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1. (a)  Express 
2
2 4( )( )r r+ +

 in partial fractions.
(1)

 (b)  Hence show that 

2
2 4

7 25
12 3 41 ( )( )

( )
( )( )r r
n n
n nr

n

+ +
= +

+ +=
∑

(5)
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Question 
Number 

Scheme Marks 

1.(a)   
2 1 1

2 4 2 4r r r r
 

   
 Correct partial fractions. Can be 

seen in (b) – give B1 for that. 
B1    (1) 

(b)   1 1

2 1 1

2 4 2 4

n n

r rr r r r 

       
     

 

1 1 1 1
........

3 5 4 6
1 1 1 1

1 3 2 4n n n n

    

   
   

 

Attempts at least the first 2 terms 
and at least the last 2 terms as 
shown.(May be implied by later 
work) Must start at 1 and end at n 

M1 

 
1 1 1 1

3 4 3 4n n
   

 
 

M1: Identifies their four fractions 
that do not cancel. If all terms are 
positive this mark is lost. M1A1 

A1: Correct four fractions 

 
7 1 1

12 3 4n n
  

 
   

 

       
   

   
2

7 3 4 12 4 12 3

12 3 4

7 49 84 12 48 12 36

12 3 4

n n n n

n n

n n n n

n n

     


 

     


 

Attempt to combine at least 3 
fractions, 2 of which have a 
function of n in the denominator 
and expands the numerator.  
As a minimim, the product of 2 
linear factors must be expanded in 
the numerator. 

M1 

 
 

  
7 25

12 3 4

n n

n n




 
   *

 cso    Must be factorised. 
If worked with r instead of n 
throughout, deduct last mark only. 

A1    (5) 

   Total 6 

(b)  
Way 2 

7 1 1

12 3 4n n
     

   

   
7 4 3

12 3 4

n n

n n

   
     

   

 
  

  
7 3 4 24 84

12 3 4

n n n

n n

   


 
   

    
27 49 84 24 84

12 3 4

n n n

n n

   


 
 

Attempt to combine at least 3 
fractions, 2 of which have a 
function of n in the denominator 
and expands the numerator. Min 
as above 

M1 

 
 

  
7 25

12 3 4

n n

n n




 
  *

 cso A1 
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2. Use algebra to find the set of values of x for which

3x2 – 19x + 20   2x + 2
(6)
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Question 
Number 

Scheme Marks 

2. 
23 19 20 2 2x x x      

 
2

2

3 19 20 2 2

3 21 18 0 ..

x x x

x x x

   

     
 

23 19 20 2 2x x x    and attempt 
to solve correctly May be solved as an 
inequality 

M1 

 1, 6x x   Both  (ie critical values seen) A1 

 
 2

2

3 19 20 2 2

3 17 22 0 ..

x x x

x x x

    

     
 

 23 19 20 2 2x x x     and 

attempt to solve correctly May be 
solved as an inequality 

M1 

 11
3 , 2x x   Both  (critical values seen)  Accept 

awrt 3.67 
A1 

 11
31 2, 6x x     

Must be strict inequalities. Accept 
awrt 3.67 A1 either correct, A1 both 
correct. But give A1A0 if both correct 
apart from   seen somewhere in the 
final answers. 
Give A1A0 if both correct and extra 
intervals seen 

A1, A1 

  
 
 

(6)

   Total 6 

 
 
If no algebra seen (implies a calculator solution)   no marks. 
 
With algebra: 
M1  Squaring and reaching   a quartic = 0 
M1  Attempt to factorise and obtain at least one solution for x.  Coefficient of x4 and 
constant term correct for their quartic. 
A1  Any 2 correct values 
A1  All 4 correct values 
Final 2 A marks as above 
 
Accept set notation for the final 2 A marks.       11

31,2 , ,6 not 1,2x x    
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3.  y = 8 + ex ,   x  

 Find the series expansion for y in ascending powers of x, up to and including the term 
in x2, giving each coefficient in its simplest form.

