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Advice to students
Overview of the unit and activities

What is involved in the Researching Physics unit?
Studying physics involves learning physics facts and concepts. It also involves developing particular skills. These include research skills, which may involve you in doing investigative experiments or researching information, perhaps from the internet. The aim of this unit is to help you develop these physics skills. You will learn some physics facts, probably in some depth, but it is the development of skills that is the focus of the unit.
What physics content will I be learning?

The context for your work is the prevention and treatment of skin cancer. Sunlight has been shown to cause damage to skin. It is the ultraviolet part of sunlight that causes skin cancer. You will investigate the properties of ultraviolet (UV) light and suncreams that prevent the harmful radiation reaching the skin. 
Treatments of skin cancer can involve surgery (removal) or therapy, in which lasers and light-sensitive chemicals are used. Physics underpins these and many other medical applications.
What activities will I be doing?
This material describes activities that develop skills in doing research in physics. Some of the activities are designed to develop particular skills and some use all the skills to carry out research activities.
There are three types of activity in the unit.

Undertaking literature-based research is a hugely important skill. In this unit, this is best carried out as web-based research. It is easy to simply look up a single fact on the internet, but undertaking a more structured project is more complex. Sifting through what is often a large amount of data is demanding. Keeping track of what you are trying to find out is one of the most difficult parts of this type of research, and summarising what you have 
found, without merely cutting and pasting someone else’s work, is also challenging. In this material, there is an activity that describes how best to carry out web-based research. There are also several research briefs that can be used in preparation for your investigation.

Investigative practical work can be fun and challenging. Planning and designing experiments is often the hardest part of this work. Actually carrying out the experiment may be straightforward. This material includes a number of activities that develop the skills required to do investigative practical work. There are also several investigation briefs that you can use to help you plan and carry out an investigation. The experiments you are likely to carry out in your investigation are not the kind where you can simply look up the results beforehand. There may be no right or wrong answers. What you find is what you find, and your way of doing the experiment may not be similar to others in your class. 
Scientific communication is hugely important. It does not matter how interesting or groundbreaking your work is, if you cannot communicate your results then you have not completed your work. You should present the results and conclusions of your investigation. You may choose from a number of formats for your presentation. 
Organising your work and carrying out the activities

How will I organise my work?
Some of the work you carry out in this unit will be in preparation for your research into one or more aspects of the prevention and treatment of skin cancer. When you carry out the research activities themselves, it is likely that you will be responsible for organising your work. 
You are required to produce several pieces of work, including the results of a piece of web-based research, and a scientific communication detailing the results and conclusions of your practical investigation. You are strongly advised not to produce these ‘as you go along’. Rather, it is very good practice to maintain a diary or record of work. This should record all your experimental results, ideas, problems you met, references and all the other day-to-day observations and data that you want recorded. The record of work is your record and as such it should be in a format that suits you. However, experience shows that students who organise their work for ease of reference are likely to be able to extract the information more easily and the resulting reports are likely to be easier to produce.

Will I do the same work as everyone else in my class?

This material includes a number of web-based research and practical investigation briefs. It is likely that students within the same class will be allocated different activities, depending on resources available and other classroom management issues. 
What about teamwork?

It is probable that you will undertake some of the work as part of a group. Sometimes, within your team, you will be undertaking the same task and other times you will each focus on a different part of the task. In either case, it is important that discussion takes place. Agree the part that each member of the team will play and ensure that there is time to share the results of the work. 
Assessment issues

What do I have to do to pass this unit?

As you work on this unit, you will carry out activities that develop your skills in undertaking research in physics. 
Three of the activities contribute to the unit assessment. To be awarded the unit, you need to demonstrate that your work is of at least the required standard in each of the three types of activity.
The three types of activity are:
· undertaking web-based research 
· carrying out investigative practical work – you need to take an active part in planning and carrying out an investigation
· preparing a scientific communication.
Do I need evidence?

For the web-based research and scientific communication, you should ensure that you retain evidence that your work is of the required standard. Each year SQA will ask to see the evidence from a number of candidates. This process is easiest to manage if your evidence is stored in an e-portfolio. You can store text-based work, together with pictures, web pages and any other material that you wish to present as evidence. If you do not use an e-portfolio, you should ensure that your evidence can be easily accessed. 
What about assessment in the Higher Physics exam?

