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Gen er a l  Mar k in g  Gu id an ce 

 

 

• All candidates m ust  receive the sam e t reatm ent .  Exam iners m ust  

m ark the first  candidate in exact ly the sam e way as they m ark the 

last . 

• Mark schem es should be applied posit ively. Candidates m ust  be 

rewarded for what  they have shown they can do rather than penalised 

for om issions.  

• Exam iners should m ark according to the m ark schem e not  according to 

their  percept ion of where the grade boundaries m ay lie.  

• There is no ceiling on achievem ent . All m arks on the m ark schem e 

should be used appropriately.  

• All the m arks on the m ark schem e are designed to be awarded. 

Exam iners should always award full m arks if deserved, i.e. if the 

answer m atches the m ark schem e.  Exam iners should also be prepared 

to award zero m arks if the candidate’s response is not  worthy of credit  

according to the m ark schem e. 

• Where som e judgem ent  is required, m ark schem es will provide the 

pr inciples by which m arks will be awarded and exem plificat ion m ay be 

lim ited. 

• Crossed out  work should be m arked UNLESS the candidate has 

replaced it  with an alternat ive response. 

 
 



EDEXCEL GCE MATHEMATI CS 

 

Gen er a l  I n st r u ct ion s f o r  Mar k in g  

 

 

1.  The total num ber of m arks for the paper is 75. 

 

2.  The Edexcel Mathem at ics m ark schem es use the following types of m arks:  

 

• M  m arks:  m ethod m arks are awarded for ‘knowing a m ethod and at tem pt ing to apply it ’,  

unless otherwise indicated. 

• A  m arks:  accuracy m arks can only be awarded if the relevant  m ethod (M)  m arks have 

been earned. 

• B  m arks are uncondit ional accuracy m arks ( independent  of M m arks)  

• Marks should not  be subdivided. 

 

3.  Abbreviat ions 

 

These are som e of the t radit ional m arking abbreviat ions that  will appear in the m ark schem es:   

 

• bod – benefit  of doubt  

• ft  – follow through 

• the sym bol     will be used for correct  ft  

• cao – correct  answer only  

• cso -  correct  solut ion only. There m ust  be no errors in this part  of the quest ion to 

obtain this m ark 

• isw – ignore subsequent  working 

• awrt  – answers which round to 

• SC:  special case 

• oe – or equivalent  (and appropriate)  

• dep – dependent  

• indep – independent  

• dp decim al places 

• sf significant  figures 

•  The answer is pr inted on the paper 

•     The second m ark is dependent  on gaining the first  m ark 

 

4.  All A m arks are ‘correct  answer only’ ( cao.) , unless shown, for exam ple, as A1 ft  to 

indicate that  previous wrong working is to be followed through. After a m isread however, 

the subsequent  A m arks affected are t reated as A ft ,  but  m anifest ly absurd answers 

should never be awarded A m arks. 

 

5.  For m isreading which does not  alter the character of a quest ion or m ater ially sim plify it ,  

deduct  two from  any A or B m arks gained, in that  part  of the quest ion affected.  

 

6.  I f a candidate m akes m ore than one at tem pt  at  any quest ion:  

• I f all but  one at tem pt  is crossed out , m ark the at tem pt  which is NOT crossed out .  

• I f either all at tem pts are crossed out  or none are crossed out , m ark all the 

at tem pts and score the highest  single at tem pt . 

 

7.  I gnore wrong working or incorrect  statem ents following a correct  answer. 

 

8.  I n som e instances, the m ark dist r ibut ions (e.g. M1, B1 and A1)  pr inted on the 

candidate’s response m ay differ  from  the final m ark schem e 



Gen er a l  Pr in cip les f o r  Pu r e Mat h em at i cs Mar k in g  

 

(But  note that  specific m ark schem es m ay som et im es overr ide these general pr inciples) . 

 

Met h od  m ar k  f o r  so lv in g  3  t er m  q u ad r at ic:  

1. Factor isat ion 

          
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. Form ula 

 At tem pt  to use correct  form ula (with values for a,  b and c) .  

