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GCSE ASTRONOMY    –    Coursework Guidance
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Controlled Assessment is the new name for Coursework!  The ‘controlled’ bit (i.e. the level of control) will be explained at various points later in these guidance notes.  This is Unit 2 (Unit 1 is the externally-marked written 2-hour examination) and called Exploring the Universe.

Unit 2 of GCSE Astronomy is a teacher-marked assessment of two observational projects, one of which, must be carried out without optical aids and one of which must involve the use of binoculars, camera, telescope, sundial or some other suitable equipment.
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Both projects carry equal marks and the assessment is worth 25% of the total. This is a significant amount and the majority of students score high marks.  Make sure that your planning and organisational skills are up to speed!
The quality of each project will be assessed in four key skill areas:  
· Design; 
· Observing; 
· Analysis;

· Evaluation.  
All carry equal marks, and there are detailed notes for each of these categories later in this Guide.  Marks will also be awarded for your ability to communicate clearly, spell and punctuate, and use the appropriate astronomical terminology.  More on this later too!
Edexcel have published a table showing the two lists of project titles; these may be reviewed in the future.  For now, the two projects MUST be chosen from these lists (this constitutes a high level of control), one from List A (unaided) and one from List B (aided).  In order to prevent the two projects from being too similar in content, they MUST NOT be chosen from the same row in the table e.g. both A3 and B3. 
	Unaided observations 

Choose one task from this list. 


	Aided observations 

Choose one task from this list.

	A1 Lunar Features

Produce a series of naked-eye drawings of three lunar surface features.  Use them to show their changing appearance at different lunar phases.
	B1 Lunar Features

Produce a series of telescopic drawings and/or photographs of three lunar surface features.  Use them to show their changing appearance at different lunar phases.

	A2 Meteor Shower

Observe a meteor shower.  Record meteor trails on a drawing of the stellar background from sketches and estimate magnitudes of the meteors.  Locate and show the position of the radiant.
	B2 Meteor Shower Photography

Use long-exposure photography to obtain photographs of a meteor shower.  Estimate magnitudes of the meteors.  Locate and show the position of the radiant.

	A3 Drawings of Lunar or Solar Eclipse

Using a suitable method of observation (lunar — direct, solar — pinhole projection), produce a series of drawings showing the progress of a lunar or solar eclipse.
	B3 Photographs of Lunar or Solar Eclipse

Using a suitable method of observation, produce a series of photographs showing the progress of a lunar or solar eclipse.



	A4 Constellation Drawings

Observe and make detailed drawings of three different constellations, recording dates, times, seeing and weather conditions and noting colours (if possible) and magnitudes by comparison with reference stars.
	B4 Constellation Photography

Produce photographs of three different constellations, recording dates, times, seeing and weather conditions.  Use the photographs

to identify colours and magnitudes by comparison with reference stars.

	A5 Drawings of a Celestial Event

Produce a series of drawings to record the passage of a suitable celestial event, for example a transit, occultation or comet.
	B5 Telescopic Drawings or Photographs of a Celestial Event

Produce a series of detailed telescopic drawings or photographs to record the passage of a suitable celestial event, for example a transit, occultation or comet.

	A6 Shadow Stick

Use a shadow stick to record the direction of the Sun at different times on at least two days and hence determine (a) the time of local noon and (b) the observer’s longitude.
	B6 Sundial

On at least three widely-spaced dates, compare the time shown on a correctly-aligned sundial with local mean time.  Use these data to determine the accuracy of the sundial used.

	A7 Levels of Light Pollution

Use repeated observations of the faintest stars observable to quantify the effect of light pollution at two different sites.
	B7 Photographic Measurement of Levels of Light Pollution

Use the magnitudes of the faintest stars visible in long exposure photographs to quantify the effect of light pollution at two different sites.

	A8 Sunspots

Use a pinhole to project an image of the

Sun onto a suitable background and observe and record sunspots over a sufficiently long period of time to determine the Sun’s rotation period.
	B8 Sunspots

Use a small telescope to project an image of the Sun onto a suitable background and observe and record sunspots over a sufficiently long period of time to determine the Sun’s rotation period.

	A9 Light Curve of a Variable Star

Use a series of naked-eye estimates of the magnitude of a suitable variable star over a sufficient period of time to determine the period of the star.
	B9 Light Curve of a Variable Star

Use a series of telescopic estimates of the magnitude of a suitable variable star over a sufficient period of time to determine the period of the star.