The Higher unit Researching Physics is available as a free-standing unit. It is also a required unit for a course award in Higher Physics. There will not be any questions in the Higher Physics course assessment that specifically relate to the topic of this unit. However, there will be questions in the course assessment that relate to the skills that you have developed in the unit. The following are the skills that may be assessed in the course assessment:

· selecting information from texts, tables, charts, graphs and diagrams
· presenting information in a variety of forms
· processing information
· planning and designing an experiment
· evaluating experimental procedures
· drawing conclusions and making predictions based on evidence provided.
A useful case study based on the production of this exemplar for the Researching Physics unit can be found at:

http://www.ltscotland.org.uk/nationalqualifications/sharingpractice/researchingphysics/introduction.asp
Skills activities
Skills Activity 1: Undertaking web-based research
Introduction

The starting point of a research project is likely to be finding out some background information.

The web allows you to access a huge amount of information and this activity considers issues of using it to source information. Several tasks are described and internet access is required to complete them. 
Task: How reliable is the web?

How do we know that the information that appears on a web page is reliable and accurate? Well, the simple answer is we don’t! The problem is not specific to the web – books and magazines can also contain inaccuracies. However, the web is huge and it is difficult to know if any one particular site contains reliable data. 
To illustrate this, suppose that you are beginning your research into the causes of skin cancer. You wish to find out about ultraviolet radiation. In particular, you want to find the wavelengths of UVA and UVB. 

Go online and type ‘UVA and UVB’ into your search engine.

Select the Wikipedia search result and also the Skin Cancer Foundation result. Within these two sites, you should find references to the range of wavelengths for UVA and UVB.

The differences in the results from the two sites are small but nevertheless illustrate that you should not rely on one source for your data.

To resolve this particular problem, continue your search to find other references to the range of wavelengths for UVA and UVB. Is there agreement or consensus? 
Task: Finding sites that are at the right level of complexity.

As you carry out research from the web, you will find that sites vary in their complexity. Bearing in mind that you are studying for Higher Physics, you need to ensure that the information you use is at the right level. To illustrate this, suppose you are continuing your research into the causes of skin cancer and wish to find out about the UV index. Go online and visit the following three sites:

http://www.absoluteastronomy.com/topics/UV_index
http://www.theozonehole.com/uvindex.htm
http://woudc.ec.gc.ca/e/ozone/uv_index_definition.htm
The three sites each describe the UV index. Which of the three is too simplistic (not enough physics at Higher level)? Which of the remaining two sites gives an easily understood definition of UV index at an appropriate level?

As a general rule, try to source information that is at an appropriate level. Having said this, it is usually better to use more straightforward information than complex data that you don’t really understand.

Other things to consider when undertaking web-based research

Stay focused

Make sure that you remain focused as you carry out your research. It is very easy to get side-tracked. Make sure you have clear questions that you wish to answer. Keep reminding yourself of what you are trying to find out as you surf. Interesting, but not relevant, sites can be visited later.

Don’t write your report as you go along

Your task is to find suitable sites that may contain the information you require. Sites that seem to be promising can be bookmarked so that they can be returned to later. Tables, graphs and pictures can be copied into a folder. It is likely that some will be used and some will not. It is important to make a selection later, not just as you stumble across the site. 
It may help to include an introduction at the start of your report and it is often best if this is written last. The introduction can act as a summary of the findings and is best written when the information has been collected.

Teamwork
If working as part of a team, it is important to allocate specific tasks so that each individual does not waste time answering the same question. However, if a piece of information is particularly hard to find, it may help to have a 
combined search for that particular item. Liaison between team members is particularly important.

If you are working as part of a team and you have produced a single report between you, you should include a short statement at the end of the report that indicates which part of the work you were responsible for.

Cut and paste – don’t!
The finished report should be easy to read. Avoid simply cutting and pasting large chunks of text. Try to summarise the information you find and, where possible, use your own words to state what you have found. Tables and charts can be very useful but often contain too much data. If information is provided in a table, consider extracting the data you require and making your own table and graph.

