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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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Q1 Solution Mark Total Comment 

  DO NOT ALLOW ANY MISREADS IN THIS QUESTION 
(a) 

 
11

421
2.042.1




y  

M1  Correct substitution into correct formula 

PI 

             = 4.5 A1 2 4.5  OE 

     

(b)        2.1,2.1f2.02)1(    )4.1( yyy    M1 

 

  Seen or used 

 

 
 

12.1

5.422.1
)2.0(244.1




y  

 

A1 

  

OE  PI by 4.990 or 4.989… 

              ...4739.24.04       

            = 4.990 (to 3dp) A1 3 CAO  Must be 4.990 

 Total  5  

  
(b) 

 Eg Treat    
12.1

5.421
)2.0(24




   as a slip scoring  M1 A0 A0 

(x has correctly been explicitly replaced by 1.2 in denominator  but not so in the numerator.) 

If candidate had not shown this form and instead just given y(1.4)=4.953207…. score would be 0/3 

  
(b) 

An OE for the 1
st
 A1 is   

11

2156
2.024


 . 
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Q2 Solution Mark Total Comment 

(a)(i)       00f60f550f   B1    00f   seen or used  

      xxxx f6f56f      

         60f0f60f500f      B1 

 

 AG  Be convinced 

      xxx f6f56f (4)      

       360f60f560f (4)   B1 3 36  

(a)(ii)  

f(x)≈ x(1)+
2

2x  0f  +
!3

3x  0f  +
!4

4x
f

(4)
(0).. 

 

 

 

M1 

  

Maclaurin’s Thm used with   00f  , 

  10f   and c’s non-zero values for at 

least two of  0f  ,   6or  0f  ,  0f (4)
 

leading to three non-zero terms 

 
       = 

43

2

3
xxx   

 

A1F 

 

2 

 

OE  Ft only on c’s  non-zero value for 

 0f (4)
.  

Ignore any extra higher powers of x terms 

     

(b) Aux eqn  0652  mm  

  02)3(  mm  

 

M1 

 Correct factorising or correct substitution 

into quadratic formula OE on correct aux 

eqn. PI by correct values of ‘m’ seen/used. 

 )( CFy  
xx BA 23 ee    A1   

     

 Try  )( PIy  cbxax 2  M1  Correct form for PIy . If other term(s) 

included, cand needs to show the 

corresponding coefficient is 0 

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

     

 53)(6)2(52 22  xcbxaxbaxa

      

dM1  Substitution into DE, dep on previous M 

only.  PI by at least two correct equations 

in next line provided previous M scored. 

 36 a ;   0610  ba ;  5652  cba  A1  OE  At least two correct, seen or used 

     

 
 

2

1
a ;   

6

5
b  ;     

36

49
c         

 

A1 

  

Seen or used; at least two correct 

     

 
)( GSy  

36

49

6

5

2

1
ee 223   xxBA xx

 
 

A1 

 

7 

 

ACF but must be exact 

     

 Total  12  

(a)(i) Condone  equivalent notation for the derivatives 
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Q3 Solution Mark Total Comment 

(a)(i) 
 xsin1ln  =

432

12

1

6

1

2

1
xxxx   

 

B1 

 

 

1 

 

 

(a)(ii)  xsin1ln  +  xsin1ln  = x2cosln  M1  Must be using ‘hence’ otherwise 0/3 

 xsin1ln  +  xsin1ln  = x2cosln  

seen or used. 

 
  xxxxx cosln2...

12

2
0

2

2
0 432   

 

dM1 

 xx cosln2cosln 2   seen or used 

equated to the sum of the c’s expansions 

of  xsin1ln   and  xsin1ln  . Like 

terms need not be combined for this dM1. 

