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	Smart Materials 2

	
	
	

	Identify different classes of smart materials based on their properties

                                                          

	Subject(s):  Science, Design & Technology
Approx time: 60 mins 
	
	Key words / Topics: 
· prosthetics
· smart materials
· stress
· strain
· elasticity
· applications & implications of science 

	Suggested Learning Outcomes
	
	

	· Be able to explain the choice of material for a usage in terms of its properties
· Be able to give examples of how smart materials are used in a real life context 
· Use and manipulate material-related data

	

	Introduction
	
	

	The development of new materials with incredible properties is changing the way we live. From LCD TVs to super light airliners, these materials have quickly found their way into pretty much all of the modern technology around us.

One area where modern materials have made a huge impact is in the development of prosthetic devices. Some of these devices are beginning to outperform ‘natural’ body parts.

The resources within this, and the related activities, encourage students to investigate the properties of smart materials and carry out some data manipulation. 

Purpose of this activity

In this practical lesson, students complete a number of different tests on a selection of materials and identify each one from its particular properties. The tests include Eureka cans, electrical circuits and other interesting investigations to test the density, hardness, magnetic and conductive properties of materials. This activity can be tailored to include tests that best investigate the properties of the materials you have available.  

	
	
	

	Activity
	
	Teacher notes

	1. Arrange students into teams of 3 or 4 and explain the session and introduce the activity.
2. Each team should be given a copy of the Smart Materials Data Sheet (Handout), and a set of resources as outlined in the resources section of this activity sheet.
Resources required per team

· HB pencil, copper coin*, knife**, iron nail, small steel file 
· Eureka can and accurate measuring cylinder 
· A magnet 
· Power pack/battery pack, 3 leads, light bulb and holder, crocodile clips 
· A pad of sticky notes
A sample of each of the materials should be available to the class. The samples should be laid out on a convenient central point in the classroom, accompanied by the relevant photo of that sample.

Teams should be asked to take no more than two samples at a time and to replace them as soon as they have finished with them so that other teams can test them. (ca five minutes)

3. A short description of Mohs scale and how to test for hardness is given on the Testing Materials helpsheet. It may be useful to briefly go over this with students before starting the activity. For more able students there should be no need to explain how to use the Eureka cans, measuring cylinders and scales to find density or how to set up a simple circuit to see if a material is a conductor or insulator. Teams should, however, be warned to keep their power packs set to a low voltage to prevent the sample getting too hot and causing a burn/fire hazard. (ca five minutes)
4. Teams can then proceed with the activity. As they identify each material they should write their team name and the letter of the material onto a sticky note. They should then go and stick this note to the reverse of the photo of that sample. (ca 30 minutes)

5. At the end of the activity the teacher can reverse the sample photos to reveal the class results for the sample identities. The real identity of the samples can then be revealed and this can form the basis of a brief teacher-led discussion on how the properties of these materials relate to their uses. (ca 10 minutes)

	
	Pre-lesson preparation:  Take a digital photo of each sample and print out the pictures.

The activity can be introduced by explaining that in order for us to use different materials for different tasks we need to know what their properties are. In this session students will be given the Smart Materials Data Sheet (Handout) containing information about some simple properties of a number of materials. These materials are not named in the data sheet otherwise it will be too easy for students to link samples with properties.
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 Smart Materials Data Sheet (Handout)
Teams should have access to a number of samples of materials which they will need to test in order to determine certain properties. Once they have ascertained these properties they should be able to use them to identify each material as it appears in the Smart Materials Data Sheet (Handout).

The materials included should be easily available in most school science prep rooms. It should, however, be relatively easy to substitute other materials should this be necessary. (ca 10 minutes)
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 Testing Materials (Helpsheet)
* Not all 1p and 2p coins are made from copper. Since 1992 ‘copper’ coins in the UK have been made from copper plated steel.

** The knife should not be sharp. A typical eating knife from the school dining room will suffice here.

Sample Letter

Sample Identity

A

Blackboard chalk

B

Carbon fibre

C

Steel

D

Nickel

E

Candle wax

F

Iron

G

Calcite

H

Aluminium

I

Graphite

J

Limestone

Note – It might be useful to check the properties of samples of materials provided for students as these may vary slightly from those given in the data sheet. For example, densities stated may vary from those measured as the exact composition of samples may be different, also some types of steel may be non-magnetic etc.

	
	
	


	Differentiation
	
	

	Basic
	
	Extension

	Use materials that students are familiar with.
	
	You could also use the results as a basis to discuss accuracy (how close to the truth the results are) and reliability (how reproducible or repeatable the results are). 
Challenge your students to the Body Builders (Challenge) and / or The Other Organ (Challenge)

	
	
	

	Resources
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	Resources required for class

· Samples of 8 to10 different materials, with more than one sample of each if possible. All the samples should be able to fit in the available eureka cans 
· Access to accurate weighing scales 
· Safety glasses 
Resources required per team
· HB pencil, copper coin*, knife**, iron nail, small steel file 
· Eureka can and accurate measuring cylinder 
· A magnet 
· Power pack/battery pack, 3 leads, light bulb and holder, crocodile clips 
· A pad of sticky notes 
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  Smart Materials Data Sheet (Handout)
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  Testing Materials (Helpsheet)
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  Body Builders (Challenge)
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  The Other Organ (Challenge)



	
	
	

	Additional websites
	
	

	· University of Alberta: The university has an eSMART website which includes a readable explanation of how shape memory alloys work (www.cs.ualberta.ca/~database/MEMS/sma_mems/sma.html) and how piezoelectric and electro-rheostatic and magneto-rheostatic materials work (www.cs.ualberta.ca/~database/MEMS/sma_mems/smrt.html)
· Wikipedia: Includes a brief overview of smart materials (http://en.wikipedia.org/wiki/Smart_materials) 
· Azom.com: A source for the engineering and design community including an article on smart materials with some interesting information on applications for certain materials (www.azom.com/details.asp?ArticleID=123)

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Bionic Limbs
· FILM: Nature Reinvented
· FILM: Prosthetic Design
· ACTIVITY:  Engineering prosthetics
· ACTIVITY:  Prosthetic devices
Main (Options)

· ACTIVITY:  Prosthetic replacements
· ACTIVITY:  Smart Materials 1
· ACTIVITY:  Smart Materials 2
	Extension (Options)

· ACTIVITY:  Materials for prosthetics
· ACTIVITY:  Materials for prosthetics 2
Plenary

· GAME:  Bionic Games

· QUIZ:  Nature Reinvented

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used
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	· The story Nature Reinvented


	
	
	


	Curriculum links 

	England: National Curriculum
Science 

· KS3 1a, 2c, 2d, 2e, 3a, 3b, 3c, 3d, 4a, 4b
· KS4 1.1a,b, 1.2a,b, 1.3a,b,c, 2.2d
Design & Technology 

· KS3 4a

	Northern Ireland Curriculum
Science

Developing pupils’ Knowledge, Understanding and Skills

· develop skills in scientific methods of enquiry to further scientific knowledge and understanding:

· planning for investigations, obtaining evidence, presenting and interpreting results;

· develop a range of practical skills, including the safe use of science equipment.

· chemical and material behaviour: structures, properties, uses of materials

Technology & Design

Developing pupils’ Knowledge, Understanding and Skills

· manufacturing – selecting and using materials fit for purpose; safe use of a range of tools and processes appropriate to materials, demonstrating accuracy and quality of outcome

 (Objective 1) Developing pupils as Individuals

· abide by health and safety rules when using tools, machines and equipment.

Learning Outcomes 

· demonstrate practical skills in the safe use of a range of tools, machines and equipment;

· research and manage information effectively to investigate design issues, using Mathematics and ICT where appropriate;

· work effectively with others

	Scotland: Curriculum for Excellence
Sciences
· SCN 4-15a, SCN 4-16a

Technologies

· TCH 3-01a, TCH 3-13a
	Wales: National Curriculum
Science

· KS3 Skills (Communication 2; Planning 4, 5, 6, 7; Developing 1, 2, 3)
· KS4 Skills (Communication 2; Enquiry and Practical Skills 2, 3)
· KS4 Range (Chemical and Material Behaviour 4)
Design & Technology

· KS3 Range (Resistant materials and textiles 10, 11)

	GCSE D&T

AQA D&T

· 3.1.3, 3.1.6.2
Edexcel D&T

· 1.4.1
Eduqas D&T

· 2.1 Core: 4

OCR D&T

· 5.1f I, 5.2a
	GCSE Engineering

AQA Engineering

· 3.4.1, 3.4.2

	
	


	Assessment opportunities

	Students can be encouraged to record their results in appropriate tables, charts and graphs.  This work can then be used to assess the mathematical skills of the students and How Science Works to determine if they have chosen the most appropriate method for displaying the results.

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Independent enquirer 
· Creative Thinker 
· Team Worker




