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Answer all questions.

1 (a) The polynomial fðxÞ is defined by fðxÞ ¼ 4x3 � 7x� 3 .

(i) Find fð�1Þ . (1 mark)

(ii) Use the Factor Theorem to show that 2xþ 1 is a factor of fðxÞ . (2 marks)

(iii) Simplify the algebraic fraction
4x3 � 7x� 3

2x2 þ 3xþ 1
. (3 marks)

(b) The polynomial gðxÞ is defined by gðxÞ ¼ 4x3 � 7xþ d . When gðxÞ is divided

by 2xþ 1 , the remainder is 2. Find the value of d. (2 marks)

2 (a) Express sin x� 3 cos x in the form R sinðx� aÞ , where R> 0 and 0< a <
p
2
. Give

your value of a in radians to two decimal places. (3 marks)

(b) Hence:

(i) write down the minimum value of sin x� 3 cos x ; (1 mark)

(ii) find the value of x in the interval 0<x< 2p at which this minimum value occurs,

giving your value of x in radians to two decimal places. (2 marks)

3 (a) (i) Express
2xþ 7

xþ 2
in the form Aþ B

xþ 2
, where A and B are integers. (2 marks)

(ii) Hence find

ð
2xþ 7

xþ 2
dx . (2 marks)

(b) (i) Express
28þ 4x2

ð1þ 3xÞð5� xÞ2
in the form

P

1þ 3x
þ Q

5� x
þ R

ð5� xÞ2
, where P, Q and

R are constants. (5 marks)

(ii) Hence find

ð
28þ 4x2

ð1þ 3xÞð5� xÞ2
dx . (4 marks)
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4 (a) (i) Find the binomial expansion of ð1� xÞ
1

2 up to and including the term in x2 .

(2 marks)

(ii) Hence obtain the binomial expansion of
ffiffiffiffiffiffiffiffiffiffiffi
4� x

p
up to and including the term

in x2 . (3 marks)

(b) Use your answer to part (a)(ii) to find an approximate value for
ffiffiffi
3

p
. Give your answer

to three decimal places. (2 marks)

5 (a) Express sin 2x in terms of sin x and cos x . (1 mark)

(b) Solve the equation

5 sin 2xþ 3 cos x ¼ 0

giving all solutions in the interval 0�4 x4 360� to the nearest 0.1�, where
appropriate. (4 marks)

(c) Given that sin 2xþ cos 2x ¼ 1þ sin x and sin x 6¼ 0 , show that 2ðcos x� sin xÞ ¼ 1 .

(4 marks)

6 A curve is defined by the equation x2yþ y3 ¼ 2xþ 1 .

(a) Find the gradient of the curve at the point ð2, 1Þ . (6 marks)

(b) Show that the x-coordinate of any stationary point on this curve satisfies the equation

1

x3
¼ xþ 1 (4 marks)

Turn over for the next question

Turn over

s
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7 (a) A differential equation is given by
dx

dt
¼ �kte

1

2
x
, where k is a positive constant.

(i) Solve the differential equation. (3 marks)

(ii) Hence, given that x ¼ 6 when t ¼ 0 , show that x ¼ �2 ln
kt2

4
þ e�3

� �
.

(3 marks)

(b) The population of a colony of insects is decreasing according to the model

dx

dt
¼ �kte

1

2
x
, where x thousands is the number of insects in the colony after time

t minutes. Initially, there were 6000 insects in the colony.

Given that k ¼ 0:004 , find:

(i) the population of the colony after 10 minutes, giving your answer to the nearest

hundred; (2 marks)

(ii) the time after which there will be no insects left in the colony, giving your answer

to the nearest 0.1 of a minute. (2 marks)

8 The points A and B have coordinates ð2, 1, �1Þ and ð3, 1, �2Þ respectively.

The angle OBA is y, where O is the origin.

(a) (i) Find the vector AB
�!

. (2 marks)

(ii) Show that cos y ¼ 5

2
ffiffiffi
7

p . (4 marks)

(b) The point C is such that OC
�! ¼ 2OB

�!
. The line l is parallel to AB

�!
and passes through

the point C. Find a vector equation of l. (2 marks)

(c) The point D lies on l such that angle ODC ¼ 90�. Find the coordinates of D.

(4 marks)

END OF QUESTIONS
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