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Question 
Number Scheme      Marks 

   
1. 8 3i, 2iz w= + = −    
   

(a) ( ) ( ){ }8 3i 2i 8 5iz w− = + − − = +  8 5i+ B1 
  [1]
   

(b) ( )( ){ }8 3i 2i 6 16iz w = + − = −  Either the real or imaginary part is correct. M1 
6 16i− A1 

  [2]
   3
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Question 
Number Scheme      Marks 

   

2.  
2 1

, 3
3 5

k k+⎛ ⎞
= = +⎜ ⎟− −⎝ ⎠

A B A I  
  

   

(i)(a) 
2 1 1 0

3 3
3 5 0 1

k k+⎛ ⎞ ⎛ ⎞
= + = +⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠

B A I  

For applying 3 .+A I  
Can be implied by three out of four 

correct elements in candidate’s final 
answer. Solution must come from 

addition.

M1 

   
 2 4

3 2
k k+⎛ ⎞

= ⎜ ⎟− −⎝ ⎠
 Correct answer. A1 

  [2]
   

    (b) B is singular ⇒  det 0.=B   
   
     2(2 4) ( 3 ) 0k k− + − − =  Applies " "ad bc− to B and equates 

to 0 
M1 

  
      4 8 3 0k k− − + =  
  
       8k = −  8k = − A1cao 
  [2]
   

   (ii) ( )
2
3 , 2 1 5 ,
4

⎛ ⎞
⎜ ⎟= − = − =⎜ ⎟
⎜ ⎟
⎝ ⎠

C D E CD   

  
 

( )
2 4 2 10
3 2 1 5 6 3 15
4 8 4 20

−⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟= − − = − −⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠

E  
Candidate writes down a 3 3× matrix. M1 

Correct answer. A1 

  [2]
      6
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Question 
Number Scheme      Marks 

   

3.  4 31f ( ) 3
2

x x x x= − + −        

    
(a) f (2) 1= −  

f (2.5) 3.40625=  
Either any one of f (2) 1= −  or 

f (2.5) awrt 3.4= M1 

 
Sign change (and f ( )x is continuous) therefore a 
root α exists between 2x =  and 2.5x =  

both values correct, sign change and 
conclusion A1 

  [2]
    

(b) { } { }345
512f (2.25) 0.673828125 2 2.25α= = ⇒  f (2.25) awrt 0.7=  B1 

    

 
f (2.125) 0.2752685547...

2.125 2.25
= −

⇒ α
 

Attempt to find f (2.125) M1 
f (2.125) awrt 0.3= −  with 

2.125 2.25α  or 2.125 2.25< <α  
or [ ] ( )2.125, 2.25 or 2.125, 2.25 .  

A1 

   [3]
    

(c) { }3 2f ( ) 2 3 1 0x x x′ = − + +  
At least two of the four terms 

 differentiated correctly. M1 

Correct derivative. A1 
  
 ( )13

32f ( 1.5) 1.40625 1− = =    f ( 1.5) awrt 1.41− = B1 

{ }f ( 1.5) 12.5′ − = −   
  
 

2
"1.40625"1.5
" 12.5"

⎛ ⎞
= − − ⎜ ⎟−⎝ ⎠

β  
Correct application of Newton-Raphson 

using their values. M1 

  
 1.3875= −     ( )31

801= −   -1.3875 seen as answer to first iteration, 
award M1A1B1M1 

 

  
 1.39 (2dp)= −  1.39− A1 cao 
  [5]
  10
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Question 
Number Scheme      Marks

   
4. 2 2f ( ) (4 9)( 2 5) 0x x x x= + − + =    

(a) 2 3i 3i(4 9) 0 ,
2 2

x x+ = ⇒ = −  

An attempt to 
solve

2(4 9) 0x + =
which 

involves i. 

M1 

3i 3i,
2 2

−  A1 

 2( 2 5) 0x x− + =
2 4 4(1)(5)

2(1)
x

± −
⇒ =  Solves the 

3TQ M1 

  
 2 16

2
x

± −
⇒ =  

  
 1 2ix⇒ = ±  1 2i± A1 
  [4]
  

(b) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Any two of 
their roots 

plotted 
correctly on a 

single 
diagram, 

which have 
been found in 

part (a). 

B1ft 

Both sets of 
their roots 

plotted 
correctly on a 

single diagram 
with 

symmetry 
about 0.y =

B1ft 

  [2]
  6
 Method mark for solving 3 term quadratic: 

1. Factorisation 
2( ) ( )( ),  where , leading to x =x bx c x p x q pq c+ + = + + =  

2( ) ( )( ),  where  and , leading to xax bx c mx p nx q pq c mn a+ + = + + = = =  

  
2. Formula 
 Attempt to use correct formula (with values for a, b and c). 
 
3. Completing the square 

2
2Solving 0 :     ,     0,    leading to x =...

2
bx bx c x q c q⎛ ⎞+ + = ± ± ± ≠⎜ ⎟

⎝ ⎠
  

 

   

O x 

y 
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Question 
Number Scheme      Marks 

 Ignore part labels and mark part (a) and part (b) together  

5. 
3: 3 , , : 6 4 15H x t y L y x
t

= = = −    
  

(a) H L= ⇒
36 4(3 ) 15t
t

⎛ ⎞ = −⎜ ⎟
⎝ ⎠

 

An attempt to substitute 

 3x t=
3and y
t

= into L M1 A1 

Correct equation in t.  

 2 218 12 15 12 15 18 0t t t t⇒ = − ⇒ − − =  
  
 24 5 6 0t t⇒ − − =   * Correct solution only, involving at least 

one intermediate step to given answer.  A1 cso 

  [3]
   

(b) { }( 2)(4 3) 0t t− + =  A valid attempt at solving the quadratic. M1 
  
 3

42,t⇒ = −   Both 3
42 andt t= = − A1 

  

 

When 2 ,t =  
3 33(2) 6, 6,
2 2

x y ⎛ ⎞= = = ⇒ ⎜ ⎟
⎝ ⎠

 

When 3 ,
4

t = −  

( )3
4

3 9 3 93 , 4 , 4
4 4 4

x y⎛ ⎞ ⎛ ⎞= − = − = = − ⇒ − −⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠
 

An attempt to use one of their t-values 
to find one of either x or y. M1 

One set of coordinates correct 
or both x-values are correct. A1 

Both sets of values correct. A1 

  [5]
  8
   

(b) Alt Method:   An attempt to eliminate either x or y from 9xy =  and 6 4 15y x= −   
 1st M1:  A full method to obtain a quadratic equation in either x or y.  
 1st A1:  For either 24 15 54 0x x− − =   or  26 15 36 0y y+ − =  or equivalent.  
 2nd M1:  A valid attempt at solving the quadratic.  
 

2nd A1:  For either 
96,
4

x = −   or  
3 , 4
2

y = −  
 

 
3rd A1:  Both 36,

2
⎛ ⎞
⎜ ⎟
⎝ ⎠

and 9 , 4
4

⎛ ⎞− −⎜ ⎟
⎝ ⎠

. 
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Question 
Number Scheme      Marks 

   

6. 
0 1 2 3

,
1 0 1 4

⎛ ⎞ ⎛ ⎞
= =⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠

A B   
  

    

(a) 
0 1 2 3
1 0 1 4

⎧ ⎫⎛ ⎞⎛ ⎞⎪ ⎪= =⎨ ⎬⎜ ⎟⎜ ⎟−⎪ ⎪⎝ ⎠⎝ ⎠⎩ ⎭
P AB  =P AB , seen or implied. M1 

  
 

 
1 4
2 3

⎛ ⎞
= ⎜ ⎟− −⎝ ⎠

P  Correct answer. A1 

  [2]
   

(b) { }det 1( 3) (4)( 2) 3 8 5= − − − = − + =P  Applies " ".ad bc− M1 
  
 

224Area( ) (units)
5

T =  

24
their det P

,dependent on previous M dM1 

24
5

or  4.8 A1ft 

  [3]
   

(c) = ⇒ = ⇒ =-1 -1 -1QP I QPP IP Q P   

   

 
3 41
2 15

− −⎛ ⎞
= = ⎜ ⎟

⎝ ⎠
-1Q P  

= -1Q P stated or an attempt to find .-1P M1 

Correct ft inverse matrix. A1ft 
  [2]
  7
 

Using BA, area is the same in (b) and inverse is  
1 21
4 35

−⎛ ⎞
⎜ ⎟−⎝ ⎠

 in (c) and could gain ft marks.
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Question 
Number Scheme      Marks 