(8)
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Question 
Number 

Scheme Marks 

3. 8 exy     

    
1 1
2 21

2

d
8 e 8 e e

d
x x xy

y

x


       

M1:  
1
2d

8 e e
d

x xy
k

x


    

M1A1 

A1: Correct differentiation 

    
31

2 2
2

2
2

d 1 1
8 e e 8 e e

d 2 4
x x x xy

x

 
       

M1: Correct use of the product rule 

 

   

1
2

3
2 2

d
8 e e

d

8 e e

x x

xx

y
k

x

K





  

  
     

M1A1 

A1: Correct second derivative with
2e e   or  ex x x   

 f (0) 3  May only appear in the expansion B1 

 
1 17

f (0) , f (0)
6 108

    
Attempt both f (0) and f (0)   with 
their derivatives found above 

M1 

   21 17
3

6 216
y x x    

M1: Uses the correct Maclaurin 
series with their values.   Accept 2 
or 2! in x2 term 

M1 
A1cso 
          (8) 

A1: Correct expression 
   Total 8 
 Alternative Methods:   

 
2

e 1 ...
2!

x x
x     2 or 2!  

 

1
2 2

9 ...
2

x
y x

 
   
 

   M1: Subst corrrect expansion M1 

  

1
2 2

3 1 ...
9 9 2

x x 
     

   
B1:  for 3 
A1:  for bracket 

B1 A1 

 

 

  22 21 1
2 21

3 1
2 9 2 9 2! 9 2 9

x x x x     
             

   

M1:  Binomial expansion up to at 
least the squared term, 2 or 2! With 
squared term 
A1: Correct expansion ie contents 
of bracket correct 

M1A1 

   
2 23

3
6 12 8 81

x x x
       M1  Remove all brackets M1 

   21 17
3

6 216
y x x    

M1:  Combine x2 terms and obtain a 
3 term quadratic 
A1:  Correct expression with or 
without y = … 

M1A1 

By implicit differentiation:   For the first 4 marks  (rest as first method) 

                      2 8 exy      

M1A1  
d

2 e
d

xy
y

x
          M1A1   

2

2

d d
2 +2 =e

d d
xy y

y
x x
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4. (a) Use de Moivre’s theorem to show that

cos6  = 32cos6  – 48cos4  + 18cos2  – 1
(5)

 (b) Hence solve for 0    
2
π

64cos6  – 96cos4  + 36cos2  – 3 = 0

  giving your answers as exact multiples of .
(5)
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Question 
Number 

Scheme Marks 

4.(a) 6cos6 Re[(cos sin ) ]i     
Ignore any imaginary parts included in 
their expansion 

 

 6 6 5 4 2 2 3 3 3 2 4 4 5 5 6 6(cos isin ) 6 i 15 i 20 i 15 i 6 i ic c s c s c s c s c s s          M1 

 

Attempt to expand correctly or only show real terms (May be implied)  
Often seen with powers of i simplified. 

If i ns  seen, but becomes in ns  (oe) later, deduct the final A mark of (a) even if no 
further errors. 

 

 6 4 2 2 4 6cos 6 15 15c c s c s s      
M1: Attempt to identify real parts. These 
2 M marks may be awarded together M1A1 
A1:  Correct expression 

 6 4 2 2 2 2 2 315 (1 ) 15 (1 ) (1 )c c c c c c        M1 

 Correct use of 2 21s c     in all their sine terms  

 6 4 6 2 2 4 2 4 6cos6 15 15 15 (1 2 ) (1 3 3 )c c c c c c c c c             

 
6 4 2cos6 32cos 48cos 18cos 1 *                   ( cos 6  must be seen 

                                                                        somewhere) 
A1cso 

   (5)

(b) 

6 4 2

1
2

64cos 96cos 36cos 3 0

2cos6 1 0 cos6   or  0.5

  
 
   

    

M1: Uses part (a) to obtain an equation 
in cos 6  M1A1 
A1: Correct underlined equation 

  1
2

5 7
cos6 6 , ,

3 3 3

         

 
5 7

, ,
18 18 18

     

M1: Valid attempt to solve 
cos6 , 1 1k k      leading to 

...       Can be degrees  
A1 2 correct answers 
A1 3rd correct answer with no extras 
within the range, ignore extras outside  
the range. Must be radians 
Answers in degrees or decimal answers 
score A0A0 

