Mathematical Bridge, Cambridge

Teacher's Notes


Bridges – Mathematical Bridge, Cambridge.

Teacher's Notes

Aims

Students work through calculations to better understand the geometry of the Mathematical Bridge in Cambridge. This mainly involves the application of Pythagoras' theorem and the use of sine/cosine/tan angles. 

Curriculum

Relevant Topics within maths syllabus:  

· Number: Ratios, standard form.

· Trigonometry: Pythagoras, sine/cosine/tan angles.

· Use and application of mathematics in practical tasks, real-life problems and within mathematics itself;

· Consideration of how algebra can be used to model real-life situations and solve problems;

· Engagement in practical and experimental work.

Preparation

Photocopy Student Worksheets.

Equipment 

Art Straws

Lightweight Cardboard

Scissors

Glue (e.g pritt stick)

Staplers

Worksheet Photocopies

Powerpoint

Timing

Presentation ~10mins, including ~5mins for answering worksheet questions 1 and 2.

Worksheets ~15-20mins

Model Building ~25-30 minutes.

Guidance

The first 2 questions are common to both worksheets and appear in the introductory presentation. It is suggested that the students be given time to work through these exercises during the presentation and the answers discussed afterwards to ensure all students understand the method behind the answer as well as knowing the equations to complete the rest of the worksheets. 

Check the students' calculations before they start making the models to ensure no time is wasted cutting members to the wrong size. 

Worksheet one is slightly harder and will take longer to complete. It may be necessary to devote more than one session to these exercises. Worksheet two is simpler and should take less time as the method for bridge construction is explained more fully. It should be possible to complete this in an hour session. It is suggested that each group make one truss and then two groups combine their trusses to make a complete bridge. A completed model is pictured below for reference.

Group work is important to complete the models in the alloted time. If students are struggling, suggest that each student in the group be responsible for a certain aspect (e.g measuring, cutting, folding) or a certain member (e.g one student to make all the radial members). Make sure students take care over the measurements. 

In testing, students found it enjoyable when their models were judged and a 'winner' chosen. This may be viable for worksheet one as there is some initiative involved in the construction. Worksheet 2 however has quite clear instructions for the construction so students should end up with similar structures.
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Points to emphasise

The tangent members are true tangents to the circle i.e they make a right angle with a radial line through the centre of the circle. 

All of the geometry exercises can be solved using trigonometry as a right-angled triangle is present in each.

Mixed Abilities

It is suggested that students work in groups of mixed abilities. Each student may work through the whole group worksheet by themselves, with the only group activity being actually building the model or they could go through the worksheet as a group or each student in the group could be given a part of the worksheet to work through, combining their answers in order to build the model.

Presentation Notes

Slides 1/2 – Introduction

Title Slide  - picture on the left is the mathematical bridge with punts on the river, the picture on the right is a model owned by Queens' college, thought to be the original model built by William Etheridge in 1748

Queens' College bridge connects parts of the college on either side of the river Cam and is known to many as the Mathematical Bridge due to it's interesting design. 

There is a popular myth about the bridge which has a number of forms:

1. The bridge was designed by Sir Isaac Newton. This is highly unlikely as Newton died 22 years before the bridge's construction. The bridge was in fact designed by William Etheridge and built by James Essex the Younger.

2. The bridge was originally built without any form of connection at the joints. Again, untrue, the original bridge was built with fixings at the joints but they were much less visible than those present today. It is thought the myth arose after the rebuilding of the bridge in 1905 when the new fixings were introduced.

3. The original bridge (without fixings at the joints) was taken apart by curious students (or professors, depending on the storyteller) in an attempt to discover how it stood up. They weren't able to put it back together properly which is the reason for the introduction of the bolts. This is a variation on the theme of 2 and is debunked by the same truth.

Further information about the history of the bridge can be found here: http://www.quns.cam.ac.uk/Queens/Images/WinBridg.html
or here: http://www.srcf.ucam.org/~kmh43/site/math.html
Slide 3 - Structure

The bridge is constructed to a design known as 'tangent and radial trussing'. 

The arch of the bridge describes the arc of a circle. The properties of this imaginary circle can be used to calculate the geometry of the bridge. 

Tangential members lie tangent to the circle (at right angles to the circle's radii) these are the main force-carrying members but by themselves would not be able to stand up because the joints are pinned. Without the radial members the truss would concertina.

Radial members (continuation of the circle's radii) provide stability to the truss structure.

Slides 4/5 – Geometry

Poses the questions raised in questions 1 and 2 of the worksheets. See worked examples for solution

Slide 6 – Geometry

Gives the answer to a question posed later on in the worksheets. Allow students a few minutes to attempt to find the solution before revealing the answer.  

Glossary of Terms

Span – The length of a bridge between piers.

Clearance – the distance between the water level (or roadway, train tracks etc.) and the underside of the bridge.

Abutments – end support of the bridge, often against earth embankments in river bridges.
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