Referencing

It is important that the information you include in your report is referenced. As a general rule, someone else should be able to easily find where you got your information from. Make sure that your report includes a clear indication of where you have sourced your data.

Skills Activity 2: Planning an investigation – developing and testing a hypothesis

The aim of this activity is to consider issues related to group planning.

A group of students were videoed as they planned an investigation. Video clips are available and can be viewed at http://www.flashlearning.co.uk/RP_Planning/RP_Planning.html.
1.
Initial planning
Play the first video clip and consider the following:
· Does each student contribute to the planning?

· Does each student make an equal contribution to the planning?

Notes: In any planning process, it is unlikely that each member of the planning group will make an equal contribution. One student may suggest an idea that might be modified by another. The role of summariser is important and someone to record what is agreed can be useful. In this way, a group can plan an investigation, each contributing, but perhaps in different ways.

2.
Amending the plan

The group starts to consider how they will take readings and what factors will affect their measurements.

Play the video clip and consider the following:
· Has the plan been finalised?

· Has the group considered the variables to be measured?

· Has the group considered other variables that might affect their results?

Notes: Plans are likely to evolve and it is probable that initial ideas may have to be modified. It is important that the variables to be measured are clearly identified, and there is a clear indication of how they will be measured. It is also necessary to consider other factors that may affect the results and the  steps taken to control these variables.

3.
Discussing with the teacher

The teacher joins the group and asks them to describe their plan.

Play the video clip and consider the following:
· Does the group describe a clear plan?

· Does the group state a hypothesis?

Notes: A hypothesis is an educated guess. It is a prediction of what the results of the investigation might be. It is not always necessary to have a hypothesis but it usually helps to have an idea of what to expect. Be careful though: sometimes the results of an investigation do not confirm the hypothesis, and sometimes the results show no effect (null results).

4.
Final planning stage

The plan has continued to evolve and the group has designed their device for taking measurements.

Play the video clip and consider the following:
· Are planning and carrying out separate parts of the investigation?

· Is each of the students continuing to make contributions to the planning?

Notes: Planning and carrying out should not be seen as two separate parts of the investigation. It is likely that the planning stage will involve trying things out. It is also possible that when something is tried, it is found not to work and it will be necessary to modify the plan.

Skills Activity 3: Analysing results

The aim of this activity is to consider techniques for analysing the results obtained from a practical investigation. 
A group of students has undertaken an investigation to measure the strength of UV radiation from the sky at different angles from the vertical. They measured the radiation at 20° angles from horizon to horizon on a west-to-east axis. Zero degrees corresponded to vertically upwards. Negative angles were west and positive angles were east. 
The group developed a hypothesis that stated that they expected the peak UV to be at the vertical position. They took a measurement of UV strength at each angle, then repeated this five times. 

While the measurements were being taken, the clouds remained largely unchanged. It is therefore sensible to take an average of the measurements for each angle. This can be done manually, but entering the data into a spreadsheet such as MS Excel has a number of advantages. The following table shows an extract.

	Angle (degrees)
	UV irradiance (Wcm–2)

	
	1st
	2nd
	3rd
	4th
	5th

	–80
	514
	490
	505
	487
	488

	–60
	754
	742
	715
	733
	721

	–40
	1003
	984
	968
	966
	980

	–20
	1190
	1047
	1140
	1090
	1123

	0
	1402
	1298
	1175
	1190
	1260

	20
	1280
	1292
	1268
	1276
	1294

	40
	1190
	1209
	1213
	1109
	1045

	60
	878
	851
	870
	843
	840

	80
	589
	606
	573
	578
	563


Enter the results into a spreadsheet. 
Click on the cell to the right of the entry 488. Enter a formula to calculate the average of the five measurements at the angle –80°. (If you are not familiar with entering a formula in a spreadsheet, click on Help and type ‘formula’ in the search box. 
The average of the first five readings is 497 µWcm–2. 
Copy the averaging formula into the cells below by clicking and dragging vertically downwards. All the averages should now be shown.
The final column can be used to show the approximate random uncertainty. This can be found in each case using the formula:

uncertainty = (maximum reading – minimum reading)/number of readings

A note on significant figures: The averages that are worked out will display with the number of decimal places that is set with Format Cells (the default is usually 2). Considering the random uncertainty in the calculated average; it does not make sense to state the average to any more significant figures than the measured values. In this case, the cells can be reformatted so that the decimal places are omitted.