M1 
A1A1 

   (5)
   Total 10 
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5. (a) Find the general solution of the differential equation

d
d

d
d

2

2 2y
x

y
x

+  + 10y = 27e–x

(6)

 (b) Find the particular solution that satisfies y = 0 and 
d
d
y
x

= 0 when x = 0
(6)
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Question 
Number 

Scheme Marks 

5.(a) 
2

2

d d
2 10 27e

dd
xy y

y
xx

     

  2 2 10 0 ...m m m      Form and solve the aux equation M1 

 1 3im      A1 

               e cos3 sin3xy A x B x 
 

     1 3i 1 3ior e ex xy A B      

 y=  not needed May be seen with   
instead of x  

A1 

 e , e , ex x xy k y k y k        
e xy k  and attempt to differentiate 

twice 
M1 

  e 2 10 27e 3x xk k k k        A1 

         e cos3 sin3 3xy A x B x  
 

   1 3i 1 3ior    e e 3ex x xy A B        

Must be x and have y = ....Ignore any 
attempts to change the second form. 
(But see note at end about marking (b)) 
ft, so y = their CF + their PI  

B1ft 
(NB A1 
on e-
PEN) 

   (6)

(b)  0, 0 3x y A      
Uses 0, 0x y  in an attempt to find 
A 

M1 

 
 

 
e cos3 sin3 3

e 3 cos3 3 sin3

x

x

y A x B x

B x A x





     


 

M1: Attempt to differentiate using the 
product rule, with A or their value of A 

M1A1 
A1: Correct derivative, with A or their 
value of A 

 0, 0 0x y B     
M1: Uses 0, 0x y  and their value 
of A in an attempt to find B M1A1 
A1: B = 0 

  e 3 3cos3xy x     oe cao and cso A1     (6) 

   Total 12 

                              Alternative for (b) using    1 3i 1 3ie e 3ex x xy A B         

 0, 0x y  to get an equation in A and B May come from the real part of their 
derivative instead 

M1 

 
   

   

1 3i

1 3i

' 1 3i e

1 3i e 3e

x

x x

y A

B

 

  

  

   
 

M1:  Attempt differentiation using 
chain rule 
A1:  Correct differentiation 

M1A1 

 

 0, 0 3 0x y A B        from real 

parts and 3 3 0A B   from imaginary parts 
So 3

2A B      

M1: Uses 0, 0x y   and equates 
imaginary parts to obtain a second 
equation for A and B and attempts to 
solve their equations  
A1: 3

2A B    

M1A1 

    1 3i 1 3i3 3
 e e 3e

2 2
x x xy          A1: Ignore any attempts to change. A1 

 
Some may change the second form in (a) before proceeding to (b). If their changed form is 
correct, all marks for (b) are available; if their changed form is incorrect only M marks are 
available. 
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6. The transformation T from the z-plane, where z = x + iy, to the w-plane, where w = u + iv, 
is given by

w = 4 1 8
2 1
( )
( )

− −
− + −
i i
i i
z

z
,   z  1

4
 – 1
4

i

 The transformation T maps the points on the line l with equation y = x in the z-plane to a 
circle C in the w-plane.

 (a) Show that

w ax bx c
x

= + +
+

2

216 1
i

  where a, b and c are real constants to be found.
(6)

 (b) Hence show that the circle C has equation

(u – 3)2 + v2 = k2

  where k is a constant to be found.
(4)
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Question 
Number 

Scheme Marks 

6.(a) 
 
 

4 1 8

2 1

i z i
w

i z i

 


 
  

   
 Method 1………:Substituting z x xi   at the start  

 
  
  

4 1 8

2 1

i x xi i
w

i x xi i

  


  
 Substitutes for z  M1 

 
 
 

4 8

2

x xi xi x i
w

xi x x xi i

   


   
 

M1: Attempt to expand numerator 
and denominator 
 M1A1 

A1: Correct expression 

 
8 8 4

.
4 4

i x x i

x i x i

 
 

 

M1: Multiplies numerator and 
denominator by the conjugate of 
their denom. No expansion needed 
A1:  Uses correct conjugate (not ft) 

