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Title:   ROTATION PERIOD OF THE SUN

Background material

Chinese astronomers may have fi rst seen sunspots with the naked eye, but the fi rst, defi nite 

documented telescopic observations date back to 1611 by the German, Johannes Fabricius. 

Fabricius tracked the sunspots across the disc of the Sun and hence discovered the Sun 

rotates. An Englishman, Thomas Harriott, was likely the fi rst to observe sunspots telescopically. 

However, the German Jesuit, Christoph Scheiner was the fi rst to measure the solar rotation 

rate, and the fi rst to note that the Sun rotates at different rates depending on latitude (differential 

rotation). Differential rotation means the Sun is not a rigid or solid object like the planets. At the 

Sun’s equator, the rotation rate is 25.38 days (sidereal period) or 27.28 days (synodic period) as 

seen from a moving Earth. Out of interest, the rotation rate is given by the formula:  

w = 14.2 – 2 x [sin(solar latitude)]2, where ’w’ is the number of degrees per day.

In this project, students attempt to calculate the rotation period of the Sun using their own data. 

An extension to this project would be to show the trend in rotation period with latitude. By 

implication, this activity should reinforce the fact that stars also rotate, this being a consequence 

of the dynamics of star formation from a gas cloud.

Resources required  

Students:  Internet access

   Sheet 1 

   Transparency of sheet 2

   Telescope or pair of binoculars
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PROJECT - ROTATION PERIOD OF THE SUN
Description
We can understand much about stars in the universe by examining our nearest star – the Sun.  

Stars are not solid like the Earth, but are made of plasma, but like the Earth they do spin.  

How fast do stars spin? Stars are so distant that this is not easy to determine, but in the case of 

the Sun we have a front row seat!

The earliest technique for determining the spin or rotation period of the Sun relied on the 

movement of sunspots across its visible disc. Although records of naked eye sunspot 

observations can be traced as far back as China in 28 BC, telescopic observations were not 

undertaken until the end of 1610 AD by Galileo Galilei and Thomas Harriot.

In this activity your task will be to determine the rotation period of the Sun using your own 

observations. As such, it will require about two weeks of daily observations acquired via a 

telescope or a pair of binoculars.
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In this project you need to:

Part 1.  Set-up optical apparatus to collect the Sun’s light.

Part 2.  Record the positions of one or more sunspot groups over time.

Part 3.  Determine the rotation period of the Sun by:

  a) calculating the angular speed of sunspots

  b) determining the latitude of observed sunspots

  c) calculating the rotation period for that latitude.

Part 4  Present your fi ndings and observations as a scientifi c report.

Glossary:

Rotation period - Time taken for a object to turn 360o.

Sunspots  - Relatively dark, hot regions in the Sun’s visible atmosphere 

     associated with magnetic fi eld concentrations.

Angular speed  - The number of degrees in a fi xed time an object is spinning.

Limb   - Outer edge of disc of celestial object.

Latitude  - Imaginary line around a spherical celestial object parallel to equator.

Longitude  - An imaginary circle passing through the north and south poles and at

     right angles to the equator of a celestial object

Plasma   - A very high temperature gas where the atoms have lost one or more

     electrons thereby becoming ions.
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INSTRUCTIONS
WARNING:

If using a telescope or binoculars do NOT attempt to view the Sun directly with these 

instruments as permanent eye damage (possibly blindness) will occur immediately.

If using binoculars, attempt to mount them on a steady tripod else when making observations, 

have them pressed upon a fi rm surface for support so as to reduce movement.

1. Set-up optical apparatus to collect the Sun’s light.

 If your school has a refracting telescope or a set of binoculars, then set up either under

 the supervision of a teacher or science technician. Ensure a low power eyepiece is   

 used for the telescope.

 If you wish to conduct the project at home during school holidays, ensure your parents

 assist with setting up the equipment.  

 Heed the warning above, blindness is a lifelong condition.

 A convenient way to observe the sunspots is by projecting the image of the Sun onto a

 white surface that is shaded from the Sun – see below.
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2. Record the positions of one or more sunspot groups over time

a)  Vary the distance between the telescope and the white sheet of paper to obtain an  

image of the Sun that is both as large as possible and bright enough to accurately  

observe sunspots – there is a trade-off here.

b) Note the diameter of the Sun’s image and the distance between the telescope 

eyepiece and the white sheet of paper (this is useful to know when setting up the 

equipment again).

c) Make a transparency copy of the grid-referenced circle for the current observing 

month provided on Sheet 1 so that it has a diameter as close as possible to the  

diameter of the Sun’s image measured in step (b).

You may wish to enlarge/diminish the circle from sheet 1 on a photocopier.

This sheet with its gridlines will assist you in determining the latitude of the sunspots.

Clip a white sheet of paper having an equal size circle drawn on it, onto a fi rm 

backing board 

d) On the day of your fi rst set of observations, note the local time with an accurate  

watch/clock. On obtaining a projected image of the Sun, accurately draw the  

sunspot(s) on the white sheet of paper and record the date above it.

Make observations every second day and at the same time each day.

e) On each observing occasion, ensure that the telescope/binocular set up is identical,  

so that the diameter of the Sun’s image on the same white sheet with the circle 

remains constant.  Use the same white sheet for all sunspot observations.

f) Make sunspot observations for about two weeks or until the sunspot(s) you are  

tracking have moved behind the Earth facing side of the Sun (i.e. opposite side of  

Sun) and are out of view.

Note, sunspots do not last indefi nitely so it is possible that a sunspot may disappear/

dissolve before reaching the limb of the Sun. Carry on with your observations until you 

have a good coverage of at least one sunspot group across the face of the Sun.
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3. Determine the rotation period of the Sun

a) Take the white sheet with sunspots drawn, and do the following.

i) Draw a line on the white sheet from the fi rst to the last position of a sunspot.

ii) If need be, extend the line to either edge of the circle representing the Sun,   

measure the entire length of this extended line and then fi nd the midpoint of  

the line.

iii) Using a protractor, draw a line at right angles to the original line as shown in   

the diagram below.  This new line represents the axis of rotation/spin of the Sun

iv) Place the transparency with the grid-lined circle over the white    

sheet making sure that the line representing the rotation axis is in line with   

the central line of the transparency circle.

You now have the proper orientation of the Sun based on the times 

of observations.

v) Estimate the latitude of the sunspot you were tracking by referring to the   

transparency grid-lines.

vi) Measure the total straight-line distance (in millimetres) covered by 

the sunspot.

vii) Measure the diameter of the circle on the white sheet.
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 b) Calculate total time elapsed in days between the fi rst and last    

 observations of the sunspot.

c) Measure/estimate by placing the transparency over the white observation 

  sheet, the angle covered by the sunspot with respect to the centre of the Sun.   

 This can be done by measuring the difference in longitudes (vertical lines on  

 the transparency).

