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wsaag.org 

 
Welcome to WSAAG! 

WSAAG is a group of enthusiastic and dedicated amateur astronomers based in the Western Suburbs 
of Sydney, NSW Australia. The club was founded at a meeting of 25 people at UWS* Nepean 
(Kingswood) on Tuesday, 19th of November 1991 {* now Western Sydney University}. 

WSAAG provides a focus for people to meet and learn about astronomy. Our members come from all 
walks of life and have a diverse range of interests; some have telescopes and some don't. You don’t 
need to know the night sky and you don’t need to be a rocket scientist. The club is keen to cater to 
anyone from the beginning astronomer to the experienced amateur. 
 
Members are encouraged to attend meetings and participate in other club activities. The club secures 
free access for members to the Linden Observatory site, where members can do night-sky observing 
and dark-sky photography. Members are also encouraged to assist in worthwhile outreach activities 
that further public education and interest in astronomy. Volunteering at public astronomy nights can be 
a most satisfying and rewarding pastime. Members also have the opportunity to participate in observing 
and recording special events like occultations that can contribute valuable data to the wider scientific 
community. 
 
Collectively, our members have expertise in many different areas. They can advise you on the 
purchase of binoculars or your first telescope. They may also be able to help you to set up and use 
equipment and assist you in locating constellations, planets, clusters, nebulae and galaxies. For those 
interested in astrophotography, several members have expertise in imaging and image processing. 
 
The club meets at 7:30pm on the 3rd Wednesday of each month. WSAAG invites professional 
astronomers to give talks on new research and developments in astronomy. Experienced club 
members are also encouraged to give presentations on practical aspects of astronomy – for example: 
visual observing and astrophotography. Dates of meetings and observing nights, names of guest 
speakers and scheduled topics of interest, can be found on the WSAAG website. For general or specific 
enquiries, we can be contacted using enquiry@wsaag.org. 
 
Twice a month (depending on the weather), there is dark-sky observing at Linden Observatory in the 
Blue Mountains. Directions to the observatory can be found in this document and also on our website. 
If you don’t have your own telescope, don’t worry!  Club members will be more than happy to show you 
the sky and answer any questions you might have. In cooperation with the Linden Trust, WSAAG 
maintains and has regular use of the Evans 30-inch Telescope – its operation will depend on the 
availability of accredited members to run it and whether the weather conditions are suitable.  
 
The WSAAG Starter Pack begins with a general overview of the club and Linden Observatory. It is also 
designed as a general resource for the beginning astronomer. Many thanks go to those members who 
contributed their images. It not only showcases their work but makes the document more attractive and 
interesting. This document is given freely but remains the intellectual property of WSAAG. 
 

Rob Horvat 
WSAAG 

mailto:enquiry@wsaag.org
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WSAAG Membership/Benefits 
 
WSAAG membership fees are due on 1st of July each financial year. For new members who join on or 
after 1st of April, membership covers the whole of the next financial year (1st July to 30th June of the 
following year). 
 
Membership entitles club members to participate in club activities, attend monthly meetings and receive 
our monthly newsletter. Equipment (e.g. 12-inch and 16-inch Dobs) is available for member use at 
Linden Observatory. See a committee member. Otherwise, you will find club members are only too 
eager to show you a variety of stars, clusters, nebulae, galaxies etc. through their own telescopes. 
 
Members are entitled to vote in the WSAAG elections, and to hold an office in the WSAAG Committee 
(subject to the Club's constitution and the laws of New South Wales). All paid-up WSAAG members 
are eligible to stand for Committee positions and to vote in elections. The term of a current Committee 
is for one calendar year from September to September. 
 
Current Committee members are listed on the WSAAG website under Club – Contact Us. 
 
For novices who are keen to purchase their own equipment, we strongly advise you to attend 
some observing sessions first and discuss your requirements with other club members. 
Check out what other club members are using and compare the various scopes, mounts and 
cameras being used. This should give you a better idea of what’s available and what best suits 
your needs and budget. Also, take into consideration eyepieces, as quite often you don’t get 
much in the box when you buy a telescope. 
And don’t be afraid to ask questions! None of us has all the answers but, collectively, there is 
a lot of knowledge and experience in the club! 
 
 
Membership gives you free 
use of the site at Linden 
Observatory. If you live in the 
Sydney metropolitan area, 
your night sky will be heavily 
polluted by light. The darker 
sky and the wider panorama 
at the Linden site are much 
appreciated.  
 
Before each visit to the site, 
check the weather forecasts. 
You might have a wasted trip 
if it is going to be clouded out. 
Also, if wind is forecast, it can 
get very unpleasant on site 
as the viewing areas are fairly 
exposed. The Evans 30-inch 
telescope cannot be used if it 
is too windy. 
 

Return to Index 
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Linden Observing Site 

 
Ken Beames (1900-1989) was a founding member of Sydney Amateur Astronomers (now the 
Astronomical Society of NSW). He served in World War I then studied to become a fitter and turner 
and, following that, an electrical engineer. During World War II, he manufactured high quality optical 
equipment such as rifle sights, periscopes and telescopes for the Australian and British services. 

Ken began working on the Nasmyth design 24-inch reflector in in the late 1930s. He bought the site at 
Linden in 1948 and then designed and built the dome. The 24-inch reflector was installed in the dome 
in 1949, with finishing touches taking another decade. At the time, it was the largest privately-owned 
telescope in Australia. It is thought that Beames created more than 450 telescopes in his lifetime. 

http://www.lindenobservatory.com.au/history/observatory.php 

In his will, Ken Beames left the entire site to a trust (Linden Observatory Trust) for the purposes of 
providing a resource for amateur astronomers and for astronomical education. 
 
The Beames Dome can be seen in 
the photo at right. Its 24-inch 
telescope is not in use but is of 
considerable historic value. 
 
At left in the photo is the roll-off 
shed that houses the upgraded 
Evans 30-inch Telescope. 
 
The concrete floor of the shed was 
extended by WSAAG in 2013 to 
improve safety around the 
telescope e.g. to provide flat and 
stable ground for the ladders. 
 
 
The Evans 30-inch Telescope was purchased by Linden trustee Bob Evans (famous for his 42 visual 
supernovae discoveries) and saw first light in July 2002. As an initiative of WSAAG and in cooperation 
with the Linden Trust, the telescope was given an upgrade in 2013 by Peter Read of SDM Telescopes.  
 
The Evans 30-inch secondary mirror was replaced in March 2015 and the 30-inch primary mirror was 
recoated by Wayne Sainty (Taree) in July 2015. 
 
On your first visit to Linden Observatory, we 
advise new members and other visitors to 
arrive by sunset so that suitable parking can 
be arranged and you can get an overview of the 
site while it is still light.  
 
On any club observing night, members are 
asked to sign-on in the meeting shed. 
 
Members and visitors should wear closed-in 
shoes and not open sandals or thongs. 
Appropriate clothing should be worn as it gets 
quite cold at night, especially in winter. In the 
hotter months, you may need to apply an insect 
repellent because of mosquitoes. 
 

http://www.lindenobservatory.com.au/history/observatory.php
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No smoking is permitted at the Linden Observatory site - this includes all grounds and 
buildings. No pets are to be brought onto the site as it is a wild life sanctuary. Please note that 
the Linden Observatory site is heritage listed and is surrounded by National Parks. Anyone who enters 
the property has an obligation to act in a responsible manner to safeguard the site at all times. 
 
As it is a dark site with uneven terrain, a red-light torch (or torch with red cellophane) is 
recommended when walking about the site at night. You should be aware that facilities are primitive 
- outside toilets and storage shed with sink. Bring your own refreshments if required. 
 
If it is very cloudy, raining or windy, observing may be cancelled. If not sure about weather 
conditions, check with a WSAAG committee member before making the trip to Linden. 
 

Return to Index 
 

 
Directions to Linden Observatory 

 
Location: 105 Glossop Road Linden, NSW, 2778 

 

General Directions from Sydney 
 
Following the M4 Motorway, Linden is about 
30 minutes from the Northern Rd exit to 
Penrith. A road sign for Linden appears 
approximately 2km before the required left-
turn into Tollgate Drive. This is about a 
kilometre from a set of traffic lights near the 
almost concealed Linden Station. Tollgate 
Drive curves back over the Western 
Highway via a narrow bridge. Watch for 
oncoming traffic! After crossing the Tollgate 
Drive bridge, turn right into Glossop Rd. 
 
If coming from the west (Katoomba), turn left 
into Tollgate drive then left into Glossop Rd. 
 
From here, Linden Observatory is ~ 1.5 km. 
Follow Glossop Rd until you reach a gate 
across the road (there is no car entry into 
Woodford Dam). The entrance to the 
Observatory Site is on the right at this point. 
 
When leaving, drive back to the end of 
Glossop Rd and follow the signs … 
 
Turn left and use the Tollgate Drive Bridge if 
heading towards Katoomba. 
 
Turn right into Tollgate Rd if heading east to 
Penrith and beyond. 
 

Return to Index 
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What’s Up There? 

 

Whenever I mention my interest in astronomy, people are always curious as to what we can see 
through our telescopes. What’s up there to look at? 
 

Stars 
 
We are all aware the sky is full of stars. Our Sun is the closest star. 
A star is basically a big ball of very hot gases, predominantly hydrogen and helium. Gravitational 
pressure produces temperatures high enough to maintain the nuclear reactions (fusion) in the core of 
the star. Huge amounts of energy are given off as hydrogen is converted into helium, helium into 
carbon, and so on. 
 
How bright a star looks, and what colour it appears, is determined by its distance, its mass and its age. 
Blue stars burn hotter than orange or red stars. The bright star Rigel is a blue supergiant about 20 
times the mass of the Sun and 80 times its diameter.  
 
Because of their great distances, we see most stars as small points of light. After the Sun, the next 
nearest star to the Earth is Proxima Centauri at 4.2 light years or about 40 trillion kilometres 
(40,000,000,000,000 km). 
 
An intermediate mass star (0.5 to 5 solar masses) such as the 
Sun will eventually evolve into a red giant. As heavier elements 
are fused in the core, the inner star shrinks and becomes a lot 
hotter, with radiation pressure blowing off the outer atmosphere. 
A remnant hot white dwarf forms, which emits UV radiation that 
illuminates the expanding outer gases. This type of emission 
nebula is referred to as a planetary nebula (nothing to do with 
planets). Some marvelous examples are the Dumbbell Nebula 
(M27), the Ring Nebula (M57), the Saturn Nebula (NGC 7009) 
and the Ghost of Jupiter (NGC 3242).  
             Helix Nebula by Gerry Aarts 
 
Stars that are close to each other can form their own gravitational systems (multiple star systems). 
Here we might have two, three or more stars in the same system with some stars actually orbiting 
others. Alpha Centauri AB is a spectacular binary that appears to be one star to the naked eye but is 
separated into two bright stars in a telescope. The period of orbit of the stars is about 80 years. 
 

