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Answer all questions.

Answer each question in the space provided for that question.

1 The points A, B, C and D have position vectors a, b, c and d respectively relative to

the origin O, where

a ¼
1

2

�1

2
64

3
75, b ¼

3

4

2

2
64
3
75, c ¼

�1
0

4

2
64

3
75 and d ¼

4

1

�2

2
64

3
75

(a) Find AB
�!� AC

�!
. (3 marks)

(b) The points A, B and C lie in the plane P. Find a Cartesian equation for P.

(2 marks)

(c) Find the volume of the parallelepiped defined by AB
�!

, AC
�!

and AD
�!

. (3 marks)
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Answer space for question 1
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2 The system of equations

2x� y� z ¼ 3

xþ 2y� 3z ¼ 4

2xþ yþ az ¼ b

does not have a unique solution.

(a) Show that a ¼ �3 . (3 marks)

(b) Given further that the equations are inconsistent, find the possible values of b.

(2 marks)

(c) State, with a reason, whether the vectors

2

1

2

2
64
3
75,

�1
2

1

2
64

3
75 and

�1
�3
�3

2
64

3
75 are linearly

dependent or linearly independent. (1 mark)
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Answer space for question 2
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3 The determinant D is given by

D ¼
x2 � x y2 � y z2 � z

x y z

x2 þ y2 þ z2 x2 þ y2 þ z2 x2 þ y2 þ z2

�������
�������

where x, y and z are distinct real numbers.

(a) Express D as a product of one quadratic factor and three linear factors. (6 marks)

(b) Deduce that D 6¼ 0 . (2 marks)
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Answer space for question 3
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4 Two planes have equations

2x� 2yþ z ¼ 24

xþ 3yþ 4z ¼ 8and

They meet in a line L.

(a) Find Cartesian equations for the line L. (5 marks)

(b) The direction cosines of the line L are given by cos a, cos b and cos g.

(i) Find the exact value of each of the direction cosines. (2 marks)

(ii) Show that sin2 a þ sin2 b þ sin2 g ¼ 2 . (3 marks)

Answer space for question 4

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

.................................................................................................................................................................

Do not write
outside the

box

P60217/Jun13/MFP4

QUESTION

PART

REFERENCE

(08)



9

Answer space for question 4
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5 The matrix M is given by

M ¼
1 1 2

0 2 2

�1 1 3

2
64

3
75

(a) Show that l ¼ 2 is an eigenvalue for M , and find the other two eigenvalues.

(5 marks)

(b) Find an eigenvector that corresponds to l ¼ 2 . (3 marks)

(c) The matrix N is given by

N ¼
2 2 �3
2 2 3

�3 3 3

2
64

3
75

(i) Show that

1

1

0

2
64
3
75 is an eigenvector for N , and find the corresponding eigenvalue.

(2 marks)

(ii) Hence state one eigenvector for the matrix MN , and find the corresponding

eigenvalue. (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 T is defined by

T :
x 0

y 0

" #
¼

4 3

�3 �2

" #
x

y

" #

(a) A shape has an area of 3 square units. Find the area of the shape after being

transformed by T. (2 marks)

(b) (i) Find the equations of all the invariant lines of T. (5 marks)

(ii) State the equation of the line of invariant points of T. (1 mark)
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Answer space for question 6
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7 The 3� 3 matrices A and B satisfy

AB ¼
k 8 1

1 1 0

1 4 0

2
64

3
75, where A ¼

k 6 8

0 1 2

�3 4 8

2
64

3
75

and k is a constant.

(a) Show that AB is non-singular. (1 mark)

(b) Find ðABÞ�1 in terms of k. (5 marks)

(c) Find B�1 . (4 marks)
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Answer space for question 7
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8 A line and a plane have equations

x� 3

p
¼ y� q

3
¼ z� 1

�1

r :
1

1

2

2
64
3
75 ¼ 10and

respectively, where p and q are constants.

(a) Show that the line is not perpendicular to the plane. (1 mark)

(b) In the case where the line lies in the plane, find the values of p and q. (4 marks)

(c) In the case where the angle, y, between the line and the plane satisfies sin y ¼ 1ffiffiffi
6
p ,

and the line intersects the plane at z ¼ 2 :

(i) find the value of p; (5 marks)

(ii) find the value of q. (2 marks)
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Answer space for question 8
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Answer space for question 8
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