M1A1 

 
2

2

32 40 8

16 1

x xi

x

  



 

cso  Award only if final answer is 
correct and follows correct working 

B1 

 NB:  The B mark appears first on e-PEN but will be awarded last  
           (6) 
    

 
Method 2:       if they proceed without y = x (substitution may happen 
anywhere in the working) 

 

 
 
 

  
  

1 8i 4 1 i i 8i

2 1 i i 2 1 i i i

i z x y
w

x y

    
 

      
 Substitutes for z M1 

 
   
   
4 1 i 4 1 i i 8i

2 1 i 2 1 i i i

x y

x y

   


     
 Attempt to expand numerator and 

denominator 
M1 

 
 
 

4 4 4 4 8 i

2 2 2 2 1 i

x y y x

x y x y

   

    

 Correct expression  A1 

 

 
 

 
 

4 4 4 4 8 i 2 2 2 2 1 i

2 2 2 2 1 i 2 2 2 2 1 i

x y y x x y x y

x y x y x y x y

        
 
         

    

M1:   Multiplies numerator and denominator by the conjugate of their denom. No 
expansion needed. 
A1:  Uses correct conjugate. (not ft) 

M1A1 

 
 2 2

2 2

16 16 12 12 8 20 20 i

8 8 4 4 1

x y y x x y

x y x y

      


   
   

 
2

2

32 40 i 8

16 1

x x

x

  



 

cso  Correct answer using y = x 
Award only if final answer is 
correct and follows correct working 

B1 

 NB:  The B mark appears first on e-PEN but will be awarded last (6)
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Question 
Number 

Scheme Marks 

NB:  The order of awarding the marks here has changed from the original mark scheme, but they must still be 
entered on e-PEN by their descriptors (M or A) 

6(b) 
2

2 2

32 8 40
,

16 1 16 1

x x
u v

x x

 
 

 
 

Identifies u and v (Real and 
imaginary parts) 
May be implied by their working 
and may be in terms of x and y. 

M1 
 
1st M 
mark on 
e-PEN 

 

2 22

2 2

8 32 40
3

16 1 16 1

x x

x x

          
 

Substitutes for their u and v in the 
given equation. May be in terms of 
x and y. May have a, b, c instead of 
their values (which may be chosen 
by the candidate if unable to do (a)) 

dM1 
 
2nd M 
mark on 
e-PEN 

 

2 22 2

2 2

8 32 48 3 40

16 1 16 1

x x x

x x

            
   

 
 
   

22 2

2 22 2

5 80 1600

16 1 16 1

x x

x x


 

 
   

  
4 2

22

6400 800 25

16 1

x x

x

 



 Combines to form a single correct 

fraction 

A1 
 
1st A 
mark on 
e-PEN 

 
 

 

22

22

25 16 1
25

16 1

x

x


 


 k = 5  or  k2=25 may (but need 

not) be seen explicitly 

A1 
 
2nd A 
mark on 
e-PEN 

    

   (4)

  Total 10 
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7. (a) Show that the substitution v = y–3 transforms the differential equation

x d
d
y
x

 + y = 2x4y4    (I)

  into the differential equation

 

d
d
v
x

v
x

− 3

 
= –6x3    (II)

(5)

 (b) By solving differential equation (II), find a general solution of differential equation (I) 
in the form y3 = f(x).

(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 
Number 

Scheme Marks 

 Way 1  

7.(a) 
3 4d

3
d

v
v y y

y
       Correct derivative B1 

 

4d d dv dv

d dv d 3 d

y y y

x x x
    

Or 4 3 4d
3 3 6

d

y
y x y x

x
      

M1: Correct use of the chain rule 

M1A1 
A1: Correct equation 

 
4

4 4d
2

3 d

y v
x y x y

x
      

 
4

4 4 3d d 3
2 6

3 d d

y v v v
x y x y x

x x x
        

dM1:  Substitutes to obtain an equation 
in v and x. 
A1:  Correct completion with no errors 
seen 

dM1A1 

  
 Way 2 

 
1 4
3 31

3

d

d

y
y v v

v
      Correct derivative B1 

 
4
31

3

d d d d

d dv d d

y y v v
v

x x x
    

M1: Correct use of the chain rule 
M1A1 

A1: Correct equation 

 
4
3 1 4

3 34dv
2

3 d

v
x v x v

x


     

dM1:  Substitutes to obtain an equation 
in v and x. 