	A10 Estimating Stellar Density

By counting the numbers of visible stars within a certain area of sky, estimate and compare the density of stars in the sky, parallel with and perpendicular to the plane of the Milky Way.


	B10 Measuring Stellar Density

Use binocular/telescopic observations or original photographs to measure and compare the density of stars in the sky, parallel with and perpendicular to the plane of the Milky Way.
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	B11 Drawings of Messier Objects

Use binoculars/telescope/robotic telescope to produce detailed drawings and/or photographs of at least three Messier/NGC objects.
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	B12 Measuring the Sidereal Day

Take long-exposure photographs of the circumpolar stars around Polaris or the south celestial pole and use them to determine the length of the sidereal day.


At first, some projects will seem more appealing than others.  Some students might already be experts in some field, say in photography, whereas others may have used only rudimentary equipment and perhaps feel reluctant to use what appears to be quite complex equipment such as computer-guided telescopes.
Students should remember that it is not essential to use elaborate optical aids and on closer inspection, there should be plenty of titles to suit all interests.
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The first task in each item of Coursework involves planning when, where and how you are going to make your observations.  This is called Design.
You will need to consider:

· the astronomical object(s) that you want to observe;
· where you are going to carry out your observations;
· what equipment you will need;
· the date(s) and time(s) when you plan to observe;
Having decided what you want to observe, you will need to find out when and where in the sky your chosen target will be visible.  Let’s say that you intend to observe and draw the Galilean moons as they orbit Jupiter (as part of Task B5 – Telescopic Drawings of a Celestial Event).  Because of the continuously-changing position in its orbit with respect to the Earth, Jupiter is not always visible in the night sky - it is best observed when it is close to opposition.  You will therefore need to use a star chart such as those published monthly in newspapers, Astronomy Now and Sky at Night Magazine, or planetarium software such as Stellarium to find suitable dates. 

A star chart will also tell you at what time of night certain constellations or Messier Objects are in the south and high in the sky.  Remember that when stars culminate, they are brighter than at other times and the light from them has passed through the least amount of atmosphere.

It might be helpful to mention why you have chosen particular times or dates in your report.
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You might want to make a series of observations, perhaps during one observing session, or on a number of regular intervals.  In the example above, this would allow you to determine the orbital periods of Jupiter’s principal satellite.  Similarly, a sequence of observations of the Sun, say two or three days apart, would allow you to determine the rotation period of the Sun.  

Planning and recording when to observe will therefore contribute a key aspect of your report.
Similarly, you will need to think about the location from where you intend to carry out your observations.  Factors to consider include;

· sources of light pollution (unless you are designing tasks A7 or B7 on just this theme!) – it really does make a tremendous difference to observations in the night sky if you observe in the absence of skyglow;
· the ‘observability’ of celestial objects – no trees or tall buildings to obscure the view.

You will need to include the location (with perhaps a latitude and longitude, but not too precise!) from where you intend to observe in your report.  Perhaps you could include a small map in your report.
If you are using a robotic telescope you will need to record the location of the one whose facilities you are using.  More on robotic telescopes below.

The choice of equipment will largely depend on the task that you are designing.  You might like to list a number of items of equipment and then write down some of the reasons for choosing particular articles.  For example, you might have access to two pairs of binoculars, say 12 x 50 and 10 x 60.  It would be a good idea to report why you chose the pair with the larger diameter lenses (10 x 60) over the ones with the higher magnification (12 x 50).

If you are naked-eye observing on a cold, clear winter’s night (ideal observing conditions), don’t forget to include warm clothing (including a woolly hat), a flask containing a hot drink (or something stronger) and other items that will keep you reasonably warm and comfortable.

In addition to those listed above, there are many other useful resources that you could refer to when designing your task:

· The Messier Catalogue – ideal for helping you to choose nebulae, clusters and/or galaxies to observe;  
· Spaceweather.com gives you all the latest information on forthcoming meteor showers, sunspot activity and visiting comets;
· The Met Office will not only give you the latest forecasts for the days (and nights) ahead, but advise you of the times of sunrise and sunset;
· If you don’t have access to star charts in newspapers or magazines, there are numerous ones available on free download - try the University of Bristol’s Monthly Skyguide from where you can obtain basic and full charts, with observing notes.
Edexcel suggest that you should be able to plan and record each task’s Design in about 2 hours.  This must be undertaken with a high level of control, i.e. with the supervision of a teacher. 
You might find it useful to use one or more of the hyperlinked Coursework Planning Sheets for naked-eye, aided or robotic observations.  
The availability of world-class robotic telescopes can allow you to extend dramatically the range of observations you can make for your portfolio of Coursework.   Although they are relatively small in size compared with some of the large professional telescopes such as Keck and Gemini, they are situated at high altitudes around the world where the ‘seeing’ conditions are much more reliable than in the UK.
There are currently three main robotic telescope facilities, all of which are available free of charge to UK schools and colleges.  They are ideal for producing images of ‘extended objects’ such as planets and their moons, galaxies, nebulae, comets and close-up images of the Moon.
· The Bradford Robotic Telescope is located on Tenerife in the Canaries and operated by the University of Bradford.  You don’t need to book an actual time slot for observing and a number of different cameras (with different fields of view) are available.  Visit www.telescope.org for more information and guidance.
· The Faulkes Telescope Project operates two 2-metre telescopes, one in Hawaii and the other in Australia.  They allow night-time observations to be carried out in real time during class-time in the UK.  Observing time slots can be booked and students have direct control of one of the telescopes via their computer.  Further details can be obtained at www.faulkes-telescope.com 
· The National Schools Observatory (NSO) is operated by Liverpool John Moores University and situated on an extinct volcano on La Palma in the Canary Isles.  Like the Bradford Telescope, you don’t need to book an actual observing session – simply request an observation and the NSO will do the rest!  A visit to www.schoolsobservatory.org.uk will give you lots more information.
There are also a (rapidly-increasing) number of telescopes that are ‘selling’ observing time to individuals.  The November 2009 issue of Sky at Night magazine contains an informative feature, details costs and tells you how to register.  We have not tried out these facilities at Mickledore, but suggest that you at least consider this option.

Deciding which robotic telescope will suit your needs clearly requires a good deal of time exploring the websites above.  They provide lots of advice, help and support, and your patience (and sometimes frustration - skies can be cloudy even on Hawaii!) will be rewarded with some stunning images and high-quality data files that you can analyse and compare with those from the ‘professionals’.

Your actual observations form a major part of Coursework since without them you will not be able to proceed to analyse them or have much to evaluate!  Clearly, it is important that they are well-planned and fit the requirements of the project titles.  For example, if you intend to carry out task A4 or B4 (that instruct you to observe three different constellations), do just that - three constellations!

You will be assessed on both the quality and quantity of your data so it is better to make more observations rather than fewer!  You may be pleased to know that night-time observations can be carried out unsupervised, i.e. with a limited level of control.

Your actual sketches, photographs, tables of data and/or digital images will form the major part of your observations.  It is a good idea to keep all your rough sketches and drawings – these might enhance the quality of your project, especially if you don’t quite manage to produce a large number of final observations.
Small sketches or images do not reveal much detail.  Try to make drawings or produce images that are large and clear.
You should make sure that you include a clear list of the observational details of your sessions in your report; marks are awarded for these.  Dates, times, location, weather, seeing conditions and the equipment that you used are all essential.  You could use printed copies of the observing log in this toolkit to help you to keep a record of your observations and draw rough sketches.

‘Seeing conditions’ describe the Earth’s turbulent atmosphere and to what extent it affects observations.  

You might want to assign an appropriate Roman numeral from the Antoniadi Scale used by astronomers to quantify seeing:


I
Perfect seeing, without a quiver


II
Slight undulations, with moments of calm lasting several seconds


III
Moderate seeing, with larger air tremors


IV
Poor seeing, with constant troublesome undulations


V
Very bad seeing, scarcely allowing the making of a rough sketch
Since the next part of each project involves analysing your data and drawing conclusions from them, you should ensure that you have made sufficient observations and of high-enough quality to be able to carry this out.
You might agree that it is a good idea to make too many observations than too few.  It might be a good idea to plan and make several observations of the same astronomical object (some projects require you to this) so that you can select the best sketches or photographs for your final report.


Once you have acquired your data, drawings or images, you now need to analyse them and draw conclusions.  Broadly what this involves is given clearly in each project title’s description in the Task Lists.  For example, if you have obtained observations for Project B8 on sunspots, you will need to use your observations to determine the Sun’s rotation period.

The analysis of some projects will inevitably take place during your observing session(s).  For example, in Project A2 (naked-eye observations of a meteor shower), you will need to estimate the magnitudes of meteors as you observe and record them (you will need to know the magnitudes of nearby bright reference stars to do this).  For others, you will need to complete the analysis once data are collated or graphs have been drawn (for example shadow stick projects or those involving the light curve of a binary star).