Planets 
 
Like our Earth, the other planets orbit our Sun. Some of them are 
amongst the brightest objects in the night sky. It is fascinating to 
see the changing phases of Venus like the Moon. And marvelous 
to see the polar ice caps, orange plains and dark rocky outcrops 
on the planet Mars. 
Our largest Jupiter is a marvel to look at with its bands, the Great 
Red Spot and parading moons. Or Saturn with its spectacular 
rings. Or the eerie blue of the planet Uranus!  
 
A good telescope will reveal their disks and unique features. 
 
             Jupiter image by Tony Barry 
             using Evans 30” Telescope 
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Open Clusters 

An open cluster is a family of stars (often a few hundred) that are loosely bound together by gravity. 
Cluster stars were formed from the same interstellar cloud. Their stars are randomly scattered but 
appear close to each other in the sky. Some well-known ones are the Jewel Box (NGC 4755), the 
Butterfly Cluster (M6), Ptolemy’s Cluster (M7), the Beehive Cluster (M44) and the Pleiades (M45). 
 

 

Butterfly cluster (M6) 
by Narayan Mukkavilli 

 

Globular Clusters 

Globular clusters are spherical in shape and home to tens of thousands, hundreds of thousands or 
sometimes millions of stars that are tightly bound together by gravity. They look like balls of cotton wool 
in binoculars. Telescopes will resolve most of these fuzzy balls into myriads of stars. 
Some not to be missed globular clusters are the spectacular Omega Centauri with 5 to 10 million stars, 
47 Tucanae with over one million stars, M22 in Sagittarius and NGC 6752 in Pavo with many hundreds 
of thousands of stars. 
 

 

47 Tuc by Ted Dobosz
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Diffuse Nebulae 

Diffuse nebulae are large interstellar clouds of dust and gas (predominantly hydrogen and helium). 
These are often the breeding grounds for new stars. Some stunning nebulae are the Lagoon Nebula 
(M8), Trifid Nebula (M20), the Orion Nebula (M42), the Tarantula (NGC 2070) and the Eta Carinae 
Nebula (NGC 3372). 

 

Trifid Nebula by Charles Yendle 

Galaxies 

The Milky Way can easily be seen under darker skies. We are looking into the arms of the galactic disk 
and it is embedded with clusters of stars with regions of glowing gas and dust. The center of our galaxy 
is in the direction of the constellation Sagittarius. It is estimated the Milky Way Galaxy contains over 
200 billion stars.  
 
Spectacular examples are the Andromeda Galaxy (M31), the Sombrero Galaxy (M104), the Sculptor 
Galaxy (NGC 253), the Leo Triplet (M65, M66, NGC 3628) and the Grus Quartet (NGC 7599, 7590 …) 
 

 

Grus Quartet by Ted Dobosz 
 
*** As you can imagine, you’re never going to run out of amazing things to look at! 

Return to Index 
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The Universe 

Simply, the universe is everything that exists. To an astronomer, this includes all forms of matter and 
energy, space and time, and their governing physical laws and constants. 
In the current model of the universe, everything started with the Big Bang and a period of rapid inflation. 
On the large scale, galaxies are moving away from each other and the universe continues to expand. 
Cosmological theories are based on the cosmological principle, which essentially states that the 
universe is the same everywhere. Large scale, the dominant force is gravity. Einstein’s general theory 
of relativity is our most accurate description of gravity’s effects.  
Observations indicate that the universe is about 13.75 billion years old. Due to expansion, the most 
distant objects are now actually 46 billion light years away. Because this expansion is accelerating, the 
light currently emitted from galaxies further than 16 billion light years away will never reach us (called 
the cosmic event horizon).  
 
The following measures are presented to give an appreciation of the distance of some objects in our 
known universe (1 light-year (ly) = 9.46 x 1012 km or roughly 10 trillion km) – 
 

 

Return to Index 

Within Our Solar System M13 (globular cluster)  23,000 ly 

Earth-Moon           384000 km 1.3 light secs NGC 2808 (globular cluster)  31,000 ly 

Sun-Earth     150,000,000 km 8.3 light mins M54 (globular cluster)  86,000 ly 

Sun-Jupiter   780,000,000 km 43 light mins NGC 2419 (globular cluster)  270,000 ly 

Sun-Saturn        1.4 billion km 1.3 light hrs  

Sun-Neptune     4.5 billion km  4.2 light hrs Local Group 

 Large Magellanic Cloud (LMC) 160,000 ly 

Stars in the Milky Way Galaxy Small Magellanic Cloud (SMC)  200,000 ly 

alpha Centauri AB  4.4 ly Andromeda Galaxy (M31) 2.5 Mly 

Sirius  8.6 ly Triangulum Galaxy (M33)  2.8 Mly 

Arcturus  36.7 ly  

Achernar  139 ly Centaurus A/M83 and Sculptor Groups 

Canopus  309 ly NGC 55 (in Sculptor)  6 Mly 

Antares  550 ly Centaurus A (NGC 5128)  11 Mly 

Betelgeuse  640 ly Sculptor Galaxy (NGC 253)  11 Mly 

Deneb  1400 ly Southern Pinwheel Galaxy (M83)  15 Mly 

  

Open Clusters & Nebulae in the Milky Way Leo Triplet 

Pleiades (open cluster)  440 ly M65, M66, NGC 3628 (galaxies)  35 Mly 

Beehive Cluster (M44)  577 ly  

Orion Nebula  (M42) 1340 ly Virgo Cluster 

Butterfly Cluster (M6)  1600 ly M49, M84, M86, M87 ... 
(galaxies)  

55 Mly 

Ring Nebula (M57) 2300 ly  

Lagoon Nebula (M8) 4100 ly Fornax Cluster 

Jewel Box (open cluster)  6400 ly Fornax A, NGC 1365 … 
(galaxies)  

60 Mly 

  

Globular Clusters around Our Galaxy Grus Quartet 

M4 (globular cluster)  7200 ly NGC 7552//7582/7590/7599 60 Mly 

M22 (globular cluster)  10,000 ly  

47 Tucanae (globular cluster)  15,000 ly Coma Cluster (Abell 1656) 

Omega Centauri (globular cluster)  17,000 ly NGC 4874, NGC 4889 … 330 Mly 
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Hubble Ultra-Deep Field (HUDF) in Fornax 
 

This image of a small region of space (2.4’ x 2.4’) in the constellation Fornax contains an estimated 
10,000 galaxies. The Hubble Ultra-Deep Field image is composed of the full range of ultraviolet to near-
infrared light. It shows galaxies as far back as 13 billion years ago. 
 

 
 

Images like this confirm (but do not prove) the cosmological principle. On the large scale, the 
universe is homogeneous (looks the same from any point in it) and isotropic (looks the same in any 
direction). 
 
Earlier calculations from Hubble Deep Field images gave about 200 billion galaxies in the observable 
universe but this may now be as high as 2 trillion galaxies on current models that estimate the number 
of dimmer dwarf galaxies! 
 

Return to Index 
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View of the Night Sky 
 
The Earth rotates on its axis once every 24 hours. Its axis is tilted at 23.5 degrees relative to its plane 
of orbit about the Sun. The axis remains fixed relative to distant stars (except for axial precession) but 
its orientation relative to the Sun changes throughout the year. So, the NS line of axis might point in 
the direction of the Sun at one time of year but, 6 months later, point away from the Sun. The axial tilt 
causes the change in seasons from summer through winter in each hemisphere. 
 

 
 
Because of the rotation of the Earth on its axis, the night sky appears to rotate overhead at a rate of 
15 degrees per hour (as 24 hours = 360 degrees, 1 hour = 360/24 = 15 degrees). As the Earth rotates 
in an anti-clockwise direction, the constellations above appear to move from east to west. Looking to 
the south, the constellations appear to move in a clockwise circle around the South Celestial Pole. 
 

 

Star trails over Beames Dome (Linden Observatory) by Gerry Flanagan 
 

Also, the Earth takes 365 days to orbit the Sun. As there is 360 degrees in a revolution, the Earth 
progresses in its orbit at roughly 1 degree per day or about 30 degrees per month. In one month, our 
picture of the night sky at a set time (say 10 pm) will have shifted by 30 degrees. This is why we see 
different constellations at different times of the year. 
 
In Sydney, Orion is mainly a summer constellation whilst Scorpius is a winter constellation. While Orion 
is in the night sky, Scorpius is mostly in the daytime sky and vice versa. 
 
The further south your latitude, the less you will see of the more northern constellations. Someone at 
the South Pole can only see the bottom half of the celestial hemisphere. In Sydney (approximate 
latitude 34 degrees South), our view of the sky cuts out at 56 degrees North (as -34+90 = 56) on the 
celestial sphere. We don’t see much (if any) of northern constellations like Cassiopeia, Cepheus, Draco 
or Ursa Minor. 
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For Sydney in summer (mid-January), sunrise is about 5 am, sunset 7 pm (6am, 8pm daylight saving 
time), giving about 14 hour’s daylight. In winter (mid-July), sunrise is about 7 am, sunset 5 pm, giving 
about 10 hour’s daylight. Thus, summer nights may only last for 10 hours while winter nights last up to 
14 hours. Additionally, for night-sky viewing you really need to wait for at least one hour after sunset to 
get a dark sky. Summer viewing effectively starts at 9pm daylight saving time as compared to winter 
viewing which starts at 6 pm. 
 

It is difficult to observe deep sky objects with a bright Moon in the sky. If you do most of your viewing 

before midnight, then the best viewing period each month occurs from the Last Quarter through to 

about three or four days after the New Moon (total 12 days). Outside this range, the sky is too bright. 

 

Celestial Coordinates 

 

Objects in the night sky are given coordinates on a celestial sphere. The north and south celestial poles 

appear directly overhead to observers at the Earth’s North and South Poles. The celestial equator is a 

projection of the Earth’s equator into space. Right Ascension (RA) is analogous to longitude on the 

Earth but is measured from 0 to 24 hours around the celestial equator. Declination (Dec) is similar to 

latitude on the Earth and has a range from -90 to 90 degrees on the celestial sphere.  

 

RA has subdivisions of minutes and seconds of time whilst Declination has subdivisions of minutes 

and seconds of arc. For example, the star Rigil Kentaurus (Alpha Centauri) has coordinates … 

RA, Dec = 14hr 39min 36sec, -60deg 50min 08sec = 14 39 36, -60 50 08 for short. 

 

 
 

Return to Index 
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Binoculars 
 

A good way to start viewing the night sky is with a pair of binoculars. 