   
7. ( )2 24 , at , 2 .y ax P at at=      

    
(a) 

1 1
2 2

d2
d
yy a x a x
x

−= ⇒ =  

or (implicitly) d2 4
d
yy a
x
=  

or (chain rule) d 12
d 2
y a
x at
= ×  

1
2

d
d
y k x
x

−= ±  

or d
d

yk y c
x
=  

or  
d
d
d
d

their
their

y
t
x
t

M1 

  
 

When 2

2

d 1,
d
y a ax at
x ta ta t

= = = =  

or   d 4 1
d 2(2 )
y a
x at t
= =  

d 1
d
y
x t
= A1 

   

 T:  ( )212y a t x a t
t

− = −  
Applies ( )22 their Ty at m x at− = −  

Their mT must be a function of t from 
calculus.

M1 

  
 T:  2 22ty a t x at− = −  
   
 T:  2ty x a t= +  Correct solution. A1  cso  * 
  [4]
   

(b) At Q, 0x =  ( )
2

0,aty a t Q at
t

⇒ = = ⇒   ( )or 0,y at Q at= B1 

  [1]
   

(c) ( ), 0S a   

   
 

2 2

2 1m( )
0
at a t atPQ

at a t t
− −

= = =
− −

 

 
0m( )

0
at atSQ t

a a
−

= = = −
− −

 

A correct method for finding either m( )PQ
or m( )SQ for their Q or S. M1 

1m( )PQ
t

=  and m( )SQ t= − A1 

   
 1m( ) m( ) 1PQ SQ t PQ SQ

t
× = × − = − ⇒ ⊥  

Shows m( ) m( ) 1PQ SQ× = −  
and conclusion. 

A1  cso 

  [3]
  8
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Question 
Number Scheme      Marks 

   

8. (a) 
1

1(2 1) ( 1)(4 1)
6

n

r

r r n n n
=

− = + −∑   

   

 

1

1

1; LHS (2 1) 1
r

n r r
=

= = − =∑  

1
6RHS (1)(2)(3) 1= =  

1
6 (1)(2)(3) 1=

seen B1 
 As LHS = RHS, the summation formula is true for 1.n =   
   
 Assume that the summation formula is true for .n k=   
   
 

1

1ie. (2 1) ( 1)(4 1).
6

k

r

r r k k k
=

− = + −∑  

   
 With 1n k= +  terms the summation formula becomes: 
   
 1

1

1(2 1) ( 1)(4 1) ( 1)(2( 1) 1)
6

k

r

r r k k k k k
+

=

− = + − + + + −∑  1 1k k kS S u+ += + with
1 ( 1)(4 1).
6kS k k k= + −  

M1 

   
 1 ( 1)(4 1) ( 1)(2 1)

6
k k k k k= + − + + +   

   
 ( )1 ( 1) (4 1) 6 (2 1)

6
k k k k= + − + +  Factorise by 

1 ( 1)
6

k + dM1 

   
 ( )21 ( 1) 4 11 6

6
k k k= + + +  ( )24 11 6k k+ + or 

equivalent quadratic 
seen 

A1 

   
 1 ( 1)( 2)(4 3)

6
k k k= + + +   

   
 1 ( 1)( 1 1)(4( 1) 1)

6
k k k= + + + + −  

Correct completion to
1kS + in terms of 1k +

dependent on both 
Ms.

dM1 

   
 If the summation formula is true for ,n k=  then it is shown to be 

true for 1.n k= +   As the result is true for 1n = , it is now also 

true for all n  and n +∈  by mathematical induction. 

Conclusion with all 4 
underlined elements 

that can be seen 
anywhere in the 

solution

A1  cso 

  [6]
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Question 
Number Scheme      Marks 

   

8. (b) 
3

3
1

(2 1) S S
n

n n
r n

r r
= +

− = −∑   

   
 

1 1.3 (3 1)(12 1) ( 1)(4 1)
6 6

n n n n n n= + − − + −  
Use of  3S Sn n−  or 3 1S Sn n+−   with the 

result from (a) used at least once. 
M1 

Correct un-simplified expression. A1 
  
 { }1 3(3 1)(12 1) ( 1)(4 1)

6
n n n n n= + − − + −   

   
 

