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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.  
 
Otherwise we require evidence of a correct method for any marks to be awarded. 
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Q1 Solution Mark Total Comment 

(a) The interval of integration is infinite B1 1 OE.  Do NOT apply ISW 

     

(b) 
(I=)  x

x
x

d  
e

1 

 


 =   xx x d  e 1

 

 

   

1 xu ,   x

x

v  e
d

d
 

(I)  =   )(d ee 1 
  xx xx

 

 

 

 

 

 

M1 

  

 

 

1
d

d


x

u
,  

xv  e  used in correct 

integration by parts formula.  

PI by next line ie correct integration 

     

       =   xxx   e e 1   (+c)     

 xx  e  

A1    xxx   e e 1   OE 

     

  

x
x

x
d  

e

1 

1 





= 
a

 lim
  xx x

a

d  e 1
  

1 

  

 

 

M1 

 Evidence of limit   having been replaced 

by a (OE) at any stage and 
a

 lim
 seen 

or taken at any stage with no remaining 

lim  relating to 1. 

 
= 

a

 lim
   1e e    aa  

   

                   =   
1e     0      =  

1e  
 A1 4 Be convinced 

 Total  5  

  
(b) 

May see integral split, ie xx x d  e 
 

 



 
 xx d e = 

  xx xx d ee 
 xx d e  = 

xx  e . For the 

first M1 mark, apply the main scheme, with xu   following a correct split.  
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Q2 Solution Mark Total Comment 

  DO NOT ALLOW ANY MISREADS IN THIS QUESTION 
     

 
05.1)5.12(3.01 k   










20

21
 

B1  Correct exact value for 1k  seen or used 

     

 
 








 05.18log 

2

1
3.2 3.0 22k  

      







 ...1779.3 

2

1
3.2 3.0   

 

M1 

  

 





 122  sc'17log 

2

1
3.02 3.0 kk

 seen or used 

     

       = 1.166(687…) A1  1.166 , 1.166… ,  1.167  PI by later correct 

evaluation(s) 

     

 
 3.2( y =)    ....166.105.1

2

1
1   

 

           ( = 2.108(3…) ) 

 

dM1 

 
  value sc' value  sc'

2

1
1 21 kk   seen 

or used.  If not seen, ft evaluation must be 

correct to at least 4sf. 

     

            = 2.108 (to 4sf) A1 5 CAO  Must be 2.108 

 Total  5  

  
 

Any change of base must be carried out correctly eg 
2ln

ln
log2

N
N    or  

2log

log
log

10

10
2

N
N   
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Q3 Solution Mark Total Comment 

 Aux eqn  01062  mm  

0109)3( 2 m  

 

M1 

 Completing the square or using quadratic 

formula OE on correct aux. eqn. PI by 

correct value of ‘m’ seen/used. 

     

 ( i3m  ) )( CFy   xBxAx cossine3   A1  Correct CF. 

     

 cbxaxy  2

PI    ) (  M1  Correct general form for particular integral 

If other term(s) included, candidate needs 

to show the corresponding coefficient is 0. 

     

 )'( PIy bax 2 ;    )''( PIy a2     

  
2

2

2034

(10)262

xx

cbxaxbaxa




 

dM1  Dep only on the 2
nd

 M1 above. 

Substitution into LHS of DE.  PI by at 

least two correct equations in next line. 

 

     

 2010 a ;   341012  ba ;  

01062  cba  

 

A1 

  

Three equations at least two correct, seen 

or used 

     

 2a , 1b , 1c ; 12  ) ( 2

PI  xxy  A1  2a , 1b , 1c   or 12 2  xx   

     

   12cossine  )( 23

GS  xxxBxAy x
 A1 7 Correct expression for the general solution 

     

 Total  7  
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Q4 Solution Mark Total Comment 

     

 









 .......

18
139 44 x

k
kx  

 

B1 

 Correct first two terms in the expansion of 

49 kx  seen or used. 