You can study the craters on the moon. Explore the Milky Way, especially the region from the Southern 
Cross to the False Cross. View nebulae like the Orion Nebula and Eta Carinae Nebula. Observe open 
clusters like M6 (Butterfly Cluster), M7, M44 (BeehIve), M45 (Pleiades), NGC 3532 (Wishing Well 
Cluster) and NGC 4755 (Jewel Box). Find globular clusters like Omega Centauri, 47 Tuc and M22. 
Even some of the brighter galaxies like the Andromeda Galaxy and the Sculptor Galaxy (NGC 253). 

 

 

Wide-field image of Pleiades (left) and Hyades (right) by Narayan Mukkavilli 

 

Generally, binoculars are one of two types: 

• Roof prism, where the front and rear lenses are in line. 
These are more compact, lighter and tend to be 
more rugged than porro prism binoculars. 
 
However, the aperture size is limited by their design. 
Most are less than 50mm in aperture size.  
Their smaller aperture sizes (e.g. 10x42) are more  
suitable for daytime viewing. 
 

• Porro prism, where the front and rear lenses are offset. 
Based on aperture size, porro prism binoculars are less expensive 
than roof prism binoculars. 
 
Porros can be made with larger apertures (e.g. 11x70) that can gather 
more light, making them more suitable for night sky viewing. 
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A lot of people already own a 7x50 or 8x50 pair of binoculars. The first number is the magnification 
and the second number is the aperture size or diameter of the front lenses in millimetres. 
 
For hand-held binoculars, you really only want a power or magnification somewhere from 7x to 15x. 
Some people might find a magnification of 12x -15x too unsteady for their hands. Higher magnifications 
require a tripod or binocular mount to keep the binoculars steady. 
 
Binoculars usually have a field of view (FOV) between 3 and 7 degrees, the field of view being less for 
higher powers. The field of view is often stated as so many feet per 1000 yards. For example, consider 
a pair of 7x50 binoculars with a FOV of 357 ft at 1000 yd. Every 52 ft at 1000 yd corresponds to about 
one degree. So, 357/52 is about 7 degrees FOV. 
 

Hold a pair of binoculars at arm length in daylight (do not point them 
in the direction of the Sun). You will see two bright circles of light 
floating out of the rear lenses towards you. These are your viewing 
windows and each of them is referred to as an exit pupil. At night, 
your pupil will dilate to about 6 or 7mm. A compact 8x24 pair of 
binoculars generates a 24/8 = 3mm exit pupil which is fine for 
daytime viewing but not so good for night viewing. A 7x50 or 8x50 
pair of binoculars generate a 50/7 ~ 7mm or 50/8 ~ 6mm exit pupil 
which is ideal for night viewing. Objects will appear brighter. 

 

Of course, the larger the objective lenses, the better the light gathering capacity of the binoculars. 
Larger binoculars (e.g. 20x80 or 25x100) will make objects look much brighter and show up dimmer 
objects but they will require a tripod as they are too heavy to hold and keep steady. 

The quality of the binoculars is usually related to the price. Good binoculars should be able to hold their 
collimation better against the odd bump (see collimation below). Better optics will transmit more of the 
light and produce less chromatic aberration. BAK-4 glass prisms are noted for exceptional light 
transmission and are better than cheaper BK-7 glass prisms.  

As a rough test, have a look at the Jewel Box in Crux on a clear night of good seeing. If you can see 
clearly the bright stars that form the shape of a capital letter A, your binoculars should be pretty good.  

 

The price of a reasonably good entry pair of 7x50 or 10x60 binoculars usually starts around $150. 

 
When using binoculars, the view at right is not correct. The space 
between oculars (eyepiece lenses) should be adjusted so that the left 
and right images merge together. 
 

 
 
 
If you are seeing double images for each star, then the binoculars are out 
of collimation. This means that the two exit paths of light (one for each 
eye) are not parallel. To check, close one eye and one set of duplicate 
stars should disappear, open the eye and the twin stars should come 
back. Get advice on adjusting the collimation. Cheaper binoculars may 
not have collimation screws. 

 
Return to Index 
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Types of Telescope 

 

Refractors have an objective lens at the front of the optical tube. 

 

 
 
Early telescopes (e.g. used by Galileo 1609) were refractors. Cheaper refractors tend to suffer from 
chromatic aberration. As white light passes through the objective lens, the red component does not 
bend (refract) as much as the blue component, which produces unwanted rainbow colours around 
bright stars and other bright objects such as Venus or the Moon. Chromatic aberration is less noticeable 
at longer focal lengths.  
 
Achromatic refractors use an objective lens with two 
pieces of glass (with different dispersion properties) to 
bring the red and blue light to focus together. 
Apochromatic refractors with three lenses are designed 
to bring the red, green and blue light to focus together. 
They can be expensive but can produce sharp, almost 
aberration free, images. 
 
Shorter focal length refractors can be used to get lovely 
wide-field images of clusters, nebulae and the Milky Way. 
Longer focal lengths can give sharp close-up views of the 
Moon and planets. Good refractors with apertures over 6 
inches tend to be very expensive and quite heavy. 
 
 

Newtonian reflectors have a primary mirror at the back of the optical tube and an oval flat 

secondary mirror towards the front of the telescope. 
 

 
 
Newtonian reflectors don’t have the problem of chromatic aberration but are prone to off-axis coma 
(comet shaped flaring of stars) which is much more noticeable for lower focal ratios (e.g. f/4). Larger 
apertures (e.g. 12 or 16-inch scopes) are relatively cheap compared to a decent 6-inch refractor or an 
8-inch GOTO Schmidt. “More bang for your buck!”  
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A Dobsonian telescope (Dob) is just a 
Newtonian reflector on a Dobsonian 
mount, which is usually made from wood. 
For visual, an 8 or 10-inch Dob is a good 
beginner’s scope. They are cheapest to 
buy per inch of aperture. The truss or 
collapsible designs available now are a 
practical option to transport in smaller 
vehicles. 
 
Sharper views can be obtained from Dobs 
with regular collimation (e.g. after being 
transported and then re-assembled). 
Once learned, this is a quick and easy 
procedure. 
 
If you are planning to do digital imaging of 
galaxies or nebulae, manually operated Dobs are not a feasible option. However, it is possible to use 
a video camera in some of the GOTO Dobs now on the market. 
 
 

Combined lens/mirror systems such as Maksutov-Cassegrain and Schmidt-Cassegrain 

telescopes have a combined front corrector plate (lens) and secondary curved mirror, as well as the 
rear primary mirror. 
 

 
 
The advantage of these telescopes is that the folded light path makes 
the optical tube compact and more portable. Their closed-tube 
assembly gives protection to internal mirrors but also adds to cool-down 
time. Many designs now use optics that almost eliminate coma and 
come packaged with built in GPS and GOTO. They tend to be much 
more expensive than Newtonian reflectors of the same aperture size. 
 
Schmidt-Cassegrains are popular for planetary and deep sky 
photography. However, their forked mounts are basically altazimuth, so 
longer exposures will suffer from image rotation when tracking. Unless 
a focal reducer is used, their longer focal lengths also tend to give much 
smaller fields of view. 
 
 

Return to Index 
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Telescope Mounts 
 
The telescope mount is just as important as the telescope itself. A good telescope on a bad mount will 
make the telescope difficult to use and lead to frustration. A good mount must hold the telescope rock 
steady as tiny vibrations are magnified by the telescope, resulting in poor shaky images. 
 
A good mount can also be rendered unusable if the telescope is too heavy for the mount. Mounts are 
normally designed for a specific maximum weight and it is important to ensure that the telescope and 
any other items carried by the mount (cameras etc.) do not exceed the weight rating of the mount. 
 
Telescope mounts fall into two broad categories - Alt-Azimuth and Equatorial. Each type has several 
variants and either may be manually operated or motorised. There is no perfect mount for all situations 
as each type has strengths and weaknesses. So, it is important to chooses a mount suitable for your 
specific needs. 
 
 

Alt-Azimuth Mounts 
 
This is the simplest type of mount. The telescope is able to move up/down in one axis (altitude), and 
left/right in the other axis (azimuth). These come in two main types - tripod and Dobsonian. 
 

Fork Alt-Azimuth on Tripod (for small telescopes) 
 
The fork mount holds the telescope on both sides and is supported on a tripod. Small tripod-mounted 
forks (as shown right) are suitable for small telescopes such as refractors or small Newtonians (up to 
about 100mm or 4 inches in aperture). 
 
 
Advantages: 

• Low cost 

• Simple to operate (if the mount is of good quality) 

• Easy to transport 

• Convenient eyepiece position 

 
 
Disadvantages: 

• Can be flimsy resulting in shaky images 

• Usually can’t be motorised 

• Not suitable for photography (except bright 
objects) 

• Lacks flexibility - Can’t swap telescopes. Difficult 
to add accessories (cameras etc.) 
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Fork Alt-Azimuth on Tripod (for larger telescopes) 
 
Larger fork mounts are suitable for short tube (folded light path) 
telescopes such as Schmidt-Cassegrain and Maksutov optical tubes. 
These are usually equipped with motor drives and goto capability and 
are sold as a package (telescope and mount). 
 
Advantages: 

• Compact size for a given aperture telescope 

• Does not require polar alignment for tracking (still requires star 
alignment) 

• Tracks across the whole sky (unlike a German equatorial 
mount) 

• Convenient eyepiece position 
 
Disadvantages: 

• Expensive for a given size telescope (compared to Dobsonian 
or German equatorial mounts) 

• Not suitable for long exposure photography 

• Heavy – Telescope and fork must be lifted together 

• Lacks flexibility – Can’t swap telescopes. Accessories 
(cameras, guidescopes etc.) must be piggybacked 

 

Dobsonian Alt-Azimuth 
 
‘Dobsonian’ refers to a particular combination of telescope and mount - a Newtonian telescope on a 
Dobsonian alt-azimuth mount. These telescopes are the simplest to use and give the best value for 
money in terms of aperture for dollars. 
 
Dobsonians are easy to set up and simple to use. Users can easily push the telescope in any direction 
and follow objects just by moving the telescope by hand. Dobsonian mounts can also be motorised 
with full goto capability while retaining simplicity of movement. 
 
Advantages: 

• Low cost 

• Simple setup and operation 

• Convenient eyepiece position 

• No polar alignment needed (star alignment still 
needed for goto models) 

 
Disadvantages: 

• Not suitable for photography (except the Moon 
and bright planets) 

• Mount is for a specific telescope - can’t swap 
telescopes. 

 
Note: Fork mounts, including dobsonians are usually 
sold as a package (telescope and mount together) 
because the fork and telescope must be matched to 
each other. 

