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Water Wheel Construction
Determine the angles and lengths of components in a water wheel

Potential GCSE content covered

· angle properties of a regular polygon and an isosceles triangle
· Trigonometry – finding the length of a side

· Scale drawing – construction of a triangle
In the classroom

Give the students some time to read the slides, the students will probably find the angle at the centre of the water wheel once they understand that each of the spokes are equally spaced around a full turn. You could extend this idea to get the general rule [image: image2.png]360



. 
For the problems on the last slide the students should look for shapes which they recognise and think about how they could use their properties to help them solve the problem.

In the case of side b they may need to use either trigonometry or a scale drawing to find the length.

Problem Solving

Students will need to use the angle and shape properties they know to help them solve the problems in this task. They will probably find the angle at the centre of the water wheel once they understand that each of the spokes is equally spaced around a full turn. 

To solve the later problems they will need to look at the diagrams and try to find shapes which can help them to answer questions, for example an isosceles triangle to help find angle x, circle radii to help find side a, and a right angled triangle to find side b. This is the essence of modelling, taking a real situation and looking for close a mathematical equivalent.

Discussion Points

Compare/contrast the approaches that the students use to tackle the tasks. Try to get them to appreciate how taking a real situation and looking for a close mathematical equivalent is at the heart of mathematical modelling, something which is used in a wide range of careers, including engineering.

Discuss the accuracy of trigonometry vs scale drawing, and relate this to the requirements of this practical context. Do we need a solution to the nearest (cm), (mm)? 

Note (mm) are often used when giving measurements for furniture, and white goods. 

Extending the problem 
Changing the number of spokes in the wheel would make some of the numbers more challenging. Alternatively find some examples of other applications of these mathematical ideas from GCSE questions.

Students could investigate how many sections real water wheels have.

Answers

The angle at the centre of the water wheel = [image: image4.png]3% = 20




Angle x can be found using the properties of the isosceles triangle formed by two of the spokes and the perimeter of the wheel (see below).
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We know the angle at the centre is 200 making the angles the base [image: image7.png]1807207



 = 800
Side a is the difference between the internal and external radii (4.25m – 4m) = 0.25m or 25 cm
Side b can be found using trigonometry with half of the isosceles triangle shown above. 
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½ b = 4.25sin(100)  so b = 8.5sin(100) = 1.48m (2dp). 

Allow a reasonable degree of accuracy for those students who have used construction and scale drawing.
Curriculum links  

	England
	Northern Ireland

	> GM 2. Use scale factors, scale diagrams and maps 

> GM3. Apply the properties of angles at a point, angles at a point on a straight line, vertically opposite angles; understand and use alternate and corresponding angles on parallel lines; derive and use the sum of angles in a triangle (e.g. to deduce and use the angle sum in any polygon, and to derive properties of regular polygons)

> GM20. Know the formulae for: Pythagoras’ theorem, a2 + b2 = c2, and the trigonometric ratios; apply them to find angles and lengths in right-angled triangles


	> T2 T3(h) T4(h)  - Use Pythagoras’ theorem in 2D problems

> T3(h)T4(h) - Understand and use the trigonometric ratios of sine, cosine and tangent to solve 2D and 3D problems



	Scotland
	Wales

	> MTH 3-17a I can name angles and find their sizes using my knowledge of the properties of a range of 2D shapes and the angle properties associated with intersecting and parallel lines

> MTH 4-16a I have explored the relationships that exist between the sides, or sides and angles, in right-angled triangles and can select and use an appropriate strategy to solve related problems, interpreting my answer for the context


	Using Measurement Skills

> Y11 - Use trigonometry to find the length of a side in a right angled triangle, e.g. finding the height of an isosceles triangle
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