 For example, if the fi rst and last sunspot longitudes are +75o and -60o then the  

 difference in longitude is 75o + 60o = 135o.

d) Calculate the rotation period of the sunspot by dividing the difference in

   longitude into 360o and multiplying this by the time taken by the sunspot to   

 make the journey from the fi rst to the last observation.

 i.e. rotation period  = 360o x  time in days
     ____  
       difference in longitude

 For example, if the difference in longitude is 135o and the time taken is 30 days  

 then the rotation rate of the Sun at the latitude of the sunspot is given as:

     =  360o x 30
     ____  

        135o

     =  80 days.

e) If you have sunspots at quite different latitudes, calculate the rotation period of  

 the Sun at these latitudes.  If the Sun was a solid, then all parts of it (all latitudes)  

 rotate with the same period.  However, the Sun is a sphere of plasma and the  

 rotation periods vary with latitude.

 Use your data to fi nd out if the rotation period increases (is slower) or  

 decreases (is faster) as you near the poles of the Sun form its equator.

4. Present your fi ndings as a scientifi c report that includes all observations, calculations  

 and conclusions.  Ensure the report is typed with headings and is easy to follow.
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SHEET 1 – GRID-LINED CIRCLES OF THE SUN 
FOR VARIOUS MONTHS
FEBRUARY & MARCH
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APRIL & OCTOBER
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NOVEMBER
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DECEMBER
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Title:   A SOLAR SYSTEM POINT OF VIEW

Background material

Some students may be adverse to a mathematically fl avoured project, so here is something that 

still draws on fi rm science, checks for understanding of concepts covered in the lessons and 

has no mathematics.

In this project, students attempt to diagrammatically portray a scientifi cally accurate solar system 

scene. They may choose any location (other than the Earth), preferably one of the satellite Moons 

of the solar system. Time of the illustration need not be the present (e.g. a forming protosun in 

the solar nebula).  

Students will be provided with a primer image as an exemplar.

Teachers should consider such issues as distance and size scale, colour, sunlight intensity, 

albedo, orientation in space of nearby objects, surface texture (of icy/rocky objects), atmospheric 

haze, shadow and wind action; (any feature that can be tested against present scientifi c 

knowledge).

Selection is important as a failure to reveal detail will not demonstrate sound scientifi c 

understanding. Some guidance is recommended. Encourage students to take on complex 

(‘information-loaded’) imagery where possible. Strongly encourage students to research the 

physical features of a short list of scenes before fi nal selection.

The product needs to be visual and in 2-D or 3-D.

Traditional drawings on paper to computer-generated images are acceptable, perhaps even a 

3-D model.  A combination (e.g. model comet nucleus consisting of subliming dry ice mounted 

with a dynamic computer animated background. i.e. screen) is also acceptable.
 

Resources required  

Students:  library time

   Internet access.
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PROJECT - A SOLAR SYSTEM POINT OF VIEW
Description
Your task is to visually present a solar system scene in a scientifi cally accurate way.

It can be a drawing, painting, a computer generated still or dynamic scene, or even a three 

dimensional model.  It is important that all that you show is scientifi cally correct. This could 

include such features as brightness of sunlight, relative distance and size of objects, angle 

of objects relative to each other, brightness of objects, colour of objects, texture of surfaces, 

shadows, atmospheric haze, colour of sky, wind action or anything else you can think of.

The scene need not necessarily be from the present time but it must relate to our solar system 

and not before its formation.

In this project you need to:

Part 1.  Examine the solar system scene provided on the next page to give you an 

  idea of what can be done.

Part 2.  Brainstorm three or four scenes which you believe best illustrate your 

  scientifi c understanding of this solar system.

Part 3.  Collect information about each scene via library books, Internet sites etc.

Part 4.  Review your total information base and select one scene.

Part 5  Decide on the format of the scene (i.e. drawing, painting or computer image,)

Part 6.  Complete the scene.

NOTE:  If you copy a scene from any source, this is plagiarism and most likely also 

  a copyright infringement. Penalties will be imposed by your school and possibly

  the holder of the copyright.
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AN EXAMPLE
Here is an image of Jupiter.  It has some of the scientifi cally accurate features such as relative 

size (note it is slightly ‘squashed’ in appearance because Jupiter spin is so great for its size that 

the distance from pole to pole is less that the equator distance), colours, atmospheric markings 

(storms) and a fuzzy terminator (right-side edge is not abruptly dark).

How could this image be improved?

Here are some suggestions.

1. Jupiter has nearby orbiting moons such as Io – why not incorporate one or more into

 the scene?

2. There is no foreground – why not position yourself on one of the Moons of Jupiter

 and scale everything in the fi eld of view accordingly?

3. If you are on a Moon of Jupiter, show the details of the Moon’s surface or atmosphere.

4. Can Jupiter be presented from a very different orientation? 
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Title:   SOLAR STORM MONITORING

Background material

The Sun was originally thought by early astronomers to be ‘perfect’ and without blemishes, 

so it came as a surprise when Galileo Galilei observed and recorded sunspots in 1612. This 

superfi cial example of solar activity belies the chaotic motion of material and energy from the 

Sun. The convulsions of our nearest star is of concern for us as solar energy and matter is being 

continuously hurled pass and well beyond the Earth, affecting our environment.

This project guides students to make observations of solar activity in multi-wavelength bands 

with the goal of forecasting solar storms and predicting their severity on the Earth.  

It is based on the NASA Student Observation Network activity, “Tracking a Solar Storm”.
 

Resources required  

Students:  Internet access
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PROJECT - MONITORING SOLAR STORMS
Description
Predict solar storms! Monitor Space Weather 

and predict when solar events may threaten 

spacecraft and power grids and produce 

intense aurora!  

The Sun’s outer atmosphere, called the corona, 

fl ows outward from the Sun continuously in all 

directions in a stream of plasma (electrifi ed gas) 

known as the solar wind. Tremendous heat and 

complex and powerful magnetic fi elds cause 

the Sun’s surface to churn and bubble. Areas of 

concentrated magnetism create sunspots. The 

areas around sunspots can produce intense 

explosions called solar fl ares and Coronal Mass 

Ejections (CMEs).

Solar storms take from 1 to 4 days to reach Earth. 

When they arrive, they severely warp Earth’s 

magnetosphere. The disturbances in Earth’s 

magnetic fi eld can result in a fl ood of energetic 

particles directed at Earth. The particles spiral 

down the magnetic fi eld lines in the North and 

South Polar Regions. When these high-energy 

particles collide with the oxygen and nitrogen in 

the upper atmosphere, brilliant lights occur in the 

sky. These lights are known as aurora - Aurora 

Borealis (Northern Lights) and Aurora Australis 

(Southern Lights).

But the effects of solar storms are not 

always so beautiful and harmless. They have 

seriously disrupted radio signals and disabled 

communication satellites. Solar storms have 

caused surges in electricity grids, overwhelming 

power transformers, and causing widespread 

power outages. It is for these reasons that we 

maintain a solar storm watch.
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In this project you need to:

Part 1.  Monitor the Sun for storms in visible light by looking for sunspots.

Part 2.  Use real time satellite data to check for the telltale signs of CMEs by looking for

  radio and x-ray disturbances.

Part 3.  Check for the severity of any geomagnetic storm by looking for    

  disturbances in the Earth’s magnetic fi eld.

Part 4  Pinpoint the area (sunspots) of the Sun responsible for a detected 

  geomagnetic storm.