 

3. Com plet ing the square 
2

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

b
x bx c x q c q

⎛ ⎞+ + = ± ± ± ≠⎜ ⎟
⎝ ⎠

 

  

Met h od  m ar k s f o r  d i f f er en t ia t ion  an d  in t eg r at ion :  

1. Different iat ion 

 Power of at  least  one term  decreased by 1. ( )  

 

2. I ntegrat ion 

 Power of at  least  one term  increased by 1. ( )  

 

Use o f  a  f o r m u la 

Where a m ethod involves using a form ula that  has been learnt , the advice given in recent  

exam iners’ reports is that  the form ula should be quoted first .  

Norm al m arking procedure is as follows:  

Method m ark for quot ing a correct  form ula and at tem pt ing to use it ,  even if there are m istakes 

in the subst itut ion of values. 

Where the form ula is not  quoted, the m ethod m ark can be gained by im plicat ion from  correct  

working with values, but  m ay be lost  if there is any m istake in the working. 

 

Ex act  an sw er s  

Exam iners’ reports have em phasised that  where, for exam ple, an exact  answer is asked for, or 

working with surds is clearly required, m arks will norm ally be lost  if the candidate resorts to 

using rounded decim als. 

 

An sw er s w i t h ou t  w or k in g  

The rubric says that  these m ay not  gain full credit . I ndividual m ark schem es will give details of 

what  happens in part icular cases. General policy is that  if it  could be done “ in your head” , 

detailed working would not  be required.  

1−→ nn
xx

1+→ nn
xx



Question 

Number 
Scheme Marks    

   

1.   

(a) ( )( )
2 1 1

,
2 1 2 3 2 1 2 3 2 1 2 3

A B

r r r r r r
= + = −

+ + + + + +
 M1,A1        

(2) 

   

(b) 
1 1 1 1 1 1

....
3 5 5 7 2 1 2 3n n
− + − + −

+ +
  

   

 ( )
1 1 2 3 3

3 2 3 3 2 3

n

n n

+ −
= − =

+ +
 M1 

   

 ( )( ) ( )1

3 3 2

2 1 2 3 2 3 2 3 2 3

n n n

r r n n
= × =

+ + + +∑  M1depA1        

(3) 

                   [5] 

   

Notes for Question 1

(a) 

M1 for any valid attempt to obtain the PFs 

 

A1 for 
1 1

2 1 2 3r r
−

+ +
 

 

NB  With no working shown award M1A1 if the correct PFs are written down, but M0A0 if either 

one is incorrect 

(b) 

M1 for using their PFs to split each of the terms of the sum or of 
( )( )

2

2 1 2 3r r+ +∑  into 2 PFs. 

At least 2 terms at the start and 1 at the end needed to show the diagonal cancellation resulting 

in two remaining terms. 

 

M1dep  for simplifying to a single fraction and multiplying it by the appropriate constant 

A1cao   for 
2 3

n

n
=

+∑   

 

NB: If r is used instead of n (including for the answer), only M marks are available. 

 



Question 

Number 
Scheme Marks    

2   

(a) ( )5 3 5i cos isinz r θ θ= − = +√   

   

 ( )2 25 3 5 10r = × + =√  B1            (1) 

   

(b) arg
5

arctan or 2
5 3 6 6

z n
π π π⎛ ⎞ ⎛ ⎞= − = − − ±⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠√
 M1A1       (2) 

   

(c) 
2 1

or 0.2
10 5

w

z
= =  B1             (1) 

   

(d) 
5

arg ,
4 6 12

w

z

π π π⎛ ⎞ ⎛ ⎞= − − =⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

       
5

or 2
12

n
π π⎛ ⎞±⎜ ⎟

⎝ ⎠
 M1,A1       (2)

                    [6] 

   

   



Notes for Question 2

(a) 

B1 for 10z =     no working needed 

 

(b) 

M1 for 
5

arg arctan
5 3

z
⎛ ⎞= ±⎜ ⎟
⎝ ⎠√

, ( ) 5
tan arg

5 3
z = ± , 

5 3
arg arctan

5
z

⎛ ⎞
= ±⎜ ⎟

⎝ ⎠

√
 or 

( ) 5 3
tan arg

5
z = ±     OR  use their z  with sin   or  cos used correctly 

A1 for or 2
6 6

n
π π π⎛ ⎞= − − ±⎜ ⎟

⎝ ⎠
    (must be 4th quadrant) 

