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1 (i) 
2

1

32

)1(3

2

1 −

+ xx  

 

 

 

 (ii) 2x cos2x – 2x
2

 sin2x 

B1,B1 

 

 
 

[2] 

 

M1 

A2,1,0 

[3]

B1 for 
2

1

3

)1(

2

1 −

+ x  

B1 for  × 3x
2

 

  
M1 for attempt to differentiate a product 

–1 each error 

2 (i) 1 + 18x + 135x
2

… 

 

 

 (ii) (1 × –5) + (18 × –3) + (135 × 1)  

    = 76 

B1,B1 

[2] 

 

M1,A1ft 

A1 

[3]

B2, 1, 0   –1 for each error 

 

 

M1 for a correct method using their (i) 

A1ft on their 3 terms unsimplified 

3 (k – 2)
2

 – 4(2k – 4) 

 k
2

 – 12k + 20 = 0 

 

 critical values 2 and 10 

 k Y 2 and k [ 10 

M1 

A1 

M1 

A1 

A1 

[5]

M1 for use of discriminant 

for 3 term quadratic in k 

M1 for attempt to solve quadratic 

A1 for critical values 

A1 for range 

4 (i), (ii) and (iii)  

 

 

 

 

 

 (b) (i) {9,10,11,12,13,14} 

  (ii) {5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,

   20} 

  (iii) x or { } 

B1 

B1 

B1 

[3] 

 

 

B1 

B1 

 

B1 

[3]

B1 for each correct Venn diagram 

 

 

 

 

 

Or equivalent 

Or equivalent 

5 3x
3

 + 17x
2

 + 18x – 8 = 0 

 f(–2) = 0   (or other roots) 

 (x + 2)(3x
2

 + 11x – 4)(= 0) 

 (x + 2)(3x – 1)(x + 4)(= 0) 

 

 x = –2, –4, 
3

1  

M1 

M1 

M1 

DM1 

 

B1, A1 

 

[6]

M1 for simplification = 0 

M1 for attempt to find a root 

M1 for attempt to obtain quadratic factor 

DM1 for obtaining linear factors or use of 

quadratic formula 

B1 for first solution  

A1 for the other pair 
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11 EITHER 

 

 (i) 

x

y

d

d

 = 
4

1
2

ln2)(

x

xxx
x

−

 

  
3

ln21

x

x−

=  

  when 

x

y

d

d

 = 0, ln x = 
2

1 , x = e
2

1

, y = 

e

2

1

, 

  y = 

e2

1

 

 

 (ii) 
( ) ( )

6

2
2

3

2

2

3ln21

d

d

x

xxx

x

y
x

 −−−

=  

  = 
4

ln65

x

x+−

 

 

 (iii) when x = e
2

1

, 
2

2

d

d

x

y

is –ve 

  (= 
2

e

2−

), max 

 

  
B3,2,1,0 

 

 

  
M1 

A1 
 

A1 

[6]  
M1  
A1, A1 

[3]  
M1  
A1 

[2]

 

  
–1 each error 

 

  
M1 for attempt to solve 

x

y

d

d

 = 0 

 

 

  
M1 for attempt at 2

nd

 derivative  
A1 for a, A1for b 

  
M1 for a correct method   
A1 must be from correct working only 

11 OR 

 (i) y = 3sin ( ) ( )cx ++  
2

π
2  

  5 = 3sin π + c, c = 5 

  y = 3sin ( )
2

π
2 +x  + 5 

 

 
 (ii) cos ( )

2

π
2 +x  = 0 

  x = 0, 
2

π , π 

  
 (iii) when x = 

4

3π , y = 5 

  

x

y

d

d

 = 6 

 

  normal y – 5 = –

6

1

( )
4

3π
−x  

  ⎟

⎠

⎞
⎜

⎝

⎛
+−= 39.5

6

1

xy  

 

M1, A1 

M1,  
 

A1 

[4] 

 

M1 

A2,1,0 

[3] 

 

M1  
M1  
DM1 

 
 
A1 

[4]

 

M1 for sin ( )
2

π
2 +x  

M1 for attempt to find c 

 

 
 

M1 for attempt to solve 

x

y

d

d

 = 0 

 

 

 
M1 for attempt to obtain y 

M1 for attempt to obtain 

x

y

d

d

 and perp 

gradient 

DM1 for attempt at straight line 

 
 
(Must have (i) correct) 
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1 Gradient –2 B1 

 y intercept 15 B1 

 152
3

2

+−= x

x

y

 M1 

 
25

152 xxy +−=  A1√ [4] 

 

 

2 (i) 40320 B1 

 

