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Question 1 

   
(a)  19

1 22962269
4

1 230 (3 d.p.)
π
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(b)  48 108 4 3 6 3 10 3+ = + =  

 
(c)  ( ) ( )24 1 2 1 2 1x x x− = − +  
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1
6 3 2 3 13

3
27 3 3x x x x x

x
− − −= × × = =  
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( ) 3
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° = + ° = − ° = −  
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x x
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1 if 0
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   ∴ + − − = − + − + − + = −  
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Question 2 

   
(a) (i) ( ) ( )2 6 3 2x x x x− − = − +  

 (ii) 

( )
23 4 7

3 7 21 4, 21

x x

a b ab

+ −
× − = − ⇒ + = = −

 

( ) ( ) ( ) ( )2 23 4 7 3 7 3 7 3 7 3 7 1 3 7x x x x x x x x x x+ − = + − − = + − + = − +  

 
 (iii) ( ) ( ) ( ) ( ) ( ) ( )3 23 3 2 28 27 2 3 2 3 2 2 3 3 2 3 4 6 9a a a a a a a a − = − = − + × + = − + +

 
 

(b) (i) ( ) ( )2 24 4 ( )f x x x f x− = − − = − =  

 (ii) 0 2y≤ ≤  
 (iii) 

 
(c)  22 5 1 0x x− + =  

 (i) 5

2
α β+ =  

 (ii) 1

2
αβ =  

 (iii) 
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5
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1
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α β
α β αβ

×+
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cot sec sin sin 1
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Question 3 

   
(a) (i) 1 2 1

3 6 3ABm
− −= =
− −

 

 (ii) ||

4 4

0 3 3
4 1
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3 3
3

AB CD

CD

AB CD m m

d d
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d
d

d

⇒ =
− −= = −
−
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 (iii) 

( )
1 1( )

1
2 6 3 6 6

3
3 0

ABy y m x x
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x y
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 (iv) 
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 (v) ( ) ( )
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3 6 1 2 81 9 90 3 10
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 (vi) ABCD is a trapezium 

Area = ( )1

2
d CD AB⊥× × +  

1 9
4 10 18

2 10
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sin sin 35 11 5sin 35 11

sin 0 960324
5 3 3

73 48 ,106 12

θ θ

θ

′ ′° °= ⇒ = ⋅
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(c) (i) OD OC AC OC= ⇒ = . 2DCO x∴∠ =  (Exterior angle theorem) 

 (ii) 2 180 4CDO x COD x∠ = ⇒ ∠ = −  

( )180 180 4 3DOB x x x∴∠ = − − + =  (Straight angle) 
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Question 4 

   
(a) (i) ( )4 33 4 7 12 4

d
x x x

dx
− + = −  

 (ii) ( )3 4
3 4

2 6
2 6

d d
x x

dx x dx x
− −  = = − = − 
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 (iii) ( )
3 1

2 2
3 3

2 2

d d x
x x x x

dx dx

 
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(b) (i) ( ) ( ) ( )( )
( ) ( )

( ) ( ) ( )( )

5 53 3

5 42 3

4 42 2

4 3 5 5 4 3

15 4 3 5 5 4 3 4

5 4 3 3 4 3 20 5 32 9 4 3

dy d d
x x x x

dx dx dx

x x x x

x x x x x x x

= − × + × −
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= − − + = − −  

 

 (ii) ( ) ( ) ( ) ( )
( )

( ) ( )
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2 2

2
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1 2 2 1

1

1 2 2 2 2

1 1

d d
x x x xdy dx dx

dx x
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x x
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+
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(c)  At 1 20, ,x x x=  the tangents are horizontal so 0y′ =  

For 0x < , 1 2x x x< <  y  is increasing so 0y′ >  

For 1 20 ,x x x x< < >   y  is decreasing so 0y′ <  

A possible graph could be 

 
(d)  2

2

2 4

5 5 5x

x dy x dy
y

dx dx =
= ⇒ = ∴ =  

So the tangent has a gradient of 4 5 , so the normal has gradient 

5 4−  

So the normal has equation ( )4 5
2

5 4
y x− = − −  

( )20 16 25 2 25 20 66 0y x x y− = − − ∴ + − =  

(e) (i) ( ) ( )2
2 4 3 4 12 4 1 3k k k∆ = − × × = − = −  

 (ii) Real roots if ( )0 4 1 3 0 1 3k k∆ ≥ ⇒ − ≥ ∴ ≤  

 



 
Question 5 

(a) (i) Vertex is midway between focus and directrix 
(0,1)V  and so 3a =  

 
 
 
 
 
 
 
 
 
 

 
 (ii) Focal length = 3a =  

 (iii) ( ) ( ) ( )
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x h a y k x y

x y
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(b)  2 3 4
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4

1

log log log 1

log 1 log 1

a a a
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b b b

b b
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b

a b

a b

+ − =

 ×∴ = ⇒ = 
 
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(c) (i) ∵QS bisects PQR RQS SQP x∠ ⇒ ∠ = ∠ =  
2QSR SQP SPQ x x x∠ = ∠ + ∠ = + =  

So |||QSR PQR∆ ∆  (equiangular) 
[ 2 , ]PQR QSR x QPR SQR x∠ = ∠ = ∠ = ∠ =  

 (ii) Let , ,a PR b SR c QS= = =  
6 36

6

PR QR a
b

QR SR b a
= ⇒ = ⇒ =  

2
310 64

6

PR PQ a
c

QR QS c a
= ⇒ = ⇒ =  

Now QS = SP ( QSP∆  is isosceles) and PR SP SR= +  

2

So

36 64
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PR a b c

a a
a a

a PR

= = +
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(d) (i) 
In BAC∆  cos cos

AB
AB x

x
θ θ= ⇒ =   

 (ii) 
In ABD∆    ( ) 2cos cos cos cos cos

BD
DB AB x x

AB
θ θ θ θ θ= ⇒ = = =  

 (iii) 2 2 2cos (1 cos ) sinDC BC BD x x x xθ θ θ= − = − = − =  
2 2sin cos 1θ θ+ =∵  
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