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Key to mark scheme abbreviations  
 
M mark is for method 
m or dM mark is dependent on one or more M marks and is for method 
A mark is dependent on M or m marks and is for accuracy 
B mark is independent of M or m marks and is for method and 

accuracy 
E mark is for explanation 

or ft or F follow through from previous incorrect result 
CAO correct answer only 
CSO correct solution only 
AWFW anything which falls within 
AWRT anything which rounds to 
ACF any correct form 
AG answer given 
SC special case 
OE or equivalent 
A2,1 2 or 1 (or 0) accuracy marks 
–x EE deduct x marks for each error 
NMS no method shown 
PI possibly implied 
SCA substantially correct approach 
c candidate 
sf significant figure(s) 
dp decimal place(s) 
 
 
No Method Shown 
 
Where the question specifically requires a particular method to be used, we must usually see 
evidence of use of this method for any marks to be awarded. 
 
Where the answer can be reasonably obtained without showing working and it is very unlikely that 
the correct answer can be obtained by using an incorrect method, we must award full marks.  
However, the obvious penalty to candidates showing no working is that incorrect answers, however 
close, earn no marks. 
 
Where a question asks the candidate to state or write down a result, no method need be shown for 
full marks. 
 
Where the permitted calculator has functions which reasonably allow the solution of the question 
directly, the correct answer without working earns full marks, unless it is given to less than the 
degree of accuracy accepted in the mark scheme, when it gains no marks. 
 
Otherwise we require evidence of a correct method for any marks to be awarded. 
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Q Solution Mark Total Comment 
1     

 
h y′(9) =

92
125.0

+
×   (=0.05) 

 

M1  Attempt to find h y′(9). 

 { y (9.25)} ≈ 6 + 0.05  = 6.05 
 

A1  6.05  OE 

 {y(9.5) }  ≈  y(9.25) + )25.9(25.0 /y×     

 
                ≈  6.05 + 

25.92
125.0

+
×  

           
                ≈  6.05 + 0.25 × 0.1983(5…) 

 
m1 

  
Attempt to find y(9.25)+ )25.9(25.0 /y× , 
must see evidence of numerical expression 
if correct ft [0.049(5..)+c’s  y(9.25)] value 
is not obtained. 
 

                  ≈  6.05 + 0.0495(8…..) A1F 
 

 PI;  ft on c’s value for y(9.25); 4dp value 
(rounded or truncated) or better. 
 

 y(9.5) = 6.0996   (to 4 d.p.) A1 5 y(9.5) = 6.0996   
     

 Total  5  
 In this Q1, misreads lose all those A marks that are affected. 
  
  

 
Q Solution Mark Total Comment 

2(a) 
βα + = −4;     

2
1

=αβ   
B1; B1 2 Answers −4 & ½  with LHS missing, look 

for later evidence before awarding B1B1 
(b)(i) ( ) αββαβα 2222 −+=+  M1  PI 

                = 16 − 1 = 15 A1 2 CSO 
(b)(ii) ( ) 2222244 2 βαβαβα −+=+  M1  OE identity enabling direct substitution. 

 
               = 225 − 

4
12 × = 225 −

2
1  = 

2
449  

A1 2 CSO AG  Must see evaluations (eg as 
indicated by either of these two 
alternatives) before the printed answer. 
 

(c) 
S = ( ) 22

22
442

βα
βαβα +

++  
M1  OE identity enabling direct substitution, 

seen or used. 

 
P = ( ) 22

2244 124
βα

βαβα +++  
M1  OE identity enabling direct substitution, 

seen or used. 

 
S = 509,   P = 

4
137  (= 34.25) 

A1F  Both values correct; ft only on βα + =4 

 Quadratic is  25.345092 +− xx (= 0) M1  PSxx +−2  ft c’s vals for S and P. M0 if 
either S = α β+  or P = αβ values 

 013720364 2 =+− xx  A1F 5 ACF of the equation, but must have 
integer coefficients; ft only on βα + =4 

 Total  11  
Alt (b)(ii) ( ) ( ) 2222444 64 βαβααββαβα −+−+=+  (M1) = 256−4×

2
15

−6×
4
1

=256−30−
2
3

= 
2

449  (A1) AG 

 Cand whose only error is βα + = 4 in (a) can score B0B1; M1A0; M1A0; 5 
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Q Solution Mark Total Comment 
3 

