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Speedometer Calibration
Calculate the speed of a bicycle and percentage errors in speedometer readings 

Potential GCSE content covered

· Calculating the circumference of a circle from a radius
· Using compound measures (speed)

· Converting from minutes to seconds
In the classroom

Give the students some time to read the problem and think about how the situation can be modelled mathematically. Some students may need support understanding terms like front fork.

Ask them to think about what ms-1 means, for example, how many metres the wheel travels in a second?

Also ask them to think about how they could work out how far the wheel travels in one rotation, two rotations, 100 rotations.

This will probably be sufficient to get them started on the problem.

You may wish to compare the different approaches they use.
Problem Solving

This problem involves several steps, the students will need to think logically about how they can find the information they require. One approach would be to work backwards from the information needed to answer the question (see below).
I need to work out the speed – this needs distance travelled (m) and the time taken (s) – I know the time is 1 min so 60s – How can I find the distance? – The wheel travels 0.5π metres per rotation so for n rotations (0.5π x n) – so the speed in ms-1 will be (0.5π x n)/60.

Using this information and the speedometer readings they can work out the percentage errors. These vary slightly for each reading.

Discussion Points

Compare the way in which the students tackled the problem, particularly their thinking, how did they work out what information they needed, and how this could be obtained. There are opportunities here to recap on finding the circumference of a circle, percentages, rounding and accuracy.

Extending the problem 
You could examine some other contexts involving the circumference of a circle, for example, how far would the wheel travel in ½ a rotation, 2/3 of a rotation, building this into working out the length of the arc. 

It would also be interesting to look at the number of wheel rotations per second needed to travel at 10mph and 20mph, then consider how fast the cyclist’s feet would need to rotate on the pedals to achieve this. This could lead to a discussion on the gear ratio between the pedals and the rear wheel. 

Answers
	Number of complete rotations in 1 minute
	Speedometer reading
	Actual speed in m/s
	Reading/Actual
	% error

	400
	11
	10.47
	105.04%
	5.04%

	500
	14
	13.09
	106.95%
	6.95%

	600
	17
	15.71
	108.23%
	8.23%

	700
	20
	18.33
	109.13%
	9.13%

	800
	23
	20.94
	109.82%
	9.82%


Curriculum links

	England
	Northern Ireland

	> GM 17. Know the formulae: circumference of a circle = 2πr = πd, area of a circle = πr2; calculate: perimeters of 2D shapes, including circles; areas of circles

> RP 1. Change freely between related standard units (e.g. time, length, area, volume/capacity, mass) and compound units (e.g. speed, rates of pay, prices, density, pressure) in numerical and algebraic contexts

> RP 9. Define percentage as ‘number of parts per hundred’; interpret percentages and percentage changes as a fraction or a decimal, and interpret these multiplicatively; express one quantity as a percentage of another; compare two quantities using percentages; work with percentages greater than 100%; solve problems involving percentage change, including percentage increase/decrease and original value problems, and simple interest including in financial mathematics


	> T2 - Find circumferences and areas of circles

> T5 - Understand and use compound measures

	Scotland
	Wales

	> MNU 3-03a I can use a variety of methods to solve number problems in familiar contexts, clearly communicating my processes and solutions

> MNU 3-07a I can solve problems by carrying out calculations with a wide range of fractions, decimal fractions and percentages, using my answers to make comparisons and informed choices for real-life situations

> MTH 4-16b Having investigated the relationships between the radius, diameter, circumference and area of a circle, I can apply my knowledge to solve related problems
	Using Measurement Skills

> Y10 - Understand and use a variety of compound measures, including speed, density and population density




