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Section A

Answer all questions in the spaces provided.

Use Shot put on page 2 of the Data Sheet.

1 Felipe throws the shot.

The vertical height of the shot, h metres, above O, the point from which it was

thrown, can be modelled by the equation

h ¼ x� 0:05x2

where x metres is the horizontal distance from point O.

Use this model and calculus to answer the following questions.

(a) Find the vertical height of the shot above O when x ¼ 8 . (1 mark)

(b) Find
dh

dx
. (2 marks)

(c) Find x when
dh

dx
¼ 0 . (2 marks)

(d) Hence predict the maximum vertical height of the shot above O. (2 marks)

(e) (i) Find
d2h

dx2
. (1 mark)

(ii) Hence state how this value confirms that the answer to part (d) is the maximum

height and not the minimum. (1 mark)

(f) Felipe lets go of the shot when it is 2 metres above the level of the horizontal

ground.

Find the horizontal distance which the shot travels before hitting the ground.

(4 marks)
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Section B

Answer all questions in the spaces provided.

Use Coffee shop on page 3 of the Data Sheet.

2 The number of coffees, S, sold per day, 10t days after the shop was opened, may be

modelled by the function

S ¼ 10t3 � 60t2 þ 110t þ 10

for values of t from 0 to 3.3 ; that is, for the first 33 days that the shop was open.

(a) Use this model and calculus to answer the following questions.

(i) Find t when S has a minimum turning point. (6 marks)

(ii) Find this minimum value. (2 marks)

(iii) Find
d2S

dt2
. (2 marks)

(iv) Use your answer to part (a)(iii) to confirm that the value found in part (a)(ii) is a

minimum value. (2 marks)

(b) The mean number of coffees sold per day is given by

S ¼ 1

3

ð3
0
ð10t3 � 60t2 þ 110t þ 10Þdt

(i) Use the trapezium rule with three strips to find an estimate for the mean number of

coffees sold per day. (5 marks)

(ii) How would you make the answer obtained from the trapezium rule more accurate?

(1 mark)

(iii) Use integration to evaluate

1

3

ð3
0
ð10t3 � 60t2 þ 110t þ 10Þdt

to find the mean number of coffees sold per day. (4 marks)
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Section C

Answer all questions in the spaces provided.

Use Height of a sunflower on page 3 of the Data Sheet.

3 After t days, the height of the sunflower, h centimetres, satisfies the differential

equation

dh

dt
¼ kð150� hÞ

where k is a constant.

(a) (i) Find the general solution for h of this differential equation.

Give your answer in terms of k. (5 marks)

(ii) Given that, when t ¼ 0 , the height of the sunflower was zero, show that

h ¼ 150ð1� e�ktÞ . (2 marks)

(iii) When t ¼ 30 , h ¼ 100 . Find k. (3 marks)

(b) Find the value of t when the height is 120 centimetres. (3 marks)
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4 The height of another sunflower, h centimetres, after t days of growth is given by

h ¼ 150ð1� e�0:04tÞ

(a) Find h, to five decimal places, when:

(i) t ¼ 125 ;

(ii) t ¼ 125:1 . (2 marks)

(b) Using your answers to part (a), find an estimate for the rate of increase in height

when t ¼ 125 . (3 marks)
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Section D

Answer all questions in the spaces provided.

Use Experiment with an elastic string on page 4 of the Data Sheet.

5 The distance, x centimetres, of the weight below O may be modelled by the function

x ¼ 15þ 3 cos
p
2
t

where t is the number of seconds after the system was set into motion.

(a) When t ¼ 2 , show that x ¼ 12 . (1 mark)

(b) Find an expression for the velocity of the weight,
dx

dt
. (2 marks)

(c) (i) Find the maximum value of
dx

dt
.

You may leave your answer as a multiple of p or as a decimal to three significant

figures. (2 marks)

(ii) Find two values of t when this occurs. (2 marks)
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