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Section A

Answer all questions in the spaces provided.

Use Tides at Ilfracombe on page 2 of the Data Sheet.

1 The height of the water, h cm, can be modelled by the equation

h ¼ 16t2 � 193t þ 780

for values of t from 0 to 12, where t is the time in hours after 6 am .

(a) Use this model and calculus to predict the minimum height of the water which

occurred that day. (6 marks)

(b) (i) Sketch a graph of the equation

h ¼ 16t2 � 193t þ 780 for 04 t4 18 (2 marks)

(ii) State one problem with using this model. (1 mark)
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Section B

Answer all questions in the spaces provided.

Use Shares on page 3 of the Data Sheet.

2 The value of the shares, £ v, may be modelled by the function

v ¼ 16� 2t þ 5t2 � 2t3

for values of t from 0 to 3.

Use this model and calculus to answer the following questions.

(a) Find the values of t at the turning points of this function. (5 marks)

(b) Find
d2v

dt2
. (2 marks)

(c) Find the maximum value of the shares, confirming that this value is a maximum.

(4 marks)

(d) Find the value of t when
d2v

dt2
¼ 0 and state the relevance of this to an investor.

(3 marks)
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3 (a) (i) Use the trapezium rule with three strips to find an estimate for

ð3
0
ð16� 2t þ 5t2 � 2t3Þ dt (5 marks)

(ii) Explain how a more accurate value could be found. (1 mark)

(b) Use integration to find the value of

ð3
0
ð16� 2t þ 5t2 � 2t3Þ dt (5 marks)

(c) Hence, using the model v ¼ 16� 2t þ 5t2 � 2t3 , find the mean value of the shares

during the first three months of 2010. (2 marks)
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Section C

Answer all questions in the spaces provided.

Use Rollercoaster on page 4 of the Data Sheet.

4 The height, h centimetres, of the rollercoaster above the ground may be modelled by

the function

h ¼ 70þ 40 cos
p
3
x

� �

where x metres is the horizontal distance from the starting point O .

(a) Find the height of the rollercoaster predicted by the model when Daniel is 6 metres

horizontally from O . (2 marks)

(b) Find an expression for
dh

dx
. (3 marks)

(c) Find the maximum value of
dh

dx
.

Give your answer to three significant figures. (3 marks)
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Section D

Answer all questions in the spaces provided.

Use Radioactive decay on page 4 of the Data Sheet.

5 The mass, m grams, of a radioactive substance decreases with time, t hours.

The rate of change of the mass is directly proportional to the mass at that time.

This can be expressed by the differential equation

dm

dt
¼ � km

where k is a positive constant.

(a) Find the general solution for m of this differential equation. (5 marks)

(b) When t ¼ 0 , the mass of the radioactive substance was 40 grams.

Show that m ¼ 40 e�kt . (2 marks)

(c) The half-life of the radioactive substance is 6 hours; ie when t ¼ 6 , the mass of the

radioactive substance is 20 grams.

Find k. (3 marks)

(d) Find the mass of the radioactive substance when t ¼ 18 . (3 marks)

(e) Find the value of t when the mass is 2 grams. (3 marks)
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