 
 



 19 

Equatorial Mounts 
 
An equatorial mount can be thought of as an alt-azimuth mount which is tilted so that the azimuth 
(left/right) axis is aligned with the Earth’s axis of rotation. The advantage of this is that the telescope 
can follow objects in the sky by rotating in only one axis. This is because the daily motion of the stars 
and planets is mainly due to the Earth’s rotation about its axis. By aligning our mount to the same axis, 
we can cancel out the motion of the stars by rotating the telescope in the opposite direction. 
 
By adding a motor drive to rotate the mount at the same speed as the Earth’s rotation, objects will 
remain in the field of view for an extended period. This is necessary for long exposure photography, 
but is also convenient for visual observing as it reduces the need to constantly adjust the telescope’s 
position. 
 
Equatorial mounts need to be precisely aligned to the celestial pole to track accurately. There are 
several methods for achieving this, but it can be a time-consuming and tedious process for newcomers. 
For this reason, an equatorial mount is generally not a good choice for a beginner. 
 
 

German Equatorial Mounts 
 
This type of mount is extremely popular for photography as it provides accurate tracking and the 
versatility to mount various types telescopes and cameras. The telescope is offset from the polar axis 
and therefore must be balanced with counter-weights on the other side. Adding or removing weights, 
or moving the counterweight position allows telescopes of different weights to be balanced, making 
this type of mount very versatile. 
 
Advantages: 

• Low cost compared to fork equatorial mounts. 

• Suitable for long exposure photography 

• Versatile - Different telescopes can be used 
on a single mount. Other equipment like 
cameras or guide-scopes can be easily 
added 

 
Disadvantages: 
 

• Eyepiece can be awkward to access 
(telescope orientation changes as the 
pointing direction changes) 

• Requires polar alignment to track accurately 

• Can’t track across whole sky (needs to be 
‘flipped’ at the meridian). 

• Can be confusing to use 

• Less compact than fork (counterweight bar 
protrudes) 

 
Note: The name ‘German Mount’ refers to the 
German origin of the design of these mounts and is 
not related to the country of manufacture. 
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Fork Equatorial Mounts 
 
A fork equatorial mounts is usually just a fork alt-azimuth 
mount which is tilted over by means of a ‘wedge’ which is 
inserted between the tripod and the base of the fork. These 
mounts are becoming less common as tracking can be done 
more simply with an alt-azimuth fork with computer control, 
while german equatorial mounts are more economical and 
versatile. 
 
 
Advantages: 

• Eyepiece is usually easier to access than with a 
German mount 

• Tracks across the whole sky (does not require ‘flipping’ 
like a German mount) 

• More compact - no protruding counter-weight bar 
(sometimes used in small observatory domes for this 
reason) 

• Can be converted to Alt-azimuth mode by removing 
wedge 

 
Disadvantages: 

• High cost compared with a German mount. 

• Heavy - As the telescope is usually attached, you must 
lift the scope and the fork together 

• Can be difficult to use near the celestial pole (attached 
cameras may not fit through the base of the fork) 

• Lacks flexibility - Can’t swap telescopes - Accessories must be piggybacked 
 
 

Setting Circles 
 
Many mounts, particularly equatorial 
mounts are fitted with setting circles. 
These are scales marked in degrees 
or hours/minutes corresponding to 
co-ordinates in the sky (Right 
Ascension and Declination). They 
can be used to point the telescope at 
objected based on their co-ordinates 
which can be obtained from star 
charts or a planetarium application. 
 
Although setting circles can be 
useful in some situations, they are 
rarely used by most telescope users. 
The reasons are 

• On small mounts the 
markings on the scale are 
usually too coarse (because 
the circle itself is small), 
making them very inaccurate. 
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• Larger mounts are usually fitted with goto capability making the setting circles redundant. 

• The R.A. scale does not correspond directly to R.A. on the sky until it has been calibrated for 
your location and the current time. 

 
Digital setting circles are the electronic equivalent of physical setting circles. These are usually part of 
a ‘goto’ system (see next section). Digital setting circles are not physical ‘circles’, but an electronic 
system which performs the same function. They read the position of the telescope electronically and 
can display the pointing direction of the telescope in R.A. and Dec. co-ordinates. Sometimes such 
systems are used without goto - particularly on dobsonian mounts - enabling you to push the telescope 
manually to a selected target by reading the co-ordinates on a display. However, just like goto mounts, 
these require a ‘star alignment’ before each use to calibrate the system to the sky. 
 
 

GoTo Mounts 
 
Both alt-azimuth and equatorial mounts can be equipped with ‘goto’ capability. A goto mount comprises 
digital setting circles and motorised axes. It comes with a computerised hand-held controller which 
contains a database of objects (planets/stars/galaxies etc.). The user enters an observing target on the 
hand controller and the mount will automatically point the telescope at that object and then track it as 
it moves across the sky. 
 
A goto mount can greatly enhance the observing 
experience by making it easy to find a variety of 
objects quickly without needing a detailed 
knowledge of the sky. This can be an attractive 
option, particularly for beginners. However, it is 
important to be aware that it is more complex to 
set up than a manually operated mount. A ‘star 
alignment’ must be performed before each use, 
and while this is a relatively simple procedure, it 
requires a basic knowledge of the sky to identify 
two or three ‘alignment stars’. 
 
 
Advantages: 

• Detailed knowledge of the sky is not 
needed to observe effectively 

• Speeds up observing sessions by finding 
objects quickly 

 
Disadvantages: 

• Adds significant cost 

• Requires a power supply (usually 12 volts 
DC) 

• Requires a star alignment before use 

• Can encourage laziness in learning the 
sky 

 
 

Return to Index 
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Focal Ratio, Magnification 
 

 
 
The aperture size of a telescope is the diameter of its light collector – the front objective lenses or the 
rear primary mirror. 
Brand name refractors typically have front lenses from 2.4 inches (60mm) up to 6 inches (150mm), 
whilst brand name reflectors typically have primary mirrors from 6 inches to 16 inches (400mm). 
 

Focal ratio = telescope focal length/ aperture diameter 
 
Example 1.    A refractor has front lenses of diameter 100mm and focal length of 900mm. 

Focal ratio = 900/ 100 = 9. This is normally written as f/9. 
 
Example 2.    A reflector has a primary mirror of diameter 300 mm and focal length of 1500mm. 

Focal ratio = 1500/ 300 = 5. This is normally written as f/5. 
 

Magnification = telescope focal length/ eyepiece focal length 
 
The magnification of an object by a telescope depends on the telescope focal length and the focal 
length of the eyepiece being used. The focal length of the eyepiece is usually imprinted on the cylinder 
of the eyepiece itself and given in millimetres. 
 
Consider a telescope with a 1500mm focal length: 
 

The observer first uses an eyepiece of 15mm focal length. 
Magnification = 1500/ 15 =100, written 100x. 

 
The observer then switches to an eyepiece of 10mm focal length. 
Magnification = 1500/ 10 =150, written 150x. 
 

 

What Focal Length Eyepieces Should I Have? 
 
Most observers have at least 3 eyepieces in their collection: one for low magnification (~60x), one for 
medium magnification (~120x) and one for high magnification (>180x). Low magnifications are used 
for large star clusters, nebulae, large galaxies and galaxy clusters. Medium to higher magnifications 
are used for planets, small planetary nebulae and distant galaxies or to split close binary stars. 
 
Increasing the magnification can improve the contrast of an object against the background sky. 
However, magnification will be noticeably limited for smaller apertures (50x per inch or 2x per mm), as 
the light will get progressively more diluted with higher magnification. Apart from this, it is not often that 
seeing conditions will allow sharp views above a magnification of 250x. 

Return to Index 
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Field of View 

 
The width of sky you can see through your optical equipment is referred to as the field of view. It is 
usually given as an angle but may be quoted as a width at a certain distance (e.g. binoculars). 

An 850 finderscope has a field of view of about 6 degrees. 
 

 
 
Binoculars usually have a field of view between 3 and 7 degrees. For example, my 9x63 binoculars 
have a field of view around 5 degrees. 
 

Apparent Field of View (AFOV)  
 

You can gauge how big an eyepiece's apparent field of view (AFOV) is by holding it at arm’s length 

and looking through the back of it. The AFOV is measured in degrees and is fixed by the eyepiece’s 

optics. 

For many popular older designs (e.g. Plossls), the AFOV is somewhere between 45 and 50 degrees. 

“Wide-field" eyepieces (e.g. Tele Vue Radians and Panoptics) are 60 to 70 degrees. "Super-wide-field" 

eyepieces (e.g. Tele Vue Naglers and Ethos) are 80 to 110 degrees but cost about $500 to over $1000. 

 

 
2-inch EPs compared (left to right): a Bintel Superview 50mm (AFOV 45 degrees), a Meade 

Series 4000 QX 30mm (AFOV 70 degrees) and a TeleVue Ethos 21mm (AFOV 100 degrees). 

 

True Field of View (TFOV) 

The TFOV is the width of sky in degrees as seen through your eyepiece in the telescope. Unlike the 

AFOV, the TFOV will vary according to the focal length of the telescope. A telescope with a longer focal 

length will increase the magnification of an eyepiece and reduce its TFOV.  

 

TFOV = AFOV/ magnification 
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Example. Consider a telescope of focal length 1500mm. 

 

Using a 26mm eyepiece (AFOV 60 degrees) 

→ magnification = 1500/26 = 58 and TFOV = 60/58 ~ 1 deg. 

 

Using a 9mm eyepiece (AFOV = 60 degs) 

→ Magnification = 1500/9 = 167 and TFOV = 60/167 = 0.36 or approximately 1/3 of a degree. 

 

The following diagram illustrates the TFOV produced by using a 30mm eyepiece (AFOV 60 degrees) 

in telescopes of different focal lengths: 

 

 

Image of the Andromeda Galaxy by Narayan Mukkavilli 

 

Note how the field of view for the eyepiece reduces as the focal length of the telescope increases. 

 

Quality Eyepieces 

Good eyepieces use multi-coated lenses to reduce internal reflections. Clever optical designs use 
multiple elements (lenses) to reduce chromatic aberration, increase the field of view, correct for field 
curvature (producing a sharper image across the whole field of view), whilst still maintaining a decent 
amount of eye relief. 

Return to Index 
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The Size of the Aperture 

 

The larger the aperture of your telescope, the greater the light it can collect and the brighter an object 

will appear.  Larger apertures increase the number of fainter objects you can observe. 

Below are some simulated views of the bright galaxy NGC 253 through various size telescopes: 

 

 
 

The amount of light collected by your telescope is proportional to the 

square of the aperture diameter. 

Double the aperture and you get 22 = 4 times more light.  