 

(c) 

B1 for 
2 1

 or  or 0.2
10 5

w

z
=   

 

(d) 

M1 for arg arg
4

w
z

z

π⎛ ⎞ = −⎜ ⎟
⎝ ⎠

  using their arg z 

 

A1 for 
5

12

π
     

5
or 2

12
n

π π⎛ ⎞±⎜ ⎟
⎝ ⎠

 

 

Alternative for (d): 

Find 
( ) ( )6 2 6 2 i

20

w

z

− + +
=  

 

6 2
tan arg

6 2

w

z

+⎛ ⎞ =⎜ ⎟ −⎝ ⎠
   M1  from their 

w

z
 

 

arg 
5

12

w

z

π⎛ ⎞ =⎜ ⎟
⎝ ⎠

     A1 cao 

 

Work for (c) and (d) may be seen together � give B and A marks only if modulus and argument are 

clearly identified 

ie  
1 5 5

cos i sin
5 12 12

π π⎛ ⎞+⎜ ⎟
⎝ ⎠

 alone scores B0M1A0 

 



Question 

Number 
Scheme Marks    

3 ( )
2

2

d 1
0 sin 0 4 2

d 2

y
x

x
= = − × = −  B1 

   

 ( )
3

3

d d
4 cos 0

d d

y y
x

x x
+ − =  M1 

   

 ( )
3

3

d 1 1
0 cos 0 4

d 8 2

y
x

x
= = − × =  A1 

   

 ( )
2 2 3 3

0 2 3

0 0 0

d d d
....

d 2! d 3! d

y x y x y
y y x

x x x

⎛ ⎞ ⎛ ⎞⎛ ⎞= + + + +⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 
M1 (2! or 2 

and 3! or 6) 

   

 ( ) ( )
2 31 1 1

2
2 8 2 6 2

x x
y x= + × + × − + ×   

   

 
3

21

2 8 12

x x
y x= + − +  A1 cao      [5] 

   

 Alt:  

 
2 31

...
2 8

x
y ax bx= + + + +  B1 

   

 2 6 ...y a bx′′ = + +  
M1 

Diff twice 

 

   

 
2 31

2 6 ... sin ...
2 8

x
a bx x ax bx

⎛ ⎞+ + = − + + +⎜ ⎟
⎝ ⎠

 

A1 Correct 

differentiation 

and equation 

used 

   

 2 2 0 1a a+ = = −  M1 

   

 
1 1

6 1
2 12

b b+ = =   

   

 
3

21

2 8 12

x x
y x= + − +  A1cao 

   

   



Notes for Question 3

B1 for  
2

2

0

d
2

d

y

x

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
 wherever seen 

 

M1 for attempting the differentiation of the given equation. To obtain ( )
3

3

d d
cos 0

d d

y y
k x

x x
± ± =   oe 

 

A1 for substituting 0x =  to obtain 
3

3

0

d 1

d 2

y

x

⎛ ⎞
=⎜ ⎟

⎝ ⎠
  

M1 for using the expansion ( ) ( ) ( ) ( ) ( ) ( )
2 3

f f 0 f 0 f 0 f 0
2 ! 3!

x x
y x x ′ ′′ ′′′= = + + +⎡ ⎤⎣ ⎦  with their values 

for 
3 2

3 2

d d
 and 

d d

y y

x x
. Factorial can be omitted in the x

2
 term but must be shown explicitly in the 

x
3
 term or implied by further working eg using 6. 

 

A1cao   for 
3

21

2 8 12

x x
y x= + − +    (Ignore any higher powers included) Exact decimals 

allowed. Must include y =…. 

 

 

Alternative: 

B1 for 2 31
...

