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Question Working Answer Mark Spec 

Ref 
Notes 

1 ( ) ( )22 4 0 2 3 4 2 0b ac p p− > ⇒ + − × × − >   M1 
 

2B 
 

 

 ( )( )24 20 9 0 2 1 2 9 0p p p p⇒ + + > ⇒ + + >  
1 9critical values  ,  
2 2

p = − −  

 M1 A1 
 
 

2A Substitutes into discriminant > 
0 and forms 3TQ 
 

  9 1 , 
2 2

x x< − > −  M1A1 
(5) 

 Accept 9 9 OR 
2 2

x x< − > −    oe 

                     Total 5 marks 
 

Question Working Answer Mark Spec 
Ref 

Notes 

2 (a) 23 9 6a t t= − +   23 9 6t t− +  M1A1 
(2) 

9C  

(b) ( )( )23 9 6 0 3 6 1 0 1,2t t t t t− + = ⇒ − − = ⇒ =       1, 2t =  M1A1 
(2) 

2A  

(c) 

( )

( )

( )

( )24 3 22 3 2

1
1

9 9 66 3 d 3
2 4 6 2

t t ts t t t t t
 

= − + + = − + + 
 

∫  
 M1A1 

 
9C Ignore any limits shown 

4 3 4 3
2 22 3 2 1 3 13 2 3 2 3 1 3 1

4 2 4 2
5.25

s

s

   × ×
= − + × + × − − + × + ×   
   

=

 
 
 
 

5.25s =  (oe) 

M1 
    
 
   A1 

(4) 
 

  

Total 8 marks 
 



 

Question Working Answer Mark Spec 
Ref 

Notes 

3 21         
2

l r A rθ θ= × = × ×       d 0.03
d
l
t
=   

 
 
 
 
 
 
 
  0.43 
( )2cm / s  

 
 

10A 
 

 

2 21     
2 2

l l lr A θ
θ θ θ

 = = × × = 
 

 
B1 

 
9A 

 
Accept both formulae 

with either    or  
3
πθ   

d
d
A l
l θ
=  

M1 
 

  

( )2d d d 150.03 0.42971... 0.43 cm / s
d d d 3

A l A
t t l π= × = × = ≈  M1A1ftA1 

(5) 
9G  

ALT 
 21         

2
l r A rθ θ= × = × ×       d 0.03

d
l
t
=     

 
 
 
 
 
 
0.43 
( )2cm / s  

 10A,9A  

d d d d d 3 0.09   0.03
d 3 d d d d

l r l r r
r t t l t

π
π π

= = × ⇒ = × =   
B1 9G Both formulae with 

either    or  
3
πθ  

2 21 d d d d 0.09    0.03
2 3 6 d 3 d d d 3

A r A A r rA r r r
r t r t

p p p p
p

= = Þ = = ´ = ´ =   
M1M1  

When l =15, r = 45
p

 hence d 450.03 0.4297...
d
A
t p

= ´ =   
A1ftA1   

                                                                                                                                                                                                                Total 5 
marks 

 

 

 



 

Question Working Answer Mark Spec 
Ref 

Notes 

4 ( ) ( ) ( )2 2 2de sin 3 2e sin 3 3e cos 3
d

x x xyy x x x
x

= ⇒ = +   M1A1A1 
 

9A 
9B 

 

( ) ( ) ( )2 2 2d d 1 d2 3e cos 3 3e cos 3 2 e cos 3 2
d d 3 d

x x xy y yy x x y x y
x x x

  ⇒ = + ⇒ = − ⇒ = −    
 

 M1  For finding an expression 
for  ( )2e cos 3x x  or 
method to eliminate 

( )2e cos 3x x  term. 

( ) ( ) ( ) ( )
2

2 2 2 2
2

d 2 2e sin 3 3e cos 3 3 2e cos 3 3e sin 3
d

x x x xy x x x x
x

   = + + −     
 M1  Second derivative 

( ) ( ) ( ) ( )
2

2 2 2 2
2

d d d2 3 2e cos 3 3e sin 3 2 6e cos 3 9e sin 3
d d d

x x x xy y yx x x x
x x x

 = + − = + −   
 M1  Collecting terms only 

2 2

2 2

d d 1 d d d d2 6 2 9 2 2 4 9
d d 3 d d d d

y y y y y yy y y y
x x x x x x

 = + × − − ⇒ = + − − 
 

 
 M1  Substitution of d

d
y
x

 and 

( )2 1 de cos 3 2
3 d

x yx y
x

 = − 
 

 2

2

d d 4 13 0   cso
d d

y y y
x x

⇒ − + =  
 A1 

(8) 
 

ALT  

( ) ( ) ( )2 2 2de sin 3 2e sin 3 3e cos 3
d

x x xyy x x x
x

= ⇒ = +  

( )2 1 de cos 3 2
3 d

x yx y
x

  = −  
  

 

 M1A1A1 
 
 

M1 

  

