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Answer all questions in the spaces provided.

1 The position vectors of the points P, Q and R are, respectively,

p ¼
3

4

�1

2
4

3
5, q ¼

�1

2

2

2
4

3
5 and r ¼

1

4

1

2
4

3
5

(a) Show that p, q and r are linearly dependent. (2 marks)

(b) Determine the area of triangle PQR. (4 marks)
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2 Let A ¼ 1 x

2 3

� �
, B ¼ 1 �1

2 2

� �
and C ¼ 4� 4x 8

8x� 4 4

� �
.

(a) Find AB in terms of x. (2 marks)

(b) Show that BTAT ¼ C for some value of x. (5 marks)
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3 The plane P1 is perpendicular to the vector 9i� 8jþ 72k and passes through the

point Að2, 10, 1Þ .

(a) Find, in the form r . n ¼ d , a vector equation for P1. (3 marks)

(b) Determine the exact value of the cosine of the acute angle between P1 and the

plane P2 with equation r . ðiþ jþ kÞ ¼ 11 . (4 marks)
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4 The fixed points A and B and the variable point C have position vectors

a ¼
3

�4

1

2
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3
5, b ¼

2
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�3

2
4

3
5 and c ¼

2� t

t

5

2
4

3
5

respectively, relative to the origin O, where t is a scalar parameter.

(a) Find an equation of the line AB in the form ðr� uÞ � v ¼ 0 . (3 marks)

(b) Determine b� c in terms of t. (4 marks)

(c) (i) Show that a . ðb� cÞ is constant for all values of t, and state the value of this

constant. (2 marks)

(ii) Write down a geometrical conclusion that can be deduced from the answer to

part (c)(i). (1 mark)
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5 Factorise fully the determinant

x y z

x2 y2 z2

yz zx xy

������
������ . (8 marks)
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6 The line L and the plane P have vector equations

r ¼
7

8

50

2
4

3
5þ t

6

2

�9

2
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3
5 and r ¼

�2

0

�25

2
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5þ l
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4

3
5þ m

1
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respectively.

(a) (i) Find direction cosines for L. (2 marks)

(ii) Show that L is perpendicular to P . (3 marks)

(b) For the system of equations

6pþ 5qþ r ¼ 9

2pþ 3qþ 6r ¼ 8

�9pþ 4qþ 2r ¼ 75

form a pair of equations in p and q only, and hence find the unique solution of this

system of equations. (5 marks)

(c) It is given that L meets P at the point P.

(i) Demonstrate how the coordinates of P may be obtained from the system of equations

in part (b). (2 marks)

(ii) Hence determine the coordinates of P. (2 marks)
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7 The transformation T is represented by the matrix M with diagonalised form

M ¼ UDU�1

where U ¼ 4 �1

1 3

� �
and D ¼ 27 0

0 1

� �
.

(a) (i) State the eigenvalues, and corresponding eigenvectors, of M. (4 marks)

(ii) Find a cartesian equation for the line of invariant points of T. (2 marks)

(b) Write down U�1 , and hence find the matrix M in the form

a b

c d

� �

where a, b, c and d are integers. (5 marks)

(c) By finding the element in the first row, first column position of Mn , prove that

4� 33nþ1 þ 1

is a multiple of 13 for all positive integers n. (5 marks)
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8 The matrix
12 16

�9 36

� �
represents the transformation which is the composition, in

either order, of the two plane transformations

E: an enlargement, centre O and scale factor k ðk > 0Þ

and

S: a shear parallel to the line l which passes through O

Show that k ¼ 24 and find a cartesian equation for l. (7 marks)
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