GLOSSARY:  

Electromagnetic radiation  - energy in the form of a combined wave of changing electric

       and magnetic fi elds.

Solar fl ares   - solar explosions of energy in radio wave, visible, UV & X-rays.

Coronal Mass Ejections - fast moving plasma emanating from solar explosions 

       near sunspots.

Radio waves   - long wavelength (> 1 cm) electromagnetic radiation

Solar wind   - stream of protons and electrons from the Sun 

Sunspots   - a relatively dark region of the Sun’s surface associated with

       strong magnetic fi eld.

X-rays    - high-energy electromagnetic radiation.

Magnetosphere  - region of space containing a magnetic fi eld created by and  

       surrounding an astronomical object.

Aurora    - glow in the night sky caused by the solar wind interacting

       with gaseous molecules in the Earth’s atmosphere.



Astronomy WA Resources for Secondary Schools
Page 19

Projects Module

INSTRUCTIONS
1. Read about the NASA Student Observation Network at:

 http://son.nasa.gov/tass/perfect/index.htm

2. For Part 1 information read: http://son.nasa.gov/tass/sunspotters/index.htm 

 and decide if you wish to look for sunspots by:

a) constructing your own instrument: 

 (http://son.nasa.gov/tass/sunspotters/from_stu.htm) or 

(NEVER LOOK DIRECTLY AT SUN WITH AN OPTICAL INSTRUMENT)

b) using real time satellite data – (http://sohowww.nascom.nasa.gov/).

Select SOHO MDI images by clicking on ‘SUN’ followed by ‘NOW’.

c) using solar observatory images from Big Bear Lake, Canada

(http://www.bbso.njit.edu/). Select ‘IMAGES’ followed by ‘LATEST’.

3. For Part 2 information read:  

a) NASA WIND Satellite Wave instrument (radio wave detection):

 http://son.nasa.gov/tass/radiowaves/sat_windwaves_e.htm

 Also: http://lep694.gsfc.nasa.gov/waves/waves.html - select date and RAD2 (radio  

  spectrum)

b) GOES SATELLITE (Radio) - http://www.sec.noaa.gov/rt_plots/mag_3d.html

c) GOES SATELLITE (X-ray) http://www.sec.noaa.gov/rt_plots/xray_5m.html 

(real time 5 min refreshments). 

4. For Part 3 information about detecting disturbances in the Earth’s magnetic fi eld:

a) Read the tutorial from Bakers Lake Canada:

http://son.nasa.gov/tass/magnetosphere/ob_baker.htm

b) ACE SATELLITE (ADVANCED COMPOSITION EXPLORER) 

 Tutorial (http://son.nasa.gov/tass/magnetosphere/sat_ace_e.htm)  

Real time 24h Bz data: http://www.sec.noaa.gov/ace/MAG_24h.html

Archival data:http://www.srl.caltech.edu/ACE/ASC/afs/SWEPAMdata.html

c) You may also wish to consider the data from a satellite far from Earth:

http://www.sec.noaa.gov/rt_plots/kp_3d.html

http://www.sec.noaa.gov/rt_plots/satenv.html

5. Now begin monitoring the Sun and when a solar storm is detected, use the resources   

 stated above to gather data.

 Present the data in a manner that is easy to follow and state the conclusions arrived at as  

 a science investigation report
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Title:   A MAP OF THE MOON

Background material

Looking through his new optical instrument called the telescope, the Italian astronomer Galileo 

Galilei made one of the fi rst telescopic observations of the Moon on November 30, 1609.  His 

drawings showed light and dark features and most importantly, shadows near the terminator (the 

line between the day side and the night side of a planetary body) which convinced him of the 

existence of mountains and valleys on the surface of the Moon.  These simple conclusions of 

the Moon were not thought to be possible and challenged the view people held of the Universe 

at the time.

In this project, students attempt to relive the experience using either a telescope or pair of 

binoculars. It is a useful activity as it serves to hone observing skills. Much can be noticed if 

care and patience are employed to the task at hand. Aside from sketching a lunar map, students 

will use freeware software to identify lunar features and superimpose a line on the map that will 

denote the distance between any two WA towns/cities to gain a sense of scale.

Resources required  

Students:  Internet access

   Sheet 1 

   Transparency of sheet 2

   Telescope or pair of binoculars
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PROJECT - A MAP OF THE MOON
Description
Looking at the Moon with a telescope for the fi rst time is a jaw-dropping experience, so if you 

haven’t yet done this, this project is for you!

Your task is to observe the Moon over a fortnight using a pair of binoculars or telescope under 

low magnifi cation, draw the visible surface detail, and name the major features using reference 

astronomy software.
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In this project you need to:

Part 1.  Find a date when the Moon will be fi rst visible for convenient observing.

Part 2.  Observe and record lunar surface features for about two weeks.

Part 3.  Check you diagrammatic observations with planetarium generated images and  

  label signifi cant surface features including:

  a) mare

  b) craters (the largest and smallest you can observe)

  c) ‘mountain’ ranges.

Part 4.  Present the map of the Moon as a poster-size display.

Glossary:  

Maria   - dark areas of the Moon’s surface covered by solidifi ed basaltic rock that once 

     spread across the area from below, after asteroid impacts.

Terminator -  a distinct shadow edge that marks the boundary between the day and night  

     side of an astronomical body.

Lunar  -  relating to the Moon.



Astronomy WA Resources for Secondary Schools
Page 23

Projects Module

INSTRUCTIONS
If using a telescope, note a refl ecting type (mirror) telescope will show an inverted (upside down) 

image, whereas a refracting (lens) telescope will present an upright (normal) view.

If using binoculars, attempt to mount them on a steady tripod else when making observations, 

have them pressed upon a fi rm surface for support so as to reduce movement.

1. Selecting a date to commence observations

It is convenient to pursue this activity during the evening hours (sunset to midnight) rather 

than the morning hours (midnight to dawn).

 Hence you need to time your observations between the two weeks between the New 

Moon and the Full Moon. See Sheet 1 as to when is the best time for you, otherwise go 

to the Perth Observatory website at http://www.wa.gov.au/perthobs/information/rise_set_

times_phases.html . 

2. Observe & record lunar surface features

a) Make an overhead transparency of the grid-referenced circle provided on Sheet 2.  

You may wish to enlarge this on a photocopier and clip it onto a fi rm backing board 

with sheet of drawing paper underneath it having a circle of exactly the same 

diameter as that of your transparency. This way you can fl ip the transparency and 

its gridlines to assist with the positioning of the lunar features.

b) Using your optical instrument, carefully begin drawing with a pencil onto the 

drawing sheet.

c) Each night you can extend the map as the portion of the Moon illuminated 

increases.

About eleven consecutive days of drawings should be suffi cient to show the 

surface of the Moon that is always presented to the Earth.  You cannot map the 

far side!

d) Be aware as the Moon travels around the Earth, the speed and distance to Earth 

change slightly and these will cause very slim sections near the limb of the Moon 

to either come into or move away from sight compared to the fi rst day of drawing.

e) Avoid drawing any features near the terminator as their shadows should not appear 

on a map. However, the terminator is a superb region to examine the features as 

the shadows provide a sense of depth not found elsewhere on the Moon at 

that time.

f) Try to make your observations when the Moon is high in the night sky as this will 

avoid the pollution haze and refraction effects found lower in the atmosphere.  