dM1 

 
4
3 1 4

3 34 3d d 3
2 6

3 d d

v v v v
x v x v x

x x x


         

A1:  Correct completion with no 
errors seen 

A1 

  
 Way 3  (Working in reverse) 

 
3 4d

3
d

v
v y y

y
      B1:  Correct derivative B1 

 
4d d d d

3
d d d d

v v y y
y

x y x x
    

M1: Correct use of chain rule 
M1A1 

A1: Correct expression for dv/dx 

 
3

4 3d 3
3 6

d

y y
y x

x x


     

M1:  Substitutes correctly for 
d

d

v

x
 

and v in equation (II) to obtain a D.E. 
in terms of x and y only. 
A1:  Correct completion to obtain 
equation (I) with no errors seen 

dM1A1 
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Question 
Number 

Scheme Marks 

7(b) 
3

- d
3 lnx

3
e

1
e

x
xI

x
     

M1: 
3

d
e

x
x


  and attempt integration. If 

not correct, ln x must be seen. M1A1 

A1: 3
1
x

  

  3
6 d 6

v
x x c

x
      

M1: 3their 6 their dv I x I x     
dM1A1 

A1: Correct equation with or without + c 

 
3

3 3

1
6 ....x c y

y x
      

Include the constant, then substitute for 
y and attempt to rearrange to y3 =.... or y  

= .... with the constant treated correctly 

ddM1 
dep on 
both M 
marks of 
(b) 

 3
3 4

1

6
y

cx x



 Or equivalent 

A1     (6) 
Total 11 
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8.

Figure 1

 Figure 1 shows a sketch of part of the curve C with polar equation

r = 1 + tan ,   0    
2
π

 The tangent to the curve C at the point P is perpendicular to the initial line.

 (a) Find the polar coordinates of the point P.
(5)

 The point Q lies on the curve C, where  = 
3
π

 The shaded region R is bounded by OP, OQ and the curve C, as shown in Figure 1

 (b) Find the exact area of R, giving your answer in the form

1
2

(ln p + q  + r)

  where p, q and r are integers to be found.
(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

C

Q

O

R

initial line

P
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Question 
Number 

Scheme Marks 

 1 tanr     

8.(a)  cos 1 tan cosx r x       States or implies cosx r   M1 

 
d

cos sin , cos sin
d

x
x    


     

M1: Attempt to differentiate 
cosx r   or sinx r   M1A1 

A1: Correct derivative 

Alt for 
the 2 diff 

marks 
   2d

sec cos 1 tan sin
d

x    

   

M1: Attempt to differentiate using 
product rule (dep on first M1) 
A1: correct (unsimplified) 
differentiation 

 

 
d

0 tan 1 ....
d

x  

      

Set their derivative = 0 and attempt to 
solve for   
(Dependent on second M mark above) 

dM1 

 , 2
4

r
    Both A1 

 NB:  Use of sinx r   can score M0M1A0M1A0 max (5)
  

(b)  22d 1 tan dr       
Use of 2dr   and 1 tanr     No 

limits needed 
M1 

 
 2 2

2

1 tan 1 2 tan tan

1 2 tan sec 1

  

 

   

   
 Expands and uses the correct identity M1 

  22 tan sec d    
Correct expression Need not be 
simplified, no limits needed. 

A1 

  
 3

4

2lnsec tan



     

M1: Attempt to integrate – at least one 
trig term integrated. Dependent on the 
second M mark dM1A1 
A1: Correct integration. Need not be 
simplified or include limits. 

 
1

2ln sec tan 2ln sec tan
2 3 3 4 4

R
              

    
 

Substitutes 
3


and their 

4


and subtracts 

(Dependent on 2 previous 
method marks in (b)) 

dM1 

  1
ln 2 3 1

2
R     Cao and cso A1 

   (7)
   Total 12 
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