 
42

12

1

2

1
cosln xxx   

 

A1 

 

3 

 

AG  Be convinced.   NMS scores 0/3 

 

(a)(iii) 
  







 


x

x
xx

cos

sin1
lntansecln  

 

M1 

 







 

x

x

cos

sin1
ln    

 =   xx coslnsin1ln   =    

 
42432

12

1

2

1

12

1

6

1

2

1
xxxxxx   

dM1    xx coslnsin1ln   with the two given 

series used correctly. Condone one 

miscopy. 

 
 xx tansecln   = 

3

6

1
xx   

 

A1 

 

3 
3

6

1
xx   .    NMS scores 3/3 

Alt (a)(iii)    xxx sectansecln 


  
   

    xxxx tansectansecln 


  
   

   

xxx

xx

23 tansecsec                           

'
tansecln






 
 

(M1) 

 3rd derivative of  xx tansecln   

attempted using product or quotient rule 

with at least 2
nd

 derivative correct 

  xx tansecln    

       = 
! 3

0)0(sec0
3

2 x
kxx  ,  where 

    0
'

tansecln  sc' 


 xxk ,   0k  

 

 

 

(dM1) 

  

 

 

 

 
 xx tansecln   = 

3

6

1
xx   

 

(A1) 

 

(3) 
3

6

1
xx   

(b) 

 










352

tansecln

xx

xx
 = 

3

3

52

....
6

1

xx

xx





 

 

M1 

  

Using a series expansion for 

 xx tansecln   in the given function 

 

0

 lim

x
 

 










352

tansecln

xx

xx
 

                    = 
0

 lim

x
 

)(2

)(1
2

2

xO

xO




  

 

 

 

dM1 

 

  

 

 

Must see at least one ‘O(x
2
)’ or kx

2
 term 

after division by x to get a constant term in 

both the numerator and the denominator. 

 
                    = 

2

1
 

 

A1F 

 

3 

ft only on c’s (a)(iii) = x + p x
n
  ,  

integer n >1 .  No other errors seen 

 Total  10  
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Q4 Solution Mark Total Comment 

(a) 

x

y

d

d
=

x

t

d

d

t

y

d

d
 

 

M1 

 
OE Relevant chain rule eg 

t

y

d

d
 =

t

x

d

d

x

y

d

d
  

 
 

x

y

d

d
=

t

yt

d

d
e

         
 

A1 

 

 OE eg 
t

y

d

d
=  e

 t
 

x

y

d

d
    or  

x

y
x

d

d
 = 

t

y

d

d
  etc 

 

2

2

d

d

x

y
= 

x

t

d

d







 

t

y

t

t

d

d
e

d

d
 

 

M1 

 
OE eg  

2

2

d

d

t

y
= 

t

x

d

d









x

y
x

x d

d

d

d
 

     

 









 

2

2

2

2

d

d
e

d

d
e 

d

d

d

d

t

y

t

y

x

t

x

y tt
 

 

dM1 

 Product rule (dep on both previous Ms) 

OE  
2

2

d

d

t

y
= 










2

2

d

d

d

d

d

d

x

y
x

x

y

t

x
 

 









 

2

2
2

2

2

d

d

d

d
e

d

d

t

y

t

y

x

y t
 

  

2

2

d

d

t

y
= 

t

y

d

d
2

2
2

d

d

x

y
x  

 

t

y

t

y

x

y
x

d

d
 

d

d

d

d
2

2

2

2
2   

 

A1 

 

5 

 

CSO  Condone answer left as RHS=LHS 

     

(b) DE becomes    

 
ty

t

y

t

y
e 105

d

d
4

d

d
 

2

2

  
 

B1F 

 Ft on c’s integer n value ie 

        
ty

t

y
n

t

y
e 105

d

d
)3(

d

d
 

2

2

  

PI by later work 

     

 Auxl eqn    

0542  mm ;       012
2

m  

 

M1 
 

k
n

m 






 


2

2

3
= 0 or using quadratic 

formula on 05)3(2  mnm . PI by 

correct (ft on n) values of ‘m’ seen/used or 

PI by correct CF. 

 m = 2 ± i    

 CF:  tBtAy t

C sincose   )( 2   B1F 

 
 If not correct CF, ft on qpm i , 

0p , 0q  and two arbitrary constants 

in CF. 