 

For example: 

A 12inch scope will gather (12/6)2 = 4 times more light than a 6inch scope. 

A 12inch scope will gather (12/4)2 = 9 times more light than a 4inch scope. 

Also, as a rule of thumb, if you double the aperture, it will add 1.5 to the faintest magnitude seen. 

For example, if the limiting magnitude of a 4-inch scope is 11 then for an 8-inch scope it is about 12.5. 

 
 

Visual Magnitude (or Apparent Magnitude)  
 
Hipparchus (ca.190 BC-120 BC) divided stars into 6 classes based on their brightness or visual 
magnitude. The 20 brightest stars were magnitude 1 and stars just visible to the naked eye magnitude 
6. 
 
We still use a similar system today but it is now more precisely defined that a star of magnitude 1 is 
100 times brighter than a star of magnitude 6. The magnitude difference is 5 and the 5th root of 100 is 
approximately 2.512 (known as Pogson’s Ratio). Thus, a star of magnitude 1 is about 2.5 times 
brighter than a star of magnitude 2, a star of magnitude 2 is about 2.5 times brighter than a star of 
magnitude 3 and so on. 
 
Larger objects like clusters, nebulae or galaxies are also given a visual magnitude, where the total 
integrated magnitude is estimated to be equivalent to the brightness of a star of a certain magnitude. 
Example: the visual magnitude of Omega Centauri is estimated to be equivalent to a star of visual 
magnitude 3.7. Objects with larger dimensions will not appear as bright as their visual magnitude might 
suggest. As the light is spread over a bigger area, the surface brightness diminishes. 
e.g. M33 has visual magnitude 5.8 but large dimensions (62’ x 37’), so it is actually quite diffuse. 
 

Return to Index 
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Faintest Stars Seen 
 
The following table gives an estimate of the faintest stars that can be seen from outer suburbs of 
Sydney with telescopes of various diameters. Millimetre measurements have been rounded off for 
convenience. 
 

Diameter of Aperture Faintest magnitude Best resolving  

inches ~ mms seen (adjusted) power (arcsecs) 

2 50 9.5 2.5 

2.4 60 10 2 

3 75 10.5 1.7 

4 100 11 1.25 

5 125 11.5 1 

6 150 12 0.8 

8 200 12.5 0.6 

10 250 13 0.5 

12 300 13.5 0.4 

16 400 14 0.3 

24 600 15 0.2 

30 750 16 0.15 

 
The faintest magnitude seen will also depend on other factors such as the degree of light pollution, any 
haze in the sky and the altitude of the object in the sky. It is more difficult to see dimmer stars if they 
are lower in the sky as their light passes through more atmosphere. 
The Hubble Space Telescope can “see” stars as faint as magnitude 30. 
 

Resolving Power 

 
Resolving power is the ability of your telescope to separate two close objects (e.g. the stars in a tight 
binary). In theory, larger apertures should produce better resolving power (see table above) and allow 
you to pick out more fine detail in an object. However, convection currents in your telescope as it cools 
down, and/or poor seeing conditions, can affect your ability to split a binary or see fine detail. Objects 
will appear to jitter or look blurred with poor seeing. 
 
The following is a simulation of the views obtained of the globular cluster 47 Tuc with increasing 
aperture size and magnification. Larger apertures produce better resolution. The second and third 
images are cropped from original images by member Charles Yendle and by ESO respectively. 

 
 

Return to Index 
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Light Pollution 
 
Light pollution will reduce the number of objects that can be seen at night. Under dark skies, the naked 
eye can see thousands of stars. In light polluted suburbs, you might be lucky to see 100 stars with the 
unaided eye. The degree of light pollution can be estimated as a naked eye limiting magnitude (NELM). 
This is the apparent magnitude of the faintest star that can be seen naked eye. The chart below for 
CRUX can be used to estimate the NELM for your site when the constellation is high in the sky. 
 

 
 
 
The following are some simulated views of NGC 253 using the same telescope at different locations. 
The Galaxy disappears with increasing sky glow. The image of NGC 253 is by Narayan Mukkavilli. 
 

 
Return to Index 
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The Sun 

 
The Sun has a diameter of approximately 1,400,000 km. 
It accounts for about 99.9% of the 
mass of the Solar System and is 
composed primarily of Hydrogen 
(75%) and Helium (24%). The Sun’s 
rotational period is about 25.6 days 
at the equator and 33.5 days at the 
poles.  
 
The Sun formed about 4.6 billion 
years ago and is expected to last for 
another 5 billion years or so before 
using up all its core hydrogen. It will 
then expand into a red giant and 
consume the inner planets, including 
the Earth. Its surface temperature of 
5,800 Kelvin gives the Sun its yellow 
colour and classifies it as a G2 type 
star. 

     Venus Transit 2012 in H-Alpha by Ted Dobosz 

 
 
Being a huge ball of dynamic plasma, no two days are ever the same for features on the Sun. In fact, 
solar prominences and surface filaments can change visibly from one hour to the next.  
 

 

Solar prominences in H-Alpha. Size compared to the Earth. Image by Bob Paton. 
 

Return to Index 
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Viewing the Sun … Observing Cautions!!! 
 

Do not try to observe the Sun directly through either a telescope or binoculars. 
Permanent eye damage will result. You will need a dedicated hydrogen 
alpha telescope or specialized white light solar filters to view the sun safely. 
 
White light filters are typically mounted on the front end of a telescope. However, 
another solution uses specialized solar diagonals that can manage the heat 
energy and harmful rays. You cannot safely use eyepiece filters (darkened glass 
filters) at the back end of a telescope.  These filters will shatter from the heat and 
potentially cause permanent eye damage. 
  
The sun's image can be indirectly viewed by projecting its light from the rear of 
the telescope onto a white surface. Care must be taken to prevent getting burnt at 
the beam's focus point (as with a magnifying glass) and to ensure no other person 
can look into the beam's path.  Using the wrong type of eyepiece for 
projection may result in damage to your eyepiece.  Using certain telescope 
designs and large apertures may cause damage to your scope.  Seek advice from 
experienced club members before attempting this technique. 
  
 
Do not leave any telescope unattended while observing the Sun and always make 
sure the finder scope is securely capped to avoid either an eye injury or a facial 
burn from someone looking into its eyepiece. 
 
 

 
Solar prominences using a Daystar QUARK H-Alpha “Eyepiece”. Image by Ted Dobosz. 

 
Return to Index 
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The Moon 

 
The Moon’s distance from the Earth varies from about 360,000 km to 400,000 km (average distance 
about 384,000 km). The Moon’s diameter is about 3,500km. This corresponds to an angular diameter 
of about half a degree. It is about ¼ the diameter of the Earth (12,800 km) and smaller than the 4,000-
kilometre width of Australia. The visual magnitude of the Moon is -12.6. 
 
The Moon is in synchronous rotation with the Earth and always shows the same face to observers on 
the Earth. The Moon follows roughly the same path as the Sun across the sky but moves in the opposite 
direction at about 13 degrees per day relative to the background stars. This means the Moon rises and 
sets an average of about 52 minutes later each day (13/360x24hours). Therefore, the time span from 
moonrise to moonrise (or from moonset to moonset) is around 25 hours. However, the time difference 
between moonrise and moonset (or vice versa) can vary from about 10 to 15 hours. 
 

 

Seas (Maria) are in blue type and craters in yellow type on this image of the Moon. 
 
 
Current thought is that the moon was formed from the debris of a giant impact between Earth and a 
Mars-sized body. The Moon can be quite bright in a telescope. For anything larger than a small 
crescent, a Moon filter or double-polarising filter at the eyepiece can make viewing more comfortable. 



 31 

The Sun is about 400 times further away than the Moon but it is also about 400 times bigger in 
diameter. As a consequence, they both look about the same size (half a degree) in the sky. 
 
The Moon orbits the Earth in 27.3 days - one sidereal period. But the Earth also moves relative to the 
Sun, so the Moon takes 29.5 days to complete one cycle of phases as seen from the Earth - one 
synodic period. There is roughly 7 days between each quarter. 
 

 
 
The First Quarter Moon will be on the meridian (north) at sunset, the Full Moon will rise at sunset, and 
the Last Quarter Moon will be on the meridian (north) at sunrise. 
 
 
 

 
 
 
Up to midnight, dark-sky observing (with no Moon in the sky) starts from the Last Quarter, as the Moon 
will rise somewhere between 11pm and 2am the next day. Viewing can continue for some 3 or 4 days 
after the New Moon with the waxing Crescent Moon setting roughly between 8pm and 10pm.  
 

Return to Index 
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The Planets 
 
Mercury 
The closest planet to the Sun, Mercury’s visual magnitude can reach -1.9.  Its apparent diameter can 
vary anywhere from 4.5 to 13 arcseconds. The best time to see the planet is at the time of greatest 
elongation (largest angular separation from the Sun), for which there are six or seven each year. 
Mercury’s maximum elongation from the Sun is 28 degrees. 
 

Venus 
The second planet from the Sun, Venus can appear be as bright as magnitude -4.6 (crescent phase). 
Crescent phases occur when Venus is closer to the Earth. Its apparent diameter varies from 10 to 66 
arcseconds. After, the Sun and the Moon, it is the third brightest celestial object in the sky. 
Venus’s maximum elongation from the Sun is 47 degrees. 

 
Earth 
The Earth takes 365 days to orbit the Sun and progresses in its orbit about 1 degree each day. 
 

Mars 
Mars’ reddish appearance is due to the prevalence of iron oxide in its 
surface. Its apparent magnitude varies from +1.8 to -2.9 and its angular 
diameter ranges from 3.5 to 25 arcseconds. 
Mars takes 687 days to orbit the Sun and travels through an angle of about 
0.52 degrees (approximately half a degree) each day. 
 
 
Mars by Tony Barry, Werrington Downs 

 
 
Jupiter 
Jupiter is the largest planet, a gas giant composed primarily of 
hydrogen and helium. It varies in magnitude from -1.6 to -2.94 and is 
the third brightest object* in the night sky after the Moon and Venus 
(*Mars is occasionally brighter). 
 
Jupiter’s angular diameter varies from around 30 to 50 arcseconds. 
It takes nearly 12 years to orbit the Sun and moves through an angle 
of about 30 degrees each year. 
 