Avoid making drawings of the Moon when it is less than 30o above the horizon 

(about three clenched fi sts at arm’s length).
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3. Identify mapped features

a) If you have the ability to download 6.1 Mb and store it conveniently, then download 

the freeware lunar software called “Virtual Moon Atlas” at 

http://www.astrosurf.com/avl/UK_download.html  and choose the

VMA ‘Light’ V3.0 option.

b) Assign ‘observatory’ (i.e. Perth) coordinates by clicking on ‘confi guration’ found on 

the top menu bar. Set the latitude as 32o S (or -32o) and the longitude as 116o E 

(or +116o). Use the software to identify lunar surface features you have drawn.

c) Ensure that you include:

i) craters – both the largest and smallest you were able to see.

ii) maria

iii) ‘mountain ranges’

d) The distance from Perth to Broome is 2237 km.  Using the Virtual Moon Atlas,

 select the tools tabs (one of several on the right hand side of the screen), then click 

on ‘standard cursor mode’ to display ‘measure distance’.

Now select a point on the Moon atlas on the left hand side and drag the cursor 

to another point on the atlas so the distance is the same as between Perth and 

Broome.

Draw this line on your map labelling one point ‘Perth’ and the other ‘Broome’.

If you prefer other WA towns visit:  

 http://www.geocities.com/profemery/entertainment/distance-from_perth.html 

 for distances.

4. Present your completed Moon map as a poster by enlarging it perhaps with the use of 

a photocopier.
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SHEET 1 – PHASES OF THE MOON
The dates below indicate the time of New Moon.
Observations are best commenced 3 days AFTER the New Moon date 
below.

2006 2007 2008 2009 2010 

Jan 30 Jan 19 Jan 9 Jan 26 Jan 15 

Feb 28 Feb 18 Feb 7 Feb 24 Feb 14 

Mar 30 Mar 19 Mar 8 Mar 26 Mar 16 

Apr 28 Apr 18 Apr 6 Apr 25 Apr 15 

May 27 May 17 May 6 May 25 May 14 

Jun 26 Jun 15 Jun 4 Jun 23 Jun 13 

Jul 25 Jul 14 Jul 3 Jul 22 Jul 12 

Aug 24 Aug 13 Aug 2 Aug 21 Aug 10 

Sep 23 Sep 12 Aug 31 Sep 19 Sep 9 

Oct 22 Oct 11 Sep 29 Oct 18 Oct 8 

Nov 21 Nov 10 Oct 29 Nov 17 Nov 6 

Dec 21 Dec 10 Nov 28 Dec 17 Dec 6 

    Dec 28     
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SHEET 2 – MOON MAP TEMPLATE
You can use this to assist you to position the features correctly next to 
each other.
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Title:   MOVEMENT OF PLANETARY MOONS

Background material

In the year 1610 Galileo Galilei took advantage of a new optical instrument (now called a 

refracting telescope) and pointed it to the planet Jupiter. For the fi rst time someone had 

observed the four largest moons of Jupiter – a sight which was not in agreement with the 

Earth-centred view of the solar system. Although his instrument was of poor quality, he diligently 

and with ‘good accuracy’, recorded the motions of the moons and concluded they circle 

Jupiter – not the Earth.

The fi rst of Saturn’s Moons to be discovered was Titan in 1655 (although it was not called that at 

the time). Titan is the largest Moon in the solar system and holds an atmosphere.

In this project, students attempt to relive either experience using either a telescope or pair of 

binoculars. In addition they compare the accuracy of their observations with web-based applets.

Finally, they will determine the orbital period of any/all of the moons based on their observations.

Resources required  

Students:  Internet access

   Sheet I

   Telescope or pair of binoculars
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PROJECT - MOVEMENT OF PLANETARY MOONS
Description
Your task is to observe either/both the Moons of Jupiter or/and Saturn, record their positions 

relative to the parent planet and compare your observations with web-based applets.

Last of all, you will select one/all of the Moons and determine the time it takes to make one 

circuit around the parent planet (orbital period) and compare the value(s) with established facts.

Galileo Galilei’s 1610 AD drawings of the four major Moons orbiting Jupiter
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In this project you need to:
Part 1.  Locate the planet of interest in the night sky using planetarium software.

Part 2.  Observe and record the positions of the Moons around the planet for regular  

  and consecutive intervals of time.

Part 3.  Check you diagrammatic observations with planetarium-generated images for  

  the same times and compare for accuracy and events.

Part 4  Determine the orbital period of one or more Moons based on your

  observations and compare with scientifi cally accepted values.

Glossary:

Refractor - telescope that primarily bends the light from an object using a lens

Refl ector - telescope that primarily refl ects the light from an object using a mirror.

Orbital period - time taken for an astronomical object to make one trip around another object.
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INSTRUCTIONS
1. Obtain either a telescope or set of binoculars.
 If using a telescope, note a refl ecting type (mirror) telescope will show an inverted

 (upside down) image, whereas a refracting (lens) telescope will present an upright 

 (normal) view.

 If using binoculars, attempt to mount them on a steady tripod else when making 

 observations, have them pressed upon a fi rm surface for support so as to reduce   

 movement.

2. You will need to locate Jupiter or Saturn in the night sky by:
a) Installing any of the following planetarium-type software programs (freeware) 

on your computer:

 i) Stellarium (Mac or Windows)

 http://www.stellarium.org/

 ii) Cartes du Ciel Sky Chart

 http://www.stargazing.net/astropc/doc/edoc5.html 

b) Using online sky charts (better for those familiar with night sky observing):

 i) Sky View Café

 http://www.skyviewcafe.com/skyview.php

 ii) Heavens Above

 http://www.heavens-above.com/

 ii) Your Sky

 http://www.fourmilab.ch/yoursky/

c) Purchase commercial planetarium software (if you have the $):

 i) Starry Night Backyard

 http://store.starrynightstore.com/stniprove50.html

 ii) Distant Suns

 http://www.distantsuns.com/

In all cases above your must assign ‘home’ coordinates for viewing the night sky.  For Perth the 

latitude is 32o S and the longitude is 116o E.
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3. Having found the position of your planet in the night sky, go out at night from your 

house and draw the positions of the Moons around the planet using your telescope or 

binoculars.  

You may wish to do this every hour for as long as you can that night, or you may wish to 

make observations every 24 hours.

A sheet is supplied (Sheet I) to assist you with your observations.

4. After you have completed all your observations, go to any of the following websites and 

use the applets to fi nd the actual positions of the moons for each observing time.

a) Jupiter’s Moons

i) The Planets V2.02

 http://www.cpac.freeserve.co.uk/solar.htm

 ii) Sky & Telescope Java script utility:

  http://skytonight.com/observing/objects/planets/3307071.html?page=2&c=y

 iii) Jupiter Moon applet

 http://www.geocities.com/jl1n/a.html 

 iv) Sky View Café (convenient if you have already downloaded it from 2b above)  

 http://www.skyviewcafe.com/skyview.php

b) Saturn’s Moons

 i) The Planets V2.02

 http://www.cpac.freeserve.co.uk/solar.htm

 ii) WWUP

 http://www.wwu.edu/depts/skywise/saturn.html

 iii) Sky View Café

 http://www.skyviewcafe.com/skyview.php

 iv) Satlet

 http://www.shallowsky.com/satlet.html

5. Compare your drawings to the applet images and present the data in a manner that is 

easy to follow and state the conclusions (how accurate were your observations?) as a 

science investigation report.