{ }2 21 3(36 9 1) (4 3 1)
6

n n n n n= + − − + −  Factorises out 1
6

n or 1
3

n  and an attempt to 

open up the brackets. 
dM1 

   
 { }2 21 108 27 3 4 3 1

6
n n n n n= + − − − +   

   
 { }21 104 24 2

6
n n n= + −   

   
 ( )21 52 12 1

3
n n n= + −  ( )21 52 12 1

3
n n n= + − A1 

 { }52, 12, 1a b c= = = −  [4]

  10
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Question 
Number Scheme      Marks 

   
9. 10 5i= −w    

(a) { }2 210 ( 5) 125 or 5 5 orw = + − = 11.1803... 125  or 5 5  or awrt 11.2 B1 

  [1]
(b) ( )1 5

10arg tanw −= −  Use of 1tan−  or tan  M1 
  
 0.463647609... 0.46 (2 dp)= − = −  awrt -0.46 or  awrt 5.82 A1  oe 
   [2]
 (2 i)( 3i)+ + =z w  

(c) 
10 5i3i
(2 i)

z −
+ =

+
 Simplifies to give complex no.*

(2 i)
=

+ B1 

 (10 5i) (2 i)3i
(2 i) (2 i)

z − −
+ = ×

+ −
 

 

 

Multiplies by their (2 i)
their (2 i)

−
−

M1 

 
20 10i 10i 53i

1 4
z − − −
+ =

+
 

Simplifies realising that a real number is 
needed on the denominator and applies 

2i 1= −  on their numerator expression 
and denominator expression.

M1 

 15 20i3i
5

z −
+ =   

  
 3i 3 4iz + = −        
 3 7iz = −       (Note:  3, 7.)a b= = − 3 7iz = − A1  
  [4]

 arg( 9i )
4

w+ + =
πλ  

(d) 9i 9i 10 5i ( 10) 4iw+ + = + + − = + +λ λ λ   

 arg( 9i )
4

w+ + =
πλ 10 4⇒ + =λ  

Combines real and imaginary parts and 
puts “Real part = Imaginary part” 

 i.e.
10 1

4
λ +

=  or 
4 1
10λ

=
+

 o.e.
M1 

 So, 6= −λ  6− A1 
   [2]
   9

(c) 
Alt 1: Scheme as above: 
  2(2 i) 6i 3i 10 5iz+ + + = −   (2 i) 13 11iz⇒ + = −  

 

 
B1 for  

13 11i
2 i

z −
=

+
;  M1 for 

(13 11i ) (2 i)
(2 i) (2 i)

z − −
= ×

+ −
;  M1 for 

26 13i 22i 11
4 1

z − − −
=

+
; 

 

 A1 for 3 7iz = −   
(c) Alt 2: Let iz a b= +  gives (2 )( i 3i) 10 5ii a b+ + + = −  for B1 

Equating real and imaginary parts to form two equations both involving a and b for M1 
Solves simultaneous equations as far as a= or b= for M1 
a=3, b=-7 or 3 7iz = − for A1 
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Question 
Number Scheme      Marks 

   

10.   ( )
24

3

1

4
r

r r
=

−∑  
  

(i) 2 21 124 (24 1) 4. 24(24 1)
4 2

= + − +  
An attempt to use at least one of the 

standard formulae correctly and 
substitute 24.

M1 

 { }90000 1200= −   
 88800=  88800 A1  cao 
  [2]
   

(ii) ( )2

0

2 2 1
n

r

r r n
=

− + +∑   

 

1 1( 1)(2 1) 2. ( 1) 2 ( 1) ( 1)
6 2

n n n n n n n n= + + − + + + + +  

An attempt to use at least one of the 
standard formulae correctly. M1 

Correct underlined expression. A1 
2 2 ( 1)n n n→ + B1 

1 ( 1)n→ + B1 

 { }21 ( 1) 2 6 12 6
6

n n n n n= + + − + +  
An attempt to factorise out 

1 ( 1)
6

n+  or 
1
6

n . M1 

 { }21 ( 1) 2 7 6
6

n n n= + + +  

  

 
1 ( 1)( 2)(2 3)
6

n n n= + + +  Correct answer. 
(Note:  2, 2, 3.)a b c= = = A1 

  [6]
  8
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