2 8

x
y ax bx= + + + +   

 

M1 for differentiating this twice to get 2 6 ....y a bx′′ = + +  (may not be completely correct) 

 

A1 for correct differentiation and using the given equation and the expansion of  

sin x to get 
3 1

2 6 .... ... 4 ...
3 2 8

x x
a bx x

⎛ ⎞ ⎛ ⎞+ + = − + − + +⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

   

 

M1 for equating coefficients to obtain a value for a or b 

 

A1 cao    for 
3

21

2 8 12

x x
y x= + − +  (Ignore any higher powers included) 

 



Question 

Number 
Scheme Marks    

4   

(a) Assume true for n k= :    ( )cos isink kz r k kθ θ= +   

   

 1n k= + :    ( ) ( ) ( )1 cos isin cos isink k kz z z r k k rθ θ θ θ+ = × = + × +  M1 

   

 ( )( )1 cos cos sin sin i sin cos cos sinkr k k k kθ θ θ θ θ θ θ θ+= − + +  M1 

   

 ( ) ( )( )1 cos 1 isin 1kr k kθ θ+= + + +  M1depA1cso 

   

 ∴  if true for n k= ,        also true for 1n k= +   

   

 1k =     ( )1 1 cos isinz r θ θ= + ;     True for 1n =      ∴  true for all n A1cso        (5) 

 

 

 

Alternative:     See notes for use of 
ier
θ

 form 

 

 

(b) 
3 3

3 cos i sin
4 4

w
π π⎛ ⎞= +⎜ ⎟

⎝ ⎠
  

   

 
5 5 15 15

3 cos isin
4 4

w
π π⎛ ⎞= +⎜ ⎟

⎝ ⎠
 M1 

   

 
5 1 1 243 2 243 2

243 i i    or
2 2 2 2

w
⎡ ⎤⎛ ⎞= − = −⎢ ⎥⎜ ⎟

⎝ ⎠ ⎣ ⎦

√ √
√ √

    oe A1           (2) 

                   [7] 

   



Notes for Question 4

(a) 

NB:  Allow each mark if n, n + 1 used instead of k, k + 1 

 

M1 for  using the result for n k=  to write ( ) ( ) ( )1 cos isin cos isink k k
z z z r k k rθ θ θ θ+ = × = + × +     

 

M1 for multiplying out and collecting real and imaginary parts, using 2i 1= −  

OR  using sum of arguments and product of moduli to get ( ) ( )( )1 cos isink
r k kθ θ θ θ+ + + +  

 

M1dep      for using the addition formulae to obtain single cos and sin terms 

 OR  factorise the argument ( ) ( )( )1 cos 1 isin 1k
r k kθ θ+ + + +  

Dependent on the second M mark. 

A1cso   for ( ) ( )( )1 cos 1 i sin 1k
r k kθ θ+ + + +     Only give this mark if all previous steps are 

fully correct. 

 
A1cso     All 5 underlined statements must be seen 

 

 

 

Alternative:   Using Euler's form  

 

( ) icos sin ez r i r θθ θ= + =  M1   May not be seen explicitly 

( )1 i i i ie e e e
k

k k k k
z z z r r r r

θ θ θ θ+ = × = × = ×
 

M1 

( )i 11 e
kk

r
θ++=  M1dep on 2nd M mark 

( ) ( )( )1 cos 1 isin 1kr k kθ θ+= + + +  A1cso 

( )1 11 cos i sink z r θ θ= = +   

True for 1n = ∴true for all n etc A1  cso     All 5 underlined statements must be 

seen   

 

 

 

 

(b) 

M1 for attempting to apply de Moivre to w or attempting to expand 5
w  and collecting real and 

imaginary parts, but no need to simplify these. 

 

A1cao  for 
1 1 243 2 243 2

243 i i 
2 2 2 2

⎡ ⎤⎛ ⎞− = −⎢ ⎥⎜ ⎟
⎝ ⎠ ⎣ ⎦

√ √
√ √

   (oe  eg 
53  instead of 243) 

 



Question 

Number 
Scheme Marks    

5   

(a) 
d

2 4
d

y y
x

x x
+ =  M1 

   

 I F:   ( )
2

d
2ln 2e e

x
xx x

∫ = =  M1 

   

 
2 3d

2 4
d

y
x xy x

x
+ =  M1dep 

   

 ( )2 3 44 dyx x x x c= = +∫  M1dep 

   

