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Question Answer Marks Guidance 

8(a) 1

1

+ −

−

nz z

z
  

B1  

  1  

8(b) 
( ) ( )( )1 1

1 1 1
1

2 2 2

1

1
2

2
1
2

cos i sin( 1) sin

1 i

cos( 1)

1 cos sin

   

 

+ +
+ −+

=
−

+

−

−

+ +

−

n n
n nnz z

z
 

B1  

 ( ) ( )( )1 1
1 1 1

12 2 2
2

1 1

1
12
2

1 1
2 22 2

cos( 1) cos

c

cos i sin( 1) sin 1 i sin

1 is sin 1 i sino cos

     

   

+ +
− + + − − −


− + − −

+
n n

n n
 

*M1 Multiplies numerator and denominator by complex 

conjugate of z–1. 
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M1 A1 Uses sin( ) sin cos cos sin− = −A B A B A B  in 

numerator, AG. 
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8(b) Alternative method for question 8(b)   

 
2

i1 e =z   
B1  

 ( ) ( ) ( )

2

1 i 1 i1 1
2 2

1

i1

e e

1 e 1

 



+
+ +

−−
=

− −

nn
nz z

z
 

M1 A1  

 ( ) ( ) ( )i 1 i i1 1 1
2 2 2

i

2

1

i1 1
2

e e e 1

e 1 e 1

  

 

+ + −

−

−

−


−

−

nn

 
M1 Multiplies numerator and denominator by complex 

conjugate. 
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M1 A1 Takes imaginary part 
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M1 Differentiates the result from (b). 
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1 
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3 316
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 + == s   
M1 A1 Forms length of C correctly. 

 4
3

π
5
4

0

e
 =

 
s   

M1 Integrates an expression of the form e ba . One 

error in the a or b. 

 ( )
4
35

4

π
e 1= −   

A1 Must be exact. Allow equivalent form but must 

have the 0e evaluated to be one. 

  4  

    

Question Answer Marks Guidance 

2 1
3

i π4 8 8i 3 16e
−

= − =z  B1 Finds the modulus and argument of 4z . Does 

not have to be in exponential form. 

 1
12

i π

1 2e
−

=z  M1 A1 Finds one root. Allow for the method mark for 

them to use their r and their
4


. 

 5
12

i π

2 2e=z   A1FT Finds another root. Follow through only on the 

modulus 

 7
12

i π

3 2e
−

=z , 
11
12

i π

4 2e=z  A1FT Finds other two roots. Follow through only on 

the modulus. Withhold 1 answer mark for 

omission of i. 

  5  
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4(a) 1 2cos−+ =z z   B1 SOI 

 ( ) ( ) ( ) ( )
6

1 6 6 4 4 2 26 15 20− − − −+ = + + + + + +z z z z z z z z  
M1 A1 Expands and groups. 

 6 6 2cos6 12cos4 30cos2 202 cos    = + + +   M1 Substitutes 2cos .−+ =n nz z n  

 6 3 15 51
32 16 32 16

cos6 cc os4 cos2os    = + + +   A1 OE. Fractions do not need to be simplified. 

  5  

4(b) 
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1
2
π π

6 3 15 51
32 16 320 1

1
2 0 6

c sos 2 d cos6 cos4 co 2 d   = + + + x x   
M1  

Applies (a). Must have the 
1

2
and the correct 

limits for this mark. 

 
 

 π
3 15 51

192 64 62 4 016
1 sin 6 sin 4 sin 2   =   + + +   A1  

 5
32
π=   A1  
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3(a) ( ) 43 255
5sin5 sIm cos isin 10sin cos sin c sin o       = + −= +   M1 A1 Expands and clearly taking imaginary 

part, enough terms for M1. Accept RHS 

to LHS using .2 sin
1

i  = −z
z

  

 ( ) ( )3
2

2 25 10sin 1 sin 5sin 1in ss in    − − + −=   
M1 Applies 2 2 .c io 1s s n = −   

 5 320sin 5s16s inin   − +=   A1 AG, intermediate line of working needed, 

e.g. expanding 

( )
2

2 42 21 sin si1 sin n  += −− . 

  4  

3(b) 1
2

, sin 3sin 5  ==x   M1 Applies identify given in (b).   

 1
3

5 π 2 π = + k   or 2
3

5 π 2 π = + k  M1 Solves 1
2

3sin5 = . 