 P.Int. 
t

Py e5  )(   B1   

  

     xxBxAxy 5lnsinlncos2   

         

 
A1 

 

5 

 

y = f(x) with correct f(x) simplified so no 

exponentials 

 Total  10  

(a) 
After the M1A1, cand writes 



















t

y

xx

y
x

x

y

d

d

d

d

d

d

d

d
2

2

 and stops, no further marks are scored due to the 

 stated dependency even though the product rule has been used. If however the cand had subsequently 

 
replaced the  









t

y

x d

d

d

d
 by 









t

y

tx

t

d

d

d

d

d

d
 or better then M1 dM1 would be scored at that stage. 
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Q5 Solution Mark Total Comment 

 
(I = )   xx 3cos1ln

3

1
ln

3

2
     (+c) 

 

B1 

 

B1 

 
Correct integration of 

x3

2
 

Correct integration of   
x

x

3cos1

3sin


. Can 

be a correct OE in terms of u if u defined. 

     

  

= 
0

 lim

a
x

x

x

xa
d  

3cos1

3sin

3

2
6

 

 














 

 

 

M1 

 Evidence of limit 0 having been replaced 

by a (OE) at any stage and 
0

 lim

a
 seen or 

taken at any stage with no remaining lim 

relating to 
6


.  

 

=  
0

 lim

a
a

x

x 6

3cos1
ln

3

1 2













 

 

 

M1 

  

Combining the relevant ln terms into a 

single ln term, ft after integration on one 

incorrect coeff of ln terms 

 
(I=)  1ln

3

1

6
ln

3

2



 

                  

         
0

 lim
  




a









 a

a

3cos1
ln

3

1 2

 

 

 

 

M1 

 

  

 

 aF
6

F 







 taken at any stage 

 Consider 

0

 lim

x









 x

x

3cos1

2

  or with 






 
2

3cos1

x

x
 

0

 lim

a









 a

a

3cos1

2

 or with  




 
2

3cos1

a

a
 

 

 

 

B1 

  
..

! 2

3
13cos

2


x

x  seen/used;   or 

 
..

! 2

3
13cos

2


a

a  seen/used;  or 

L’Hopitals rule using either x or ‘a’  to 

 

0

 lim

x









 x

x

3cos1

2

= 
0

 lim

x 






x3cos9

2
 

 
= 

9

2
 (or 

2

9
 if using  

0

 lim

x 






 
2

3cos1

x

x
) 

 

B1 

 or  OE for the  reciprocal  

Correct value for the relevant limit. NB if 
combining with the other ln term, the value 

will appear as an expression involving  . 

Check the 2/9 equivalent 
 

(I=)   
9

2
ln

3

1

36
ln

3

1 2




 = 
8

ln
3

1 2
 

 

A1 

 

8 

 

CSO  
8

ln
3

1 2
  OE single term in exact 

form. 

 Total  8  

 
 xx 3cos1ln

3

1
3ln

3

2
   B1B1 leads to eg  

3

1

36

9
ln

3

1 2




 
0

 lim

a 








 a

a

3cos1

9
ln

2

  etc 

 1
st
 M1, using a for lower limit…if splitting the integral and using subst for the trig part of the integral 

 eg u=1-cos3x, and changing the limits, the lower limit must be linked to 1-cos3a with a0, otherwise M0. 

 Note: For final cso mark, using series method, cos series must have at least 3 terms so that an O(a
2
) or 

2ka

(OE) term must be present after division of top and bottom by 
2a  
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Q6 Solution Mark Total Comment 

(a) 

I.F.  
 )(d 2

e

x

 

 

M1 

  

Can be implied by a correct IF 

                 = 
c)(  2e x

 A1  A correct IF 

     

 
    xx xy

x

22 e 412e 
d

d
  

M1  OE Both sides must be considered 

correctly 

     

   xx cxxy 222 e 2e 2    A1 4 OE  but must be in the form  xy f   

eg   xx kxy 222
e2e1    

     

(b) As x ,  0e 2  xnx  E1  Must consider explicitly either in general 

terms or both 
xx 2e 
 and 

xx 22 e 
 

separately considered 

 ( 2 y );  ie horizontal asymptote  y=2 B1 2 y = 2  OE  

     

(c) 222 e 2e 3e42 c  1 c  M1  Sub 1x , 
2e42 y  in c’s ans (a) as 

far as finding a value for the arbitrary 

constant 

 Eqn of C :   2e 1 22
  xxy  A1  ACF for the equation of C.  Condone y 

replaced by k  for this mark. 