( ) ( ) ( )
2

2 2 2
2

d d d2 3e cos 3 2 3 2e cos 3 3e sin 3
d d d

x x xy y yy x x x
x x x

 = + ⇒ = + −   
 M1M1   



( ) ( )
2

2 2
2

2 2

2 2

d d2 6e cos 3 9e sin 3
d d
d d d d d2 2 4 9  4 13 0  *  cso
d d d d d

x xy y x x
x x
y y y y yy y y

x x x x x

⇒ = + −

⇒ = + − − ⇒ − + =

 

 
 
 
 
 

 
 

      
M1A1 

 
         (8) 

  
 
 
 

Total 8 marks 
 

 

 

 

 

Question Working Answer Mark Spec 
Ref 

Notes 

5 (a)  3r = −       B1 
    (1) 

4A Because 3 0 3x x+ = ⇒ = −   

(b) 5 5 3When 0,   5
3 3

qx q
r

×−
= = ⇒ = = −   

When y = 0, 5 5 0 2
2

p p− = ⇒ =   

 
 

2, 5p q= = −   

 
 
M1A1A1 

(3) 

4A  

(c) Parallel to x-axis, 2y =   
 

2y =  
 

B1 
(1) 

4A  

Total 5 marks 
 

 



Question Working Answer Mark Spec 
Ref 

Notes 

6 (a) 

( )( )30

30,   3
30 2 3 30 1 3 1395
2

n a

S

= =

= × + − × =
  

 
ALT 
Last term  30 3 90l = × =   

[ ]30
1 30 3 90 15 95 1395
2

S = ´ + = ´ =  

 
 

1395 

 
 

M1A1 
(2) 

 
 
 

[M1A1 
(2)] 

 
5A,5B 

 
 

(b) ( )( ) 22 3 1 3 4000 3 3 8000 0
2
n n n n× + − × > ⇒ + − >  

 M1A1 
 

5B 
 

 

 
( )23 3 4 3 8000

51.142... (discard negative root)
2 3

n
− ± − × × −

= =
×

  

 
 
 
 

n = 52 

 
 
M1A1 

(4) 

 
 
 
2A 

 

                                                                                                                                                                                                           Total 6 marks 
 

 

 

 

 

 

 



Question Working Answer Mark Spec 
Ref 

Notes 

7 (a) ( ) ( )( )( ) ( )( )( )3 22 3 2 32 8 3 2 3 2 8 12 6x x x x x x x− = + − + − − = − + −   
2 38 12 6x x x− + −  M1A1 

(2) 
6A  

(b) (i)  

( ) ( ) ( )
( ) ( )2 3

1
2

1 1 1 1 32 2
1 2 2 2 2 21 2 1 2 1 2
2 2! 3!

x x
x x x

      − − −              + = + = + + + 
 

 

  
 

M1A1 
 

 
 
6A 

 

( )
2 3

1 2 1
2 2
x xx x+ = + − +   

 

2 3

1
2 2
x xx+ − +  

A1 
 

  

(ii)         1
2

x „          B1 
(4) 

 
 

Accept
1
2

x <  

(c) 
( )

2 3
2 3 21 8 12 6 8 4 10

2 2
x xx x x x x x

 
+ − + − + − = − − 

 
 

 
4,   10A B= − = −   

 
M1A1 

(2) 

 
6A 

 

(d) 
( )

0.2
0.2 2 2 3

0.1
0.1

108 4 10  d 8 2 0.71666... 0.717
3

x x x x x x − − = − − = ≈  ∫   
 

0.717  
 

M1M1A1 
(3) 

9C  

Total 11 marks 
 

 

 

 

 



 

Question Working Answer Mark Spec 
Ref 

Notes 

8  ( ) ( ) ( ) ( )2 1 2 2 6 3 2 2 2 8 4 2 2 6 3 4 4y x y x y x+ − + −= ⇒ = ⇒ + = −   M1A1 
 

1B 
 

 

2 2
2 4 2 2

2

log loglog log 1 log 1 log 1
log 4 2

x xy x y y= + ⇒ = + ⇒ = +  
 M1 

 
1B 
 

M1 – for change of base 
 

2
2 2 2 22 log log 2 log log 2y x y x⇒ = + ⇒ = +  

 M1 
 

 M1 – for 2
2 22 log logy y=   

 
( )2 2 2

2 2 2 2 2log log log 4 log log 4 4y x y x y x⇒ = + ⇒ = ⇒ =   B1M1A1 
 

 B1 – for 216 log 4=   
M1 – for combining the logs 
A1 – for the final correct 
equation 
 

Solves the simultaneous equations  2 4   and 6 3 4 4y x y x= + = −   
2 26 3 4 6 7 0y y y y+ = − ⇒ − − =   M1 3C  

 
( )( )2 6 7 7 1 0 7,   1y y y y y− − = − + = ⇒ = −   

 

 M1 A1 
 
 

  