( )∑
=

−
60

3

2 6
r

rr  = ∑
=

60

3

3

r

r − 6∑
=

60

3

2

r

r  
 

M1 
 

( )∑ − 62 rr =∑ 3r − 6∑ 2r seen or used 

 
   = ∑

=

60

1

3

r

r − 6∑
=

60

1

2

r

r − 







− ∑∑

==

2

1

2
2

1

3 6
rr

rr  
   

 
  = ∑

=

60

1

3

r

r − 6∑
=

60

1

2

r

r  −   [ 9 − 30 ] 
 

B1 
 

B1 for 







− ∑∑

==

2

1

2
2

1

3 6
rr

rr = 9 − 30 OE   PI  

 
= ( ) ( )22 6160

4
1 −6 ( )( ) )1602(6160

6
1

+× + 21 
M1  Substitution of n=60 into either  

(i) the correct formula ∑
=

n

r

r
1

3 or  

(ii) the correct formula for∑
=

n

r

r
1

2 or 

(iii) the c’s rearrangement of                    

         ( ) ( )( )121
6

61
4
1 22 ++−+ nnnnn  

 = 3348900 − 442860 + 21 = 2906061 A1 4 2906061 
NMS Answer only of 2906061 scores 0/4 

 Total  4  
 

Cand who works with Q as ( )∑
=

−
60

1

2 6
r

rr  can score max of M1B0M1A0 

 
Condone notation ∑

60

1

3r  for ∑
=

60

1

3

r

r  etc 

 
SC :  Let s=r−2;  ( )∑

=

−
60

3

2 6
r

rr  = ( )∑
=

−+
58

1

2 4)2(
s

ss  = ∑
=

58

1

3

s

s − ∑
=

58

1

12
s

s − ∑
=

58

1

116
s

  

(M1 relevant split following expn of (s+2)2(s−4) into the form dcsbsas +++  )( 23 ,  ft wrong coeffs provided at 
least 3 non-zero coefficients.) 

 
= ( ) ( )22 5958

4
1 −12 ( )( )5958

2
1 − 16(58)   (M1 Substitution of n=58 into correct formula for  either ∑

=

n

s

s
1

3 or ∑
=

n

s

s
1

) 

                                                                     (B1 for ∑
=

58

1

116
s

= 16(58)    (=928) ) 

 = 2927521− 20532 − 928 = 2906061   (A1) 
 
 

Q Solution Mark Total Comment 
4 5i(a+bi) + 3(a−bi) + 16 = 8i M1  Use of  i* baz −=  for z = a+bi  OE 

 5ai −5b + 3(a−bi) + 16 = 8i M1  Use of  i2 = −1 
 5ai−5b+3a−3bi+16=8i     A1  5ai−5b+3a−3bi+16=8i    OE  PI 

 3a −5b + 16 = 0,     5a −3b = 8    M1  Equating both the real parts and the imag. 
parts for the c’s eqn. 

 16b = 104  (or 16a = 88   etc) A1  Correct elimination of either a or b from 
two correct equations involving a and b. 
OE   PI 

 
i

2
13

2
11)( +=z  

 
A1 

 
6 

 
ACF isolated, not embedded. 

 Total  6  
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Q Solution Mark Total Comment 
5         (a)  )35)(5(   })5({ ++−+−=+− hhhy  M1  Attempt to find y when  x = −5+h     PI 

 
Gradient =

)5(5
10)2)(5(

−−+−
−+−+−

h
hh  

 
M1 

 
Use of gradient = 

12

12

xx
yy

−
−  OE to obtain 

an expression in terms of h.  
 

= 
h

hh 27 +−   = −7 + h 
 

A1 
 

3 
 
CSO  −7 + h  or  h − 7 

     
(b) As h→ 0, {grad of  line in (a) → grad of 

curve at point (−5, 10)} 
 

E1 
  Lim [c’s(a+bh)]   OE 

h→0  
    NB ‘h=0’ instead of ‘h→ 0’ gets E0 
     
 {Gradient of curve at point (−5, 10) =} −7 A1F 2 ft on c’s  a value only if both Ms have 

been scored in part (a) and a+bh has been 
obtained convincingly. Final answer must 
be −7 not ‘ → −7 OE’ 

     
 Total  5  
  

(b) Note:  E0, A1F is possible. 
(b) OE wording for ‘→’ eg ‘tends to’, ‘approaches’, ‘goes towards’. Do NOT accept ‘=’. 

  
 
 

Q Solution Mark Total Comment 
6         (a) x = 0,    x = −2,    y = 0   B2,1,0 2 OE (eg x+2=0)  B1 for two correct. 

