y

x
     

  

When ln 2,  

d 1
4, 1 and

d 4

t

y
x y

x



  
  

  Equation of tangent is 

  
1

1 ( 4)
4

y x    

  
1

4
y x   

 

 b At stationary points 
d

0
d

y

x
   

  
1

0 e 0
2e

t

t

     

  This has no solutions, so the curve has no 

stationary points. 
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6 
2 3 4

, 2
t t

x y t
t

 
    

 
2

14
3 3 4

t
x t t

t t

        

 
2

d 4 d
1 , 2

d d

x y

t t t
     

 
2

2

2

d 2 2

4d 4
1

y t

x t

t

  




  

 l1 is parallel to 5y x   

 so gradient of l1 is 1  

 

2

2

2

d 2
1 1

d 4

4

so 2 (because 0)

y t

x t

t

t t

  


 

 

  

 When 2,  3 and 4t x y      

 Equation of l1 is 

 
4 1 ( 3)

7

y x

y x

   

 
 

  

7 a 22sin , 2cotx t y t    

  2d d
4sin cos , 2cosec

d d

x y
t t t

t t
    

  
2

3d 2cosec 1
sec cosec

d 4sin cos 2

y t
t t

x t t
      

 

 b 
π 1

When ,  , 2 3
6 2

t x y     

  
3d 1 2 8 8 3

and 2
d 2 33 3

y

x
         

  Equation of tangent is 

  
8 3 1

2 3
3 2

y x
 

    
 

 

  3 6 8 4y x      

  8 3 10 0x y    

 

 

 

 

 

 

 

 

 

 

 

8 a 4sin , 2cosec2x t y t    

  2 3 4sin 2 3x t     

  
3 π 2π

sin ,
2 3 3

t t     

  
π 2π 4 4 3

2cosec ,
3 3 33

t y       

  which is the y-coordinate of point A. 

 

  So 
π

3
t   at point A. 

 

 b 
d d

4cos , 4cosec2 cot 2
d d

x y
t t t

t t
    

  

d 4cosec 2 cot 2

d 4cos

cot 2 cosec 2

cos

y t t

x t

t t

t


  

 

 

  

2π 2π
cot cosec

π d 3 3When ,  
π3 d

cos
3

1 2

43 3

1 3

2

y
t

x
  

 
  
   

  

   gradient of normal is 
3

4
   

 

  Equation of normal, l, is 

  
4 3 3

( 2 3)
3 4

y x      

  12 16 3 9( 2 3)y x      

  9 12 34 3 0x y     

 

9 a 
2 2, 10 5x t t y t t       

  
d d

2 1, 2 10
d d

x y
t t

t t
     

  
d 2 10

d 2 1

y t

x t


 


  

  When gradient is 2, 
2 10

2
2 1

t

t





 

  2 10 4 2 6t t t        

  At P, 2( 6) 6 30x      

  and 2( 6) 10( 6) 5 101y         

  Coordinates of P are (30, 101). 
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9 b Equation of tangent at P is 

  101 2( 30)y x     

  2 41y x   

 

 c Substituting for y and x in the tangent 

equation: 

  2 210 5 2( ) 41t t t t       

  
2 12 36 0t t     

  Discriminant 
212 4 36 0      

  Therefore the curve and the line only 

intersect once, so the tangent at P does not 

intersect the curve again. 

 

10 a 2sin , 2 cos2x t y t    

  
d d

2cos , 2 2 sin 2
d d

x y
t t

t t
    

  

d 2 2 sin 2 2 2sin cos

d 2cos cos

2 2 sin

y t t t

x t t

t

  
  

 

  

 b 
π

When :
3

t    

  
3 1 2

2 3, 2
2 2 2

x y
   

            
  

  
d 3

and 2 2 6
d 2

y

x

 
     

 
  

  Equation of normal at A is 

  
2 1

( 3)
2 6

y x
 

     
 

 

  6 3 3y x     

  6 2 3 0x y     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 c Substituting for y and x in the normal 

equation: 

  2sin 6 2 cos2 2 3 0t t      

  sin 3cos2 3 0t t     

  2sin 3(1 2sin ) 3 0t t     

  
22 3sin sin 2 3 0t t     

  (2sin 3)( 3sin 2) 0t t     

  

3 2
sin   or  sin

2 3

(2nd option not possible since sin 1)

t t

t

  



 

  
3 π 2π

sin  or 
2 3 3

t t     

  

2π
When :

3

2π 4π 2
2sin 3, 2 cos ,

3 3 2

t

x y



    

  

  which is the same as point A, so l does not 

intersect C other than at point A. 

 

11 a 
1

cos , sin 2
2

x t y t   

  
d d

sin , cos 2
d d

x y
t t

t t
    

  
d cos 2

d sin

y t

x t
     

 

 b 
π 3 3

When : ,
6 2 4

t x y     

  
1
2

1
2

d
and 1

d

y

x
     

  Equation of tangent at A is 

  
3 3

4 2
y x

 
     

 
  

  
3 3

i.e. 
4

y x     
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11 c 1 2 and l l  both have gradient −1 

   values of t at points where the tangents 

cut the curve will be solutions to 

  
cos 2

1
sin

t

t
    

  
21 2sin sint t    

  
22sin sin 1 0t t     

  (2sin 1)(sin 1) 0t t     

  
1

sin  or 1
2

t     

  
π 5π 3π

,  or 
6 6 2

t    

  So lines 1 2 and l l  touch the curve when 

  
5π 3π

 and 
6 2

t t  . 

  
5π 3 3

,
6 2 4

t x y        

  Equation of l1 is  

  

3 3
1

4 2

3 3
i.e. 

4

y x

y x

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

  

  

  
3π

0, 0
2

t x y      

  Equation of l2 is  

  0 ( 0)y x     

  i.e. y x    

 

 


