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Answer all questions.

Answer each question in the space provided for that question.

1 The equation

x3 � x2 þ 4x� 900 ¼ 0

has exactly one real root, a .

Taking x1 ¼ 10 as a first approximation to a, use the Newton–Raphson method to

find a second approximation, x2 , to a . Give your answer to four significant figures.

(3 marks)

Answer space for question 1
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2 The matrices A and B are defined by

A ¼
p 2

4 p

� �
B ¼ 3 1

2 3

� �

(a) Find, in terms of p, the matrices:

(i) A� B ; (1 mark)

(ii) AB . (2 marks)

(b) Show that there is a value of p for which A� Bþ AB ¼ kI , where k is an integer

and I is the 2� 2 identity matrix, and state the corresponding value of k. (4 marks)

Answer space for question 2
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3 (a) Find the general solution, in degrees, of the equation

cosð5xþ 40�Þ ¼ cos 65� (5 marks)

(b) Given that

sin
p
12
¼

ffiffiffi
3
p
� 1

2
ffiffiffi
2
p

express sin
p
12

in the form cos
p
4

� ��
cosðapÞ þ cosðbpÞ

�
, where a and b are rational.

(3 marks)

Answer space for question 3
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4 (a) It is given that z ¼ xþ yi , where x and y are real numbers.

(i) Write down, in terms of x and y, an expression for ðz� 2iÞ* . (1 mark)

(ii) Solve the equation

ðz� 2iÞ* ¼ 4izþ 3

giving your answer in the form aþ bi . (5 marks)

(b) It is given that pþ qi , where p and q are real numbers, is a root of the equation

z2 þ 10iz� 29 ¼ 0 .

Without finding the values of p and q, state why p� qi is not a root of the

equation z2 þ 10iz� 29 ¼ 0 . (1 mark)

Answer space for question 4
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5 (a) A curve has equation y ¼ 2x2 � 5x .

The point P on the curve has coordinates ð1, �3Þ .

The point Q on the curve has x-coordinate 1þ h .

(i) Show that the gradient of the line PQ is 2h� 1 . (3 marks)

(ii) Explain how the result of part (a)(i) can be used to show that the tangent to the curve

at the point P is parallel to the line xþ y ¼ 0 . (2 marks)

(b) For the improper integral

ð1
1

x�4ð2x2 � 5xÞ dx , either show that the integral has a

finite value and state its value, or explain why the integral does not have a finite

value. (3 marks)

Answer space for question 5
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6 The equation

2x2 þ 3x� 6 ¼ 0

has roots a and b .

(a) Write down the value of a þ b and the value of ab . (2 marks)

(b) Hence show that a3 þ b3 ¼ � 135

8
. (3 marks)

(c) Find a quadratic equation, with integer coefficients, whose roots are a þ a
b2

and

b þ b
a2

. (6 marks)

Answer space for question 6
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7 (a) Show that the equation 4x3 � x� 540 000 ¼ 0 has a root, a , in the interval

51 < a < 52 . (2 marks)

(b) It is given that Sn ¼
Pn
r¼1
ð2r � 1Þ2 .

(i) Use the formulae for
Pn
r¼1

r2 and
Pn
r¼1

r to show that Sn ¼
n

3
ðkn2 � 1Þ , where k is an

integer to be found. (5 marks)

(ii) Hence show that 6Sn can be written as the product of three consecutive integers.

(2 marks)

(c) Find the smallest value of N for which the sum of the squares of the first N odd

numbers is greater than 180 000 . (2 marks)

Answer space for question 7
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8 The diagram shows two triangles, T1 and T2 .

(a) Find the matrix which represents the stretch that maps triangle T1 onto triangle T2 .

(2 marks)

(b) The triangle T2 is reflected in the line y ¼
ffiffiffi
3
p

x to give a third triangle, T3 . Find,

using surd forms where appropriate:

(i) the matrix which represents the reflection that maps triangle T2 onto triangle T3 ;

(2 marks)

(ii) the matrix which represents the combined transformation that maps triangle T1 onto

triangle T3 . (2 marks)

Answer space for question 8
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9 A curve has equation

y ¼ x2 � 2xþ 1

x2 � 2x� 3

(a) Find the equations of the three asymptotes of the curve. (3 marks)

(b) (i) Show that if the line y ¼ k intersects the curve then

ðk � 1Þx2 � 2ðk � 1Þx� ð3k þ 1Þ ¼ 0 (1 mark)

(ii) Given that the equation ðk � 1Þx2 � 2ðk � 1Þx� ð3k þ 1Þ ¼ 0 has real roots,

show that

k 2 � k5 0 (3 marks)

(iii) Hence show that the curve has only one stationary point and find its coordinates.

(No credit will be given for solutions based on differentiation.) (4 marks)

(c) Sketch the curve and its asymptotes. (3 marks)
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