6. By noting how far the Moon(s) has travelled during the total period of observation, 

estimate how long it will take the Moon(s) to travel around the planet once (orbital period).  

Compare this with scientifi cally accepted values.
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SHEET I – OBSERVATIONS
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Title:   METEOR SHOWERS

Background material

Space is not empty. Just as motorists going along the road leave behind a trail of exhaust fumes, 

so too in space a special type of solar system object known as a comet does the celestial 

equivalent. As comets approach the Sun, heat energy triggers cometary material to come apart 

leaving a trail of debris along its orbit around the Sun particularly that part of the orbit near the 

Sun. If the Earth should intersect the orbit of the comet at a region concentrated with debris, 

this material will collide with the Earth’s atmosphere. Most of the debris material is about the 

size of sand grains or smaller, and give rise to the many ‘shooting stars’ seen during a meteor 

shower. Some pieces are larger and create brighter meteors, but if the pieces are large enough 

to survive the atmospheric friction induced heating, they will reach the ground and be termed 

meteorites or ‘falls’.  

The Earth intersects relatively few concentrated comet debris trails so meteor showers are not 

nightly events although they are annual events as the Earth reaches the same regions in space 

at the same time each year.

However, meteors can be seen almost every night due to sporadic or un-associated pieces of 

material entering the atmosphere. Meteor showers are non-uniform in character; their duration, 

intensity and apparent origin in the sky are all different. In addition, these features may change 

with time for a specifi c shower. Interestingly, meteors were thought to originate within the Earth’s 

atmosphere (hence the term meteorology) but this was proven not to be the case back in 1798.

In this project, students will select a meteor shower to research, and make observations of 

meteor trails, rate, and radiant location. This project is best tackled as a small group of two or 

three students.

Resources required  

Students:  Internet access
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PROJECT - METEOR SHOWERS
Description
If you make a wish for every ‘shooting star’ you see how many would you have made on the 

evening of November 17, 1833? Over a nine hour period approximately 240 000 Leonid shower 

meteors fell over the night skies of the United States! This was such an extraordinary event that 

many people thought it to be the end of the world.

Meteor showers occur regularly each year but their intensity can vary – alas normally not to 

such an unexpected number as the 1833 example. Nevertheless they are interesting events with 

interesting origins, and can make for a very personal astronomy project. This is one of the few 

areas remaining in astronomy where the amateur astronomer can collect useful information for 

scientifi c purposes.
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In this project you need to:

Part 1.  Research meteor showers and understand their origins.  

Part 2.  Select a meteor shower(s) for observation.

Part 3.  Decide if you wish to observe the shower at peak date or over several   

  consecutive nights surrounding the peak date.

Part 4.  Determine date(s), local time(s) and sky angle for optimum observing.

Part 5.  Decide whether you wish to observe the shower visually or photographically.

Part 6.  Make preparations for observing the shower.

Part 7.  Observe the shower and record observations.

Part 8.  Analyse the data to:

  a) determine the position of the apparent radiant

  b) construct a meteor count per hour graph

Part 9.  Write up a science report of your fi ndings.

GLOSSARY: 

Meteor  - Also known as a ‘shooting star’; sudden & short-lived light trail in 

    the sky due to solar system material entering the atmosphere.

Meteorite - stony and/or metallic object of extraterrestrial origin that has    

    reached the Earth’s surface.

Fireball  - a very bright meteor of apparent visual magnitude of -4 or greater 

    (about 1 every 1200 meteors observed)

Radiant  - the point in the sky where meteors appear to originate.

Peak date - date of expected maximum meteor activity for a shower.

Sporadics - infrequent meteors 

ZHR  - a calculated maximum number of meteors an ideal observer    

      would see under perfectly clear skies with the radiant overhead.

Train  - remaining glow due to ionisation in the upper atmosphere after    

    the passage of a meteor.

UT  - ‘universal time’ = local time at Greenwich, London; 

    0h UT = midnight at Greenwich; WAST is 8 hours ahead of UT.
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INSTRUCTIONS
1. Researching meteor showers and their origin 

 You may wish to examine the following site: 

 http://csep10.phys.utk.edu/astr161/lect/meteors/showers.html

2. Selecting a suitable meteor shower 

 Examine the table at the end of this document titled ‘Meteor Showers’.  

 Most importantly the information provides you with the:

 a) Dates of the shower (note the showers tend to begin and end with a whimper)

 b) Date of the expected maximum (peak date)

 c) The location of the radiant at peak date in the form of right ascension 

  (like longitude) and declination (like latitude).

  Note that this location changes throughout the period of the shower so if you

  are unable to observe on peak date then go to the International Meteor 

  Organisation website at http://www.imo.net/calendar and check details of   

  showers for the current year.  It will include a small section of night sky map

  showing the changing position of the radiant, which will help your later analysis.

 d) Expected speed of meteors in kilometres per second; this gives an indication 

  of the likelihood of observing bright meteors.

 e) If this is the fi rst time you have tried to observe a meteor shower, it is wise to 

  select a MAJOR shower, i.e. a shower that has a ‘strong’ rating in the table.

3. Deciding on the observing date(s) and local circumstances

 You should read:

 a) Expected meteor activity for the week from the Association of Lunar and   

  Planetary Observers (ALPO) Meteor Section:

  http://www.lpl.arizona.edu/~rhill/alpo/meteorstuff/outlook.html

 b) Phases of the Moon:

  http://home.mira.net/~reynella/skywatch/ssky.htm#Moon 

 c) Weather forecast: 

  http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDW12000.txt 

4. Observing visually or photographically?

 This is quite easy given your experience and resources. If you have never tried it, visual  

 observations are worth the experience.

 If in doubt read the following information:

 a) Visual observing: http://www.imo.net/visual 

 b) Photographic observing: http://www.imo.net/photo/observation 

5. Making preparations to observe the shower

 This best done by reading suggestions made by experienced meteor observers so

 try this out:

 http://skyandtelescope.com/observing/objects/meteors/article_102_2.asp 
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6. Making the observations

 Finer Points of Meteor Observing: http://skytour.homestead.com/fi les/metfi ne.html

 a) If you wish to contribute to a worldwide effort to study meteor showers then it

  is important to make your observations of a MAJOR meteor shower and

  according to the standards set by the International Meteor Organisation (IMO).   

  See the observation form at the end of this document and read about how to  

  complete it at http://www.imo.net/visual/major/observation .

 b) If you do not wish to participate with the IMO, then your observations only need 

  to include:

  i) a sky chart centred on the coordinates (RA & dec) of the radiant of

   the meteor shower. These are diffi cult to create unless you

   have access to planetarium software. A useful site for southern   

   hemisphere observers is located at:      

   http://home.mira.net/~reynella/skywatch/ssky.htm#Maps   
 

  NOTE: ‘Strong’ shower charts are provided at the end of this document.

  ii) lines showing the path of meteors seen throughout the 

   observing period.

  iii) times for each meteor path.

  iv) date of observations.