 ( )1
15

sin π   A1 Gives one correct solution. Accept 
1

15
.=q   

 452
15 15

7
15 15

π),sin π),sin( π),sin( π)sin( ( −−   A1 Gives other solutions. OE. A0 for 

repeated roots. 
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( ) ( ) ( )194 11
15 15 15
π π πsin sin sin− = − =  
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1 1
4

i π3 27 27i 27 2ez
−

= − =  B1 Modulus and argument of 3z  (does not need to be in 

exponential form).  

 6
1

12
1 i π

1 23 ez
−

=  M1 A1 Finds one root. Cube root must be taken for M1. 

 6
7

12
1 i π

2 23 ez = , 6
9

12
1 i π

3 23 ez
−

=  A1FT A1FT Finds other two roots. FT on modulus. Withhold one 

answer mark for omission of i.  

  5  

    

Question Answer Marks Guidance 

2(a) 
( )

1 11

00 0

11 sinh d (1 ) cosh (1 ) cosh d
n n n

nI x x x x x n x x x− = − = − + −    
M1 A1 Applies integration by parts. Appropriate choice of 

parts for M1. 

 
( ) ( )

11

0 0

211 (1 ) sinh 1 1 sinh d
n

n
nI n x x n n x x x

−− = − + − + − −     
M1 Applies integration by parts again. Appropriate choice 

of parts for M1. 

 ( ) 21 1n nI n n I −= − + −   A1 AG, withhold for no evidence of substitution or 

incorrect use of limits.  

  4  

2(b) 
 

1 1

0 00
sinh d cosh cosh1 1I x x x= = = − . 

B1 Finds 0I . 

 
2 01 2I I= − +  M1 Uses reduction formula from (a). 

 
2 2cosh1 3I = −  A1 Accept 1e e 3.−+ −   

  3  
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3 1 2isinz z −− =  B1 Use of 1 2isinz z −− =  

 ( ) ( ) ( ) ( )5 3 3 1
5

1 5 5 10z z z z z z z z− −− −− = − − − + −  
M1 A1 Expands and groups. No clear grouping is M1 A0. 

 5 5 5(2isin3 ) 10(2isin )2 isin 2isin5   = − +   M1 A1FT Substitutes 2isinn nz z n−− =  on RHS. FT on signs of 

coefficients only. Substituting isinn nz z n−− = on 

RHS is M1 A0. Omission of i is M0. 

 
  

5 .c
5

ose
16

sin5 sin3 1 si
c

0 n


  
=

− +
 

A1 Cancelation of i justified.  

  6  

    

Question Answer Marks Guidance 

4(a) 1 2 11 1 1

1 2 1
e e e n

n

−

−
+ + +  M1 Forms sum of the areas of the rectangles.  

 1

1
e d

n
x

x
x   

A1 Compares with integral. Wrong comparison 

(missing/wrong inequality or wrong limits) is A0. 

 
1

1 1
e d 2e

nn

x

xx x  =
   

M1 A1 Correct integration. Attempt at integration by parts is 

M0 A0.  

 
( )1 1 1

1
1

e 2e e 2 e 2e
n n

r n n

r n n
r

x

=

  + = + −
   

A1 AG, must have obtained all previous marks.  

  5  
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4(b) 2 31 1 1

2 3
e e e n

n
+ + +   M1  Forms the sum of the areas of appropriate rectangles. 

 
1

1 1
e d 2e

nn

x

xx x   =
    

A1 Compares with integral. 

 
1

1
1

e 2e e 2e e
n

nx
n

r

r
r=

  + = −
   

M1 A1 Adds term from 1.r =   
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5 12 1
44

56 6 10 i3m m m = − + + =    M1 Auxiliary equation. M1 for correct type (complex) of 

roots.  

 ( )
1
4 15 15

4 4
e cos sin

t
x A t B t

−
= +   

A1 Complimentary function.  

Allow ‘ x = ’ missing. Using x instead of t is A0. 

 e ' e '' et t tx k x k x k− − −=  =−  =   B1 Particular integral and its derivatives.  

 6 e 3 e 6 e et t t tk k k− − − −− + =  M1 Substitutes and equates coefficients.  

 1
9

k =     A1  

 ( )
1
4 15 15 1

4 4 9
e cos sin e

t tx A t B t −−
= + +   

A1 FT General solution. FT on CF and their value of k. Must 

have ‘ x = ’. 

