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  A = 4, B = 2  
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M1 for attempt at substitution 

A1 for correct equation  
M1 for attempt to differentiate  
A1 for all correct 

 

A1 for each 
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M1 for attempt to integrate 

  
–1 each error 

 
 
DM1 for use of limits 
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 (i) 
2
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  Grad at A = 2, perp grad = 

2
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  At A, y = 2 

  Equation of normal: ( )1
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2 −−=− xy  

  C (0, 2.5) 
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M1 for differentiation 

 

M1 for use of m
1
m

2
 = –1  

B1 for y coordinate 
 
DM1 for finding equation of normal  
A1 answer given 

 (ii) B (2,0) 
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[6] 

B1 for coords of B  
M1 for area of trapezium 

  
M1 for attempt to integrate 

A1 all integration correct 

DM1 for correct use of limits 
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12 EITHER 

(i) , leading to      2! 1000r h #
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(ii)  2!2!2 rrhA "#
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leading to r = 5.42 

 

(iv)  
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4!

d

A

r r
# "  

 

+ ve when r = 5.42 so min  value 

 

Amin=554 

 

M1 
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         [2] 

 

M1 

A1 

         [2] 

 

M1 

A1 

DM1 

 

A1 

         [4] 

 

M1 

 

 

A1 

 

A1 

         [3] 

 

M1 for attempt to use volume 

 

 

 

 

M1for attempt to use surface area 

GIVEN ANSWER 

 

 

M1 for attempt to differentiate and 

set to 0 

DM1 for solution 

 

 

 

 

M1 for second derivative method or  

gradient method’ 

 

A1 for minimum, can be given if r 

incorrect but + ve  
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(ii)  Area = xxx d.2cos
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M1 

 

A1 

 

M1 

 

M1 

A1,A1 

         [6] 

 

M1 

 

 

 

A1,A1 

DM1 

 

A1 

         [5] 

M1 for attempt to differentiate 

 

 

 

M1 for setting to 0 and attempt to 

solve 

M1 for correct order of operations 

 

 

 

M1 for attempt to integrate 

 

 

 

A1for each term correct 

DM1 for correct use of limits 

(Trig terms cancel out) 
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9  eliminate y (or x) M1 

  
2

7 42 35 0x x− + =  (or 
2

7 42 49 0y y+ − = )oe A1 

  solve 3 term quadratic M1 

  x = 1 and 5 (or y = –7 and 1) A1 

  find second coordinates M1 

  find mid-point M1 

  use 
AB

m , 
1 2

1mm = −  and coordinates of a point M1 

  
1

3 ( 3)

2

y x+ = − −  or 2 3 0x y+ + = or
1 3

2 2

y x= − −  A1 

    [8] 

 

 

10 (i) 16163

d

d
2

+−= xx

x

y

 B1 

  equate to 0 and solve 3 term quadratic M1 

  4, 0x y= =                      A1 AG 

  

27

256

or    

27

13

9

3

4

== yx  or 9.48 or 9.5 A1 

 

 (ii) integrate M1 

  

4 3

2
8

8

4 3

x x

x− +  A1 

  use limits of 4 (and 0) DM1 

  

3

1

21  or 21.3  A1 

    [8] 

 

 

11 (i) plot xy against 1/x with linear scales M1 

  xy 4.5 3.24 2.82 2.64 

  1/x 0.5 0.25 0.17 0.125 A2, 1, 0 

 

 (ii) attempt at gradient using plotted points DM1 

  5 0.2±  A1 

  intercept 2 0.1±  B1 

  (or A1 if calculated from y mx c= + ) 

  use Y mX c= + in correct way M1 

  
2

5 2

y

x x

= + or 
2

5 2x

y

x

+

=  or 
1 5

2y

x x

⎛ ⎞
= +

⎜ ⎟
⎝ ⎠

 A1√ 

 

 (iii) read from graph or substitute in formula to find x M1 

  2.5 0.2x = ±  A1 

  1.6 0.1y = ±  A1 

    [11] 
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6 [6] 

