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Physics-based Extended Project case studies
Water flow test rig
Initial research
Henry was studying for A-levels in physics, maths and D&T (design and technology), and his ambition was to become an engineer.  He was interested in renewable energy generation, and for his EPQ he decided to make a small water turbine that could be used in a stream near his home to generate electricity. 
The first stage of Henry's project was background research.   Some of this research was literature based, using the internet and libraries to find out about water power from Roman times to the present day, from flour milling to electricity generation.  He looked into the design of water wheels and turbines, wrote notes explaining the physics principles involved and identified advantages and disadvantages of the different types. 
Along with the literature research, Henry carried out some preliminary practical studies of flowing water. During the summer holiday,  he measured water flow rate in three different streams; this involved timing the motion of a floating object, and wading into the stream to find its depth so that he could estimate the volume of the water.  From these measurements he calculated the kinetic energy of the water and estimated the maximum possible output power of a hydro-powered generator.

Henry's initial research into turbine design soon revealed that major engineering companies were investing heavily in this area, and that making a viable water-driven generator would demand a large budget, workshop facilities and other resources that not available to him.  He also realised that there was a major problem associated with making measurements on water turbines: there was no suitable source of flowing water at his school.  

In discussion with his EPQ supervisor and his A-level teachers, Henry therefore revised his original project idea.  

Building on his initial interest in hydro power, Henry decided to design and make a rig that could be used to test the efficiency of small prototype water turbines.  He noticed that an A-level physics student was testing the hydrodynamics of model boats by pulling them along a piece of guttering, and realised that his testing rig could have a wider use in physics and D&T projects. His teachers agreed that a testing rig would be a useful addition to the school, and Henry's project brief became:
Design, make and test a hydrodynamic testing rig for use in a school laboratory.
Organisation and planning
Henry stared planning his project at the end of Year 11 after his  GCSE exams and used the summer holiday for some initial research.  The deadline for handing in the final report was January in Year 13.  At an early stage, he used a Gantt chart to map out how he would use his time for the entire period of the project. On of the main constraints was that he needed access to a D&T workshop that was only available at limited times, so he had to plan his time carefully in order to make best use of the facilities.  
Henry kept a week-by-week log of his project work, and as time went on he modified the Gantt chart when he found that he was able to complete some stages earlier than planned.  He knew that it was important not to slip behind schedule, so he used the Gantt chart to help keep his work on track.  

Specification and design
There were several factors that Henry had to take into account when working on the design for his test rig.  Safety issues were important, and there were other things to consider. 

His teachers agreed that the test rig could be set up in a D&T lab, but it must be moveable out of the way when not in use. There were concerns about moving parts; he had to design the rig so that any fast-moving parts were shielded. There were also concerns about the possibility of flooding and splashing, and Henry's design had to minimise these risks.  

To be of practical use, Henry's test rig had to have a water channel large enough to accommodate the devices being tested, and the user had to be able to measure and control the water flow around the channel.   
Henry carried out extensive research before coming up with a design for his rig.  He looked at large-scale industrial test rigs, visited a university engineering department, and studied a children's toy that used a plastic water channel.  
Development and realisation

During the autumn and spring terms of Year 12, Henry explored several methods of water propulsion, analysing advantages and disadvantages of each.  He took a range of factors into account, including cost, safety, efficiency, and ease of installation and use.  He investigated different designs for the water channel, looking at various shapes, materials and techniques, using a CAD package and making some small-scale prototypes of different designs. To help with this research, he contacted a local manufacturing company, visited their workshops and sought advice from their technical staff. He also found out a lot about the physical properties and costs of different types of plastic from an online database, and learnt to use some construction techniques that were new to him. 

Henry's research enabled him to finalise his design, draw construction diagrams and list the items that he needed to obtain.  By making use of scrap materials and visiting a low-cost DIY store, Henry was able to keep the cost of his rig within tight limits.  

In the summer term of Year 12, Henry started making his test rig.  As the work proceeded, he encountered some setbacks: a major problem was that the water channel leaked.  To deal with this, Henry had to review and modify the design and further extend his workshop skills.  The channel and the water-propulsion system were finally completed in the second half of the autumn term of Year 13. 
Report and evaluation

Throughout the time working on his project, Henry kept his activity log up to date and wrote up his notes on research and development as he went along, so when he came to produce his final report, much of it was already written.  Even so, he found writing  the report quite daunting as he had little previous experience of producing such an extensive document.  With some guidance from his school, and further advice from a university website, Henry was able to complete his report in December of Year 13.
Henry's report told the story of his project clearly, describing the processes he went through, noting where he had encountered problems and how he had addressed them, as well as recording aspects that had gone smoothly.  He commented that he his lack of experience in some areas had cost him a considerable amount of wasted time, but his supervisor pointed out that time spent learning from experience is not time wasted, and that such learning is an important part of an original project. 
In the presentation that Henry gave in January of Year 13 to his teachers and other students, he was able to show his testing rig installed in his school's D&T department – where it is still in use.  

Supervisor notes
A 'design and make' project would be classified as an Artefact and entered for Unit 4 of the Edexcel scheme.  The other awarding bodies for EPQs (AQA, OCR, WJEC) do not distinguish between different types of project.  

Planning and research were very important for the success of this project.  Preliminary research is an important first step in any project. As well as helping get the project started, it can reveal problems with the initial idea and can open up new possibilities that are worth exploring.  It is sensible to review a project's objective at an early stage, and to change direction – as Henry did – if a different idea seems likely to be more successful.   
The project described here was carried out over nearly two years and included some independent work during summer holidays. A period of at least four terms is recommended for EPQ work, though in practice such an extended period might not be feasible.   
'Write up as you go along' is sound advice for any project and makes writing the final report a more manageable task.   

Discussion points
1
How would Henry have applied and extended his knowledge and understanding of physics as part of his project work?
2
EPQ examiners have identified three dimensions in which a project might demonstrate extension:

deepening understanding (e.g. exploring a topic in greater depth than required for A-level);

broadening skills (e.g. practical skills, data analysis, critical thinking);

widening perspectives (e.g. ranging over two or more subject areas; ethical or social implications).
How would Henry's project demonstrate extension in one or more of these dimensions? 
3
A strong feature of Henry's project was the range, reliability and relevance of the sources that he drew upon at each stage.  Identify the types of source that Henry used.  
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