The spreadsheet can be used to plot a graph of the results.

Select the data in the first column and the column containing the averages. (Control click and drag to select the averages column.)
Select Insert Chart and choose the Scatter graph type.
A graph of the results will be inserted into the spreadsheet. This will need to be formatted to include the appropriate title and the axis will need to be labelled and the units included.

At this stage the graph contains points only. It is possible to add a line of best fit using Add Trendline. Using Format Trendline allows different types of lines to be tried. 
For a full tutorial on using Excel to draw graphs, visit http://www.8886.co.uk/itexcel.htm.
The graph of the results for this investigation is clearly a curve and this is about as far as an analysis of the results can be taken. (See the next activity on drawing conclusions.) 
Sometimes a set of results will produce a straight line graph and this may go through the origin. Remember that a straight line graph can be represented by y = mx + c and, in this form, it is possible to find m by finding the gradient of the graph. The constant c can also be found by finding the point at which the graph intercepts the y-axis (c = 0 if the graph goes through the origin).

Skills Activity 4: Drawing conclusions and evaluating experimental procedures

The aim of this activity is to practice drawing conclusions from investigation results. 
A group of students has undertaken an investigation to measure the strength of UV radiation from the sky at different angles from the vertical. They measured the radiation at 20° angles from horizon to horizon on a west-to-east axis. Zero degrees corresponded to vertically upwards. Negative angles were west and positive angles were east. 
The group developed a hypothesis that stated that they expected the peak UV to be at the vertical position. They took measurements of UV strength at each angle, then plotted a graph of their results.
The group made some additional notes as they carried out the investigation.
· The time of the investigation was 2.30pm.

· The sky was completely covered in cloud.

· The cloud cover was not uniform. In some parts it was thicker than others.

· The UV meter varied a bit from reading to reading and they estimated the random uncertainty in each of their measurements to be ±40 µWcm–2.

· The group estimated that the uncertainty in measuring the angle of the UV meter was ±5°.
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The group discussed the conclusion that they might draw from their results. They put forward three possibilities.

1. The results support their hypothesis. Within the limits of the accuracy of their measurements, the peak UV is in the vertical position. 

2. The results do not support their hypothesis. The peak UV reading is between 10° and 15° from the vertical. This is probably because this was the position of the Sun at the time of taking the measurements.

3. The results do not support their hypothesis. The peak UV reading is between 10° and 15° from the vertical. This is probably because this corresponds to the part of the sky where the cloud was thinnest.

Consider the evidence for each of the three possible conclusions and decide which is the most reasonable conclusion.

Notes

When drawing conclusions from a set of results, it is important to ensure that you do not conclude more than the results justify. 
There will be an uncertainty in any measurement you take and it could be that this uncertainty does not allow a firm conclusion to be made.

In many cases (and this investigation is a good example), the conclusion can only be made with limited confidence. It is quite common for the results to suggest further investigation. Indeed, this is how science works. One investigation leads to the next and in this way our knowledge increases. You may like to consider what the group who carried out the investigation should do next.

When evaluating experimental procedures, it is tempting simply to state that measurements should be taken more accurately. However, this sometimes misses an important point. It is true that in this investigation a more accurate measurement of the angle the UV meter was directed could be achieved. However, often it is the control of variables not being measured that is more important. In the case of this investigation, the variation in the thickness of clouds is likely to have had a significant effect on the results. Repeating the experiment with no cloud cover or with a uniform layered cloud would be useful. 
A good evaluation of experimental procedures should consider how well the dependent and independent variables were measured, and consideration should be given to how effectively the other variables were controlled.

Skills Activity 5: Communicating scientific results

The aim of this activity is to compare a number of different ways of presenting investigation results in a scientific communication.

Three scientific communications are presented in the appendix to this pack. They include:

1. a PowerPoint presentation (thumbnails of each page)

2. a scientific poster (original is A3 – this pack includes an A4 version)

3. a lab report. 