 

Uses x,y or equivalent correctly in either equation 

 

 πx
2

 + πy
2

 = 29π / 2                and                2πx + 2πy = 10π 

 

Eliminate one variable      [x
2

 + ( 5 – x )
2

 = 14.5]                 

 

Correctly substitute into formula or factorise  3 term quadratic [ 4x
2

 – 20x + 21 = 0 ]   

 

 1.5, 3.5 

 

 

 M1 

 

A1  A1 

 

 M1 

 

 M1   

 

 A1 

 

7 [6] 

 

(i)  BC  = ( k – 6 )i + 15j         (may be implied) 

 

      ( k – 6 )
2

 + 15
2

 = 25
2

                      ⇒                   k = 26   ( ignore  – 14 ) 

 

(ii) AB  = 4i + 6j      [ or AC  = ( k – 2 )i + 21j ]     or grad 6/4    or ratio 6:4 
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    λ  =  2.5    or    µ  =  3.5     or   ν   =  1.4   or  x step =10  or solve sim equations 

                                                                                                   from y=mx+c  

   k = 16  

  

B1  
M1  A1 

 
 

B1 

 

 

 

 

 

M1 

 

A1 

 

8 [7] 

 

   A  :  x < 6 

 

   x
2

 – 11x + 28 = 0   ⇒    ( x – 4 )( x – 7 ) = 0    ⇒    x = 4, 7 

 

  B  :  4 < x < 7 

 

  (i)    4 < x < 6                                  (ii)   7 ≤ x < 10 

 

If integers used allow sc1 for (i) {5}  and sc1 for (ii) {7, 8, 9} 

 

B1 

 

M1 A1 

 

 

M1A1 M1A1 

 

9 [7] 

 

 (i)  ( a  = ) sin ( t / 2 )            ×  ( – 4 ) 

 

      When  t = 1,    a  ≈  – 1.92 

 

 (ii)  (s  = ) sin ( t / 2 )             × 16 

 

     At P,  v = 0, t = π                                OP   =  16

2

sin16
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⎛ t
                           

 

M1 A1 

 

A1√ 

 

M1 A1 

 

 

B1 A1√ 

 

10 [9] 

 

 (i)  At X,  y = 0, x = 16 

 

     dy / dx  =  x 
-1/2

                                ×4×½      – 1  

 

 ( dy/dx )            =  0           ⇒             at M,  x = 4,  y = 4 

 

 (ii)  xxd4

∫
  =  x 

3/ 2

      ×4×⅔    or  ×4 ÷ 3/2
               

( ) 2/d
2

xxx −=−

∫
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8
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−
xx
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B1 cso 

 

M1  A1 

 

M1  A1 

 

 

M1 A1 B1 

 

 

 

A1 
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12 EITHER 

 

 (i) y = 4 sin 2x + c  
  passes through ⎟

⎠

⎞
⎜

⎝

⎛
7,

4

π

, c = 3 

 
 (ii) 5 = 4 sin 2x + 3 

  0.5 = sin 2x 

  x = 

12

π5

,

12

π

 

 
 (iii) ∫

12

12

5

π

π

 4 sin 2x + 3dx 

  [ ]

12

12

5

32cos2
π

π

xx +−  

  = π + 2 3  

  Shaded area = π + 2 3 – 

3

5π

 

    (= 1.37) 

 

 

M1 

M1 

 

A1 

[3] 

 

M1 

M1 

 
A1 

√A1 

[4] 

 

M1 

 

 

A1 

DM1 

 

 

M1 

 

A1 

[5]

 

 

M1 for attempt to integrate 

M1 for attempt to get c provided a 

function of sin 2x is used 

 

 

 

M1 for attempt to equate to 5 and solve 

M1 for a correct method to find x 

 
 

√A1 on first solution 

 

 

M1 for attempt to integrate 

 

 

 

DM1 for correct use of limits 

 

 

M1 for area of rectangle 

12 OR 

 