 
2

2

c
y x

x
= +  A1cso        (5) 

   

(b) 1, 5 4x y c= = ⇒ =  M1 

   

 
2

2

4
y x

x
= +  A1ft          (2) 

   

(c) 
3

d 8
2

d

y
x

x x
= −   

   

 
4d

0 4 , 2
d

y
x x

x
= = = ±    or 4 4±  M1,A1 

   

 
4

2 4
2

y = + =  A1cao             

 
Alt:  Complete square on y = ...   or use the original differential 

equation 
M1 

   

 2, 4x y= ± = A1,A1 

 

 

B1  shape 

 

B1 turning 

points shown 

somewhere 

                 (5) 

 

 

               [12] 

( )2,4−
 ( )2,4



 

Notes for Question 5

(a) 

M1 for dividing the given equation by x  May be implied by subsequent work. 

M1 for IF= ( )
2

d
2ln 2e e

x
xx x

∫ = =   
2

dx
x∫   must be seen together with an attempt at integrating this. 

ln x must be seen in the integrated function. 

M1dep     for multiplying the equation 
d

2 4
d

y y
x

x x
+ =   by their IF  dep on 2nd M mark 

 

M1dep     for attempting the integration of the resulting equation - constant not needed. Dep on 2nd 

and 3rd M marks 

A1cso  for 2

2

c
y x

x
= +  oe   eg  

2 4yx x c= +  

Alternative: for first three marks: Multiply given equation by x to get straight to the third line. All 3 

M marks should be given. 

 

(b) 

M1 for using 1, 5x y= =  in their expression for y to obtain a value for c 

 

A1ft  for 2

2

4
y x

x
= +     follow through their result from (a) 

 

(c) 

M1 for differentiating their result from (b), equating to 0 and solving for x 

A1 for  2x = ±     (no follow through)   or  4 4±  No extra real values allowed but ignore any 

imaginary roots shown. 

 

A1cao   for using the particular solution to obtain 4y = . No extra values allowed. 

 

Alternatives for these 3 marks: 

M1 for making 
d

0
d

y

x
=  in the given differential equation to get 

22y x=  and using this with their 

particular solution to obtain an equation in one variable 

 OR   complete the square on their particular solution to get 

2
2

4y x
x

⎛ ⎞= + −⎜ ⎟
⎝ ⎠

 

A1 for  2x = ±     (no follow through) 

 

A1cao   for 4y =   No extra values allowed 

 

 

B1 for the correct shape - must have two minimum points and two branches, both asymptotic to 

the y-axis 

 

B1 for a fully correct sketch with the coordinates of the minimum points shown somewhere on or 

beside the sketch. Decimals accepted here. 

 



Question 

Number 
Scheme Marks    

6   

(a) 22 6 5 5 2x x x+ − = −  M1 

   

 22 8 10 0x x+ − =       

   

 2 4 5 0x x+ − =   

   

 ( )( )5 1 0   or by formulax x+ − =  M1 

   

 5, 1x x= − =  A1 

   

 22 6 5 5 2x x x− − + = −  M1 

   

 22 4 0x x+ =  A1 

   

 0 2x x= = −  A1      (6) 

   

(b) 

 B1 line 

 

B1 quad 

curve 

 

B1ft (on x-

coords from 

(a))        (3) 

 

 

 

 

 

                     -5                              -2          O                                1         x  

   

   

(c) 5, 2 0, 1x x x< − − < < >  B1,B1,B1  (3) 

   

 Special case:    Deduct the last B mark earned1 if  or   used                 [12] 

   

   

   

   

   

   

   

   

   



Notes for Question 6

(a)NB: Marks for (a) can only be awarded for work shown in (a):  

M1 for 22 6 5 5 2x x x+ − = −   

 

M1 for obtaining a 3 term quadratic and attempting to solve by factorising, formula or completing 

the square  

 

A1 for 5, 1x x= − =   

 

M1 for considering the part of the quadratic that needs to be reflected ie for 22 6 5 5 2x x x− − + = −    

oe 

A1 for a correct 2 term quadratic, terms in any order   22 4 0x x+ =   oe 

 

A1 for 0 2x x= = −   

 

NB: The question demands that algebra is used, so solutions which do not show how the roots have 

been obtained will score very few if any marks, depending on what is written on the page. 

