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Fault Detectors using Circles
Organise mathematical information to choose the optimum size for a 'fault detector' coil

Potential GCSE content covered

· Area of circle

· Percentages

· Two way table, organising information

· Understanding accuracy limits
In the classroom

The first slide has a warm up question to introduce the students to the context. To find the answer they could use [image: image2.png]


 and then find a percentage of the answer. Alternatively, they could use similar shapes, realising that if area scale factor = 0.8 to 0.9, then length scale factor lies between square roots of these.

To check the answer use the GeoGebra file “fault detectors”. This will provide a useful introduction for the students.

The second slide contains a more involved problem. A GeoGebra file has been supplied to reduce the need for repetitive calculations. The students will need to think about how they can organise the information from the GeoGebra file so that they are able to answer the question. In the solution given below a two way table has been used.

An alternative approach could be to graph the functions  [image: image4.png]
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  for the domain 6 ≤ r ≤ 15.  Then use the graphs to find the max and min radius for each coil size.

Problem Solving

Students will need to work out a way to organise the information from GeoGebra to enable them to deduce a solution. A two way table has been used for the solution but other options are possible.

An understanding of limits of accuracy is needed to work out which sizes will work with which coils, this is particularly true with the minimum size. For example if the min diameter is 14.26mm then 14mm is below this threshold.

Reasoning is then needed to arrive at a solution.

Discussion Points

It would be good to compare the different approaches used by the students, particularly with regard to the way in which the students organised the information and made their decision. 

Extending the problem 
With some groups it could be useful to give the students the graphs of the functions [image: image10.png]
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  and ask them how these could be used to solve the puzzle, discussing the advantages and disadvantages of this approach.

Answers
Slide 1 from the table below, 23mm coil would be the minimum size coil that would work with a 20mm diameter bar.

Slide 2 from the table below :  15mm, 18mm, 21mm, 26mm, 30mm, 34mm (6 coils).
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Additional Materials
The GeoGebra file “fault detectors” will allow teachers to check or show solutions.
Curriculum links

	England
	Northern Ireland

	> N 1. Order positive and negative integers, decimals and fractions; use the symbols =, ≠,<, >, ≤, ≥

 

> 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


	> T2 - Use percentages, including calculating simple interest

> T2 - Find circumferences and areas of circles

> T5 - Approximate to specified or appropriate degrees of accuracy, including a given power of 10, number of decimal places and significant figures



	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 Number Skills

> Y10 - Use calculations with different representations of fractions

> Y10 & Y11- Select, choose and justify selection of method, including when to use a calculator 