 (i) y = 2e
3x

 – 12x + c 

 

  Passes through (0, 1), so c = –1 

 

 

 (ii) 6e
3x

 – 12 = 0 

  leading to x = 

3

1

ln 2 and y = 3 – 4 ln 2 

  (allow (0.231, 0.227) 

 

 (iii) 
2

2

d

d

x

y

 = 18e
3x

, always +ve so min 

 

 (iv) at (0, 1), gradient = –6 

  tangent : y – 1 = –6(x – 0) 

 

  when y = 0, x = 

6

1

 

 

 

M1, A1 

 

M1, A1 

[4] 

 

M1 

 

A1, A1 

[3] 

 

M1, A1 

[2] 

 

 

M1 

 

DM1 

A1 

[3]

 

 

M1 for attempt to integrate,  

condone omission of c 

M1 for attempt to obtain c 

 

 

M1 for attempt to solve 

 

 

 

  
M1 for a complete, correct method 

 

 

 

M1 for attempt to get equation of 

tangent at (0, 1) 

DM1 for substitution of y = 0 
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12 EITHER 

 (i) amplitude = 1 

 

 (ii) period = 6π, 18.8 

 

 (iii) 

2

1

3

sin =⎟

⎠

⎞
⎜

⎝

⎛ x
, 

2

5

,

2

ππ

=x  

 

 (iv) Area under curve 

 x

x

d

3

sin1

2

π5

2

π

∫ ⎟

⎠

⎞
⎜

⎝

⎛
+  =

2

5π

2

π3

cos3
⎥
⎦

⎤

⎢
⎣

⎡
−

x

x  

 

B1 [1] 

 

B1 [1] 

 

M1 

A1, A1 

 [3] 

 

 

M1 

B1, B1  

 

 

 

 

 

 

M1 for attempt to solve correctly 

A1 for each (allow degrees here) 

 

 

 

M1 for attempt to integrate 

B1 for x, B1 for 3cos

3

x

−  

  leading to 2π + 3 3  

 Area of rectangle = 

2

3

2

π

2

π5

×⎟

⎠

⎞
⎜

⎝

⎛
−  

   = 3π 

 Shaded area = 3 3  – π (2.05) 

 

DM1 

 

M1 

 

  
A1 

 [6] 

DM1 for correct use of limits 

 

M1 for attempt at rectangle plus subtraction – 

must be working in radians 

  
 

 

Alternative solution: Shaded area 

 x

x

d5.0

3

sin

2

π5

2

π

∫ ⎟

⎠

⎞
⎜

⎝

⎛
− =

5π

2

π

2

0.5 3cos

3

x

x− −

⎡ ⎤

⎢ ⎥
⎣ ⎦

 

 

M1 

M1 

B1, B1 

DM1, A1 

 

M1 for subtraction (must be using radians) 

M1 for attempt to integrate 

B1 for 0.5x− , B1 for 3cos

3

x

−  

DM1 for correct use of limits 
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12  EITHER 

 

  (i) integrates to find y M1 

   )(e2
2

1

c

x

+  A1 

   substitute (0, 5) into cky

x

+=
2

1

e  M1 

   c = 3 A1 

   (y-coord of Q is ) 2e + 3 A1√ 

 

  (ii) uses y = mx + c M1 

   y = x + 5 A1 

   y = ex + 3 A1 

   solve linear equations  M1 

   

1e

2

−

=x  A1 

     10 

 

 OR 

 

  (i) A (0, 6) B1 

   

x

x

y
2

1

e

2

1

d

d

=  B1 

   uses m
1
m

2
 = –1 M1 

   B (3, 0) B1√ 

 

  (ii) Integrates for area below curve M1 

   x

x

52e
2

1

+  A1 

   uses limits of 0 and x
B
 M1 

   13 + 2e
1.5

 or 21.96 or 22 A1 

   Area rectangle = 3(e
1.5

 + 5) or 28.4(4..) M1 

   Area = e
1.5

 + 2 or 6.45 to 6.5 A1 

     10 

 


