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1.

A =
− −

−

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

2 1 3
1 3

2 1
k

k
, where k is a constant

 Given that the matrix A is singular, find the possible values of k.
(4)
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2. The curve C  has equation 

y x x x= −
2

8
2 3ln ,

 
 
Find the length of the curve C giving your answer in the form p + lnq, where p and q are 
rational numbers to be found.

(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

PhysicsAndMathsTutor.com



Leave 
blank

6

*P44566A0632*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

3. (a) Prove that

d arcoth
d

( )x
x x

=
−
1

1 2

(3)

 Given that y = (arcoth x)2,

 (b) show that

( )1 2
1

2
2

2 2− − =
−

x y
x

x y
x

k
x

d
d

d
d

 where k is a constant to be determined.
(5)
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Question 3 continued
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4. (i) Find, without using a calculator,

1
15 2 2

3

5

+ −∫ x x
x d

  giving your answer as a multiple of .
(5)

 (ii)

  (a) Show that

5 4 9
2

2

cosh sinhx x
x

x− = +e
e

(3)

  (b) Hence, using the substitution u = ex or otherwise, find

1
5 4cosh sinhx x

x
−∫  d

(4)
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Question 4 continued
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5. The hyperbola H has equation

x y2 2

16 9
1− =

 The point P (4 sec , 3 tan ), 0 < < 
2
π

, lies on H.

 (a) Show that an equation of the normal to H at the point P is

3y + 4x sin  = 25 tan
(5)

 The line l is the directrix of H for which x > 0

 The normal to H at P crosses the line l at the point Q.  Given that  = 
4
π

 (b) find the y coordinate of Q, giving your answer in the form a b+ 2, where a and b 
are rational numbers to be found.

(6)
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Question 5 continued
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6. M =
−

− −
−

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

p

q

2 0
2 6 2
0 2

 where p and q are constants.

 Given that 
2
2
1

−
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 is an eigenvector of the matrix M,

 (a) find the eigenvalue corresponding to this eigenvector,
(3)

 (b) find the value of p and the value of q.
(3)

 Given that 6 is another eigenvalue of M,

 (c) find a corresponding eigenvector.
(2)

 Given that 
1
2
2

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 is a third eigenvector of M with eigenvalue 3

 (d) find a matrix P and a diagonal matrix D such that

PTMP = D
(3)
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

PhysicsAndMathsTutor.com



Leave 
blank

24

*P44566A02432*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

7. Given that

I nx
x

x nn = ∫ sin
sin

, d 1

 (a) prove that, for n  3

I I n x xn n− = −− ∫2 2 1cos( ) d
(3)

 (b) Hence, showing each step of your working, find the exact value of 

6

12

sin 5  d
sin

π

π

x x
x∫

  giving your answer in the form 
1 3

12
aπ b c+ +( ), where a, b and c are integers to be

  found.
(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

PhysicsAndMathsTutor.com



Leave 
blank

28

*P44566A02832*

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

8. The plane 1 has equation

x – 5y – 2z = 3

 The plane 2 has equation

r = i + 2j + k + (i + 4j + 3k) + (2i – j + k)

 where  and are scalar parameters.

 (a) Show that 1 is perpendicular to 2
(4)

 (b) Find a cartesian equation for 2
(2)

 (c) Find an equation for the line of intersection of 1 and 2 giving your answer in the 
form (r – a) × b = 0, where a and b are constant vectors to be found.

 (6)
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Question 8 continued
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