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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.

M �
��

�
�

�

�
�

5 3

3 3

	 (a)	 Determine the eigenvalues of matrix M
(3)

	 (b)	 Determine a normalised eigenvector for each eigenvalue of M
(3)

	 (c)	 Hence write down a diagonal matrix D and an orthogonal matrix P such that

D = PTMP
(2)
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Question 1 continued
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  

Question 1 continued
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Question 1 continued
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(Total for Question 1 is 8 marks)
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  

2.	 The ellipse E has equation   x y2 2

64 16
1� �   and eccentricity e

	 (a)	 Determine the exact value of e
(2)

	 (b)	 Hence determine the shortest distance between a focus of E and its corresponding 
directrix, giving your answer as a simplified surd.

(2)

	 Given that

•	 the point P lies on E

•	 the line through P parallel to the x‑axis meets the line with equation  x = 14  at 
the point X

•	 the midpoint of PX is M

	 (c)	 show that, as P varies, the locus of M is a circle, giving a Cartesian equation for 
this circle.

(4)

	 (d)	 Hence write down the radius of the circle and the coordinates of its centre.
(2)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 10 marks)
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  

3.	 (a)	 Starting with the definition of sech x in terms of exponentials, show that

d

dx
x x xsech sech tanh� � � �

(3)

	 The curve with equation

y = k arctan (ex) + sech 2x

	 where k is a constant, has a turning point when  x = ln 3

	 (b)	 Determine, in simplest form, the exact value of k

(Solutions relying entirely on calculator technology are not acceptable.)
(4)
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Question 3 continued
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(Total for Question 3 is 7 marks)
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  

4.		

O

y

x

Figure 1

	 Figure 1 shows the curve with parametric equations

x = 4 cos3 θ           y = 4 sin3 θ           0  θ  k

	 where k is a positive constant and  k < 
2
π

	 The curve is rotated through 2π radians about the x‑axis.

	 The area of the curved surface generated is given by S.

	 (a)	 Show that

4

0

96 sin cos d� �
k

S π θ θ θ

(5)

	 Given that  S = 
27 3

5
π

	 (b)	 use algebraic integration to determine the value of k.
(3)

	 (c)	 Hence use algebraic integration to determine the length of the curve.
(3)
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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 11 marks)
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  

5.		

S T� �
�

�

�
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�

�

�
�
�

1 0

1 2 3

2 2 0

2 1 3

0 3 1

0 1

  

 

 

p

q

	 where p and q are constants.

	 Given that  det S = det T

	 (a)	 show that  p = 5q + 6
(3)

	 The transformations S and T are represented by S and T respectively.

	 The transformation U, represented by the matrix U, is the transformation S followed by 
the transformation T.

	 (b)	 Determine U, giving your answer in terms of q.
(3)

	 The point (2, –3, 1) is transformed by U to the point (r, 5, 14) where r is a constant.

	 (c)	 Determine the possible values of q.
(3)

	 Given that  q > 0

	 (d)	 determine the value of r.
(2)
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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.	 (a)	 Express  16x2 – 48x + 40  in the form  a(x + b)2 + c, where a, b and c are constants to 
be determined.

(2)

	 (b)	 Hence use a hyperbolic substitution to determine

1

16 48 40
2x x

x
� �� d

(4)

	 The region R is bounded by the curve with equation  y = 
1

16 48 40
2x x� �

, 

	 the x‑axis, the line with equation  x = 
41

24
  and the line with equation  x = 

15

8

	 (c)	 Using the answer to part (b) and showing all your working, determine the area of R, 
giving your answer in the form  p ln q  where p and q are rational numbers.

(3)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 9 marks)
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7.	 The point P has coordinates (6, 1, –2)

	 The plane Π has vector equation

r �
�

�

�

�
�
�

�

�

�
�
�
�

�

�

�

�
�
�

�

�

�
�
�
� �

�

�

�
�
�

�

�

�
�
�

6

1

2

2

3

1

4

1

2

s t

	 where s and t are scalar parameters.

	 (a)	 Determine a Cartesian equation for Π
(3)

	 The point Q has coordinates (0, 9, 32)

	 The point R is the reflection of Q in Π

	 (b)	 Determine the coordinates of R
(4)

	 (c)	 Show that the exact area of the triangle PQR is 4 k  where k is an integer to 
be determined.

(3)
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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 10 marks)



*P79505A02832*

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

28

  

8.		  I x xn
n x� �� e d

2

0

1

2       n  0

	 (a)	 Show that, for  n > 0

I n In n n� �� �
2

1

2
1 1

e
(3)

J x xn
n x� � e d
2

0

1

2       n  0

	 (b)	 Show that, for  n  0

x x x J In n n
sinh 2

20

1

2

d� �
�

(1)

	 Hence given that, for  n > 0

J n Jn n n� �� �
e

2 2
1 1

	 (c)	 show that

x x x k3

0

1

2

2
1

16
sinh d

e
e� � ��

�
�

�
�
�

		  where k is an integer to be determined.
(5)
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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 9 marks)

TOTAL FOR PAPER IS 75 MARKS