     Jupiter by Ted Dobosz 
 

 
Jupiter has 79 confirmed moons, the largest of its moons are …  
 

Moon Diameter Orbital Radius Orbital Period Vmag 

Io 3,640 km 422,000 km 1.8 days 5.0 

Europa 3,120 km 671,000 km 3.6 days 5.3 

Ganymede 5,260 km 1,070,000 km 7.2 days 4.6 

Callisto 4,820 km 1,883,000 km 16.7 days 5.6 

 
Three of Jupiter’s moons form a pattern known as a Laplace resonance: for every 4 orbits that Io 
makes around Jupiter, Europa makes exactly 2 orbits and Ganymede makes exactly one. 
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Saturn 
Saturn is the second largest planet and is a gas giant 
composed primarily of hydrogen and helium. It varies in 
magnitude from +1.2 to -0.24 and angular diameter from 15 
to 20 arcseconds. 

Its most distinctive feature is its rings. The densest of 
Saturn’s rings are the A (outer) and B (inner) rings, 
separated by the Cassini Division. The A ring extends out 
to 274,000 km in diameter. Every 14-15 years, the rings 
(only about 10m thick) disappear when observed edge on. 
Saturn takes some 30 years to orbit the Sun, a movement 
of about 12 degrees each year.     
          Saturn by Ted Dobosz 
 
Saturn has 82 confirmed moons, the most of any planet in our Solar System. There are probably many 
more but the remaining ones are less than 1km across and hard to identify. The brightest and largest 
of its moons are … 
 

Moon Diameter Orbital Radius Orbital Period Vmag 

Enceladus 500 km 238,000 km 1.4 days 11.7 

Tethys 1,060 km 295,000 km 1.9 days 10.2 

Dione 1,120 km 377,000 km 2.7 days 10.4 

Rhea 1,530 km 527,000 km 4.5 days 10.0 

Titan 5,150 km 1,222,000 km 15.9 days 7.9 

Iapetus 1,440 km 3,560,000 km 79.3 days 10.2-11.9 

 

Uranus 
The third of the Jovian planets (gas giants), Uranus has a distinctly blue-green colour due to the icy 
presence of water, ammonia and methane. 
Its apparent magnitude is 5.9 to 5.3 and angular diameter 3.3 to 4 arcseconds. 
Uranus takes about 84 years to orbit the Sun, so it only moves about 4.3 degrees annually. 
 

Neptune 
The outermost planet and another gas giant, Neptune has apparent magnitude 8 to 7.8 and angular 
diameter 2.2 to 2.4 arcseconds. Methane in its outer regions gives the planet its distinctive blue colour. 
Neptune takes about 165 years to orbit the Sun, so it only moves about 2.2 degrees each year. 
 

Tabled data for the planets … 
 

Planet Diameter (km) Distance from 
Sun (km) 

Orbital Period Day (in Earth 
days) 

Number of 
Moons (2019) 

Mercury 4,880 58 million 88 days 58.6 days 0 

Venus 12,100 108 million 225 days 243 days 0 

Earth 12,742 150 million 1 year 24 hrs 1 

Mars 6,800 228 million 1.88 years 24hrs 37mins 2 

Jupiter 143,000  779 million 12 years 9 hrs 56 mins 79 

Saturn 120,000 1.4 billion 30 years 10 hrs 34 mins 62 

Uranus 51,000 2.9 billion 84 years 17 hrs 14 mins 27 

Neptune 49,500 4.5 billion 165 years 16 hrs 6 mins 14 
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Dwarf Planets in our Solar System 

In 2006, the International Astronomical Union (IAU) defined a ‘planet’ as: 

• A body that circles the sun without being some other object's satellite; 

• Is large enough to be rounded by its own gravity (but not so big that it begins to undergo nuclear 
fusion, like a star); and 

• Has ‘cleared it’s neighbourhood’ of most other orbiting bodies. 
 

Pluto shares orbital space with lots of objects out in the Kuiper Belt (the ring of icy bodies beyond 
Neptune) so Pluto was re-classified as a dwarf planet. 

There are officially 5 Dwarf Planets as at 2019 - Pluto, Eris, Haumea, Makemake and Ceres. 

Pluto 

Pluto was discovered by American Clyde Tombaugh in 1930. It is approximately 2,350 kilometres 
across and is less than 20 percent as big as the Earth. 

Pluto has an elliptical orbit that's not in the same plane as the eight official planets' orbits.  

Pluto has five known moons; Charon, Nix, Hydra, Kerberos and Styx. 

Pluto is also recognised as a binary planet system because Pluto and Charon orbit around a point in 
space that lies between them.   

Charon is half the diameter of Pluto.  It takes 6.4 days to orbit Pluto, and a day on Pluto is 6.4 days, so 
the same faces are always presented to each other.  This is known ‘Tidal locking’ and is when one side 
of an astronomical body always face another (This ‘Tidal Locking’ also occurs with our Moon). 

 

Diameters, distances, orbital period, equivalent day and number of moons of the 
dwarf planets … 
 

Dwarf Planet Diameter 
(km) 

Distance from 
Sun (km) 

Orbital 
Period 

Day (in 
Earth days) 

Number of 
Moons (2019) 

Ceres 950 413 million 4.6 years 9.0 hrs 0 

Pluto 2,350 5.09 billion 248 years 6.4 days 5 

Haumea 1,632 6.45 billion 284 years 3.9 hrs 2 

Makemake 1,430 6.85 billion 309 years 22.5 hrs 1 

Eris 2,326 14.06 billion 561 years 25.9 hrs 1 

 
To give you an idea of the sizes above, our Moon has a diameter of 3,472 km. 
 
Ceres is in the Asteroid Belt between Mars and Jupiter. 
 
Pluto, Haumea, Makemake and Eris are in the Kuiper Belt.  The Kuiper Belt covers approximately 30 
to 50 AUs from the Sun, and commences at Neptune’s orbit. An AU is an Astronomical Unit and one 
AU is the distance between the Sun and Earth. 

Return to Index 
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Star Designations 
 

Many of the brighter naked eye stars have a traditional name e.g.  Carinae has the name Canopus 

while  Geminorum has the name Pollux. 

However, tradional names can cause confusion: the spelling can be different e.g.  Andromedae can 

be called Almach, Almak or Alamak. The same star can have very different names e.g.  Velorum can 
be called Regor or Suhail. Two stars in entirely different constellations can even have the same name 
e.g. Alnair in Grus and Alnair in Centaurus. 
 

Bayer Designation 
 
The brightest stars in each constellation are assigned a Greek letter, a system introduced by Johann 
Bayer in 1603. The brightest star is usually alpha, the next brightest beta and so on. For example, the 

star Sirius in the constellation Canis Major is given the Bayer designation  Canis Majoris. 
 
However, Bayer did not always match letter order to magnitude. Sometimes stars were allocated letters 
by position in the constellation and sometimes by historical importance. Where stars were of similar 
magnitude, he may have guessed. Bayer had no way to measure stellar brightness accurately. For 

example, the brightest star in Orion is Rigel, designated as  Orionis, whilst the second brightest is 

Betelgeuse, designated as  Orionis. Variable stars complicate the issue further. 

 
alpha    nu   

beta    xi   

gamma   omicron  

delta    pi   

epsilon   rho   

zeta    sigma   

eta    tau   

theta    upsilon  

iota    phi   

kappa    chi   

lambda   psi   

mu    omega  

 
Flamsteed Designation 

 
John Flamsteed’s system of numbering stars first appeared in 1712. He numbered the stars in each 
constellation in order of increasing right ascension. Flamsteed numbers are usually only used when no 
Bayer designation exists e.g. for the star 61 Cygni. 
 

Variable Stars 
 
Variable stars without an existing Bayer designation are designated by the letters R to Z, RR to RZ, SS 
to SZ etc. Then back to AA to AZ, BB to BZ etc. for 334 possible designations. If double letters are 
exhausted, we then use V335, V336, V337 etc. in that particular constellation. 

Return to Index 
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Some Facts about Stars 
 
The 4 stars brighter than apparent magnitude zero are Sirius, Canopus, Rigil Kent and Arcturus. 
There are 21 first magnitude stars (defined as apparent magnitude between -1.5 and 1.5). 
 

Star 
Name 

Bayer 
Designation 

Vmag 
Spect 
Type 

Dist 
(ly) 

Remarks (diam = diameter) 

Sirius α Canis Majoris -1.46 A1 8.6 White + white dwarf (Pup) mag 8.5, separation 11”. 

Canopus α Carinae -0.74 A9 309 Giant. Diameter 70 x Sun. Mass 10 x Sun. 

Rigil Kent α Centauri -0.1 G2/K1 4.37 Binary + Proxima Cen (M5 red dwarf) 2.2 away.  

Arcturus α Bootis -0.05 K1.5 37 Nearest giant. Diameter 25 x Sun. 

Vega α Lyrae 0.03 A0 25 Rapid rotator. Equatorial radius 20% larger than polar. 

Capella α Aurigae 0.08 G3 43 Spectroscopic binary. Two giants diam 12 & 9 x Sun. 

Rigel β Orionis 0.13 B8 862 Supergiant. Diameter 80 x Sun. Mass 20 x Sun. 

Procyon α Canis Minoris 0.37 F5 11.5 
Tough binary – magnitudes 0.34/10.7, separation 3.8”. 
A has diam 2 x Sun. B is a white dwarf, diam 0.01 x Sun. 

Betelgeuse α Orionis 0.42 M1-M2 500 
Red supergiant. Diameter 764 x Sun. Mass 17-19 x Sun. 
Supernova candidate. 

Achernar α Eridani 0.46 B6 139 
Rapid rotator and the most oblate star known - 35% wider 
at the equator than the poles. 

Hadar β Centauri 0.58 B1 392 
Interferometry indicates two giants of 12 & 11 solar 
masses. 

Acrux α Crucis 0.67 B0.5/B1 322 
Binary – magnitudes 1.3/1.6, separation 3.5”. Also, the 
southernmost first magnitude star. 

Altair α Aquilae 0.76 A7 16.7 Oblate by 25% due to rapid rotation. Diameter 1.7 x Sun. 

Aldebaran α Tauri 0.86 K5 67 Orange giant. Diameter 44 x Sun. Mass 1.2 solar. 

Antares α Scorpii 0.91 M1.5 554 
Red supergiant. Diam 700 x Sun. Mass 11 to 14 x Sun. 
Supernova candidate. Binary mag 1/5.4, separation 2.7”. 

Spica α Virginis 0.97 B1 250 Spectroscopic binary. Giants of masses 11 and 7 solar. 

Pollux β Geminorum 1.14 K0 34 Orange giant. Diameter 9 x Sun. Mass 1.9 x Sun. 

Fomalhaut α PsA 1.16 A4 25 White star. Diameter 1.8 x Sun. 1.9 solar masses. 

Deneb α Cygni 1.25 A2 1,410 
White supergiant. Diameter 200 x Sun. Mass 19 solar. 
Supernova candidate. 

Mimosa β Crucis 1.25 B1 278 Spect binary. Mass 16 & 10 x Sun. Supernova candidate. 

