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	Binary numbers

	
	
	

	Using mathematics to explain how devices can be on or off

	Subject(s):  Science, Design & Technology, Mathematics
Approx. time: 30 mins
	
	Key words / Topics: 

· product 

· binary
· coding

· cryptography

	
	
	

	Suggested Learning Outcomes
	
	

	· To be able to explain on-off situations in terms of binary coding

	

	Introduction
	
	

	The ‘Time for a game’ scheme of work provides an electronics systems context for students to explore infrared technologies. The activity allows students to investigate the technology used in the Nintendo Wii, exploring infrared communication. They can then apply this knowledge and understanding into the design of an interactive ‘tag’ game. Critical thinking and independent investigation skills will be developed throughout. These activities will also develop a greater understanding of communication methods and technologies and allow the students to diversify their thinking in relation to this area of science and technology.



	Purpose

	In this activity, students will investigate the use of binary numbers.

This can be effectively taught within systems and control or electronic products approaches within design and technology, or through science with an emphasis on energy, electricity and forces.

	
	
	

	Activity
	
	Teacher notes

	Electrical devices that can be on or off are represented in mathematics through the use of binary.

Give students a short introduction to binary numbers.

Working in teams of four, get students to demonstrate the number sequence from 1 to 15. They should sit in a line, each allocated a different number base. They should then stand (for 1) or sit (for zero) to represent the different numbers

Ask the students to work in pairs to list all the different applications they can think of for binary numbers.

Using the students lists as a starting point, for selected applications explain how binary numbers are used.
	
	This links to the use of digital signals in electronics.
The video - Binary numbers in 60 seconds – referenced in the additional websites below could be used to support this.
The videos referenced in the additional websites below (such as the one on cryptography) could be used to support this.


	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Instead of directly listing applications for binary numbers, ask students to identify a list of electronic equipment that is referred to as ‘digital’.
	
	Divide the students into pairs. Allocate each pair one application of binary numbers. They have to use the internet to explain how binary numbers are used in the application, how it was carried out before the use of binary numbers and what the advantages of binary numbers are for that application.

If suitable facilities are available, get the students to build a simple (8-pin) microcontroller circuit with 4 LEDs as outputs. When activated, the system should count down at one second intervals, in binary form using the lights, before activating a buzzer. Students will need to develop a flowchart-based programme to control the operation of the circuit.
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	· Projector/Whiteboard
	
	

	
	
	

	Additional websites
	
	

	· The following video gives a short introduction to binary numbers - Binary numbers in 60 seconds: http://uk.youtube.com/watch?v=qdFmSlFojIw
· Cryptography is the practice and study of hiding information – an interesting problem that builds on binary understanding is The knapsack problem and public key cryptography at: http://nrich.maths.org/public/viewer.php?obj_id=2199
· Further information about number bases can be found at: http://nrich.maths.org/public/viewer.php?obj_id=1368
· The marble adding machine shown at: http://uk.youtube.com/watch?v=GcDshWmhF4A provides an interesting physical demonstration of binary addition – students could be challenged to make their own binary addition machine (this could be done in conjunction with the design and technology department), or to create a program that works in the same way

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Wii

Main (Options)

· ACTIVITY: Infra-red Communications

· ACTIVITY: Electromagnetic Spectrum

· ACTIVITY: Mobile Phones and Health


	Extension (Options)

· ACTIVITY: Heating Effect of Infra-red

· ACTIVITY: Binary numbers
Plenary

· Opportunities within activity for presentations, peer/self-assessment

· Reflection on Objectives and PLTS skills used
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	· The story Wii

· How it works? The Concept
· Who makes it work? Rob O'Reilly 
· Who makes it work? Harvey Weinberg

· Who makes it work? Lee Graves

· Who makes it work? Osman Idris


	
	
	


	Curriculum links and PLTS

	England

Science 

· KS3 3a
Design & Technology 

· KS3  (extension activity) 2a, 2b
Mathematics 

· KS3 1e, 2a 

	Northern Ireland

Technology & Design

Learning Outcomes

· Show deeper understanding by thinking critically and flexibly, solving problems and making informed decisions, using Mathematics and ICT where appropriate

· Work effectively with others

	Scotland

Technologies

· TCH 3-01a
	Wales

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Independent enquirer
· Reflective learner

	
	




