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Do not write 
outside the  

box Answer all questions in the spaces provided. 

1 
  

The diagram shows a parallelepiped and the four points  A,  B,  C  and  D 

 
    

The points  A,  B,  C  and  D  have position vectors 
 

+ +
=       =       =             =

k k
a b c d

3 4 6 5
4 , 6 , 7 and 3
2 3 3 5

 

   where  k   is a constant. 
 
It is given that the volume of the parallelepiped has a magnitude of  4  cubic units. 
 
 
Find the possible values of  k  

[6 marks] 
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Do not write 
outside the  

box 2 (a)  Use the definitions of  xcosh   and  sinh x   in terms of  ex   and  e x   to show that 

=x x2 2cosh sinh 1 

[2 marks] 

    

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

2 (b)  Use the result given in part (a) to solve the equation 

=x x2sinh cosh 5 0  

 

   
Give any solutions as an exact natural logarithm. 

[5 marks] 
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 Answer  
 
 
 
 

Turn over for the next question 
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Do not write 
outside the  

box 3 
  

Three non-singular square matrices  A,  B  and  R  are such that 

AR = B 

   The matrix  R  represents a rotation about the x-axis through an angle  θ  
 
The matrix  B   is defined as 

=
θ θ

θ θ

0 cos sin
1 0 0
0 sin cos

B  

3 (a) 
 

Show that  A  is independent of  θ  
[3 marks] 
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box 3 (b) 
 

Describe the single transformation represented by  A 
[2 marks] 

  

  

  

  

  

  
 
 
 
 

Turn over for the next question 
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Do not write 
outside the  

box 

4 (a) 
 

Explain why  dx
x

2

2
0

1

4
  is an improper integral. 

[1 mark] 

  

  

  

  
 
 

4 (b)  Evaluate  dx
x

2

2
0

1

4
  showing the limiting process used. 

[3 marks] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
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box 5   It is given that 

+f = +n nn 17 11  

   Prove by induction that  f n   is a multiple of  4  for all integers  n 1 
[5 marks] 
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Do not write 
outside the  

box 6 (a)  Show that 

+ = + +r r r r5 5 4 21 1 10 20 2  

[1 mark] 

    

 
 

 
 

 
 

 
 

 
 

6 (b)  Hence use the method of differences to show that 

=
= + + + +

n

r
r n n n n pn q4 2

1

1
1 2 1 3

30
 

   where  p   and  q   are integers 
[7 marks] 
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Do not write 
outside the  

box 7 
  

A curve  C  is defined by the polar equation 

= +r θ θ2sec 2 1 tan       where      π π<θ
4 2

 

   
The point  A  on  C  is where  =θ 0  
 

The point  B  on  C  is where  
π=θ
6

 

 
The point  O  is the pole. 

 
Show that the area of the region bounded by the curve  C  and the lines  OA  and  OB  is 

+m n 3
108

 

   where  m   and  n   are integers. 
[5 marks] 
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Do not write 
outside the  

box 8 
  

Three planes have equations 

+ =
+ =

+ =

x y z
x k y z

k x y z

2 3 1
1 3

3 1
 

   where  k   is a constant. 
 
The planes do not meet at a unique point. 

 
 

8 (a)  Find the possible values of  k  
[3 marks] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
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Do not write 
outside the  

box 8 (b) (i) Determine the number of solutions of the three equations when  =k 3  
 
Fully justify your answer. 

[3 marks] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 
 
 

8 (b) (ii) Hence give a geometric interpretation for the three planes when  =k 3  
[1 mark] 
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Do not write 
outside the  

box 9   A curve is given parametrically by the equations 

=             =x θ θ y θ2sin cos and sin        for   < πθ0  

   The arc of the curve from  =θ 0   to  π=θ
6

  is rotated through  π2   radians about 

the x-axis to generate a surface with area  S 
 
 
Find the value of  S  

Give your answer in the form  π π +p q 3
12

  where  p   and  q   are integers. 