 ( ) ( )
1 1
4 415 15 15 15 151 1

4 4 4 4 4 4 9
' e sin cos e cos sin e tt t
x A t B t A t B t −− −
= − + − + −  

*M1 Using product rule.  

 1
9

0 A= +  15 1 1
4 4 9

0      B A= − −  1 1
9 3 15
,A B =− =   DM1 A1 Substitutes initial conditions and forms simultaneous 

equations. 

 ( )
1
4 15 151 1 1 1

3 3 4 4 915
e cos sin e tt

x t t −−
= − + +   

A1 Must have ‘ x = ’. 

  10  
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6(a) e e 2
tanh sech

e e e e

u u

u u u u
u u

−

− −

−
= =

+ +
 

B1 Writes in exponential from. 

 ( ) ( )

( ) ( )

2 22

2 2

e e e ee e 4
1

e e e e e e

u u u uu u

u u
u u u u

− −−

−
− −

+ − − −
− = = 

+  + +
 

M1 Writes over common denominator. 

 2sech u=  A1 Withold this mark if working with LHS and RHS 

simultaneously.  

  3  

6(b) 1 d
sech sech tanh sech 1

d

u
u t u t u u

t

−=  =  − =   
M1 A1 Differentiates implicitly.  

 

2

d 1 1

d tanh sech 1

u

t u u t t
= − = −

−
  

M1 A1 Uses identity from (a), AG. 

 First alternative method for question 6(b)   

 1

2

1 d 1
sech cosh sinh

d

u
u t u u

t t t

−=  =  = −  
M1 A1 Differentiates implicitly. 

 

2 2 2 2 2

d 1 1 1

d cosh 1 1 1

u

t t u t t t t−
= − = − = −

− − −
 

M1 A1 Uses 2 2cosh sinh 1u u− = , AG. 

6
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3 1 2isinz z −− =  B1 Use of 1 2isinz z −− =  

 ( ) ( ) ( ) ( )5 3 3 1
5

1 5 5 10z z z z z z z z− −− −− = − − − + −  
M1 A1 Expands and groups. No clear grouping is M1 A0. 

 5 5 5(2isin3 ) 10(2isin )2 isin 2isin5   = − +   M1 A1FT Substitutes 2isinn nz z n−− =  on RHS. FT on signs of 

coefficients only. Substituting isinn nz z n−− = on 

RHS is M1 A0. Omission of i is M0. 

 
  

5 .c
5

ose
16

sin5 sin3 1 si
c

0 n


  
=

− +
 

A1 Cancelation of i justified.  

  6  

    

Question Answer Marks Guidance 

4(a) 1 2 11 1 1

1 2 1
e e e n

n

−

−
+ + +  M1 Forms sum of the areas of the rectangles.  

 1

1
e d

n
x

x
x   

A1 Compares with integral. Wrong comparison 

(missing/wrong inequality or wrong limits) is A0. 

 
1

1 1
e d 2e

nn

x

xx x  =
   

M1 A1 Correct integration. Attempt at integration by parts is 

M0 A0.  

 
( )1 1 1

1
1

e 2e e 2 e 2e
n n

r n n

r n n
r

x

=

  + = + −
   

A1 AG, must have obtained all previous marks.  

  5  
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5(a) ( ) ( )
5

isincos5 i5 + = +c s   M1 Uses binomial theorem.  

 5 2 3 4cos5 10 5 − += cc s s c   A1  

 ( ) ( )
2

5 2 3 210 1 5 1= − − + −c c c c c   M1 Uses 2 21 .= −s c   

 5 316 20 5= − +c c c   A1  

 5

5 3 5

sec
s

1
5ec

16 20 5 sec





= 

− +c c c
 

M1 Divides simplified numerator and 

denominator by 5.c   

 5

4 2

sec

sec5 20 16sec



 − +
=   

A1 AG. 

  6  

5(b) 
( )22 2

3 3

5
5 4

4 2
5 20 16

5 20 16
= − +  =

− +

x
x x x

x x
  

B1 Relates with equation in part (a). Can be 

implied by M1 mark. 

 

 32
23

se 5 coc s5 =  =  M1 Solves 3

2
cos5 . =   

 ( )1
30
πsec=x   A1 Gives one correct solution.  

 ( ) ( ) ( ) ( )13 23 2511
30 30 30 30

πsec ,sec ,s ,π π ec secπ  A1 Gives four other solutions. Allow different 

values of q as long as all five solutions are 

found.  

-1.35, -1.15, 1.01, 2.46, 4.81 

  4  

8