7. Analysing the data

 a)  Determining the radiant: Trace the meteor lines on your star chart ‘backwards’  

  so that they roughly intersect a small region of the chart. The middle of this   

  region will be the point of your observed radiant.  You will need to compare

  this to the point representing the true location of the radiant for the date of 

  the observations (best undertaken at ‘peak date’).

 b) Divide the observing period into smaller time intervals (perhaps 15 min or 30

  min) and count how many meteors were recorded in those intervals. 

  Construct a table to show this information and then a suitable 

  well-labelled graph

8. Reporting

 For this project you will need to 

 i) state the astronomical object thought to be responsible for the 

  meteor shower.

 ii) show how accurate the radiant from your observations are 

  compared to the accepted radiant position for the observing date(s)   

  using sky chart observations.

 iii) present a graph of the number of meteors per hour (or even a shorter

  time frame if the shower was intense).

 Present the data in a manner that is easy to follow and state the conclusions arrived at

 as a science investigation report. 
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9. If you have made observations acceptable to the International Meteor Organisation 

 then you may wish to send them these data which can be in:

 a) hardcopy form: See form at end of this document.

 b) electronic form: http://www.imo.net/visual/report/electronic 
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Modifi ed from information at: http://en.wikipedia.org/wiki/List_of_meteor_showers

Table of Meteor Showers

Name Dates Peak
date

Right
Ascension Declination Velocity

km/s ZHR Rating

Delta Cancrids Jan 1-Jan 31 Jan 17 08:40 +20 28 4 Medium

Alpha Centaurids Jan 28-Feb 21 Feb 7 14:00 -59 56 6 Medium

February Leonids Feb 1-Feb 28 several 11:00 +06 30 5 Medium

Delta Leonids Feb 15-Mar 10 Feb 24 11:12 +16 23 2 Medium

Gamma Normids Feb 25-Mar 22 Mar 13 16:36 -51 56 8 Medium

Virginids Mar 1-Apr 15 several 13:00 -04 30 5 Medium

Librids Apr 15-Apr 30 several 15:12 -18 30 5 Medium

Lyrids Apr 15-Apr 28 Apr 22 18:04 +34 49 15 Strong

Pi Puppids Apr 15-Apr 28 Apr 23 07:20 -45 18 variable Irregular

Eta Aquarids Apr 19-May 28 May 6 22:32 -01 66 60 Strong

Alpha Scorpiids May 1-May 31 May 16 16:12 -21 35 5 Medium

Sagittarids Jun 1-Jul 15 Jun 19 18:16 -23 30 5 Medium
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Name Dates Peak
date

Right
Ascension Declination Velocity

km/s ZHR Rating

Pisces Austrinids Jul 15-Aug 10 Jul 28 22:44 -30 35 5 Medium

South Delta 
Aquarids Jul 12-Aug 19 Jul 28 22:36 -16 41 20 Strong

Alpha Aurigids Aug 25-Sep 5 Sep 1 05:36 +42 66 10 Medium

September
Perseids Sep 5-Oct 10 Sep 8 04:00 +47 64 6 Medium

Piscids Sep 1-Sep 30 Sep 20 00:32 00 26 3 Medium

October Arietids Oct 1-Oct 31 Oct 8 02:08 +08 28 5 Medium

Delta Aurigids Sep 22-Oct 23 Oct 10 05:40 +52 64 6 Medium

Orionids Oct 2-Nov 7 Oct 21 06:20 +16 66 20 Strong

Southern Taurids Nov 1-Nov 25 Nov 5 03:28 +13 27 5 Medium

Northern Taurids Nov 1-Nov 25 Nov 12 03:52 +22 29 5 Medium

Leonids Nov 14-Nov 21 Nov 17 10:12 +22 71 variable Irregular

Chi Orionids Nov 25-Dec 31 Dec 2 05:28 +23 28 3 Medium

Monocerotids Nov 27-Dec 17 Dec 9 06:48 +08 43 3 Medium

Puppid-velids Dec 2-Dec 16 Dec 12 09:00 -46 40 4 Medium

Geminids Dec 7-Dec 17 Dec 14 07:28 +33 35 120 Strong

Coma Berenicids Dec 12-Jan 23 Dec 20 11:40 +25 65 5 Medium
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OBSERVING CHARTS FOR STRONG METEOR SHOWERS
(BASED ON PERTH, WESTERN AUSTRALIA)

LYRIDS   Peak Date: Apr 22  Display time: 4:30 am
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ETA AQUARIDS        Peak Date: May 6           Time displayed: 4:30 am   
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SOUTH DELTA AQUARIDS  Peak Date Jul 28 Display time: 2:50 am
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ORIONIDS   Peak Date: Oct 21                 Displayed time: 3:00 am
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GEMINIDS   Peak Date: Dec 14                 Displayed time: 2:00 am
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Title:    LOOKING AT THE NIGHT SKY

Background material

Looking at the night sky is an activity most people today do not practice largely because of 

our hectic, urban lifestyles and the omnipotent light pollution accompanying our environment.  

A holiday trip to the countryside will reveal a sight to behold - a multitude of stars evoking a 

sense of disbelief and wonder, spread across a velvet black canvas stretching to the horizon.  

In ancient times, a rural or seafaring life necessitated examination of the night sky to determine 

the time to sow, harvest or plot a course for a desired port. People of the past were far more 

cognizant of the night sky and used it as a guide and map.

In this project, students will attempt to familiarise themselves with the night sky from their 

backyards, identifying constellations and locate bright stars and non-stellar objects of special 

interest. It is important to achieve these skills as it lays the foundation to a more thorough 

perspective of the cosmos. Students will use freeware software to identify night sky features.

If practical, students may be able to complete this project during a school observing night held 

either at the school and hosted by amateur/professional astronomers else at another venue.

Some suggestions are:

1. At school with external assistance

 a) Astronomical Society of Western Australia

  http://aswa.info/ 

 b) Perth Observatory education outreach

  http://www.wa.gov.au/perthobs/education_and_outreach/astronomy_fi eld_  

  nights.html 

2. At other venues:

 a) Southern Cross Cosmos Centre Observatory, Gingin, WA.

  http://www.sccc.asn.au/ 

 b) Perth Observatory, Bickley, WA.

  http://www.wa.gov.au/perthobs/ 

Resources required  
Students:  Internet access

   Sheet 1 

   Stable mounted Telescope or high power binoculars
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PROJECT - LOOKING AT THE NIGHT SKY
Description
Looking at the night sky may seem unexciting, but for those willing to make the effort, it will lead 

to a new and interesting outlook. You will learn to make sense of the chaotic distribution of stars, 

discover strange, distant objects and learn to read the night sky as a familiar map.

Your task is to observe the night sky over a few weeks using a well-mounted telescope under 

low magnifi cation, identify constellations, and locate, view and describe both stars and some 

special non-stellar objects. To assist you, you will use planetarium software.
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In this project you need to:

Part 1.  Examine night sky charts based on the current time of year.