Study each of the three formats and consider the following questions:

1. Which of the formats contains the most detail?

2. Which format is most visually appealing?

3. Which format is most likely to be seen/read by the largest audience?

4. Which format is easiest for an individual/group to produce?

Remember that for assessment purposes you need to produce a scientific communication that has the following:

· a clearly identified aim

· an analysis of the results

· valid conclusions

· an evaluation of experimental procedures.

Other formats for suitable for presenting scientific information include the following:

· a magazine or newspaper article
· a web page
· a video.
Web-based research briefs

Initial research activity: Incidence rates of skin cancer

Research brief

Skin cancer is one of the most common forms of cancer and causes a significant number of deaths each year. It is a growing problem.

In carrying out your research you should answer the following questions. 

· What are the main types of skin cancer? 
· What are the incidence rates of skin cancer in the UK and in other countries?
· What are the trends in the incidence rates of skin cancer?
Answer the questions by carrying out research. This is probably best undertaken using web-based research. You are advised to have previously completed Skills Activity 1 – Undertaking web-based research, which is included in this pack. (As an alternative, you may have completed a similar activity during your work on other units in Higher Physics.)

You may work individually or as part of a team. 
Produce a report of your findings. This may be hand-written, printed or electronic and saved in an e-portfolio. 
You should spend approximately 2 hours on this activity.

If you work as part of a team that produces one report, you should include a short statement at the end of the report that indicates which part of the work you were responsible for.
Research Activity 1: Prevention of skin cancer

Research brief

Skin cancer is one of the most common forms of skin cancer and causes a significant number of deaths each year. It is a growing problem.

In carrying out your research you should answer the following questions. 

· What are the characteristics of UVA and UVB? In particular, you should find out about their frequency, wavelength, atmospheric absorption and energy.
· How does UV light damage skin cells? What is it about the UV that causes the problem?
· What is the difference between a sunblock and a sun filter?
· What is the UV index and how can it provide information to help avoid exposure to too much sunlight?
· Suncreams are rated with a sun protection factor (SPF). What does this mean?
Answer the questions by carrying out research. This is probably best undertaken using web-based research. You are advised to have previously completed Skills Activity 1 – Undertaking web-based research, which is included in this pack. (As an alternative, you may have completed a similar activity during your work on other units in Higher Physics.)

You may work individually or as part of a team. 
Produce a report of your findings. This may be hand-written, printed or electronic and saved in an e-portfolio. 
You should spend approximately 2 hours on this activity.

If you work as part of a team that produces one report, you should include a short statement at the end of the report that indicates which part of the work you were responsible for.
Research Activity 2: Treatment of skin cancer – surgery, radiotherapy and photodynamic therapy

Research brief

Photodynamic therapy is a treatment for skin cancer. It is sometimes used as an alternative to surgery or radiotherapy. Photodynamic therapy uses laser or other light sources, combined with a light-sensitive cream, to destroy cancer cells. If a laser is used, the energy required to activate the light sensitive cream is applied in a short time. By using organic semiconductors, the same total energy can be delivered over a longer time.

In carrying out your research you should answer the following questions.

· What are the advantages and disadvantages of surgery?
· What is the physics underlying radiotherapy?
· What is the physics underlying photodynamic therapy? 
· Why is a laser (or other monochromatic light source) used in photodynamic therapy?
· What is an organic semiconductor and how is it used in photodynamic therapy?
Answer the questions by carrying out research. This probably best undertaken using web-based research. You are advised to have previously completed Skills Activity 1 – Undertaking web-based research, which is included in this pack. (As an alternative, you may have completed a similar activity during your work on other units in Higher Physics.)

You may work individually or as part of a team. 
Produce a report of your findings. This may be hand-written, printed or electronic and saved in an e-portfolio. 
You should spend approximately 2 hours on this activity.

If you work as part of a team that produces one report, you should include a short statement at the end of the report that indicates which part of the work you were responsible for.
Practical investigation briefs

Practical Activity 1A: Investigating the absorption of ultraviolet light with different thicknesses of applied suncream

Investigation brief
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Suncreams stop harmful UV radiation reaching the skin.