 (ii) 

( )12345

45678

××××

××××

 or 

!3!5

!8

×

 M1 

  56 A1 

 

 (iii) uses 5, 4 and 3 only M1 

  60  A1 [5] 

 

 

3 (i) f(1) = 0 M1 

  b = 5 – a only A1 

 

 (ii) Finds f(2) and f(3) M1 

  substitute b = 5 – a or  a = 5 – b M1 

  2a – 22 or a – 11 (–2b – 12 or –b – 6) A1 

  both correct  A1 [6] 

 

 

4 (a) p
2

 + (2p)
2

 = 1 or cot x = 2 B1 

  

5

1

=p  or 5 cosec cot1 cosec
22

=⇒+= xxx  B1 

  5 cosec =x  or 

5

1

=p  B1√ 

 

 (b) cot
2

 x – tan
2

 x oe B1 

  cosec
2

 x – 1 – (sec
2

 x – 1) or other relevant use of Pythagoras M1 

  Correctly reaches conclusion 

xx

22

cos

1

sin

1

−  A1 [6] 

 

 

5 
2

1

322

−

+ xx  B1+B1 

 
2

3

162

−

− x  B1+B1 

 Equate to 0 and solve M1 

 4=x  A1 

 144=y  A1 [7] 
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9 (i) ( ) ( ) 4124

2

1

124

d

d
2

1

2

1

×+=+

−

xx

x

 or ( ) ( ) 4124

2

1

124

d

d
2

3

2

1

×+

−

=+

−−

xx

x

 B1 

 

  Uses quotient rule or product rule  M1 

 

  
( ) ( )( )

1 1

2 2

4 12 2 2 4 12

4 12

x x x

x

−

+ − + +

+

 or ( ) ( )( )

31

2 2

4 12 2 2 4 12x x x

− −

+ − + +  A1 

  Express with common denominator of ( )4 12

n

x +   M1 

  

( )

( )

3

2

2 4

 

4 12

x

x

+

+

 or 2k =   A1 

 

 (ii) 

( )2 1

4 12

x

kx

+

×

+

  M1 

  uses both limits correctly on 
( )2

4 12

C x

x

× +

+

  M1 

  
9

16

 oe A1 [8] 

 

 

10 (a) (i) 2log log
p p

X Y−     or   
8

log
p

p   M1 

   8  A1 

 

  (ii) 

log

log

p

p

X

Y

  A1 

   1.5  A1 

 

 

 (b) (i) 
2

log 3

2 3=     or     
5

2 3
z−

=     or    
2 2

log 32 log 3+  B1 

   
5

2 3×                                    or    
2

log 96   M1 

   96  A1 

 

  (ii) ( )
9

2

512 2=  or ( )

9

2

512 4=  or 
log 512

log 4

x =  B1 

   

9

4

4  B1 [9] 

 

 

11 (a) 0.85   B1 

 

  Subtract from π   M1 

 

  2.29   A1 
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5 (a) 
( )2 2 1 3

3 3

x x−

=  

  
 
4 2 3x x− =  

   
  

2x =  

 

 

 (b) 
2

a b
−

 or 
2

b

a

 (allow here) 

  1 2, =−= qp  

B1  

B1  

B1  

 [3] 

 

 

B1 

B1 

 [2] 

 

B1 for 
( )2 2 1

3

x−

 

B1 for 
3

3
x

 

B1 for 2x =  

 

 

 

B1 for each 

6 f (3),  f ( 5) or f (0.5) 0− =  spotted 

 Either ( )( )15212
2

−+− xxx  

 Or  ( )( )3725
2

+−+ xxx  

 Or  ( )( )5923
2

−+− xxx  

B1 

M1 

A1 

M1 

B1 for spotting one root 

M1 for attempt to obtain quadratic factor 

A1 all correct 

M1 for solution of quadratic 

   x = 3, –5, 0.5 A2,1,0 

 

 [6] 

 

A2 for all 3 solutions (–1 each error) 

Correct factors only – lose 1 A mark 

7 (i) 
3 3 3

3 e e e
x x x

x + −  

  =
3

3 e
x

x  

M1, A1, B1

 

 [3] 

 

M1 for attempt to differentiate a product.   

A1 for correct product. 