 

Alternative:  Squaring both sides: 

M1 Square both sides and simplify to a quartic expression 

M1 Take out the common factor x 

A1 x, a correct linear factor and a correct quadratic factor 

M1 x and 3 linear factors 

A1 any two of the required values 

A1 all 4 values correct 

 

(b) 

B1 for a line drawn, with negative gradient, crossing the positive y-axis  

 

B1 for the quadratic curve, with part reflected and the correct shape. It should cross the y-axis at 

the same point as the line and be pointed where it meets the x-axis (ie not U-shaped like a 

turning point) 

 

B1ft   for showing the x coordinates of the points where the line crosses the curve. They can be 

shown on the x-axis as in the MS (accept O for 0) or written alongside the points as long as it 

is clear the numbers are the x coordinates  

The line should cross the curve at all the crossing points found and no others for this mark to 

be given. 

 

(c)NB:  No follow through for these marks 

B1 for any one of 5, 2 0, 1x x x< − − < < >   correct 

 

B1 for a second one of these correct 

 

B1 for the third one correct 

 

Special case: if   or   is used, deduct the last B mark earned. 

 



Question 

Number 
Scheme Marks    

7   

(a) 
d d

d d

y v
v x

x x
= +  M1 

   

 
2 2

2 2

d d d d

d d d d

y v v v
x

x x x x
= + +  M1A1 

   

 ( )
2

2 2 4

2

d d d
4 2 8 8 4

d d d

v v v
x x x v x x xv x

x x x

⎛ ⎞ ⎛ ⎞+ − + + + × =⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

 M1 

   

 
2

3 3 4

2

d
4 4

d

v
x x v x

x
+ =  M1 

   

 
2

2

d
4 4

d

v
v x

x
+ =    * A1           (6) 

   

 
See end for an alternative for (a) 

 
 

(b) 24 4 0λ + =   

   

 2 1λ = −   oe M1A1 

   

 ( ) cos sinv C x D x= +         ( )( )i ior  e ex x
v A B

−= +      A1 

   

 P.I:    Try   ( )v kx l= +   

   

 
2

2

d d
0

d d

v v
k

x x
= =  M1 

   

 ( )( )4 0 4 kx l x× + + =  M1dep 

   

 ( )1
0

4
k l= =   

   

 
1

cos sin
4

v C x D x x= + +     i i 1
or  e e

4

x x
v A B x

−⎛ ⎞= + +⎜ ⎟
⎝ ⎠

  A1           (6) 

   

(c) 
1

cos sin
4

y x C x D x x
⎛ ⎞= + +⎜ ⎟
⎝ ⎠      

i i 1
or   e e

4

x x
y x A B x

−⎛ ⎞⎛ ⎞= + +⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

 B1ft         (1) 

   

   



Question 7 continued

 Alternative for (a):  

 
y

v
x

=   

   

 
2

d d 1 1

d d

v y
y

x x x x
= × − ×  M1 

   

 
2 2

2 2 2 2 3

d d 1 d 1 d 1 1
2

d d d d

v y y y
y

x x x x x x x x
= × − × − × + ×  M1A1 

   

 
2 2

3 2

2 2

d d d
2 2

d d d

v y y
x x x y

x x x
= − +  M1 

   

 
2 2

3 3 2 2 4

2 2

d d d
4 4 4 8 8 4

d d d

v y y
x x v x x y x y x

x x x
+ = − + + =  M1 

   

 
2

2

d
4 4

d

v
v x

x
+ =   * A1 

   



Notes for Question 7

(a) 

M1 for attempting to differentiate y xv=   to get 
d

d

y

x
 -  product rule must be used 

M1 for differentiating their 
d

d

y

x
 to obtain an expression for 

2

2

d

d

y

x
   -  product rule must be used  

 

A1 for 
2 2

2 2

d d d d

d d d d

y v v v
x

x x x x
= + +   

 

M1 for substituting their 
2

2

d d
 and 

d d

y y

x x
 and y xv=  in the original equation to obtain a differential 

equation in v and x 

 