Some are supplied in a tube for spreading on the skin and some can be applied from a spray. In either case, it is possible to apply a thick layer or a thin layer. Does it matter?

The aim of this investigation is to determine the absorption of UV by a layer of suncream and find how the absorption depends on the thickness of the layer applied.

Discuss how you will carry out the investigation. 
Write your plan in your record of work.

You should also include a hypothesis in your record of work. What do you think is the relationship between the thickness of the layer applied and absorption of UV?
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Investigation notes

UV radiation monitors normally measure irradiance in output intensity per unit area. Thus, a typical low-intensity UV lamp may emit approximately 
10 mWcm–2.

UV lamps can be harmful. Make sure that you read the safety leaflet supplied with the UV lamp.

Some cheap UV monitors do not measure the irradiance of UV radiation. Rather, they give an indication of UV index. It is possible to undertake this investigation with such a monitor, but results will be less reliable and accurate.

UV radiation passes through some transparent materials better than others. Some plastics absorb very little UV.

Including the planning stage, it is likely that this investigation will take up to 3 hours.

Before carrying out this investigation, you are advised to ensure you have completed activities in planning an investigation, analysing results, drawing conclusions and scientific communication. Skills activities 2–5 in this pack are suitable, or you may have completed activities as you carry out work in the other units of Higher Physics.
Practical Activity 1B: Investigating the shelf-life of suncreams

Investigation brief
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Suncreams stop harmful UV radiation reaching the skin.

Does their effectiveness change with time? Can you continue to use a product for many years?

The aim of this investigation is to determine whether the effectiveness of suncream reduces after a period of time.

Discuss how you will carry out the investigation. 
Write your plan in your record of work.

You should also include a hypothesis in your record of work. Do you think that it is likely that the effectiveness of suncreams remains the same after one or more years?
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Investigation notes

UV radiation monitors normally measure irradiance in output intensity per unit area. Thus, a typical low-intensity UV lamp may emit approximately 
10 mWcm–2.

UV lamps can be harmful. Make sure that you read the safety leaflet supplied with the UV lamp.

Some cheap UV monitors do not measure the irradiance of UV radiation. Rather, they give an indication of UV index. It is possible to undertake this investigation with such a monitor, but results will be less reliable and accurate.

UV radiation passes through some transparent materials better than others. Some plastics absorb very little UV.

Including the planning stage, it is likely that this investigation will take up to 3 hours.

Before carrying out this investigation, you are advised to ensure you have completed activities in planning an investigation, analysing results, drawing conclusions and scientific communication. Skills activities 2–5 in this pack are suitable, or you may have completed activities as you carry out work in the other units of Higher Physics.

Practical Activity 1C: Comparing high- and low-factor suncreams

Investigation brief

Suncreams stop harmful UV radiation reaching the skin.

Manufacturers’ products are rated with a sun protection factor (SPF). Suncreams can have SPF values from 6 to over 50.

The aim of this investigation is to determine the relationship between SPF and the absorption of UV radiation.
Discuss how you will carry out the investigation. 
Write your plan in your record of work.

You should also include a hypothesis in your record of work. What do you think is the relationship between SPF and absorption of UV?
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Investigation notes

UV radiation monitors normally measure irradiance in output intensity per unit area. Thus, a typical low-intensity UV lamp may emit approximately
10 mWcm–2.

UV lamps can be harmful. Make sure that you read the safety leaflet supplied with the UV lamp.

Some cheap UV monitors do not measure the irradiance of UV radiation. Rather, they give an indication of UV index. It is possible to undertake this investigation with such a monitor, but results will be less reliable and accurate.

UV radiation passes through some transparent materials better than others. Some plastics absorb very little UV.

Including the planning stage, it is likely that this investigation will take up to 3 hours.

Before carrying out this investigation, you are advised to ensure you have completed activities in planning an investigation, analysing results, drawing conclusions and scientific communication. Skills activities 2–5 in this pack are suitable, or you may have completed activities as you carry out work in the other units of Higher Physics.