     
(b)(i) 1)( −=y   B1 1  

     
(b)(ii)   

M1 
 

 
A1 

 
 
 
 

2 
 
 

Three branches shown on sketch of C with 
either middle branch or outer two branches 
correct in shape. 
 

All three branches, correct shape and 
positions and approaching correct 
asymptotes in a correct manner. 

     
(c) Critical values: (x+4)(x−2) = 0 M1  PI Valid method to find critical values. 

Condone corresponding inequality. 
Alternatives must reach an equivalent 
stage where critical values can be stated. 

 Critical values are  x = −4,  x = 2 A1  Both correct with no extras remaining. 
Seen or used. 

     
 x ≤ −4,   x ≥ 2 B1  Both inequalities 
     

 −2 < x < 0 B2,1,0 5 B1 if either or both ‘<’ replaced by ‘≤’ 
 Total  10  

(a) Must be equations. If more than 3 equations deduct 1 mark for each extra to a minimum of B0 
  
  

 
  

y 

O x –2 
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Q Solution Mark Total Comment 
7(a)(i) 









−

−
01
10

 
 

B1 
 

1 
 

(a)(ii) 








70
01

 
 

B1 
 

1 
 

     
(b) 









70
01









−

−
01
10

 = 







−

−
07
10

 
M1 

 
A1 

 
 

2 

Multiplication of c’s matrices from (a)(i) 
and (a)(ii) in correct order. 
CAO 

     
(c)(i) 

A2=












+−
−+

933333
333339 = 








120
012

 

    = 12 







10
01

 = 12I 

 
 

 
 

B1 

 
 
 
 

1 

 
 
 
 
Accept either of these two final forms. 

     
(c)(ii) 

A = 



















−

−−

12
3

12
3

12
3

12
3

 12  

 
 

M1 

 

OE  eg 



















−
−

2
3

2
1

2
1

2
3

 32  

 
   = 













120
012










− 



210cos210sin
210sin210cos

 
 

A1 
  

Either order. OE 

     
 Scale factor of enlargement = 12 (= 32 ) B1  OE. If not 12 OE, ft on k  from (c)(i). 
 (line of reflection) xy  tan105=  B1  OE    in form y= ( )xθtan  ACF  
 Combination of enlargement sf 12  and 

reflection in line xy  tan105=  

 
A1 

 
 
 

5 

 
OE CSO Need correct combination of sf 
and eqn and also convincingly shown that 
the matrix corresponds to a combination of 
an enlargement and reflection 

 Altn for M1A1 in (c)(ii)    
 

=




















−
−−

1  1  0  0
1  0  1  0

33
33













+−−
−−−−

=
33       3         3   0
 33     3       3    0  

(M1) 
 
 
 

(A1) 

 Attempting to find the image of vertices of 
a square under A with at least two non-
origin images obtained and correct. 
 
Correct image of square under A (seen or 
used) with evidence of either correct 
length of side of the square or correct 
angle between a side and an axis. 

 Total  10  
(c)(ii) Other correct alternatives’ include eg Enlargement sf  − 12 , reflection in xy  tan15=  
(c)(ii) 

Other acceptable answers for final B mark above include xy  )
12
7tan( π

= ;  

Condone eg xy  tan75−=  ,   xy  )
12
5tan( π

−=  ;   Apply ISW after a correct form is given 
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Q Solution Mark Total Comment 
8(a) 

2
2

4
cos =






 π  

 
B1 

 

2
2

4
cos =






 π  OE  stated or used.  

B0 if any incorrect angle also used. 
Condone degrees or decs (3sf or better) 

     
 

"
4

"2
34

5 πππ
+=− nx ; "

4
"2

34
5 πππ

−=− nx  
M1  OE;  Either one, showing a correct use of 

2nπ  in forming a general soln. ft c’s 
cos−1(√2/2). Condone 360n in place of 2nπ 

     
  

x= 





 ++

34
2

5
4 πππn , x= 






 +−

34
2

5
4 πππn  

 
m1 

 Correct rearrangement of 

αππ
+=− nx 2

34
5  OE to  ........=x , 

where an α  is from c’s  cos α = √2/2. 
Condone 360n in place of 2nπ 

 
x = 

15
724 ππ +n ,   x = 

15
24 ππ +n  

 
A2,1,0 

 
5 

 
OE full set of correct solutions in radians 
in terms of π written in a simplified form. 
(A1 if correct but left unsimplified). 
Accept the simplification retrospectively if 
it appears in (b) 

(b) 
For both 

15
724 ππ +n  and 

15
24 ππ +n , solns. 

in π200 ≤≤ x  come from n=0 to n=12 
inclusive. 

