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Section A
Answer all questions.
Answer each question in the space provided for that question.
Give all answers in this section to the nearest penny where appropriate.

Use Every penny counts! on the Data Sheet.

1 (a) (i) You invest £1000 at the start of 2010 and leave it untouched in a bank account paying
interest at a fixed rate of 4% compounded annually for 10 years.

Calculate how much you will have at the end of the 10 years.
[2 marks]

(i) Find how much more interest is paid in the second 5 years than in the first 5 years.
[2 marks]

(iii) Explain briefly why this is the case.
[1 mark]

(b) A different bank pays interest of 2% every six months rather than 4% once a year. In
this case, how much would you have for your investment of £1000 at the end of
10 years?
[2 marks]

(c) Yet another bank pays interest at a fixed annual rate of 4% compounded continuously
throughout the year. In this case, how much would you have for your investment of
£1000 at the end of 10 years?

[2 marks]

o | Answer space for question 1
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4
2 In 10 years’ time, you want an investment of £P, deposited in an account paying a
fixed interest rate of 5% compounded annually, to have become £1500.
Find P.
[3 marks]
‘o | Answer space for question 2
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3 An amount of £5000 is invested at a fixed annual interest rate of 2% compounded
continuously. After ¢ years, this will have become an amount, £4.

(a) Write down an expression for 4 in terms of t.
[1 mark]
(b) Sketch a graph of 4 against ¢, showing all important features.
[2 marks]
(c) (i) Find aA and &4
dt de2
[2 marks]
(i) Explain what these values tell you about how A4 varies with ¢.
[2 marks]
‘o | Answer space for question 3
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4 A student has a part-time job and saves £500 per year which she deposits in an

account at the start of each year. Assume that this account pays interest at an annual
fixed rate of 2.5% compounded continuously.

How much would be in this account at the end of the third year?
[3 marks]
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5 (a) The article, printed on the Data Sheet, gives an illustration of someone who has a

(b) Someone else has a continuous stream of money, £5(¢), which increases linearly over

continuous stream of money of £1000 each year which arrives in their account at a
constant rate. If the interest rate remains fixed at 4%, after five years this will have
become £5535.07.

Show calculations that confirm this result.

[4 marks]
the same five-year period. The interest rate remains fixed at 4% per year.
The function, S, is given by S = 1000 + 50z.

Use integration to find the total amount, £4, in this person’s account after five years.
[4 marks]
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Section B
Read the article below carefully.
Answer all questions.

Answer each question in the space provided for that question.

Cars on our roads

The rise in the number of cars on our roads over decades has been relentless. Although more
roads have been built, this has not kept pace with the increasing numbers of cars. Hence there
is ever more traffic congestion on our roads. Each year, every car being driven in Great Britain
should be licensed. The graph in Figure 3 shows the data from 1950 to 2010 for the number of
car licences issued each year in Great Britain together with a linear model which approximates
to the data.

The linear model was found using the data in the year 1950, when almost 2 000 000 licences
were issued, and in the year 2000 when almost 23 000 000 licences were issued. This leads to
the equation for the number of car licences issued, ¢ (thousands)

¢ = 2000 + 420n
where 7 is the number of years after 1950.

In 2010, » = 60 and this gives ¢ = 27 200, predicting that 27 200 000 car licences were
issued.

An approximation to the total number of car licences issued, 7, over the sixty-year period
between 1950 and 2010 can be found using the area under the graph of the model. Considering
this area as a trapezium, and using the values the model gives for ¢ found above, it can be
shown that 7 = 876 000 000 .

Many may think that this gives the total number of cars that have been driven on the roads of
Great Britain, but this is not the case, as most individual cars will be licensed every year during
their lifetime, which in 2010 was about 14 years on average.

Figure 3 Graph showing the number of car licences issued each year in Great Britain
between 1950 and 2010
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The graph in Figure 4 shows the number, N (thousands), of new cars each year in Great Britain
plotted against n years after 1 January 2001, with N plotted at the midpoint of the year. As you
can see, the value of N fell over this period.

The quadratic function
N = —5n%* — 351+ 2700
models these data.

Figure 4 Graph showing the number of new cars each year in Great Britain
between 2001 and 2011
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This model suggests that when n = 5, that is at the start of 2006, the rate of decrease in the
number of new cars in Great Britain was 85 000 per year.

For the model, the area under the curve gives an approximation to the total number of new cars
in Great Britain.

This approximation can be found by evaluating the integral
11
S = J (—=5n* — 351 + 2700) dn
0

which gives a value of 25 364 , suggesting that there were approximately 25 million new cars in
Great Britain during the 11 years from 1 January 2001 to 31 December 2011.
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6 The linear model for the number of car licences issued, ¢ (thousands), n years after
1950 is ¢ = 2000 + 420n.
Explain fully how the values of 2000 and 420 in the formula relate to the data.
[2 marks]
‘o | Answer space for question 6
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7 In the article, printed on pages 12 and 13, the total number of car licences issued, T,
for the sixty-year period between 1950 and 2010 is found to be approximately
876 000 000 .
(a) Show calculations that confirm this result.
[2 marks]
(b) (i) If the average lifetime of a car in 2010 was 14 years, use your answer to part (a) to
find an approximation to the number of individual cars for which licences were issued
in Great Britain for the sixty-year period between 1950 and 2010.
[2 marks]
(ii) Give a reason why the approximation found in part (b)(i) is unlikely to be valid.
[2 marks]
e | Answer space for question 7
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dN
8 By finding d_ show how the rate of increase in new cars per year in Great Britain in
n
2006 is —85 000 .
[2 marks]
‘o | Answer space for question 8
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9 If the model N = —5n? — 351 + 2700 holds for n < 0, find the year that it suggests
there would have been a peak in the number of new cars in Great Britain.
[2 marks]
‘e | Answer space for question 9
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10 Confirm that there were approximately 25 million new cars in Great Britain during the
11 years from 1 January 2001 to 31 December 2011 by evaluating the integral

11
S = J (—=5n* — 351 +2700) dn.

0
[3 marks]

e | Answer space for question 10
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