Regulus α Leonis 1.40 B8 79 
Another fast rotator. Radius is 32% larger at equator. 
Diameter 4.4 x Sun. Mass 3.8 x Sun. 

 
Spectral type indicates the surface temperature of the star. The hottest stars appear blue or white, 
while the coolest stars appear orange or red. In order, from hottest to coolest, the spectral classes are 
… blue (O), blue-white (B), white (A), yellow-white (F), yellow (G), orange (K), red (M). 
Each class is further subdivided using a number from 0 to 9 with 9 being the coolest. 
Class + number → spectral type e.g. B8 for Rigel. 

The smallest star that can undergo core nuclear fusion is thought to be about 75 times Jupiter’s mass. 
The upper limit for the mass of a star is conjectural. One of the most massive stars known is R136a1 
in a cluster at the center of the Tarantula Nebula. It is estimated at approximately 300 solar masses. 
The most massive star with a Bayer designation is thought to be Eta Carinae A at 100-200 solar 
masses. Its binary companion Eta Carinae B is itself 30-80 solar masses. 

Return to Index 
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Stellar Evolution 

The processes below have been somewhat simplified to give a brief overview of the different scenarios. 
In general, stars are formed from large molecular clouds. 
 
A large molecular cloud will not be uniformly dense. Regions of higher mass will fragment and clump 
due to gravity. A protostar will form by continued accretion of matter from the surrounding gas cloud. 
As mass increases, core pressure goes up and temperature rises. At some point nuclear fusion might 
begin and a star will be formed.  
 

 
 
 
The mass of the resulting star will determine its life cycle. More massive stars have greater gravitational 
core pressure, producing higher temperatures. Fuel for nuclear reactions is used up more quickly, 
shortening the star’s life span. 
 
Relative to other stages in a star's life, it will spend most of its time fusing core hydrogen into helium. 
During this part of the star's life it is said to be on the 'main sequence'. Eventually, the core exhausts 
its supply of hydrogen and the star will evolve off the main sequence. The Sun took about 20 million 
years to form but will spend about 20 billion years on the main sequence before evolving into a red 
giant.  
 
The following table is adapted from information on the Key Properties of Main Sequence Stars 
http://www.atnf.csiro.au/outreach//education/senior/astrophysics/stellarevolution_mainsequence.html 
 
 

Mass x Sun Luminosity 
x Sun 

Surface 
Temperature (K) 

Main Sequence 
Lifetime (Years) 

Main Sequence 
Spectral Class 

60 800,000 45,000 3 million O 

25 80,000 35,000 7 million O 

10 10,000 22,000 20 million B 

5 600 17,000 70 million B 

3 60 11,000 200 million A 

1.5 5 7,000 2 billion F 

1 1 6,000 10 billion G 

0.5 0.03 4,000 200 billion K 

0.1 0.003 3,000 2 trillion M 

 

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html
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Illustrated below are the different life cycles of a star based on the mass formed from the protostar: 
 
a) The protostar forms a red dwarf of mass 0.08-0.5 solar masses. 
This is the most common type of star, comprising as many as ¾ of the stars in the Milky Way. 
A red dwarf will fuse all its hydrogen to become a helium white dwarf. No red dwarf is actually visible 
to the naked eye. The nearest is Proxima Centauri. 
 

 
 
b) The protostar forms a star of 0.5-5 solar masses. 
Hydrogen will fuse to helium, with stars at the upper end undergoing carbon fusion. 
As the core contracts and gets hotter, the outer layers expand and then cool. The star becomes a red 
giant. The core will collapse forming a hot white dwarf. The outer layers are ejected and become a 
planetary nebula. 

 
 
 
c) The protostar forms a supergiant of mass 5-10 solar masses. 
These stars are massive enough to undergo carbon fusion. At some point, the star collapses under its 
own weight and explodes into a type II supernova, leaving behind a neutron star or pulsar. 
 

 
 
 
d) The protostar forms a supergiant or hypergiant of mass 10-150 solar masses. 
Carbon will fuse to iron. At some point the star collapses under its own weight. It is not known whether 
the star will explode into a supernova first or just collapse to form a black hole. 
 

 
 
  
Credit: the small images for planetary nebulae and supernovae used in the above diagrams are from 
NASA’s CHANDRA website … 
 
http://chandra.harvard.edu/resources/illustrations/stellar_evolution.html 
 

Return to Index 
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The 88 Constellations and their Abbreviations  

 

Andromeda And Andromeda  Lacerta Lac The Lizard 

Antlia Ant The Air Pump  Leo Leo The Lion 

Apus Aps The Bird of Paradise  Leo Minor LMi The Smaller Lion 

Aquarius Aqr The Water Bearer  Lepus Lep The Hare 

Aquila Aql The Eagle  Libra Lib The Scales 

Ara Ara The Altar  Lupus Lup The Wolf 

Aries Ari The Ram  Lynx Lyn The Lynx 

Auriga Aur The Charioteer  Lyra Lyr The Lyre 

Bootes Boo The Herdsman  Mensa Men The Table 

Caelum Cae The Chisel  Microscopium Mic The Microscope 

Camelopardalis Cam The Giraffe  Monoceros Mon The Unicorn 

Cancer Cnc The Crab  Musca Mus The Fly 

Canes Venatici CVn The Hunting Dogs  Norma Nor The Set Square 

Canis Major CMa The Greater Dog  Octans Oct The Octant 

Canis Minor CMi The Smaller Dog  Ophiuchus Oph The Serpent Holder 

Capricornus Cap The Sea Goat  Orion Ori The Hunter 

Carina Car The Keel  Pavo Pav The Peacock 

Cassiopeia Cas Cassiopeia  Pegasus Peg The Winged Horse 

Centaurus Cen The Centaur  Perseus Per Perseus 

Cepheus Cep King Cepheus  Phoenix Phe The Phoenix 

Cetus Cet The Whale  Pictor Pic The Painter's Easel 

Chamaeleon Cha The Chameleon  Pisces Psc The Fish 

Circinus Cir The Drawing Compass  Piscis Austrinus PsA The Southern Fish 

Columba Col The Dove  Puppis Pup The Poop Deck 

Coma Berenices Com Berenice's Hair  Pyxis Pyx The Magnetic Compass 

Corona Australis CrA The Southern Crown  Reticulum Ret The Reticle 

Corona Borealis CrB The Northern Crown  Sagitta Sge The Arrow 

Corvus Crv The Crow  Sagittarius Sgr The Archer 

Crater Crt The Cup  Scorpius Sco The Scorpion 

Crux Cru The Southern Cross  Sculptor Scl The Sculptor's Studio 

Cygnus Cyg The Swan  Scutum Sct The Shield 

Delphinus Del The Dolphin  Serpens Ser The Snake 

Dorado Dor The Sword-fish  Sextans Sex The Sextant 

Draco Dra The Dragon  Taurus Tau The Bull 

Equuleus Equ The Little Horse  Telescopium Tel The Telescope 

Eridanus Eri The River  Triangulum Tri The Triangle 

Fornax For The Furnace  Triangulum Australe TrA The Southern Triangle 

Gemini Gem The Twins  Tucana Tuc The Toucan 

Grus Gru The Crane  Ursa Major UMa The Great Bear 

Hercules Her Hercules  Ursa Minor UMi The Little Bear 

Horologium Hor The Pendulum Clock  Vela Vel The Sails 

Hydra Hya The Water Snake  Virgo Vir The Maiden 

Hydrus Hyi Little Water Snake  Volans Vol The Flying Fish 

Indus Ind The Indian  Vulpecula Vul The Little Fox 

Return to Index 
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List of Messier Objects 
Return to Index 

  Description Cons VMag    Description Cons VMag 

M 1 Crab Nebula SN remnant Tau 8.4  M 56 Globular cluster Lyr 8.3 

M 2 Globular cluster = GC Aqr 6.5  M 57 Ring Nebula (PN) Lyr 8.8 

M 3 Globular cluster CVn 6.2  M 58 Barred spiral galaxy Vir 9.5 

M 4 Globular cluster Sco 5.6  M 59 Elliptical galaxy Vir 9.6 

M 5 Globular cluster Ser 5.7  M 60 Elliptical galaxy Vir 8.8 

M 6 Butterfly Cluster (OC) Sco 4.2  M 61 Spiral galaxy Vir 9.5 

M 7 Ptolemy's Cluster (OC) Sco 3.3  M 62 Globular cluster Oph 6.4 

M 8 Lagoon Nebula Sgr 4.6  M 63 Sunflower Galaxy CVn 8.5 

M 9 Globular cluster Oph 7.7  M 64 Black Eye Galaxy Com 8.4 

M 10 Globular cluster Oph 6.6  M 65 Intermediate spiral galaxy Leo 9.2 

M 11 Wild Duck Cluster (OC) Sct 5.8  M 66 Intermediate spiral galaxy Leo 8.9 

M 12 Globular cluster Oph 6.7  M 67 Open cluster Cnc 6.9 

M 13 Hercules Cluster (GC) Her 5.8  M 68 Globular cluster Hya 7.8 

M 14 Globular cluster Oph 7.6  M 69 Globular cluster Sgr 7.6 

M 15 Globular cluster Peg 6.2  M 70 Globular cluster Sgr 7.9 

M 16 OC (Eagle Nebula) Ser 6.4  M 71 Globular cluster Sge 8.2 

M 17 Swan Nebula Sgr 6  M 72 Globular cluster Aqr 9.3 

M 18 Open cluster = OC Sgr 6.9  M 73 Asterism of 4 stars Aqr 8.9 

M 19 Globular cluster Oph 6.8  M 74 Spiral galaxy Psc 9 

M 20 Trifid Nebula Sgr 6.3  M 75 Globular cluster Sgr 8.5 

M 21 Open cluster Sgr 5.9  M 76 Little Dumbbell (PN) Per 10 

M 22 Globular cluster Sgr 5.1  M 77 Barred spiral galaxy Cet 9 

M 23 Open cluster Sgr 5.5  M 78 Small reflection nebula Ori 8.3 

M 24 Sagittarius Star Cloud Sgr 4.6  M 79 Globular cluster Lep 7.7 

M 25 Open cluster Sgr 4.6  M 80 Globular cluster Sco 7.3 

M 26 Open cluster Sct 8  M 81 Bode's Galaxy UMa 6.8 

M 27 Dumbbell Nebula (PN) Vul 7.1  M 82 Cigar Galaxy UMa 8 

M 28 Globular cluster Sgr 6.8  M 83 Southern Pinwheel - galaxy Hya 7.1 

M 29 Open cluster Cyg 6.6  M 84 Elliptical galaxy Vir 9 

M 30 Globular cluster Cap 7.2  M 85 Lenticular galaxy Com 9 

M 31 Andromeda Galaxy And 3.3  M 86 Elliptical galaxy Vir 8.8 

M 32 Satellite elliptical of M31 And 7.9  M 87 Virgo A - elliptical galaxy Vir 8.7 