 
 (discard negative root) 

( )22 7 49
4 4 4
yx x= ⇒ = =   

 
 

7
49   oe
4

y

x

=

=
 

 
 
 

A1 
 
 

(11) 

 
 
2A 
 
 
 

 
 
 
 
 
 

Total 11 marks 
 



 

Question Working Answer Mark Spec 
Ref 

Notes 

9 (a) 1 132
1 3 1
U US

r r∞ = ⇒ =
− −

 
 B1 

 
5B 
 

 

1 1
14
3

U U r+ =  
 B1 

 

( ) ( ) ( )( )1 1
32 14 32 141 ,    1 1 1
3 3 3 3

U r U r r r= − + = ⇒ − + =  
 M1 

 

( )( ) 2 214 14 9 31 1 1
32 32 16 4

r r r r r− + = ⇒ − = ⇒ = ⇒ =  
3
4

r =  M1A1 
 

1
1

32 8
33 31
4

U U= ⇒ =
−

  1
8   *
3

U =  

cso 

   A1 
(6) 

 
(b) 15

15

8 31
3 4

10.5241208... 10.524131
4

S

  −     = = ≈
−

  

 
 

10.5241 

 
 

M1A1 
(2) 

5B  

(c) 

( ) ( )
1 1

0.04

8 3 3 30.04 0.015 1 lg lg 0.015
3 4 4 4

n
n n

U

n
− −

<

     × < ⇒ < ⇒ − <     
     

 

  
 

M1M1 
 

5B 
 

 

 
lg 0.0151 15.598... 16
lg 0.75

n n n− > ⇒ > ⇒ =  

 
                16 

 
A1A1 

(4) 

 
1B 

 
A1 for 15.598...   seen 
A1 for n = 16 

Total 12 marks 
 



Question Working Answer Mark Spec 
Ref 

Notes 

10 (a) o4 tan 60 4 3GN = =  *   
M1A1 

(2) 

 
10B 
1C 

 

(b) 
( ) ( )34 3Vol = 8 12 9 360 3 623.538... 624 cm

2
+ × = = ≈  

 
624 cm3 

 
M1A1 

(2) 

 
10C 

 

(c) 

( )

2 2

2

9 8 145

145 4 3 193 13.892... 13.9

FH

AH

= + =

= + = = ≈
 

 
 

13.9 cm 

B1 
 

M1A1 
(3) 

 
10C 

 

(d) Required angle is GDN∠   

1 o4 3sin 29.9142... 29.9
193

GDN −  
∠ = = ≈  

 
  

 
 

29.9º 

M1 
 

M1A1 
(3) 

 
10C 

 

(e) Angle required is GBF∠   

( )
( )

2
2

2
2

4 3 4 64 8

4 3 12 8 3

BG

FB

= + = =

= + =
  

 

  
 
 
 

M1A1 
 

 
10C 

 

( )2
2 2

1 o
8 8 3 8

cos 30
2 8 3 8

GBF −

 + − ∠ = = × × 
 

   
 

       30º 
 

M1A1 
(4) 

ALT     BGF∆  is isosceles 
1
2 192 3cos 30

8 2
FBG FBGÐ = = Þ Ð = o   

  
 
M2A2 

(4) 

  

Total 14 marks 



 

Question Working Answer Mark Spec 
Ref 

Notes 

11 (a) 2d 93 6
d 4
y x x
x
= − −  

 
 
 
 
 
 
 
 

            
2 7

2
x ±
=  

M1 
 

9A 
9B 

 

2 293 6 0 4 8 3 0
4

x x x x− − = ⇒ − − =  
A1 

 
  

( ) ( ) ( )28 8 4 4 3 2 7
2 4 2

x
− − ± − − × × − ±

= =
×

 
M1 

 
  

2 7Hence stationary points
2

x ±
⇒ =  

A1 
(4) 

  

(b) ( ) ( )( )( ) 3 2 2 3f 2 2 2x x a x a x a x ax a x a= + − − = − − +               
 
 
 
 
 
 
 

3
2

a =  

M1A1 
 

3B 
 

 

4 3 2 2
3 2 2 3 322 2  d 2

4 3 2

a
a

a
a

x ax a xA x ax a x a x a x
−

−

 
= − − + = − − + 

 
∫  

M1M1A1 
 

9A 
9C 

 

4 4 4 4 4 4 4
4 42 2 82 2

4 3 2 4 3 2 3
a a a a a a aA a a

   
= − − + − + − − =   
   

 
M1A1 

 
  

427 8 3
2 3 2

a a= ⇒ = ±    
  M1A1 

(9) 
 

 
 

 

(c) 
( ) 3 2 2 2 3 2 9 27f 2 2 3

4 4
x x ax a x a x x x= − − + = − − +   ( ) 3 2 9 27f 3

4 4
x x x x= − − +   

+ conclusion C and S are 
the same 

 
M1A1 

(2) 

3B  

Total 15 marks 
 