Practical Activity 2A: Investigating the spectra of light sources

Investigation brief

Photodynamic therapy is a useful treatment for some types of skin cancer. The treatment involves applying a photosensitive cream to the skin. This is activated by light, which is usually a laser or other light source which produces light of a certain frequency. Finding a suitable combination of cream and light source requires that the characteristics of the light source are known. A spectrophotometer can be used to measure the intensity of light at different frequencies.


The aim of this investigation is to use a spectrophotometer (or similar equipment) to investigate the spectra of a number of light sources.

Discuss how you will carry out the investigation. You will need to consult with your teacher on the following points:

· What light sources do you wish to investigate, and what is available?

· What kind of spectrophotometer is available?

Write your plan in your record of work. 

Investigation notes

Spectrophotometers can be very expensive items. However, it is possible to use a spectroscope to produce a spectrum. A digital camera can be used to capture the image and software is available that allows the spectrum to be analysed (http://www.cabrillo.edu/~dbrown/tracker/).

Including the planning stage, it is likely that this investigation will take up to 3 hours.

Before carrying out this investigation, you are advised to ensure you have completed activities in planning an investigation, analysing results, drawing conclusions and scientific communication. Skills activities 2–5 in this pack are suitable, or you may have completed activities as you carry out work in the other units of Higher Physics.

Practical Activity 2B: Comparing the irradiance of laser light with the light emitted from a Light-Emitting Diode
Investigation brief

Photodynamic therapy is a useful treatment for some types of skin cancer. It involves using light to activate a photosensitive cream. The frequency of the light used has to be such that the energy of each photon is enough to excite the molecules of the cream so that a chemical reaction takes place. 
This is usually done with a laser. However, recent research at Ninewells Hospital in Dundee has shown that it is possible to use an organic light-emitting diode (LED) and expose the cream for a longer time. 
The aim of this investigation is to compare the irradiance of laser light with the light emitted from an LED. 

Discuss how you will carry out the investigation. 
How will you measure the irradiance of the light from a laser and an LED?

At what distance will you measure the irradiance?

Write your plan in your record of work. 
Investigation notes

For safety reasons, the lasers found in laboratories are restricted in their power output. They are rated according to a classification system and manufacturers provide data for their products. It is not recommended to use laser pointers as they are unclassified. 

LEDs come in many colours and have various power ratings. 
Including the planning stage, it is likely that this investigation will take up to 3 hours.

Before carrying out this investigation, you are advised to ensure you have completed activities in planning an investigation, analysing results, drawing conclusions and scientific communication. Skills activities 2–5 in this pack are suitable, or you may have completed activities as you carry out work in the other units of Higher Physics.

Appendices

Appendix 1: Example Scientific Communication 1 – Lab report

Investigation to measure the strength of UV radiation from the sky at angles from the vertical.
Introduction

UV radiation from the Sun passes through the atmosphere and can have a number of effects on human skin. In some cases, too much radiation can cause skin cancer. It is therefore important to understand ways of reducing the likelihood of this happening. This investigation measured UV radiation from the sky and in particular it considered whether the UV radiation was strongest in a particular direction.

The experimental procedure

A UV meter was used to measure UV irradiation as it was pointed at the sky at various angles. The UV meter used was a Solarmeter model 5.7 with a range of 0–2000 µWcm–2. This was modified slightly by sticking a small hollow tube (cut from a pen top) above the sensor, so that radiation from one direction only could fall on the sensor.
The UV meter was mounted on a protractor and a device normally used for firing projectiles. This enabled the UV meter to be directed vertically and at measured angles from the vertical. 
UV meter
Equipment used for mounting the UV meter
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The UV meter was rotated on its mount so that it measured the UV radiation at 20° angles. 
Results

The UV radiation was measured at angles from the horizon, from the west to east, passing through the vertical. This was repeated five times so that UV radiation was measured five times at each angle. For each angle, an average was found and the approximate random uncertainty for each average was estimated using (maximum – minimum)/number of readings. The results are shown in the table below.
	Angle (degrees)
	UV irradiance (µWcm–2)
	
	