Part 2.  Use planetarium software to locate:

  a) constellations

  b) major stars

  c) special non-stellar objects

Part 3.  Observe and record your observations of these night sky features.

Part 4  Present a short report.

Glossary:

Constellation  - one of 88 regions into which the sky is divided; less formally it 

     denotes an association of stars related via a pattern usually pertaining 

     to historical instruments or ancient mythical creatures/gods.

Interstellar  - between stars.

Nebula   - an interstellar cloud of gas and dust (perhaps also plasma).

Globular cluster - a spherical collection of stars that are tightly bound by gravity and  

      orbiting a galaxy.

Double stars  - two stars apparently very close to each other and often appearing to  

     the naked eye as one star. The stars may or may not be physically  

     close to each other in space.
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INSTRUCTIONS
If using a telescope, note a refl ecting type (mirror) telescope will show an inverted (upside down) 

image, whereas a refracting (lens) telescope will present an upright (normal) view.

If using binoculars, attempt to mount them on a steady tripod else when making observations, 

have them pressed upon a fi rm surface for support so as to reduce movement.

1.   Examine the night sky charts based on the time of year

a) It is convenient to pursue this activity during the evening hours (sunset to midnight) 

and when the Moon is not too bright. This is best done before fi rst quarter phase or 

after the Moon is at last quarter phase. Refer to the table on sheet 1 for time intervals 

to avoid during the next few years.

b) Now look at the charts of the evening skies during the summer months.

Choose the chart that is closest in time to the current date as this chart will be

more useful.

Note that the position of the stars change during the night as the Earth rotates, but 

they also change position from previous nights because the Earth is travelling around 

the Sun. Hence you may notice that stars will be at their position of the previous night 

4 minutes earlier tonight. This means the chart becomes out-of-date each night and 

this is most noticeable the greater the current date is from the date of the chart.

2. Use planetarium software to locate night sky features

a) You need to identify objects but to do so you can get assistance from freeware 

planetarium software such as Carte du Ciel or Stellarium.

You can:

i) go to the AstronomyWA website and use a downloaded form of the software or

ii) download the software from 

 1) Carte du Ciel http://www.stargazing.net/astropc/download.html 

 2) Stellarium http://www.stellarium.org/ 

iii) use any other suitable planetarium program such as Starry Night Pro, 

  if available.

b) Be sure to assign the ‘home’ coordinates of the planetarium as that of Perth.

Set the latitude as 32o S (or -32o) and the longitude as 116o E (or +116o)
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3. Observe and record your observations

 Use your planetarium software to fi nd the features listed for ONE of the dates below.

a) Features to be identifi ed and observed based on Oct 23 night sky charts 

(Sheets 2a & 2b):

i) Scorpius (telescope not required)

ii) Sagittarius (telescope not required)

iii) Antares

iv) Altair

v) M7

vi) NGC 6618 or M17

vii) NGC 6523 or M8

viii) NGC 6656 or M22 (Lagoon Nebula)

ix) NGC 6494 or M23

x) 47 Tucana

xi) Small Magellanic Cloud

xii) Achernar

xiii) Rigil Kentaurus

xiv) NGC 6752

xv) Zeta reticuli

 b) Features to be identifi ed and observed based on Feb 8 night sky charts 

(Sheets 3a & 3b):

i) Orion (telescope not required)

ii) Taurus (telescope not required)

iii) Sirius

iv) Betelgeuse

v) Aldebaran

vi) M42 or NGC 1976  (The Great Orion Nebula)

vii) M35 or NGC 2168

viii) Pleiades or M45

vii Crux (telescope not required)

ix) 47 Tucanae

x) Small Magellanic Cloud

xi) Acrux

xii) Gamma Velorum

xiii) NGC 3372

xiv) IC 2602

xv) NGC 362
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c) On the appropriate charts supplied, indicate the position of the features and 

label them.  

For each case (other than constellations), observe the object with a telescope or a set 

of high power binoculars on a sturdy mount and write a description of what you see.

d) Avoid observing objects that are less than 30o above the horizon (about three 

clenched fi sts at arm’s length) as the atmospheric ‘seeing’ (clarity) will not be good.

4. Present a short report

 Include in the report:

 a) a labelled chart

 b) personal observations of each object

 c) background information about each object/feature.

 There are many websites that can provide useful information for part (c):

 http://www.astro.uiuc.edu/~kaler/sow/ (for stars and constellations)

 http://www.seds.org/messier/ (for Messier objects – those labelled with a capital “M”)
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SHEET 1 – TIMES TO AVOID OBSERVING

Dates below indicate the times of fi rst quarter and last quarter lunar 
phases as seen from Perth.
It is best NOT to make observations between these dates. 

2006 2007 2008 2009 2010

Jan 7 Jan 23 Dec’ 06 26 Jan 11 Jan 16 Jan 30 Jan 4 Jan 18 Dec’ 09 25 Jan 7

Feb 5 Feb 21 Feb 24 Mar 12 Feb 14 Feb 29 Feb 3 Feb 17 Feb 22 Mar 7

Mar 7 Mar 23 Mar 26 Apr 11 Mar 14 Mar 30 Mar 4 Mar 19 Mar 23 Apr 6

Apr 6 Apr 21 Apr 24 May 10 Apr 13 Apr 29 Apr 2 Apr 17 Apr 22 May 6

May 5 May 20 May 24 Jun 8 May 12 May 28 May 31 Jun 16 May 21 Jun 5

Jun 5 Jun 19 Jun 23 Jul 8 Jun 11 Jun 27 Jun 29 Jul 15 Jun 19 Jul 5

Jul 4 Jul 18 Jul 22 Aug 6 Jul 10 Jul 26 Jul 29 Aug 14 Jul 18 Aug 3

Aug 2 Aug 16 Aug 21 Sep 4 Aug 9 Aug 24 Aug 27 Sep 12 Aug 17 Sep 2

Sep 1 Sep 14 Sep 20 Oct 3 Sep 8 Sep 22 Sep 26 Oct 11 Sep 15 Oct 1

Sep 30 Oct 14 Oct 19 Nov 2 Oct 7 Oct 21 Oct 26 Nov 10 Oct 15 Nov 1

Oct 30 Nov 13 Nov 18 Dec 1 Nov 6 Nov 20 Nov 25 Dec  9 Nov 14 Nov 29

Nov 28 Dec 13 Dec 17 Dec 31 Dec 6 Dec 20 Dec 25 Jan’ 10 7 Dec 14 Dec 28

1st Qtr Last Qtr 1st Qtr Last Qtr 1st Qtr Last Qtr 1st Qtr Last Qtr 1st Qtr Last Qtr

As an example, it is best NOT to observe faint objects at night in the month of January 2008 

between the dates Jan 16 and Jan 30.  Conversely it is a good time to look for faint objects 

between Dec 31 2007 to Jan 16 2008, or Jan 30 to Feb 14 2008.
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SHEET 2b - Looking South, 23 October 8.00 pm.
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SHEET 3a - Looking South East, 8 February 9.00 pm.
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SHEET 3b - Looking North, 8 February 9.00 pm.
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SHEET 2a - Looking West, 23 October 8.00 pm.   
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Title:    3D MODEL OF THE SOLAR NEIGHBOURHOOD

Background material

The history of astronomy can in a large measure be thought of as a journey to map the universe.