M1 for collecting the terms to have at most a 4 term equation  - 4 terms only if a previous error 

causes 
d

d

v

x
 to be included, otherwise 3 terms 

A1cao and cso  for  
2

2

d
4 4

d

v
v x

x
+ =    * 

 

Alternative:  (see end of mark scheme) 

M1 for writing 
y

v
x

=   and attempting to differentiate by quotient or product rule to get 
d

d

v

x
 

 

M1 for differentiating their 
d

d

v

x
 to obtain an expression for 

2

2

d

d

v

x
   -  product or quotient rule must 

be used  

 

A1 for 
2 2

2 2 2 2 3

d d 1 d 1 d 1 1
2

d d d d

v y y y
y

x x x x x x x x
= × − × − × + ×   

 

M1 for multiplying their 
2

2

d

d

v

x
 by x

3 

 

M1 for multiplying by 4 and adding  
24x y  to each side and equating to x

4 
(as rhs is now identical 

to the original equation.  

 

A1cao and cso  for  
2

2

d
4 4

d

v
v x

x
+ =    * 

(b) 

M1 for forming the auxiliary equation and attempting to solve  

 

A1  for 2 1λ = −    oe   

A1 for the complementary function in either form. Award for a correct CF even if iλ =  only is 

shown. 

 



 

Notes for Question 7 continued 

M1 for trying one of , 1v kx k= ≠  or v kx l= +  and 
2

v mx kx l= + +  as a PI and obtaining 
2

2

d d
  and  

d d

v v

x x
 

 

M1dep     for substituting their differentials in the equation 
2

2

d
4 4

d

v
v x

x
+ =  . Award M0 if the 

original equation is used. Dep on 2nd M mark of (b) 

 

A1cao   for obtaining the correct result (either form) 

(c) 

B1ft  for reversing the substitution to get 
1

cos sin
4

y x C x D x x
⎛ ⎞= + +⎜ ⎟
⎝ ⎠

 

i i 1
or   e e

4

x xy x A B x−⎛ ⎞⎛ ⎞= + +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
   follow through their answer to (b) 

 

  



 

Question 

Number 
Scheme Marks    

8 (a) ( ) sin sin 2 siny r aθ θ θ= =  M1 

   

 ( )d
2cos 2 sin sin 2 cos

d

y
a θ θ θ θ

θ
⎛ ⎞= +⎜ ⎟
⎝ ⎠

 M1depA1 

   

 ( )2d
2 sin cos 2 cos

d

y
a θ θ θ

θ
⎛ ⎞= +⎜ ⎟
⎝ ⎠

 M1 

   

 At P  ( ) 2 2d
0 sin 0 n/a  or 2cos 1 cos 0

d

y θ θ θ
θ
= ⇒ = − + =  

M1  sin 0θ =  

not needed 

 23cos 1θ =   

 
1

cos
3

θ =
√

     * 
A1cso   

 

               (6) 

   

(b) sin 2 2 sin cosr a aθ θ θ= =   

   

 
1 1 2

2 1 2
3 3 3

r a a
⎛ ⎞= − =⎜ ⎟
⎝ ⎠

 M1A1      (2) 

   

(c) Area = 2 2 2

0 0

1 1
d sin 2 d

2 2
r a

φ φ
θ θ θ=∫ ∫  M1 

   

 ( )2

0

1 1
1 cos 4 d

2 2
a

φ
θ θ= −∫  M1 

   

 
2

0

1 1
sin 4

4 4
a

φ

θ θ⎡ ⎤= −⎢ ⎥⎣ ⎦
 M1A1 

   

 
( )( )2 21 1

4sin cos 2cos 1
4 4

a φ φ φ φ⎡ ⎤= − −⎢ ⎥⎣ ⎦  
M1dep on 2

nd
 

M mark 

   

 
21 1 2 1 2

arccos 1
4 3 3 33

a
⎡ ⎤⎛ ⎞⎛ ⎞ ⎛ ⎞= − × × −⎢ ⎥⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠⎢ ⎥⎝ ⎠⎣ ⎦

 
M1 dep (all 

Ms) 

   

 
21 1

9arccos 2
36 3

a
⎡ ⎤⎛ ⎞

+⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

    * A1          (7) 

  [15]



Notes for Question 8

    (a) 

M1 for obtaining the y coordinate sin sin 2 siny r aθ θ θ= =   

M1dep  for attempting the differentiation to obtain 
d

d

y

θ
  Product rule and/or chain rule must 

be used; sin to become cos±  ( cos to become sin± ). The 2 may be omitted. Dependent on the 

first M mark. 