B1 for 
3

e

x

−  

 (ii) 

3

3 3
1 e

e d e

3 3

x

x x

x x x

⎛ ⎞

= −⎜ ⎟

⎝ ⎠

∫  

DM1 

DM1 

A1 

 [3] 

 

DM1 for recognition of the ‘reverse’ to (i) 

DM1 for dealing with ‘3’ 

A1 all correct (condone omission of c) 

8 (i) 

( ) ( )

( )
2

2

2

9

2229

d

d

+

−+

=

x

xxx

x

y

 

( )
2

2

2

9

218

+

−

=

x

x

, turning points, 

x = ± 3 

 

 

B2,1,0 

 

 

M1 

 

A1  

 [4] 

 

 

Attempt to differentiate a quotient  

–1 each error 

 

M1 for correct attempt to find the turning 

points.   

A1 for both 

 

 (ii) 
d

2

d

x

t

=   

  
d 16

2

d 100

y

t

⎛ ⎞
= ×

⎜ ⎟
⎝ ⎠

 

  = 0.32 or 
8

25

 

 

B1  

 
M1 

  
A1 

 [3] 

 

B1 for use of 
d

2

d

x

t

=   

 
M1 for use of rates of change 
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5 (a) 
( )2 2 1 3

3 3

x x−

=  

  
 
4 2 3x x− =  

   
  

2x =  

 

 

 (b) 
2

a b
−

 or 
2

b

a

 (allow here) 

  1 2, =−= qp  

B1  

B1  

B1  

 [3] 

 

 

B1 

B1 

 [2] 

 

B1 for 
( )2 2 1

3

x−

 

B1 for 
3

3
x

 

B1 for 2x =  

 

 

 

B1 for each 

6 f (3),  f ( 5) or f (0.5) 0− =  spotted 

 Either ( )( )15212
2

−+− xxx  

 Or  ( )( )3725
2

+−+ xxx  

 Or  ( )( )5923
2

−+− xxx  

B1 

M1 

A1 

M1 

B1 for spotting one root 

M1 for attempt to obtain quadratic factor 

A1 all correct 

M1 for solution of quadratic 

   x = 3, –5, 0.5 A2,1,0 

 

 [6] 

 

A2 for all 3 solutions (–1 each error) 

Correct factors only – lose 1 A mark 

7 (i) 
3 3 3

3 e e e
x x x

x + −  

  =
3

3 e
x

x  

M1, A1, B1

 

 [3] 

 

M1 for attempt to differentiate a product.   

A1 for correct product. 

B1 for 
3

e

x

−  

 (ii) 

3

3 3
1 e

e d e

3 3

x

x x

x x x

⎛ ⎞

= −⎜ ⎟

⎝ ⎠

∫  

DM1 

DM1 

A1 

 [3] 

 

DM1 for recognition of the ‘reverse’ to (i) 

DM1 for dealing with ‘3’ 

A1 all correct (condone omission of c) 

8 (i) 

( ) ( )

( )
2

2

2

9

2229

d

d

+

−+

=

x

xxx

x

y

 

( )
2

2

2

9

218

+

−

=

x

x

, turning points, 

x = ± 3 

 

 

B2,1,0 

 

 

M1 

 

A1  

 [4] 

 

 

Attempt to differentiate a quotient  

–1 each error 

 

M1 for correct attempt to find the turning 

points.   

A1 for both 

 

 (ii) 
d

2

d

x

t

=   

  
d 16

2

d 100

y

t

⎛ ⎞
= ×

⎜ ⎟
⎝ ⎠

 

  = 0.32 or 
8

25

 

 

B1  

 
M1 

  
A1 

 [3] 

 

B1 for use of 
d

2

d

x

t

=   

 
M1 for use of rates of change 
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5  (i) 
4

96

12

x

x −  oe B1+B1 

 

  (ii) uses x

x

y

y ∂×=∂

d

d

 with x = 2 M1 

   Substitute ∂x = 0.04 DM1 

   0.72 A1 

     5 

 

 

6  (i) f(x) A 2 B1 

 

  (ii) Method for inverse M1 

   (x – 2)
2

 + 3 or x
2

 – 4x + 7 A1 

 

  (iii) g(5) or gf(x) 

( )

2

32

12

+

−+

=

x

 B1 

   4.4 only B1 

     5 

 

 

7  (i) 4.5 B1 

 

  (ii) –9 B1 

 

  (iii) log X + log Y M1 

   15 A1 

 

  (iv) 

Y

X

log

log

 M1 

   1.5 A1 

     6 

 

 

8  (i) 27 – t
2

 B1 

   2t × (27 – t
2

) B1 

 

  (ii) 
2

654

d

d

t

t

A

−=  B1  

   Solve 0

d

d

=

t

A

 M1 

   t = 3 A1 

 

  (iii) Substitute for t in expression for A M1 

   A = 108 only A1 

   completely correct method and maximum B1 

     8 

 

 