	
	1st
	2nd
	3rd
	4th
	5th
	Average
	Uncertainty

	–80
	514
	490
	505
	487
	488
	497
	±5

	–60
	754
	742
	715
	733
	721
	733
	±8

	–40
	1003
	984
	968
	966
	980
	980
	±8

	–20
	1190
	1047
	1140
	1090
	1123
	1118
	±29

	0
	1402
	1298
	1175
	1190
	1260
	1265
	±45

	20
	1280
	1292
	1268
	1276
	1294
	1282
	±4

	40
	1190
	1209
	1213
	1109
	1045
	1153
	±34

	60
	878
	851
	870
	843
	840
	856
	±8

	80
	589
	606
	573
	578
	563
	582
	±9


Negative angles represent angles to the west of the vertical and positive angles represent angles to the east.
A graph of of the average UV irradiance at angles was drawn.
[image: image5.png]Graph of the strength of UV radiation from the sky
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Conclusions

The graph shows that the strength of UV radiation from the sky increases from the horizon and is at its peak nearest the vertical. Interestingly, the peak radiation is not at the vertical, but rather is at an angle of between 15° and 20°. The reasons for this are uncertain. At first it was thought that this may be due to the position of the Sun behind the clouds. However, it was realised that as the investigation was carried out in the afternoon, the Sun would be west of the vertical position. It was considered more likely that the peak corresponded to the position in the sky at which the clouds were thinnest. A further investigation could be undertaken to measure UV radiation with different cloud thicknesses. 
The differences between the readings on the UV meter at the same angle varied quite a lot. Sometimes there was little variation between readings (minimum ±5) and at other times there was considerable variation (maximum ±45). Once again, this was considered to probably be because of the clouds, which were moving, and it is possible that the thickness varied between readings. Also, there was an uncertainty in the measurement of the angle of the UV meter. Each time it was returned to a particular angle, it was estimated that the uncertainty was ±5°. This could be improved by adapting 
the equipment so that a notch or similar arrangement ensured the UV meter returned to the same angle each time, rather than simply being positioned by eye.

In summary, this investigation has shown that the peak UV from the sky comes from overhead or near overhead. This is true even when the Sun is obscured by clouds. However, it is likely that the effect of the thickness of clouds is important and a further experiment might be carried out to investigate this.

Appendix 2: Example Scientific Communication 2 – Scientific poster
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The UV radiation was measured at angles from the horizon in the west to
east, passing through the vertical. This was repeated five times so that
UV radiation was measured five times at each angle. For each angle, an
average was found and the approximate random uncertainty for each
average was estimated using (maximum - minimum)/number of readings.

The equipment we used

A UV meter was used to measure UV
irradiation as it was pointed at the
sky at various angles. The UV meter
used was a Solarmeter model 5.7
with a range of 0 to 2000 «Wcm2.

This was modified slightly by sticking
a small hollow tube (cut from a pen
top) above the sensor, so that
radiation from one direction only
could fall on the sensor.

The UV meter was mounted on a
protractor and a device normally used
for firing projectiles. This enabled
the UV meter to be directed
vertically and at measured angles
from the vertical.

Conclusions

The graph shows that the strength of UV
radiation from the sky increases from the
horizon and is at its peak nearest the vertical.
Interestingly the peak radiation is not at the
vertical, but rather is at an angle of between
15° and 20°. The reasons for this are uncertain.
At first it was thought that this may be due to
the position of the sun behind the clouds.
However, it was realised that as the
investigation was carried out in the afternoon,
the sun would be west of the vertical position.
I+ was considered more likely that the peak
corresponded to the position in the sky at which
the clouds were thinnest. A further
investigation could be undertaken to measure
UV radiation with different cloud thicknesses.
The differences between the readings on the
UV meter at the same angle varied quite a lot.
Sometimes there was little variation between
readings (minimum +/- 5) and other times there
was considerable variation (maximum +/- 45).
Once again, this was considerd to probably be
because of the clouds which were moving and it
is possible that the thickness varied between
readings. Also, there was an uncertainty in the
measurement of the angle of the UV meter.
Each time it was returned to a particular angle,
it was estimated that the uncertainty was +/-
5°.  This could be improved by adapting the
equipment so that a notch or similar
arrangement ensured the UV meter returned to
the same angle each time, rather than simply
being positioned by eye.





Appendix 3: Example Scientific Communication 3 – PowerPoint presentation
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be directed vertically and at measured angls from the vertical.
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