 At st pt,  

0
d

d


x

y
   4e 122 2   xxy  

 

M1 

 
Either equating  

x

y

d

d
 to 0 in the given DE 

or differentiating c’s eqn of curve using 

product/quotient rule & equating 

derivative  to 0 

     2e 12e 1 222
  xx xx  A1  A correct equation in x 

 Only stationary points  at 1x  & 2x     

 
  xx x

x

y

x

y 22

2

2

e14e2
d

d
2

d

d    

When 1x , 0e2
d

d 2

2

2

 

x

y
 so min. 

When 2x , 0e2
d

d 4

2

2

 

x

y
 so max. 

 

 

 

 

E1 

  

Dep on previous two M marks. Attempt to 

find the sign of 
2

2

d

d

x

y
 at each of the two 

stationary points or any other valid method 

to distinguish between maximum and 

minimum including a graphical approach 

 y=k intersects C in three distinct points  
4e22      k  

 

B2,1,0 

 

7 

 

B1 if  one or both < replaced by   . 

     

 Total  13  

(b) As x , 2y  so HA  y = 2  scores E0 B1; As x , 0e )( 22   xcx , 0e 2  xx scores E1 

(c) Final two B marks, although unlikely, can be scored without any of the previous 5 marks scored 

  

 
 
  



MARK SCHEME – A-LEVEL MATHEMATICS – MFP3 – JUNE 2017 

 

 10 of 11  

 

Q7 Solution Mark Total Comment 

(a)(i)  2222 4816 xxxyx   B1 1  222 4 xyx    must be in this form 

(a)(ii)  22 4 xr   M1  x
2
+y

2
= r

2
 or cosrx  & sinry  used  

  22 cos4 rr   dM1  x replaced by cosr  to form a polar eqn. 

 








 1

2
cos24cos4 2  rrr  

 

dM1 

 
1

2
cos2cos 2 


   used  with 

cosrkr  ,  where k is an integer 

 
 4

2
cos2 2 r

2
sec2 2 r  

 

A1 

 

4 

 

AG  Be convinced 

(b)(i) 

3

2
   ,

3
   3tan





   

M1  At least one correct exact value for   or 

064323 2  rr  or correct vals. for r. 

 
(P and Q are)  









3
 ,

3

8 
 and  










3

2
 , 8


 

 

A1 A1 

 

3 A1 for 








3
 ,

3

8 
; A1 for 










3

2
 , 8


; SC if 

A0A0 award 1mark for all 4 values correct 

(b)(ii) 
Length PQ = )

3

2
10(    

3

8
8   

or  radius of circle = 2) 
3

8
8(   

 

 

B1F 

 Ft c’s 
QP rr   provided   QP

 

or correct numerical expression for radius 

stated or used 

 
Area of circle  2A  = 

2

3

1
5 








 

 

B1 

  

A correct numerical expression for the 

area of the circle 

 
(Area 1A  =)   







)
3

(

)
3

2
(

2

2

2
sec2

2

1




  d  
 

M1 

 
Use of  d 2

 rk  ,  0k . If using 

Cartesian eqn,  correct expression for 1A

involving integrals ft on c’s P and Q 

provided pts in the correct quadrants.  

  A1F  Limits consistent with a correct value of k, 

if not 
3

  & 
3

2 , ft on c’s P  and Q   

 
=  

)
3

(

)
3

2
(

4

2
sec 2





  d  

=   









)
3

(

)
3

2
(

22

2
sec  

2
tan1 2





  d  

 

 

 

dM1 

 

2
sec 

2
tan1

2
sec 224 









  used  (*) 

could be in terms of eg u where u=
2

tan


. 

(*)If using Int by parts, after 1
st
 application 

need to use tan
2
( )sec

2
( )=sec

4
( )-sec

2
( ) 

 
= 

)32(

)3/(

2
tan

3

2

2
tan2 2 3













  

 

dM1 

 










2
tan

3

1

2
tan 3 

   OE   

   

A1 

 










2
tan

3

1

2
tan 4 3 

  OE 

 
=  324

33

1

3

4

3

4
 








 =

39

256
 

 

A1 

 

39

256
  OE Correct exact value for 1A  

 
3

39

256

9

256

1

2 



A

A
 

 

A1 

 

9 

 

CSO  AG 

 Total  17  

 TOTAL  75  
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