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8 (a) State the sum of the series ᴢ + ᴢ 2 + ... + ᴢ n , for ᴢ 1! . [1]
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 (b) By letting ᴢ ( )cos isin21 i i= +  use de Moivre’s theorem to deduce that

    ( )sin cos
sin sin sinm n n 1m

n n

m

n
21 45

21
2

21
1

21

1
i i

i i i= -
- + ++ +

=
b b bl l l/ . [6]
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 (c) Use the result in (b) to find cos mmm
m

n
21

1
i

=
b l/  in terms of n and i . [You do not need to simplify your answer.] [3]
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 (d) Hence find cosm mm
m

21
1

i
3

=
b l/  in terms of cos i . [You may assume that n2 0n "  as n " 3.] [2]
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2 Find the roots of the equation ᴢ 4 8 8 3i= - , giving your answers in the form reii , where r 02  and r r1G i- . [5]
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4 (a) By considering the binomial expansion of z z1
6+b l , where cos sinz ii i= + , use de Moivre’s 

theorem to show that
cos cos cos cosa b c d6 4 26 i i i i= + + + ,

  where a, b, c and d are constants to be determined. [5]
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 (b) Find the exact value of cos x x2 dr
0

621y . [3]
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3 (a) Use de Moivre’s theorem to show that
    sin sin sin sin5 16 20 55 3i i i i= - + . [4]
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 (b) Hence obtain the roots of the equation
    x x x32 40 10 3 05 3- + - =
  in the form rsin q , where q is a rational number. [4]
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1 Find the roots of the equation z 27 27i3 = - , giving your answers in the form reii , where r 02  and r r1G i- . [5]
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3 By considering the binomial expansion of z z1
5-b l , where cos isinz i i= + , use de Moivre’s theorem to show that

cosec sin sin sinb ca5 35 i i i i= + + ,

 where a, b and c are integers to be determined. [6]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................

* 0000800000004 *

DO
 NO

T W
RIT

E IN
 TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN

10



A-Level Further Mathematics: 9231 Mathematics - Further June 2025 Question Paper  21Name: 5

9231/21/M/J/25© UCLES 2025 [Turn over

 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................

* 0000800000005 *

DO
 NO

T W
RIT

E IN
 TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN

11



A-Level Further Mathematics: 9231 Mathematics - Further June 2025 Question Paper  23Name: 8

9231/23/M/J/25© UCLES 2025

5 (a) Use de Moivre’s theorem to show that

    sec sec secsec5 5 20 164 2
5i i i
i= - + . [6]
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 (b) Hence, obtain the roots of the equation
x x x3 10 40 32 05 4 2- + - =

  in the form r( )sec q , where q is rational. [4]
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