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1. In this question you must show all stages of your working.

 Solutions relying entirely on calculator technology are not acceptable.

 Solve the equation

7 cosh x + 3 sinh x = 2ex + 7

 Give your answers as simplified natural logarithms.
(5)
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Question 1 continued
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2. In this question you must show all stages of your working.

 Solutions relying entirely on calculator technology are not acceptable.

M �
� �

�

�

�
�
�

�

�

�
�
�

2 0 0

0 1 4

3 2 3

 (a) Determine M –1

(3)

 The transformation represented by M maps the plane  Π1  to the plane  Π2

 The point  (x, y, z)  on  Π1  maps to the point  (u, v, w)  on  Π2

 (b) Determine x, y and z in terms of u, v and w as appropriate.
(3)

 The plane  Π1  has equation 

3x – 7y + 2z = –3

 (c) Find a Cartesian equation for  Π2

  Give your answer in the form  au + bv + cw = d  where a, b, c and d are integers to 
be determined.

(2)
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Question 2 continued
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P72855A0732* Turn over      

7

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 8 marks)
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3.

O x

y

Figure 1

 Figure 1 shows a sketch of the curve C with equation

� �1
tan cot

2 6 3

π πy x x x� � � �

 (a) Show that the length of C is given by 

� �3
2 2

6

1
tan cot d

2

π

π
x x x��

(6)

 (b) Hence determine the exact length of C, giving your answer in simplest form.
(5)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 11 marks)
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4. The plane  Π1  contains the point  A(2, 4, –5)  and is normal to the vector  
��

�

�
�
�

�

�

�
�
�

1

3

3

 The plane  Π2  contains the point  B(3, 6, –2)  and is normal to the vector  
2

0

5�

�

�

�
�
�

�

�

�
�
�

 The line  l  is the line of intersection of  Π1  and  Π2

 (a) Determine a vector equation for l.
(7)

 The points C and D both lie on l.

 Given that C and D are 5 units apart,

 (b) determine the exact volume of the tetrahedron ABCD.
(5)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 12 marks)
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5.

M � � �
�

�

�

�
�
�

�

�

�
�
�

1 2

1 3 4

2 6 8

k
kwhere  is a constant

 Given that M has a repeated eigenvalue, determine

 (i) the possible values of k,

 (ii) all corresponding eigenvalues of M for each value of k.
(7)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6. The ellipse E has equation  x y2 2

16 9
1� �

 The point  P (4 cos θ, 3 sin θ)  lies on E.

 (a) Use calculus to show that an equation of the tangent to E at P is

3x cos θ + 4y sin θ = 12
(5)

 (b) Determine an equation for the normal to E at P.
(2)

 The tangent to E at P meets the x-axis at the point A. 
The normal to E at P meets the y-axis at the point B.

 (c) Show that the locus of the midpoint of A and B as θ varies has equation 

x2(p – qy2) = r

  where p, q and r are integers to be determined.
(6)
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Question 6 continued
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



*P72855A02332* Turn over      

23

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 6 continued
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(Total for Question 6 is 13 marks)



*P72855A02432*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

24

  

7. I x x nn
n� � cosh 2 0d 

 (a) Show that, for  n  2

I x x
n

n
n
In

n

n� �
��

�

cosh sinh
1

2

2 2

2

1

(5)

 (b) Hence determine 

1 2
3�� �� cosh x xd

  collecting any like terms in your answer.
(4)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 9 marks)
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8. (a) Differentiate  x arcosh 5x  with respect to x
(2)

 (b) Hence, or otherwise, show that

arcosh d5
3

20

2 2

5
2

1

41

4

3

5

x x p q r
k

� � � �� � �� ln ln

  where p, q, r and k are rational numbers to be determined.
(8)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS


