[image: image1.png]OCRY

RECOGNISING ACHIEVEMENT



[image: image2.jpg]OCRY

RECOGNISING ACHIEVEMENT






Introduction

OCR involves teachers in the development of new support materials to capture current teaching practices tailored to our new specifications. These support materials are designed to inspire teachers and facilitate different ideas and teaching practices.  Each Scheme of Work and set of sample Lesson Plans is provided in Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.
Sample Scheme of Work

GCSE Additional Applied Science J251
A192: Science of materials and production

B1: Sports equipment
Lesson 1: Mechanical behaviour of materials – Mechanical properties
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials – mechanical properties

	Spot the difference – provide pupils with two pictures of a tennis racquet, one from the early days of the sport and another of the most recent request on sale.  They must describe the differences between the two racquets.

Explain that the following unit is about the development of sports equipment and the materials used to make them.
Ask pupils to list as many items of sporting equipment that they can think of.  Pupils should choose two from the list and try to use words to describe the materials used to produce them.  Select a few individuals to share their answers with the class.  This will hopefully generate some of the mechanical properties to be explored in the topic. 
Pupils complete 2 mini practicals to demonstrate density and tensile strength.
Practical 1 – measuring density - pupils calculate the density of 2 different objects.  They must use a balance to weigh the object.  Fill the displacement can to the level of the spout.  Place the object into the can and collect the water displaced.  Then calculate the density of the object by using the equation density = mass/volume.
Repeat for the second object and determine which of the objects is denser.
	Practical 1- 
Displacement can
Balance
Measuring cylinder
2 objects
Practical 2 –
Clamp stand
G clamp
Slotted masses and holder 
Materials to test

	Care should be taken with practical to avoid injury when the material breaks.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	
	Explain the term density using an analogy of trees in a forest, a dense forest has lots of trees in a given area – a dense material has lots of atoms in a given area.

Practical 2 – tensile strength 

The clamp stand should be clamped to the bench to prevent it falling over.  The material to be tested should be tied in a loop and secured firmly to the clamp stand.  The slotted mass should then be suspended from the loop and additional masses should be added until the material breaks.
Discuss the results on completion and define tensile strength. A number of videos can be found on you tube showing the same experiment using more sophisticated equipment.
Discuss examples of materials used in sports equipment that require these two properties to be taken into consideration.

	
	


Lesson 2: Mechanical behaviour of materials – Mechanical properties
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials – mechanical properties -
	Revisit the terms density and tensile strength.
Introduce the term flexibility.  Pupils should try to explain what they think this word means. This could be introduced in conjunction with a picture of a gymnast.
They should then design an investigation to enable them to compare the flexibility of two materials. Once checked pupils can then conduct the experiment if time allows.
Discuss the remaining terms, toughness, brittleness, hardness and durability.
Complete a card sort to match the term to the definition, using all key words.
Pupils then apply this knowledge by looking at the materials used to make a bicycle and the helmet worn by the rider.  Provide a diagram of both items and label the materials used.  Pupils must then describe what properties they would expect the materials to have.
	
	


Lesson 3: Mechanical behaviour of materials – Comparing stiffness
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials –comparing stiffness
	Define the term stiffness to pupils.
Pupils conduct a practical to investigate the stiffness of two different materials.  There are two methods available; depending on the materials chosen one may be more suitable than the other.
Method A involves the material being supported at both ends and the load placed in the mid -point of the material. A ruler should be placed so the zero is lined up with the underside of the material.  Masses are then added until the material has moved 10mm and the mass is then recorded.
Method B involves clamping the material to a bench so around 20cm of the material sticks out. The mass hanger is tied securely to the end of the material and masses are added.  When the material moves 10mm the mass is recorded.
On completion of the practical pupils must produce a report, describing the procedure used, drawing a diagram and producing a conclusion about the stiffness of the 2 materials.
	Samples of material – wood , plastic
Clamp, ruler, slotted masses
	


Lesson 4: Mechanical behaviour of materials – Compression and tension
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials – compression and tension
	Recap the mechanical properties of materials through a quick quiz.  Pupils should be given a statement that best describes a type of behaviour, for example – easily deformed, and should be asked the question stiff or flexible?
Pupils should be given the following statement. Concrete is strong in compression and weak under tension. They should be asked to come up with two questions that could help them explain what this statement means.  Through discussion identify the two important questions as – what is compression? And what is tension?
Using pictures initially show pupils what compression looks like, good examples could be a golf ball being hit by a club, a nail being hit by a hammer, a spring being compressed.  Discuss the differences between the golf ball and the nail.  Use this to generate ideas about the direction of the forces involved in compression - a pair of forces squashing the material.
Show pupils a picture of a suspension bridge (Menai straits, Bristol suspension bridge), explain how the steel cables are strong in tension.
Demonstrate how some materials can be both strong in compression and tension - a good example is a gymnastics beam.
Ensure that pupils can draw force arrows to show compression, tension.
Ask pupils to produce an extended answer to explain why tennis players must get their racquets restrung regularly.
	Golf ball compression
http://thesandtrap.com/b/balls/the_long_ball_distance_is_everything
Bristol suspension bridge – tension
http://www.bristol.ac.uk/management/why-bristol/city-of-bristol.html

	


Lesson 5: Mechanical behaviour of materials – Elastic and plastic behaviour
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials – elastic and plastic behaviour
	Separate the class into two groups and then further divide each group into smaller groups of between 2-3 pupils.  The two divisions will each work separately on a practical.
Group 1 will conduct an experiment on elastic behaviour and group 2 will conduct an experiment on plastic behaviour, however, neither group should be told this in advance.
Group 1 should be supplied with the springs and should apply small forces.
Group 2 should be supplied with the elastic bands and should apply slightly larger forces. 
Both groups must find out how the wire behaves in tension by hanging different weights from it and measuring the extension (how far it stretches).  They must record their data in a table as they will present their findings to the rest of the class.
On completion of the practical students should describe what their data shows.  This should be presented to the rest of the class.  Pupils should be encouraged to identify the difference in the data.  This can then be used to explain the terms elastic and plastic behaviour.
Dissect the practical and ask why this is not a fair comparison (different materials, different weights etc).  This can lead to a discussion about materials exhibiting both elastic and plastic behaviour.
Pupils should then be given some pre-prepared force-extension graphs and shown where materials are exhibiting elastic and plastic behaviour.  In addition they should be shown how to calculate the energy stored in a stretched sample (the area under a force-extension graph) and predict the extension for a given force.
	Spring
Elastic band
10g and 100g masses
Retort stand and clamp
	The practical will needed practice before hang to ensure pupils are directed to the correct weight range to use, in order to generate the desired data. Also ensure that the masses used will not cause the material to break.
Work for higher candidates is shown in bold.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	
	Higher candidates should be shown how to use the equation f = kx and can use the graphs to predict elastic and plastic behaviour.
	
	


Lesson 6: Mechanical behaviour of materials – Making an artefact more rigid.
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Mechanical behaviour of materials – making an artefact more rigid.
	Pupils are to be given the task of building a bridge which will withstand the heaviest load.  Each team will be given the same amount of material to use and have 20 minutes to complete their bridge.  To assist them with their design they should be given a number of pictures.  These should include pictures of bridges from around the world, pictures of corrugated piping and corrugated cardboard and bicycles.
Test the bridges and whilst doing so discuss the design features, highlighting those that have made the structure more rigid.
Define the term rigid and ask pupils to consider the three ways in which an artefact could be made more rigid.
Demonstrate how folding the edge of paper causes it to become more rigid, demonstrate how a piece of corrugated cardboard is more rigid than a flat piece, how the orientation of a long flat thin piece of wood can alter its rigidity. Discuss how shape and thickness can alter rigidity.
Discuss materials that are rigid and how structure can also affect rigidity.
Show footage of a pole vault – the pole is not a rigid structure why?  - needs to bend to propel the athlete over the bar http://dsc.discovery.com/videos/time-warp-pole-jumping.html
Discuss the development of the pole vault in terms of materials used.
Compare this to a piece of equipment that would be required to be rigid such as a hockey stick, a bike frame (so pedal energy goes into pushing the cyclist forward and not flexing the frame), or a sports car (stiff suspension).

	Paper/card
Sticky tape and glue
10g and 100g masses
Drinking straws
	Take care when loading the bridges to test.


Lesson 7: Thermal behaviour of material s- Thermal conductivity
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Thermal behaviour of materials – thermal conductivity
	Ask pupils to give their definition of thermal conductivity, what do they understand by the word thermal, and the word conductor.
Set up a demonstration to show the different thermal conductivity of different materials. A thermal conductivity tank is needed, place pins on the end of each material. Ask pupils to predict which pin will fall off first. Fill the tank with hot water and wait.
Explain to pupils why the pins did not all fall off at the same time – they all had different thermal conductivities.
Take 2 pieces and material both painted black.  One a piece of metal and another piece of plastic.  Pass them around the class and ask if you were to put an ice cube on each which would melt it first and why they believe this. Place an ice cube on both and allow pupils to observe.  Most pupils will say the wood as it feels hotter. Explain to pupils why it was the one on the metal that melted first. (kits can be purchased online).
Alternatively the following video can be shown if equipment is not available http://www.nationalstemcentre.org.uk/elibrary/resource/2087/thermal-conductivity
Relate thermal conductivity to sports equipment and how it can determine the selection of materials used in sports equipment through examples such as curling stones (poor conductors to allow them to glide over the ice by melting only a thin film).
	Thermal conductivity kit 
http://www.3bscientific.co.uk/heat-conduction/thermal-conductivity-equipment-kit-u45055,p_83_111_595_0_1910.html
	


Lesson 8: Thermal behaviour of materials – Thermal reflectivity
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Thermal behaviour of materials – thermal reflectivity
	Show pupils a picture of a blizzard survival bag and ask what purpose it has.  Discuss what material it is made of.
Pupils complete a practical to demonstrate the thermal reflectivity of different materials.
Place hot water into three boiling tubes, one clear, and one covered in black paper and another covered in aluminium foil.  Monitor the temperature every minute for ten minutes and explain what the findings using thermal reflectivity.
ICT opportunity – use data loggers to monitor temperatures over a longer period of time.
Pupils could also be shown 2 interesting demonstrations that show thermal reflectivity - a radiometer and Leslie cube.
Discuss the purpose of the thermal reflective capes used for runners after a race and the thermal reflective clothing used by skiers, snowboarders, walkers etc. Look into the development of the thermal reflective cape – originally designed by NASA for space exploration, often termed a space blanket, explain how they can be useful in both a cold and hot environment.
	Blizzard survival bag
http://www.needlesports.com/catalogue/camping-equipment/bivi/survival-bags/blizzard-bivi-survival-bag-bps-biv
Kettles
Boiling tubes
Aluminium foil
Black paper
Thermometers
Data loggers
Radiometer
Leslie cube
	


Lesson 9: Making sports equipment – Fit for purpose
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Making sports equipment – fit for purpose
	Pupils should revisit the terms used to describe the properties of materials as discussed in previous lessons through a quick quiz.  This should involve the teacher reading out the definition and the pupils noting down the correct term, for example: which word best describes a material which snaps cleanly when it breaks – brittle.
Use a stimulus picture showing past and present sports, for example a tennis player and their racquet, or a football team.  Ask pupils to describe how the equipment used in the past is different to that used now.
Pupils should consider reasons for the development of sports equipment over time.

Introduce the main criteria used to select materials (particular properties such as, flexible, hard, etc, as well as durability, cost, environmental impact and aesthetic appeal. Discuss what each of these terms mean.
Using a number of pre- prepared case studies pupils must explain why certain materials have been chosen for the pieces of sports equipment. Examples could include various types of racquets, balls and more unusual items such as body protectors.
Homework task – research a particular sport, highlight the equipment used and identify the materials used to make it.
	
	


Lesson 10: Making sports equipment – Composite materials
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Making sports equipment – composite materials
	ICT: Introduce this section by looking at Kevlar.  Pupils should use the internet to search for its uses in sports equipment.  They should discover examples such as bicycle tires, racing sails, canoes, snowboards and body armour.  In addition they should find out when Kevlar was first used and the reasons for use (high tensile strength to weight ratio)
Explain how Kevlar is produced, it is a lightweight composite which is tough as it is made from a lightweight reinforcement material combined with a resin. If a sample can be obtained this would be useful.
Explain that Kevlar is a composite material- a material which has another material embedded in it.  Show pupils a diagram to explain this.
Pupils can then return to the internet search to look at two other examples of composite materials (fibreglass and concrete) and their uses.  
Look at two case studies – bicycle helmet and tennis racquet. Provide a description of the composite materials used in their production. Pupils should then identify the useful properties of the materials and explain how they combine useful properties of different types of materials whilst avoiding some of their drawbacks.
	Computers and access to internet
Good information site http://www2.dupont.com/kevlar/en_us/uses_apps/consumer/sports_equip.html
Composite materials pack can be purchased from SEP website
Sample of Kevlar

	


Lesson 11: Making sports equipment
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Making sports equipment
	Classifying materials – generate a list or alternatively a number of pictures and ask pupils to place them into groups with similar properties (examples should demonstrate a range of metals, composites, plastics and ceramics)
Discuss the groupings and reasons.  Making sure that pupils can distinguish between the 4 mentioned groups.
Circus activity of practical’s to identify various properties of metals, ceramics, composites and polymers.
Station 1 – testing for electrical conductivity
Station 2 – testing for thermal conductivity data exercise, provide a list of thermal conductivity figures for pupils to use
Station 3 – description of appearance – provide a list of words that could be used
Station 4  - easily scratched?
Station 5 – testing for flexibility
Who am I?-  teacher describes the properties and students must name the material .
Worksheet to be constructed – a list of uses of the various materials used in sports equipment, students must match the correct material and explain why they have chosen it.
Read the article about go faster swimsuit
http://www.telegraph.co.uk/sport/othersports/swimming/5859667/rebecca-adlington-boycotts-go-faster-swimsuit.html and discuss.
	Electrical conductivity
4 sets of samples of the various materials – metal, polymers, ceramics
Cells, leads, crocodile clips and light bulb
4 sample materials and object to scratch samples with

	


Lesson 12: People and organisations – Developing and testing
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	People and organisations – developing and testing
	Designing new sports equipment – pupils work in pairs and are asked to imagine they are working for a large company which produces sports equipment.  They have 10 minutes to design a new piece of equipment and 1 minute to present the idea to the class.
Ask pupils to identify what was important to consider when designing this equipment? What would persuade sports stars, teams and clubs to use the product?  This should lead into a discussion about design, performance and materials.  Ask who develops the new materials or products?
A video can be shown which shows the testing of new sports equipment at Nike
http://www.sportstechreview.com/
Introduce the practitioners involved.  Produce a factsheet on 2 practitioners – material scientists and designers.  Pupils should highlight what they both have in common; significant knowledge of materials and their properties and scientific and technical skills.
	The following website provides some useful info and good links, for example info on job requirements for a post with Nike as a sports innovation engineer.
http://www.sportstechreview.com/jobs-in-sports-design-industry/
Another useful site is 
http://www.sportsengineering.co.uk/jobs.php
	


Lesson 13: People and organisations – Product standards

Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	People and organisations – product standards
	Starter question – what do you look for when you buy sports equipment?
Discuss responses, and then pose a second question, what do professional athletes and organisations look for when they choose equipment?
Discuss responses.
Project images of BSI Kitemark, CE symbol and ISO symbol.  Ask whether anyone in the room would look for these?
Identify the organisations and explain the importance of the presence of such symbols and how they signify product standards.
What do we mean by product standards?  Imagine you are the coach of a football team, a successful team where money is not an issue.  You have three new footballs to trial, what questions do you want answered before you decide which to purchase. 
Through discussion draw out the main reasons for product standards, safety, quality and consistency of draw out the key points.
Introduce the role of the NPL - National Physical Laboratory as the UK's national standards laboratory involved in the development and application of highly accurate measurement technology and material science.
Identify Traceability as a method of ensuring that a measurement (even with its uncertainties) is an accurate representation of what it is trying to measure.
	
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	
	The following website will be of use http://www.npl.co.uk/educate-explore/posters/traceability-and-uncertainty/
Students could look at various examples of important measurements in sport.
http://www.npl.co.uk/educate-explore/posters/measurement-in-sport/
	
	


Sample Lesson Plan

GCSE Additional Applied Science J251

A192: Science of materials and production

B1: Sports equipment

Sports equipment – Mechanical properties
OCR recognises that the teaching of this qualification above will vary greatly from school to school and from teacher to teacher. With that in mind this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour.

Learning Objectives for the Lesson

	Objective 1
	Pupils will be able to identify some mechanical properties of materials used in producing sports equipment.

	Objective 2
	Pupils will be able to explain the term density and relate this to its importance in producing sports equipment.

	Objective 3
	Pupils will be able to explain the term tensile strength and relate this to its importance in producing sports equipment.


Content

	Time
	Content

	5 minutes
	Starter

Spot the difference – provide pupils with two pictures of a tennis racquet, one from the early days of the sport and another of the most recent request on sale.  They must describe the differences between the two racquets.

Explain that the following unit is about the development of sports equipment and the materials used to make them

	5 minutes
	Pupils list as many items of sporting equipment that they can think of.  Pupils should then choose two from the list and try to use words to describe the materials used to produce them.  Select a few individuals to share their answers with the class.  This will generate some of the mechanical properties to be explored in the topic. 



	40 minutes

(each practical should take 20minutes each)
	Pupils complete 2 mini practicals to demonstrate density and tensile strength.

Practical 1 – Measuring density -  Pupils calculate the density of 2 different objects.  Using a balance to weigh the object.  Fill the displacement can to the level of the spout.  Place the object into the can and collect the water displaced.  Finally calculate the density of the object by using the equation density = mass/volume.

Repeat for the second object and determine which of the two objects is denser.

Explain the term density using the analogy of trees in a forest, a dense forest has lots of trees in a given area – a dense material has lots of atoms in a given area.

Practical 2 – Tensile strength

The clamp stand should be clamped to the bench to prevent it falling over.  The material to be tested should be tied in a loop and secured firmly to the clamp stand.  The slotted mass should then be suspended from the loop additional masses should be added until the material breaks.

Discuss the results on completion and define tensile strength.


Consolidation
	Time
	Content

	10 minutes
	Discuss examples of materials used in sports equipment that require these two properties to be taken into consideration.
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