Our understanding of the size and age of the cosmos has exceeded the earliest of educated 

guesses and continues to astonish us even today. Students need to have a mental image of 

the spatial structure of the universe in order to place together the jigsaws of components and 

concepts that make up the elaborate scientifi c model we term the Universe. Ideally, a scale 

model of the solar system, including the Earth-Moon system should be understood before 

tackling this project as it supports the sense of scale relating to interstellar space.

In this project, students fi nd the equatorial coordinates (Earth centred coordinates) of the nearest 

twenty stars to the Sun. Having done this, they employ some trigonometry to transform these 

celestial coordinates into 3D heliocentric (Sun-centred) Cartesian coordinates x, y and z.

Armed with this knowledge, the relative position of the Stars in 3D can be ascertained and a 3D 

model constructed.

Students can show creativity in the scale and design of the model whilst also presenting it as a 

means of communicating scientifi cally.

Resources required  

Students:  Internet access

   Sheet 1 
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PROJECT - A 3D Model of the Solar Neighbourhood

Description
Looking into the night sky makes one believe the stars are all of equal distance from Earth and 

moving together on a huge spherical surface (an illusion created by a rotating Earth). Indeed 

for several thousand years this is the model humanity held about our celestial neighbourhood. 

All astronomical objects were thought to be on the ’Celestial Sphere’. Although we are able to 

produce star charts and show the stars as being on a common surface, this is misleading.  

Stars are found within a three-dimensional space so presenting them on a 2-D surface is not 

a good way of understanding their relative positions in space. It would be interesting to map 

out the near space environment by knowing the positions of the nearest stars to the Sun, and 

having done that, illustrate it as a three dimensional model.

Your task is to use position data for the twenty nearest stars to the Sun, and through the use 

of trigonometry, convert this data in a 3-D Cartesian system of x, y and z coordinates. This 

information will enable you to construct a 3-D model out of materials of your choice.
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In this project you need to:

Part 1. Find the right ascension (RA) and declination (dec) of the 20 nearest stars to the Sun.

Part 2. Convert the RA and dec coordinates to the Heliocentric Cartesian coordinates 

 of x, y and z.

Part 3. Construct a 3-D model of the solar neighbourhood.

Glossary:  
Celestial sphere - an imaginary sphere centred on the observer; the apparent sphere of  

     the sky.

Right Ascension - the east-west coordinate of a celestial object on the celestial sphere.

     Longitude on the celestial sphere.

Declination  - angle of a celestial object north or south of the celestial equator

     Latitude on the celestial sphere.

Equatorial coordinates - the right ascension and declination coordinates of a celestial object.

Light year  - distance light travels in a vacuum in one earth year (9.4605 x 1015 m)
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INSTRUCTIONS
1. Find the RA and Dec (equatorial coordinates) of the 20 nearest stars

 a) The list of twenty nearest stars are found in the table on Sheet 1.

 b) Perform Internet searches for the right ascension and declinations (Epoch

  2000) for each of the stars and enter this information in the table.

2. Convert the RA and Dec coordinates to Heliocentric Cartesian coordinates 

 of x, y and z.

 a) Convert the RA and Dec into decimal notation by using the following formulas:

  NOTE: If the RA and Dec are already stated in decimal notation read part (c).

  i) RA =     (hours x 15) + ((minutes x 0.25) + (seconds x 0.0041666)

  ii) Dec =     degrees + minutes/60 + seconds/3600

  For example; suppose a star has the following equatorial coordinates:

  RA = 18h 32m 14s  Dec = -62o 45’ 23” 

  RA = (18 x 15) + (32 x 0.25) + (14 x 0.0041666)

   = 270 + 8 + 0.058

   = 278.058o

  Dec = -[62 + 45/60 + 23/3600] (negative sign outside brackets)

   = -[62 + 0.75 + 0.006]

   = -62.756o

 b) Convert the RA and Dec in degrees into Heliocentric Cartesian coordinates   

  using the following formulas:

  i) x = R x cos(RA) x cos(Dec)

  ii) y = R x sin(RA) x cos(Dec)

  iii) z = R x sin(Dec) where R = distance to star from Sun.

  For example, suppose our fi ctional star above is known to be 16.3 light years  

  from the Sun.  i.e. R = 16.3;

  x = 16.3 x cos(278.058o) x cos(-62.756o)

   = 16.3 x 0.1402 x 0.4578        ~   1.05 light years

  y = 16.3 x sin(278.058o) x cos(-62.756o)     ~ - 7.54 light years

  z = 16.3 x sin(-62.756o)        ~ -14.49 light years

 The negative sign simply means “in the opposite direction” to positive values you may  

 derive for other stars.
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 c) Suppose the RA and Dec appear in decimal notation as below:

  RA = 18.537h and  Dec    = -62.756o

  

  Then all you need to do is:

  RA = (RA in degrees) x 15

  Dec = nothing!

  So in the example above:   RA =   18.537h x 15    = 278.055o

        Dec =   -62.756o    = -62.756o
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3. Construct a 3D model of the Solar Neighbourhood

 a) If you have correctly carried out Part 2 there is enough information for you to

  construct a 3-D model.

  Note that the x and y values should be taken as lying in a plane containing 

  the Sun.

  The Sun is located at the centre so x = 0 and y = 0 for the Sun.

  The z values indicate whether the star is ‘above’ (say positive values) or below

  (say negative values) the x-y plane.

  The Sun must have a z value = 0.

 b) The design and scale of the model is only limited by your imagination and

  resources. Examples include:

  i) Using a CD disc as the x-y plane and gluing small spheres on stiff

   wire stuck to the CD at the correct x-y values.

  ii) Removing several sides of a square cardboard box and inserting 

   one removed side half way up the remaining box as the x-y plane.

  iii) Make a large wooden model if you have good carpentry skills

  iv) As above but paint the spheres with night-glow paint so the model

   will appear as stars In the darkness of your bedroom after being

   illuminated with light.

 c) You may wish to improve the accuracy of the model by ensuring the small

  spheres representing the stars match the colour of the stars.
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SHEET 1 – TWENTY NEAREST STARS TO THE SUN

STAR
NAME

RA
(h m s) 

DEC
(o ‘ “)

DISTANCE
FROM SUN
(light years) 

X Y Z

Proxima
Centauri

4.23

Barnard's Star 5.98    

Wolf 359 7.80
   

Lalande 21185 8.23
   

L 726-8 A 8.57    

Sirius A 8.57

Ross 154 9.56    

Ross 248 10.33   

Epsilon Eridani 10.67   

Ross 128 10.83

L 789-6 11.08   

Groombridge 34 A 11.27   

epsilon Indi 11.29   

61 Cygni A 11.30   

BD +59° 1915 A 11.40   

tau Ceti 11.40   

Procyon A 11.41   

Lacaille 9352 11.47   

GJ 1111 11.83   

GJ 1061 12.06   
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