 
 

B1F 

  
 
Values for n, stated or used, ft on c’s 
general solution 

     
 

Sum = ∑
=





 +12

0 15
724

n

n ππ +∑
=





 +12

0 15
24

n

n ππ  
   

 
= ( ) ( )13

15
713

2
12

15
24 ππ

+ + ( )13
2

12
15

24π +
15

13π  

{= ( )131872911872
15

+++
π } 

 
M1,A1 

 
 

 Method for summing; must be using 
correct general solution. PI by correct 
value of k . 
 

 
           = π

15
3848     (ie k =

15
3848 ) 

A1  
4 OE exact value eg π

15
8256  

     
 Total  9  

(a) Form of the answer in m1 line of soln above would score A1.  If it had been simplified to  

x= 





 +

12
72

5
4 ππn , x= 






 +

12
2

5
4 ππn  it would have scored A2 

(a) Simplification requires terms of the form ππ ba + , where a and b are numerical fractions to be combined. 
(a)(b) 

Full correct answer might eg be written as  x = 
15

724 ππ +n ,   x = 
15

2524 ππ +n    

in which case for 
15

2524 ππ +n  solns in  π200 ≤≤ x  would come from n= −1 to n=11 inclusive.  

(b) Identifying and listing all relevant solns.:   (B1F as above); At least 24 of the 26 correct solns  (M1 PI)  

π
15

3848 (OE  A2). If not A2 award A1 for both π
15

1963
 and π

3
377

 seen. 
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Q Solution Mark Total Comment 
9(a)  

 
 
 
 
 

 
B1 

 
B1 

 
 
 

 
2 

Ellipse, ‘centre’ origin with correct values 
for at least two intercepts. 
 
Correct values shown for the four 
intercepts  

(b) 
1

9
)(

16

22

=
+

+
kxx ;  

M1  Replacing  y by (x+k) or by (x−k)  OE 

 22 )(169 kxx ++ =16(9)    

 0144163225 22 =−++ kkxx  A1  A correct quadratic equation in the form 
02 =++ CBxAx , PI by later work. 

 
 )14416)(25(4)32(4 222 −−=− kkACB  M1  ACB 42 −  in terms of k; ft on c’s 

quadratic provided B and C are both in 
terms of k 

 Roots real and different 042 >−⇒ ACB  
0)14416)(25(4)32( 22 >−−⇒ kk  

 
 

A1 

  
A correct strict inequality where k is the 
only unknown 

     
 0)9(252516 22 >+− kk ; )9(259 2 <k  

252 <k ;   55 <<− k  

 
 

A1 

 
 

5 

 
 
CSO   AG 

     
(c) 

1
9

)(
16

)( 22

=
−

+
− byax  

M1  x→ x ± a  and  y → y ± b 

 ( ) ( ) 14421629 2222 =+−++− bbyyaaxx  A1   

 −18a=18;  −32b=−64;  144−9a2−16b2 = c m1  Comparing  non-zero coeffs to form three 
equations.   PI  

 a = −1,  b = 2,  c = 144−9−64 = 71 B2,1,0 5 B1 for two correct values. 
     
 Altn:  cyxyx =−++ 6418169 22     

 cyyxx =−++ )4(16)2(9 22     

 649)2(16)1(9 22 ++=−++ cyx  (M1) 
(A1) 

 (Completing the square)  

 
144

649
9

)2(
16

)1( 22 ++
=

−
+

+ cyx  
 

(m1) 
 

1449
)2(

16
)1( 22 λ+

=
−

+
+ cyx  

 a = −1,  b = 2,  c = 144−9−64 = 71 (B2,1,0) (5) (B1 for two correct values.) 
     

(d) Equations of tangents to E that are parallel 
to y=x  are    y = x + 5  and  y = x − 5   

 
B1 

  
Need both equations. PI by M1 line  

 Tangents to translated ellipse that are 
parallel to y=x are 
 y − b = x − a + 5   and  y − b = x − a − 5    

 
 

M1 

  

 y = x + 8   and  y = x − 2    A1 3 Since ‘Hence’, NMS scores 0/3 
 Total  15  
 TOTAL  75  
 Condone correct coordinates in place of ‘intercepts’. 
  

 
 

y 

x –4 

–3 

4 

3 

O 
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