A1 for correct differentiation   eg  ( )d
2cos 2 sin sin 2 cos

d

y
a θ θ θ θ

θ
= +      oe 

M1 for using sin 2 2sin cosθ θ θ=  anywhere in their solution to (a) 

M1 for setting 
d

0
d

y

θ
=  and  getting a quadratic factor with no 2sin θ  included. 

Alternative: Obtain a quadratic in sinθ  or tanθ  and complete to cosθ  = later. 

A1cso   for  
1

cos
3

θ =
√

 or 
1

cos
3

φ =
√

 *    

 
Question 8 (a)  Variations you may see: 

y = rsinθ = asin2θsinθ  

y = asin2θsinθ y = 2asin2θcosθ y = 2a(cosθ � cos3θ) 
 

dy/dθ = a(2cos2θsinθ + sin2θcosθ) 
            = a(2cos2θsinθ + 2sinθcos2θ) 
            = 2asinθ(cos2θ + cos

2θ) 
           = 2asinθ(3cos

2θ -1) 

   or    = 2asinθ(2cos
2θ � sin

2θ) 

   or     = 2asinθ(2 � 3sin
2θ) 

 

dy/dθ = 2a(2sinθcos
2θ � 

sin
3θ) 

           = 2asinθ(2cos
2θ � 

sin
2θ) 

  

 

dy/dθ = 2a(-sinθ +3sinθcos
2θ) 

           = 2asinθ(3cos
2θ -1) 

 

At P: dy/dθ = 0 => sin θ = 0  or: 

 

2cos2θ � sin2θ = 0 

 

3cos2θ � 1 = 0 2 � 3sin2θ = 0 

 

tan2θ = 2 

 

cos2θ = 1/3 sin2θ = 2/3 

 

tan θ =± 2   => cos θ = ±
3

1
 

 

cos θ = ±
3

1
 Sin θ = ±

3

2
=±

3

6
=> cos θ = ±

3

1
 

 

(b) 

M1 for using sin 2 2sin cosθ θ θ= , 2 2cos sin 1θ θ+ =  and 
1

cos
3

φ =
√

  in sin 2r a θ=  to obtain a 

numerical multiple of a for R.  Need not be simplified. 

A1cao     for  
2

2
3

R a=       

         Can be done on a calculator.  Completely correct answer with no working scores 2/2; incorrect 

answer with no working scores 0/2 

 

 



 

Notes for Question 8 continued

(c) 

M1 for using the area formula 2 2 2

0 0

1 1
d sin 2 d

2 2
r a

φ φ
θ θ θ=∫ ∫  Limits not needed 

M1 for preparing 2sin 2 dθ θ∫ for integration by using 2cos2 1 2sinx x= −   

M1 for attempting the integration: cos 4θ  to become sin 4θ±  -  the 
1

4
 may be missing but 

inclusion of 4 implies differentiation  -   and the constant to become kθ . Limits not needed. 

A1 for  21 1
sin 4

4 4
a θ θ⎡ ⎤= −⎢ ⎥⎣ ⎦

    Limits not needed 

M1dep    for changing their integrated function to an expression in sin  and cosθ θ  and substituting 

limits 0 and φ . Dependent on the second M mark of (c) 

 

M1dep   for a numerical multiple of a
2
 for the area. Dependent on all previous M marks of (c) 

A1cso   for  
21 1

9arccos 2
36 3

a
⎡ ⎤⎛ ⎞

+⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

    * 

This is a given answer, so check carefully that it can be obtained from the previous step in 

their working. 

 

Also:  The final 3 marks can only be awarded if the working is shown ie sin 4θ  cannot be obtained 

by calculator. 
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