OR    















46

4

87

93

xx

kx
 

 
   4644

4

937938

99

kxxkxx

kx






 seen or used. 

 
 
46

84

46

4

87

18

3

87

93

xx

xOx
k

xx

kx





















 

   

 

                          = 

 

87

18

3

2

4





x

xO
k

 

 

M1 

 Dividing numerator and denominator by 
4x  to get constant term in each, leading to 

a finite limit. Must be at least a total of 

three ‘terms’ divided by 
4x .  

     

 

0

 lim

x 144

3

87

93
46

4 k

xx

kx

















 

 

A1 

  

Correct expression in terms of k for the 

value of the limit. OE  seen or used. 

 

2

3

32

1

144

3
 k

k
 

 

A1F 

 

4 

 

OE  Dep on no incorrect power of x seen 

after division by x
4
 above.  

Only ft on the sign error leading to B0









 ...

18
139 44 x

k
kx  which 

would lead to  
2

3
k  OE 

 

 Total  4  

  
Example 

 
46

84

46

4

87

18

3

87

93

xx

xOx
k

xx

kx





















  (B1) = 

 

87

18

3

2

2





x

xO
k

  (error seen in power of x )  (M1) 

 

0

 lim

x
……. 

144

3k
   (A1) 

2

3

32

1
 k   (A0)   
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Q5 Solution Mark Total Comment 

(a) 5sin23  rr      523  yr  M1  yr sin  used at any stage. 

 22 )25(9 yr      

 
222 )25()(9 yyx     M1  22 yxr    used to form a Cartesian 

equation. 

   )45(259
22  yx  A1    

22 259 yx constant 

or  0252059 22  yyx  

or 0x , 025205 2  yy  OE 

     

 (Tangents parallel to coordinate axes:) 

5x , 5x , 1y , 5y  

 

A2,1,0 

 

5 

 

A2 all four correct; A1 any two correct. 

     

(b)  
1

9

2

5

22





yx

;   5a  ;  3b  
 

M1 

 Finding semi-axes with at least one value 

correct; seen or used 

 (Area =)       35π  A1   

 
(Area =) )(d 

2sin3

5
  

2

1 π2

0

2

 












 

 

M1 

  

Seen or used 

 
   ( 

 


π2

0 2
d 

2sin3

1



 )  π

25

56
  

 

A1 

 

4 

 

ACF but must be exact. 

 Total  9  

(a) 
For the A1 accept eg     

22 2
5

9
yx constant and accept other equally equivalent forms 

(a) Using differentiation can be applied to any suitable form of the Cartesian eqn of the ellipse. 

(b) Altn    

 2
2

sin23

1

2

1


r  to a Cartesian eqn using correct (polarCartesian) conversion formulae (M1) 

 sin23

2


r     Cartesian eqn  

5

18

5

22
 59

2

2 













 yx    (A1) 

 

5

2
a  ;   

25

18
b ;     (M1  Finding semi-axes with at least one value correct; seen or used)  

(Area =)     
25

18

5

2
π ;     

( 
 


π2

0 2
d 

2sin3

1



 )  π

25

56
   (A1 as in main scheme) 
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Q6 Solution Mark Total Comment 

(a)  


x

u

d

d
xyx

x

y

x

y 2

2

2

eccoscot 
d

d

d

d
  

M1 

 

 

 

A1 

 Product rule used to differentiate xy cot

or quotient rule used to differentiate y/tanx 

 


x

u

d

d
xyx

x

y

x

y 2

2

2

eccoscot 
d

d

d

d
  OE 

 
  

x

y
xx

x

y

d

d
tancot

d

d
2

2

 

          =  xyuxxy
x

u
cottaneccos

d

d 2   

 

 

  

 
          = xuxy

x

u
tan)1ec(cos

d

d 2   

          = xuxy
x

u
tancot 

d

d 2   

   

 
2

nd
 order DE 0tan

d

d
 xu

x

u
 

 

A1 

 

