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Answer all questions.

Answer each question in the space provided for that question.

1 The three points A, B and C have coordinates ð2, �1, 1Þ, ð4, 3, �2Þ and ð3, 0, �3Þ
respectively.

(a) Find AB
�!� AC

�!
.

[3 marks]

(b) Hence find the exact value of the area of triangle ABC.
[2 marks]
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2 The matrices A and B are such that

ðABÞ�1 ¼ 10 3

2 �1

� �
and detðA�1Þ ¼ 1

2

Find the determinant of B .

[3 marks]
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Answer space for question 2
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3 Let D ¼
a �12 1

4 �3a a� 3

�3 4a aþ 4

������
������ .

(a) (i) Use a row operation to show that a� 4 is a factor of D.
[2 marks]

(ii) Factorise D as fully as possible.

[4 marks]

(b) The vectors

a

4

�3

2
4

3
5 ,

�12
�3a
4a

2
4

3
5 and

1

a� 3

aþ 4

2
4

3
5 are linearly dependent.

Find the possible values of a.
[2 marks]
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Answer space for question 3
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4 The matrix A ¼
5 2 4

7 4 6

6 k � 2 k

2
4

3
5 is non-singular.

(a) Show that k 6¼ 5 .
[3 marks]

(b) Find A�1 in terms of k.
[5 marks]

(c) Use your result from part (b) to solve the equations

5xþ 2yþ 4z ¼ a

7xþ 4yþ 6z ¼ �a
6x� 3y� z ¼ �5a

[4 marks]
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5 The matrix M ¼
1 1 2

0 5 �1
2 p 1

2
4

3
5 , where p is a constant, has three distinct

eigenvalues, l1, l2 and l3.

(a) Given that l1 ¼ 2 , find the value of p.
[4 marks]

(b) Given that l2 < 0 , find the values of l2 and l3.
[5 marks]

(c) The transformation T has matrix M. Find a vector equation for any one of the

invariant lines of T .

[2 marks]
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Answer space for question 5
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________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Do not write
outside the

box

PB/Jun16/MFP4

Turn over

s

(15)

QUESTION

PART

REFERENCE



16

6 The transformation T maps ðx, yÞ to ðx 0, y 0Þ where

x 0 ¼ �2xþ 2yþ 4

y 0 ¼ 3x� y� 4

(a) Explain what is meant by a line of invariant points.

[1 mark]

(b) Find an equation of the line of invariant points of T .

[3 marks]

(c) Show that T has an infinite number of invariant lines.

[5 marks]
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7 The linear transformation T is represented by the matrix M ¼
�k

ffiffiffi
3
p

0 �k
0 2k 0

k 0 �k
ffiffiffi
3
p

2
64

3
75 .

(a) Find the determinant of M in terms of k.
[1 mark]

(b) The transformation T is the composition of two transformations. The first

transformation, T1 , is an enlargement centre O and scale factor 2k ðk > 0Þ , and the

second is a transformation T2 . When T is applied to a solid shape of volume 48 cm3 ,

the volume of the image is 0.75 cm3 .

(i) Find the value of k and hence state the scale factor of the enlargement.

[3 marks]

(ii) Give a full geometrical description of T2 .

[5 marks]
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8 (a) The plane P1 is perpendicular to the line r�
2

4

�3

2
4

3
5

0
@

1
A�

5

2

�1

2
4

3
5 ¼

0

0

0

2
4
3
5 .

The point ð3, �1, 2Þ lies on P1. Find an equation for P1 in the form r:n ¼ c .
[2 marks]

(b) The plane P2 contains the points ð2, 3, 2Þ, ð4, 1, �1Þ and ð0, �1, 2Þ.

Show that an equation for P2 is 2x� yþ 2z ¼ d , where d is an integer to be found.

[5 marks]

(c) Show that the acute angle, y, between the planes P1 and P2 is such that

cos y ¼
ffiffiffiffiffi
30
p

15
.

[3 marks]

(d) The plane P3 has the equation 4ðk � 2Þxþ ðk þ 1Þy� 4k 2z ¼ 8 , where k is an

integer. The three planes P1, P2 and P3 have no point in common.

(i) Show that one possible value of k is 1 and find the other possible value.

[4 marks]

(ii) State the geometrical configuration of the three planes for each of the two cases in

part (d)(i), giving reasons for your answers.

[4 marks]

Answer space for question 8

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Do not write
outside the

box

PB/Jun16/MFP4

QUESTION

PART

REFERENCE

(20)



21

Answer space for question 8

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Do not write
outside the

box

PB/Jun16/MFP4

Turn over

s

(21)

QUESTION

PART

REFERENCE



22

Answer space for question 8

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Do not write
outside the

box

PB/Jun16/MFP4

(22)

QUESTION

PART

REFERENCE



23

Answer space for question 8

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

END OF QUESTIONS

Do not write
outside the

box

PB/Jun16/MFP4

(23)

QUESTION

PART

REFERENCE



DO NOT WRITE ON THIS PAGE
ANSWER IN THE SPACES PROVIDED

24

There are no questions printed on this page
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