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Answer all questions.

Answer each question in the space provided for that question.

1 The matrix

1 0 0

0 �0:6 �0:8
0 0:8 �0:6

2
4

3
5

represents a rotation.

(a) State the axis of rotation.

[1 mark]

(b) Find the angle of rotation, giving your answer to the nearest degree.

[2 marks]
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Answer space for question 1
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2 (a) Factorise the determinant

1 x x2

1 y y2

1 z z2

�������

�������
as a product of three linear factors:

[4 marks]

(b) The matrices A and B are such that

AB ¼
1 x x2

1 y y2

1 z z2

2
64

3
75 and detA ¼ z2 � y2

Given that detAB 6¼ 0 , find and simplify an expression for detB�1.
[3 marks]
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Answer space for question 2
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3 The matrix M ¼
1 4 2

3 k 3

2 k 1

2
4

3
5 , where k is a constant.

(a) Show that M is non-singular for all values of k.
[3 marks]

(b) Obtain M�1 in terms of k.
[5 marks]

(c) Use M�1 to solve the equations

xþ 4yþ 2z ¼ 25

3xþ kyþ 3z ¼ 3

2xþ kyþ z ¼ 2

giving your solution in terms of k.
[4 marks]
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Answer space for question 3
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Answer space for question 3
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Answer space for question 3
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4 Three vectors u , v and w are such that u� v ¼ u� w , where u 6¼ 0 and v 6¼ w .

Show that v� w ¼ lu , where l is a scalar.

[3 marks]
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Answer space for question 4
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5 The points A, B, C and D have coordinates ð1, 3, pÞ, ð4, 5, 2Þ, ð2, 1, �1Þ and
ð6, 5, 0Þ respectively, where p is a constant.

(a) Write down the vectors AB
�!

, AC
�!

and AD
�!

in terms of p.
[2 marks]

(b) Show that ðAB�!� AC
�!Þ . AD�! is of the form mð5� 2pÞ, where m is an integer to be

found.

[5 marks]

(c) In the case where p ¼ 2:5 , describe the configuration of the points A, B, C and D.

Justify your answer.

[2 marks]

(d) In the case where the vectors AB
�!

, AC
�!

and AD
�!

define the edges of a parallelepiped

of volume 60 , find the possible values of p.
[3 marks]
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Answer space for question 5
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Answer space for question 5
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Answer space for question 5
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6 The plane transformation S is a shear and is represented by the matrix
a b

c �2

� �
,

where a, b and c are constants.

(a) Show that 2aþ bc ¼ �1 .
[2 marks]

(b) Given further that ð2, 2Þ is an invariant point of S, find the values of a, b and c.
[4 marks]

(c) Show that all lines of the form y ¼ xþ k , where k is a constant, are invariant lines

of S.
[3 marks]
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Answer space for question 6
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7 The line l1 has Cartesian equations

x� 1

4
¼ y� 2

�2 ¼
zþ 1

3

and the line l2 has vector equation

r ¼
4

3

c

2
4
3
5þ l

5

�1
0

2
4

3
5

where c is a constant.

The plane P1 contains the lines l1 and l2 .

(a) Show that an equation for the plane P1 is xþ 5yþ 2z ¼ d , where d is an integer to

be found.

[4 marks]

(b) Find the value of c.
[1 mark]

(c) The plane P2 has equation 2x� yþ 2z ¼ 4 .

(i) Find the acute angle between the planes P1 and P2 , giving your answer to the

nearest 0.1�.
[4 marks]

(ii) Find an equation of the line of intersection of P1 and P2 , giving your answer in the

form

ðr� aÞ � b ¼ 0
[5 marks]
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Answer space for question 7
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Answer space for question 7
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Answer space for question 7
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8 The matrix M is given by

M ¼ p q

q p

� �
where p and q are constants and q 6¼ 0 .

(a) Find the eigenvalues of M in terms of p and q.
[4 marks]

(b) Find corresponding eigenvectors of M.

[3 marks]

(c) Write down a matrix U and a diagonal matrix D such that M ¼ UDU�1 .
[2 marks]

(d) Show that Mn ¼ UDnU�1 .
[2 marks]

(e) Given that p ¼ 0:6 and q ¼ 0:4 and Mn ! L as n!1 , find the matrix L.
[4 marks]
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Answer space for question 8
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Answer space for question 8
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