3 

 

AG  Be convinced 

     

(b) 

  )(d tan)(d 
1

xxu
u

 
M1  Separation of variables or IF= xsec  

  Axu ln  coslnln   A1  
xu coslnln   or    0sec

d

d
xu

x
 OE 

 
 xAu cos  coscot

d

d
xAxy

x

y
  

 

M1 

 
Equating c’s non-zero u to xy

x

y
cot

d

d
  

 
IF = 

  xx d cot

e    
M1 

 

 PI 

      = 
xsinlne xsin  A1   

 
  xxAxy

x
cossinsin

d

d
  

 

dM1 

  

 
)(  sin

2
sin 2 Bx

A
xy   

A1  OE Correct integration of  xx cossin  eg 

x2sin5.0   or  x2cos5.0   or 

x2cos25.0  

 
When 

6

π
x , 0y ,  3

d

d


x

y
, 3u  

A = 2 ,   25.0B  

 

 

A1 

  

 

Correct value for one of the constants of 

integration. Dep only on 1
st
 M1 as could 

be found from xAu cos  

 

x
xy

sin4

1
sin   

 

A1 

 

9 

 

Correct expression for y in terms of xsin  

 Total  12  
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Q7 Solution Mark Total Comment 

(a) Aux eqn  0442  mm  

  02
2
m  

 

M1 

 Factorising or using quadratic formula OE 

on correct aux eqn. PI by correct value of 

‘m’ seen/used. 

 )( CFy  
xBAx 2e )(   A1   

     

 Try  )( PIy  xbxa 2cos2sin   M1  Correct form for PIy used. If other term(s) 

included, candidate needs to show the 

corresponding coefficient is 0 

 )'( PIy xbxa 2sin22cos2  ;     

)''( PIy xbxa 2cos42sin4   

   

     

 

xxxbxa

xbxa

xbxa

2cos82sin4)2cos2sin(4

)2sin22cos2(4

2cos42sin4







      

 

 

dM1 

 Correct substitution into DE, dep on 

previous M only.  PI by correct a  and b  

seen or used. 

 
48  b ; 88 a   1a ,  

2

1
b  

 

A1 

 Finding correct coefficients for particular 

integral. PI by next line 

     

 
  xxBAxy x 2cos

2

1
2sine )(    2

GS  
 

 

A1 

 

6 

 

Correct GS with two arbitrary constants. 

     

(b) 
When 0x , 

2

1
y ,  0

d

d


x

y
   

  0f 15.05.0  BB  

 

 

M1 

  

  5.00f   OE used with c’s GS as far as 

finding a value for one of the arbitrary 

constants.  

     

    0f 0022  ABA  

 

M1    00f  OE used with c’s GS as far as 

finding a value for the remaining arbitrary 

constant. 

     

 
  )f (  xy xxx 2cos

2

1
2sine 2 

 
 

A1 

 
xxx 2cos

2

1
2sine 2 

  OE 

PI by the next line 

     

 
( 









6

π
f  =) 

4

1

2

3
e 3

π




 
 

A1 

 

4 

 

ACF but must be exact with no trig fns 

 Total  10  

(b) Altn for the two M1 marks :  Relevant expansions of 
x2e
,  x2sin , x2cos  used and coefficients of 

0x  or x  

equated;  relevant equations are 5.05.0 B ,  022  BA    and a value for the arbitrary constant must 

be found as in main scheme. 

  

(b)   60f   used as far as finding a value for an arbitrary constant is an OE for M1;  [ 6244  BA ] 
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Q8 Solution Mark Total Comment 

(a) 4sec2 r ;    22
tan1 r    Eliminating   to reach a cubic equation in 

    411
2
 rr  M1  r , or eliminating r  to reach a cubic 

equation in tan  or 2cos  or 2sin . 

