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Mathematics behind Revolving Doors

Use the circumference formula and estimation to design an efficient revolving door

Potential GCSE content covered

· Circumference of a circle
· Length of an arc

· Proportional reasoning

· Estimation

· Rates of change/compound measures

· Developing a mathematical model
In the classroom

Allow the students some time to read the problem and grapple with context. They may have some questions about the terms used in the text. 
For those students who struggle to access the task, you may wish to ask them how they could work out the circumference of the circle swept out by the door, and then the arc length needed to seal the gap between two wings of the door.

The second situation requires estimation and assumptions. Encourage students to think about what questions they need to ask, for example:

· Will everyone arrive at the same time, or will they arrive at regular intervals?

· How many people do you think would fit into one sector? 

· How many can pass through in one revolution?

· What is the maximum flow rate of people through the door?

· What units have been used to measure the flow rate?

Compare and discuss the different approaches.

Problem Solving

Students will need to think about how to approach the problem, and recall the formula for the circumference of a circle. They will also need to recognise that the two fixed sides of the door (shown in black) each need to be 1/3 of the circumference to ensure that no heat can escape. This leaves 1/3 of the circumference for the entrance and exit, so 1/6 of the circumference is the maximum distance for AB. The students can use the GeoGebra file to check their answers to the first task.

The second problem requires some estimation. The students will need to decide how many people can fit into each sector. Working on one person per sector, three people can enter each door every 5 seconds, giving a maximum flow rate through both doors of 6 people every 5 seconds, or 1.2 people per second, with two people per sector this becomes 12 people in 5 seconds. They can then think about how long it would take to get 200 people in or out of the building and whether this is likely to be acceptable for when people are arriving or leaving.  Also, would it be acceptable in an emergency when the building needed to be evacuated quickly?

Discussion Points
Some points have been mentioned in the two sections above. You could ask the students to consider how they would expect the people to arrive in a morning, would they be equally spaced? How long would it take to clear if 30 people all arrived on the same bus? 

Extending the problem 
How would changing the design of the doors so that they have 4 or, 5 equally spaced wings affect the size of the entrance and flow rate?

Answers

Task 1

The entrance and exit need to combine to make 1/3 of the circumference.  The diameter given in the diagram is 5m. This means each should be 1/6 of the circumference which is [image: image2.png]


m ≈2.62m
Task 2

Based on 1 person per sector 3 people can enter through each door every 5 seconds, making a flow rate of 6 people entering every 5 seconds, or 1.2 people per second.

If it is assumed that more than person can fit each sector then the flow rate increases proportionally

2 people per sector gives a flow rate of 12 people per 5 seconds or 2.4 people per second,

3 people per sector gives a flow rate of 18 people per 5 seconds or 3.6 people per second
and so on.

However the students need to consider how many people can comfortably fit into one sector and whether the gap is sufficiently wide for enough people to enter quickly.

Additional Materials
The GeoGebra file ‘Revolving doors’ allows teachers to demonstrate the problem and check the solution to task 1.
Curriculum links 

	England
	Northern Ireland

	> 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

> 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

> GM 18. Calculate arc lengths, angles and areas of sectors of circles


	> 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

> Y11 - Find the arc length




