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Section A

Answer all questions.

Answer each question in the space provided for that question.

Use Mall shoppers on page 2 of the Data Sheet.

1 The number of people, p, in thousands per hour, entering the mall can be modelled

by the equation

p ¼ 31t � 5t2

for values of t from 0 to 5, where t is the time in hours after 9 am.

(a) (i) Use this model and calculus to predict the maximum number of people per hour

who were entering the mall. (6 marks)

(ii) Sketch a graph of the equation p ¼ 31t � 5t2 . (2 marks)

(iii) State one problem with using this model. (1 mark)

(b) Use the trapezium rule with four strips to find an estimate for the total number of

people who entered the mall in the first four hours that it was open. (5 marks)

(c) Explain how you would know that the trapezium rule, in this case, would give an

underestimate of the total. (1 mark)
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Section B

Answer all questions.

Answer each question in the space provided for that question.

Use Length of retirement on page 3 of the Data Sheet.

2 The life expectancy of a woman, L years, when she reaches state pension age in the

UK, t years after the year 2002, may be modelled by the function

L ¼ 0:0012 pþ 22:4

where p ¼ t3 � 50t2 þ 625t

for values of t from 0 to 30 .

Use this model and calculus to answer the following questions.

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

(b) Find
d2p

dt2
. (2 marks)

(c) In which year will a woman reaching state pension age have the maximum life

expectancy?

Calculate this maximum life expectancy, confirming that your value is a maximum.

(5 marks)
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3 (a) Find

ð30
0
ðt3 � 50t2 þ 625tÞdt (4 marks)

(b) Hence find the average life expectancy of a woman when she reaches the state

pension age in the years 2002–2032. (3 marks)
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Answer space for question 3
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Section C

Answer all questions.

Answer each question in the space provided for that question.

Use Investment on page 4 of the Data Sheet.

4 The value, £ v, of the investment increases with time, t years.

The rate of increase in the value of the investment is directly proportional to the

value of the investment at the start of that year.

This can be expressed by the differential equation

dv

dt
¼ lv

where l is a positive constant.

(a) Show that the general solution for v of this differential equation is

v ¼ Celt (4 marks)

(b) When t ¼ 0 , the value of the investment was £ 3000 .

Show that v ¼ 3000elt . (2 marks)

(c) Ruth expects the value of her investment to increase at 5% per year:

ie when t ¼ 1 , the value of her investment will be £ 3150 .

Show that l ¼ ln 1:05 (3 marks)

(d) Hence show that v ¼ 3000ð1:05Þt . (2 marks)

(e) Find the value of the investment after 8 years. (3 marks)

(f) Find the value of t when the value of the investment is £ 5000. (3 marks)
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Answer space for question 4
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Answer space for question 4
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Section D

Answer all questions.

Answer each question in the space provided for that question.

Use Swing on page 4 of the Data Sheet.

5 Tim is swinging slowly on a garden swing.

The distance, s metres, of Tim below the point, O, from where the swing is

suspended can be modelled by the equation

s ¼ 2:1þ 0:2 cos
3p
2
t

where t is the time in seconds after Tim is first at his lowest point.

(a) Find the distance below O predicted by the model when t ¼ 2

3
. (2 marks)

(b) (i) Show that the model predicts that Tim is at his highest point when t ¼ 2 . (2 marks)

(ii) Find when the model predicts the next highest point. (2 marks)

(c) Find an expression for
ds

dt
. (3 marks)
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Answer space for question 5
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Answer space for question 5
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