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1 Find the roots of the equation z 108 3 108i3 = - + , giving your answers in the form cos sinr ii i+` j, 
where r 02  and 0 21 1 ri . [5]
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2 Find the Maclaurin’s series for e ex x1 12

++ -  up to and including the term in x2  . [4]
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3 It is given that 

sinx t1= -      and     cosy t t1= - ,     for t0 11G .

 (a) Show that cosx
y

t t t1d
d 2 1= - + - - . [3]
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 (b) Find 
x
y

d
d
2

2
 in terms of t . [4]
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4 It is given that, for n 0H , h dsecI xx
ln

n
n

0

3
= y .

 (a) Show that, for n 2H ,

    n I n I1 25
3

5
4

n

n

n

2

2- = + -
-

-
` b b `j l l j . [5]

  [You may use the result that h hsecxd
d tanh secx x= - x` j  .]
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 (b) Find the value of I4 . [3]
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5

1

y

x0
n
1

n
2

n
n 1-

 The diagram shows the curve with equation y x x2 2= -  for x0 1G G , together with a set of n 
rectangles of width n

1  .

 (a) By considering the sum of the areas of these rectangles, show that x x x U2 d n0

21
1-` jy , where

    U n n1 1
3
2

6
1

n = + -b el o. [5]
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 (b) Use a similar method to find, in terms of n, a lower bound Ln  for x x x2 d2
0

1
-` jy . [4]
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 (c) Show that lim U L 0n n n- =
"3` j . [2]

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

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

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

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

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

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

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

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

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

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



10

9231/21/M/J/24© UCLES 2024

6 (a) Show that cosh sinhx x e x2
1

2
1

+ =` j . [2]
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 (b) Find the particular solution of the differential equation

cosh sinh
x
y

x
y

y x x3 5
d
d

d
d

2

2
2
1

+ + = +` j ,

  given that, when x 0= , y 1=  and x
y

3
4

d
d
= . [10]
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7 (a) Use the substitution u x1 2= +  to find

    
x

x
1 2+

xdy . [2]
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 (b) Find the solution of the differential equation

sinhx x
y
y x xd

d 2 1- = - ,

  given that y 1=  when x 1= . Give your answer in the form y xf= ` j. [10]
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8 (a) Find the set of values of a  for which the system of equations 

x2 - y
x ay6 + ,

,
x y z

3
1

5 4 2

=

=

+ + =

  has a unique solution. [2]
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 (b) Show that the system of equations in part (a) is consistent for all values of a . [3] 
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 The matrix A  is given by 

6
2
1

0
1
5

0
0
4

A = -f p.

 (c) Find a matrix P and a diagonal matrix D such that 14 24A I PDP
2 1+ = -` j . [7]
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 (d) Use the characteristic equation of A  to show that

b14 24A I A A I
2 4 2

+ = +` `j j ,

  where b is an integer to be determined. [4]
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Additional page

If you use the following page to complete the answer to any question, the question number must be clearly 
shown.
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