 0422 23  rrr  A1  Correct cubic in r or tan  or 2cos  or 

2sin eg 03tantantan 23    

PI by factorised form 

    022 2  rr  A1  Correct factorisation of correct cubic. 

eg 0)3tan2)(tan1(tan 2  

or stating the roots exactly or to at least 2sf 

 022 r  so (only value of) r is 2  

E1 

 Showing that cubic equation in r or tan  

or 2cos  or 2sin  has only one 

relevant root. eg 03tan2tan2    

has no real root ( )0)3(422   so

4

π
1tan    only (allow 3sf dec)   

 
When 2r , only value of   is 

4

π
 so 

single point of intersection   ( 








4

π
 ,2P ) 

with OP = 2. 

 

 

 

E1 

 

 

 

 

5 

 

Showing that there is only one point of 

intersection which is at a distance 2 from 

the pole. Values must be exact and 

previous 4 marks must have been scored 

     

(b)  0 ,1A      (or r = 1, 0 ) B1  May be indicated on the diagram. 

PI by use of both 1OA  and limit 0. 

Condone (0,1) if later used as r=1 or 

0   

 
Area    POAOAP sin2 

2

1
  

 

M1 

 
   POA sin2 

2

1
  OE 

 
Area 

2

1
OAP  

 

A1 

  

OE….must be in an exact form. 

 (Area bounded by OP, arc AP and OA) 

       =   
)

4

π
(

)0(

2
tan1

2

1
  d  

 

M1 

 
 Use of  d 2

 rk  ,  0k  

 
       =   4

π

0

2 tan2tan1
2

1
  d  

 

B1 

 

 

 

Correct expansion, correct limits and 

k=0.5 

 
       =  

0

4/π
secln2tan 

2

1
   

 

M1 

  

Correct integration of 2tan  

 
       2ln21

2

1
  

 

A1 

 

 

 

OE….must be in an exact form. 

 
(Required area)  

2

1
2ln1

2

1
  

 

A1 

 

8 

 

OE….must be in an exact form. 

 Total  13  

(a) eg 01cos2cos8cos16 246    (A1);  eg 0)2cos16)(5.0(cos 42   (A1); 

 eg 09sin34sin40sin16 246   (A1); eg 0)9sin16sin8)(1sin2( 242    (A1); 
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Q9 Solution Mark Total Comment 

(a) 
  ...

5432
1ln

5432 yyyy
yy   

  ...
5432

1ln
5432 yyyy

yy   

 

M1 

 

 

 

 

 

 

 Expansions for each attempted with at 

least one expansion correct up to 
5y  term 

or at least two of the three terms in the 

next line. 

 
    53

5

2

3

2
21ln1ln yyyyy   

 

A1 

  

 (valid for)  11  y  B1 3 or  1y  . 

     

(b) 
   22

2

2

1ln1ln
1

1
ln xxxx

xx

xx












  
 

M1 

 
BA

B

A
lnlnln 








 used at any stage 

     

  B1    23 111 xxxx   seen or used 

         xxxx  1ln1ln1ln1ln 33   A1  Seen in grouped form or used with (a) 

     

 
..

5

2

3

2
2 1593  xxx









 ..

15
..

9
..

3
..2

1593 xxx
 

 

 

dM1 

 

A2,1,0 

 

  

 

c’s (a) used for y as x and x
3 

 

A2…At least 5 of these 6 terms seen/used 

A1…At least 4 of these 6 terms seen/used 

[Combined terms would lead to 

1593

15

4

9

4

3

4
xxx   ] 

  Coefficient of 
36 rx :  

                   
12

2

r
 

36

2




r
=  

36

4

r
 

 

 

A1 

 

 

7 

 

 

Dep on previous 6 marks scored. 

Either  
36

4

r
 or 

)12(3

4

r
 

 Total  10  

 TOTAL  75  

(a) If eg x is used instead of y in answer(s), then maximum penalty is 1 mark  

(b) Candidate who uses expns of ln(1+X) for both X=(x+x
2
) and X=(-x+x

2
) must go as far as X

15
 

  

 




