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1 It is given that sinhI x x xdn n
0
1= y , where n is a non-negative integer.

 (a) Show that, for n 2H , 
    ( )cosh sinhI n n n I1 1 1n n 2= - + - - . [3]
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 (b) Find the exact value of I2 . [2]
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2 (a) Find the exact values of x for which cosh sinhx x2 6 2=  , giving your answers in logarithmic form. [4] ............................................................................................................................................................
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 (b) Sketch the curves coshC y x21 | =  and sinhC y x62 2| =  on the same diagram. [2]
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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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4

 

y

x0 1N1 N2 NN 1-

 The diagram shows the curve with equation y 3x21= ` j for x0 1G G , together with a set of N rectangles 
each of width N1 .

 (a) By considering the sum of the areas of these rectangles, show that x U3 dx N210
1 1` jy , where 

    U N 3
3

1N N
N

1
1= -` j . [4]
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) Use a similar method to find, in terms of N, a lower bound LN for x3 dx210
1 ` jy . [4] 
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 (c) By simplifying U LN N- , show that lim U L 0N N N- =" 3` j . [2]
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5 (a) Find the general solution of the differential equation
    sin cosx

y xy y x x2 2d
d dd2

2 + + = + . [7]
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 (b) For large positive values of x and for any initial conditions, show that the solution to part (a) can be approximated by
    ( )siny R x2c z- , 
  where R and z are positive constants to be determined. [3]
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6 Find the particular solution of the differential equation
    xy x xx y1 21 1dd 2+ - -+ =  
 given that ry =  when x 0= . Give your answer in an exact form. [10]
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7 The curve C has parametric equations  
    ( )ln tan cotx t t t8 3 321= - - ,     ( )ln tan coty t t t6 4 421= + + ,      for r rt61 31G G .

 (a) (i) Show that cosec cottx t t8 3dd 2= + . [1]
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  (ii) Find tydd . [1]
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  (iii) Find the exact value of the length of C. [6]
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 (b) Show that     ( )
( )

cosec cot
cot cosec cosec

x
y

b t c t
a t t t 1

d
d

n2
2

2
2= +

+ ,
  where a, b, c and n are integers to be determined. [5]

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

* 0000800000013 *
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

DFD



14

9231/24/O/N/25© UCLES 2025

8 (a) Find the set of values of a for which the system of equations 

    
x ay
x y

5
20 5

+
- ,2=

,3=
,x y z2 3 1- + =

  has a unique solution and interpret this situation geometrically. [3]
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 (b) Given that a 45=- , show that the system of equations in part (a) is inconsistent and interpret this 
situation geometrically. [3]  
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  The matrix A is given by 

    A 5202
053

001= --f p.

 (c) Find a matrix P and a diagonal matrix D such that ( )A I PDP3 2 1+ = - . [7]
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