[8 marks] 
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Do not write 
outside the  

box 10   The roots of the quartic equation 

+ + =z z z pz q4 3 22 21 0  

   are  ,  ,    and  ,  where  p   and  q   are real. 
 
It is given that  ,  ,    and    form an arithmetic sequence. 

 
 
10 (a)  Find the possible values of  ,  ,    and   

[6 marks] 
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Answer  

 
 
10 (b)  Hence find the value of  p   and the value of  q  

[3 marks] 

  

  

  

  

  

  

  
 

=p   =q   

 
  

 
9 

 



20 
 

 

*20* 
IB/G/Jan25/FM03 

 

Do not write 
outside the  

box 11   The line  1L   has Cartesian equation 

= =yx z7
2 12 5

2
 

   The line  2L   has equation 

× =w
8 3

2
6 1

r 0      where  w   is a constant. 

11 (a)  It is given that  1L   and  2L   intersect at a point. 
 
Find the value of  w  

[5 marks] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Answer  
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outside the  

box 11 (b)  It is given that  1L   and  2L   lie in the plane  Π  

Find an equation of the plane  Π  

Give your answer in the form  = dr n    
 [3 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 

 

 
 
 
 

Question 11 continues on the next page 
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Do not write 
outside the  

box 

11 (c) 

 

The point  P   has position vector  
5
3
1

 

 

11 (c) (i) The point  Q   is the image of  P   in a reflection in the plane  Π  

Find the position vector of  Q  
 [4 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
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box 11 (c) (ii) Find the exact distance of  P   from  Π  
 [2 marks]  

 

  

  

  

  

 

Answer 

 

 
 
 
 

Turn over for the next question 
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Do not write 
outside the  

box 12   It is given that  = fy x   satisfies the differential equation 

d d = e
dd

xy y y x
xx

2

2 2 6 10cos  

   and when  =x 0   it is given that both  =y 10   and  d =
d

y
x

1 

 
Find  f x  

[12 marks] 
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 f =x   
 
  

 
12 
 



26 
 

 

*26* 
IB/G/Jan25/FM03 

 

Do not write 
outside the  

box 13    The matrix  M   is defined as 

+
= +

k
k

4 1 1
1 3 2
2 1 1

M  

   
where  k   is a constant. 
 
It is given that  M   is a non-singular matrix. 

 

13 (a) (i) 
 
Find any restrictions on the value of  k  

[2 marks] 

  

  

  

  

 Answer  
 

13 (a) (ii) 
 
Find  1M   in terms of  k  

[5 marks] 
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box   

  

  

  

  

 

Answer 

 

 
 
13 (b)  Use your answer to part (a)(ii) to solve 

4 1 4
3 2 3

2 1

x y k z
x y k z
x y z

 

   
Give your answer in terms of  k 

[3 marks] 

  

  

  

  

  

  

  

  

  

  

  

 

x = 

 

y = 

 

z = 
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box 14 (a)  Use de Moivre’s theorem to express  θ6sin   in terms of  θcos6 ,  θcos4   and  θcos2  
[6 marks] 
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box 14 (b)  Use your answer to part (a) to show that 

 
π

= π +dθ a bθ
6 6

0

1
sin 3

96
 

   
where  a   and  b   are integers. 

[3 marks] 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 
 
 
 

Turn over for the next question 
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Do not write 
outside the  

box 15   The general solution of the differential equation 

 
d ++ =
d + +
y xx y x x
x x x2

22 5
cos sin cos

4 5
 

   
can be written in the form  = fy x  

 
15 (a) 

 
Find  f x  

[9 marks] 
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 f =x   
 

15 (b)  Find the particular solution of the differential equation where  f = 10 tan 2  
[2 marks] 

  

  

  

  

  

  

  

  

  

 

=y  

 

 

END  OF  QUESTIONS
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There are no questions printed on this page 
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Question 
number 

Additional page, if required. 
Write the question numbers in the left-hand margin. 
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