In some of the more descriptive projects, for example Project A3 involving sketching the progress of a lunar or solar eclipse, your analysis might include a commentary of what you observed or descriptions of what you can see in your images.  
These suggestions will enhance your project and improve your chance of gaining high marks.  Carrying out a thorough analysis will also make the project far more worthwhile – remember, you are a keen astronomy student!

Edexcel suggest that you should be able to carry out the Analysis of each project in about 2 hours.  This must be undertaken with a high level of control, i.e. with the supervision of a teacher.



This part of the project invites you to comment on the accuracy of your observations (and deductions that you have made), make suggestions on how your observations could be improved and in what ways your project could be extended.  Try to be quantitative, i.e. include numbers wherever possible, when discussing accuracy.
It is worth adding some detail in this part of your report since this will be taken into account when marking.  There will be no need to actually carry out these further observations, but it is important that you are realistic here and don’t get too carried away making suggestions that might not be achievable…
If your project involves determining some quantity such as the Earth’s rotation period (task B12), you could compare your calculated value with the accepted value.  In the more descriptive tasks, you might like to compare your sketches or photographs with those taken by the professionals.  

You may find that you don’t have sufficient observations to complete the task to your satisfaction.  This needs pointing out and suggestions for future observations made (similar to those in your original design) with dates, times etc.

Alternatively, your observations may not be of sufficient quality and you might think about using different optical instruments (or robotic telescopes).  You should give reasons for your choice.
Sensible suggestions for extending your project are also credit-worthy; again, these don’t actually need to be carried out.  Suggestions should be practical and relate to the original task.  For example, if your project involves using a simple shadow stick (task A6), you could propose to determine latitude as well as longitude.  Alternatively, you could suggest extending light curve projects A9 or B9 to study a different type of variable star from the one that you originally studied.

It has been suggested by Edexcel that you should take about 2 hours to complete each Evaluation.  This must be undertaken with a high level of control, i.e. with the supervision of a teacher.

The format of your report is entirely up to you.  Computer-printed or hand-written reports can be equally attractive, and the size of paper is your choice.

One of the main considerations is to make the project look attractive without detracting from the observational data etc.  For example, it is pointless putting a great deal of effort into a highly-decorative cover that will not gain marks – concentrate on the real Astronomy and focus on a list of contents page rather than a cover!



OK, so the one above is a bit boring!  The point we’re trying to make is that elaborate covers take up valuable time that could be used elsewhere on the project.  Don’t get carried away with psychedelic WordArt – simple graphics will do!

Marks will be awarded for the quality of your written communication.  This means that in all aspects of your report you should pay attention to:

· spelling (especially astronomical words) - avoid ‘alot’, ‘aswell’ and similar howlers, and be careful to distinguish between words such as ‘weather’ and ‘whether’;
· punctuation – capital letters, full stops, semi-colons etc. are useful to the reader and should be used appropriately;
· grammar – avoid changes of tense or subject; try to keep sentences short and to the point; make sure that your project is ‘readable’.
You should also pay close attention to using astronomical terminology correctly.  Make sure Earth, Moon, Sun, Solar System have capital letters (they are proper nouns!) and distinguish between meteors, meteoroids and meteorites.  Use the correct astronomical units, symbols (e.g. m for apparent magnitude (not M)) and abbreviations (the second is abbreviated to s, not sec or secs!).

Use this checklist of useful tips and common errors to enhance your project and ensure that you gain maximum marks.

DO…
· include all observational details with your observations - each should include: date, time, location, weather, seeing conditions, details of the optical instrument where applicable;
· make frequent observations of your chosen object(s) over a prolonged period of time;
· include all relevant rough or preliminary sketches with your observations;
· ensure that your analysis is complete – many students produce high-quality observations but fail to analyse them fully;

· use good English in your report and use a range of astronomical terms.

Don’t…
· leave it too late to plan and carry out your observational tasks – lower quality work is often a tell-tale sign of projects being rushed in the final weeks before deadlines;
· present observations that are too small – large diagrams are needed to show the necessary detail;
· think that it is essential to use elaborate equipment – some of the best observations are carried out with the naked eye;
· ‘pad’ your report with irrelevant background material or images that do not support your observations or analysis.
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You must choose ONE project from List 1 and ONE from List 2.





The two projects must NOT be chosen from the same row.
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5.  Guidance for Evaluating your Project


	





If I use the Hubble Space Telescope, my observations will be improved and I’ll be worth an A* grade!








Suggestions for future observations or extension to your project should be as detailed as your Design.








6.  Presenting your Final Report
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You don’t need a flashy cover.  A simple one that coveys the title, contents and student’s name is perfectly adequate!
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