M 33 Triangulum Galaxy Tri 5.8  M 88 Spiral galaxy Com 9.4 

M 34 Open cluster Per 5.2  M 89 Elliptical galaxy Vir 9.7 

M 35 Open cluster Gem 5.1  M 90 Spiral galaxy Vir 9.4 

M 36 Pinwheel Cluster (OC) Aur 6  M 91 Barred spiral galaxy Com 10 

M 37 Open cluster Aur 5.6  M 92 Globular cluster Her 6.4 

M 38 Starfish Cluster (OC) Aur 6.4  M 93 Open cluster Pup 6.2 

M 39 Open cluster Cyg 4.6  M 94 Spiral galaxy CVn 7.9 

M 40 Double star Winecke 4 UMa 9  M 95 Barred spiral galaxy Leo 9.7 

M 41 Open cluster CMa 4.5  M 96 Intermediate spiral galaxy Leo 9.1 

M 42 Great Orion Nebula Ori 4  M 97 Owl Nebula (PN) UMa 9.8 

M 43 De Mairan's Nebula Ori 6.9  M 98 Intermediate spiral galaxy Com 9.9 

M 44 Beehive Cluster (OC) Cnc 3.1  M 99 Coma Pinwheel - galaxy Com 9.7 

M 45 Pleiades - 7 Sisters (OC) Tau 1.5  M 100 Spiral galaxy Com 9.3 

M 46 Open cluster Pup 6.1  M 101 Pinwheel Galaxy UMa 7.8 

M 47 Open cluster Pup 4.4  M 102 NGC 5866. Spindle Galaxy Dra 9.8 

M 48 Open cluster Hya 5.8  M 103 Open cluster Cas 7.4 

M 49 Elliptical galaxy Vir 8.4  M 104 Sombrero Galaxy Vir 8.1 

M 50 Open cluster Mon 5.9  M 105 Elliptical galaxy Leo 9.3 

M 51 Whirlpool Galaxy CVn 7.9  M 106 Spiral galaxy CVn 8.3 

M 52 Open cluster Cas 6.9  M 107 Globular cluster Oph 7.9 

M 53 Globular cluster Com 7.6  M 108 Spiral galaxy UMa 10 

M 54 Globular cluster Sgr 7.6  M 109 Barred spiral galaxy UMa 9.6 

M 55 Globular cluster Sgr 6.3  M 110 Satellite elliptical of M31 And 8.1 
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Target List of Night-Sky Objects by Constellation 
 

ANDROMEDA M31 Andromeda Galaxy, magnitude 3.4. Dimensions 190’ x 60’.  

  Satellite galaxies M32 and M110, both of magnitude 8.1.  

 

 

Andromeda Galaxy by Narayan Mukkavilli 
 

AQUARIUS M2 Globular cluster, magnitude 6.5. Diameter 16'. Class 2. 

 NGC 7009 Saturn Nebula. Planetary nebula, mag 7.8. Size 30" x 25". 

 NGC 7293 Helix Nebula. Large diffuse PN, mag 7.6. Size 15’ x 12’. 

   

ARA NGC 6397 Globular cluster, magnitude 5.7. Diameter 26'. Class 9. 

   

AURIGA M36 Pinwheel Cluster. Open cluster, magnitude 6. Size 15’. 

 M37 “Auriga Salt and pepper”. Open cluster, mag 5.6. Size 25’. 

 M38 Starfish Cluster. Open cluster, magnitude 6.4. Size 20’. 

   

CANCER M44 Beehive Cluster. Open cluster, mag 3.1. Size 1.5 degrees. 

   

CANES VEN … M3 Globular cluster, magnitude 6.2. Diameter 18'. Class 6. 

   

CANIS MAJOR M41 Open cluster, magnitude 4.5. Size 35’. 

   

CAPRICORNUS M30 Globular cluster, magnitude 7.2. Diameter 12'. Class 5. 
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CARINA NGC 2516 Southern Beehive. Bright open cluster, mag 3.8. Size 30’. 

 NGC 2808 Globular cluster, magnitude 6.2. Diameter 14'. Class 1. 

 NGC 3293 Gem Cluster, magnitude 4.7. Size 6’. 

 NGC 3372 Stunning eta Carinae Nebula, magnitude 1. Size 2 degrees. 

 NGC 3532 Wishing Well Cluster, magnitude 3. Size 50’. 

   x Carinae, mag 3.9, near edge is a background object. 

 IC 2602 Southern Pleiades. Bright open cluster, mag 1.6. Size 100’. 
 
 
 

  

CENTAURUS Centaurus A NGC 5128. Merged galaxies. Mag 6.6. Dimensions 26’ x20’. 

 Omega Centauri NGC 5139. Largest globular cluster. Mag 3.7, diameter 36'. 

  Class 8. Home to several million stars. 

 NGC 3766 Pearl Cluster, magnitude 5.3. Size 15’. 

 NGC 3918 Blue Planetary, magnitude 8.2. Diameter 15”. 

 NGC 4945 Edge-on barred spiral galaxy. Mag 7.9. Dimensions 20’ x 4’. 

 

 

Omega Centauri by Charles Yendle 
 

CETUS M77 Cetus A. Magnitude 9. Dimensions 7' x 6'. 

   

COMA BERE… M64 Black Eye Galaxy, magnitude 8.4. Dimensions 10’ x 5.4’. 

 M98 Spiral galaxy, magnitude 9.9. Dimensions 10’ x 2.8’. 

 M99 Coma Pinwheel. Spiral galaxy, mag 9.7. Size 5.3’ x 4.6’. 

 M100 Spiral galaxy, magnitude 9.3. Dimensions 7.5’ x 6.1’. 

 NGC 4565 Needle Galaxy, magnitude 9.1. Dimensions 16’ x 2.1’. 

   

CRUX DY  Very red carbon star. Mag 8.5-10. Same field as Mimosa.  

 NGC 4755 Jewel Box. Spectacular open cluster, mag 4.2. Size 10’. 

   

DORADO NGC 2070 Tarantula Nebula in LMC. Magnitude 5. Size 40’ x 25’. 

   

FORNAX NGC 1316 Fornax A. Elliptical galaxy, mag 8.5. Dimensions 11’ x 7.2’. 

 NGC 1365 Barred spiral galaxy, magnitude 9.6. Dimensions 12’ x 6’. 

   

GEMINI M35 Open cluster, magnitude 5.1. Size 25’. 

 NGC 2392 Eskimo Planetary Nebula, mag 9.2. Diameter about 50".  
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GRUS NGC 7213 Spiral galaxy, magnitude 10.1. Dimensions 3’ x 2.8’. Near Alnair. 

 NGC 7410 Barred spiral galaxy, magnitude 10.3. Dimensions 5.2’ x 1.6’. 

 Grus Quartet NGC 7552/7582/7590/7599. Magnitudes 10.5 to 11.4.  

   

HERCULES M13 Hercules Cluster. Globular cluster, mag 5.8. Diam 23’. Class 5. 

 M92 Globular cluster, magnitude 6.4. Diameter 11’. Class 4. 

   

HYDRA M83 Southern Pinwheel. Spiral galaxy, mag 7.1. Size 13.6’ x13.2’. 

 NGC 3242 Ghost of Jupiter. Planetary nebula, mag 7.3. Diameter 40”. 

   

LEO M65, M66, … & NGC 3628. Leo Triplet spiral galaxies, mags 9.2, 8.9, 9.5.  

   

LEPUS M79 Globular cluster, magnitude 7.7. Diameter 9’. Class 5. 

 R Leporis Hind's Crimson Star. Very red carbon star, magnitude 5.5-11.  

   

LYRA M57 Ring Nebula. Planetary nebula, magnitude 8.8. Size 84" x 65". 

   

MUSCA NGC 4833 Globular cluster, magnitude 6.9. Diameter 14'. Class 8. 

   

OPHIUCHUS M10 Globular cluster, magnitude 6.6. Diameter 20'. Class 7. 

 M12 Globular cluster, magnitude 6.7. Diameter 16'. Class 9. 

   

ORION Theta 1 The Trapezium. Spectacular open cluster in M42.   

 M42 Magnificent Orion Nebula, magnitude 4. Size 85’ x 60’. 

 

 

Orion Nebula (M42/M43) left, Running Man Nebula (NGC 1977) right. Gerry Aarts. 
 

PAVO NGC 6752 Pavo Globular Cluster, magnitude 5.4. Diam 20’. Class 6. 

   

PEGASUS M15 Globular cluster, magnitude 6.2. Diameter 18'. Class 4.  

 NGC 7331 Spiral galaxy, magnitude 9.3. Dimensions 10’ x 4.2’. 

   

PUPPIS M46 Open cluster, magnitude 6.1. Size 20’. PN: NGC 2438. 

 M47      Bright open cluster, magnitude 4.4. Size 25’. 
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SAGITTARIUS M8 Lagoon Nebula and cluster, magnitude 4.6. Size 90’ x 40’. 

 M17 Omega or Swan nebula, magnitude 6. Size 46’ x 37’. 

 M20 Trifid Nebula, magnitude 6.3. Size 25’. 

 M22 Globular cluster, magnitude 5.1. Diameter 24'. Class 7. 

 M28 Globular cluster, magnitude 6.8. Diameter 11’. Class 4. 

 M55 Globular cluster, magnitude 6.3. Diameter 19’. Class 11. 

 

 

Trifid Nebula (M20) left and Lagoon Nebula (M8) right. Ted Dobosz 

 

SCORPIUS M4 Globular cluster, magnitude 5.6, diameter 26'. Class 9. 

 M6 Butterfly Cluster. Open cluster, magnitude 4.2. Size 25’. 

 M7 Ptolemy's Cluster. Bright open cluster, mag 3.3.  Size 80’. 

 M80 Globular cluster, magnitude 7.3. Diameter 10’. Class 2. 

 NGC 6231 Northern Jewel Box. Open cluster, magnitude 2.6. Size 15’. 

 NGC 6441 Globular cluster, mag 7.2 next to G Sco. Diam 8’. Class 3. 

   

SCULPTOR NGC 55 Edge-on barred spiral galaxy. Mag 7.9. Dimensions 30' x 6'. 

 NGC 253 Sculptor Galaxy. Barred spiral. Mag 7. Dimensions 28' x 5.6'.  

   

SCUTUM M11 Wild Duck Cluster. Open cluster, magnitude 5.8. Size 15’. 

   

SERPENS M5 Globular cluster, magnitude 5.7. Diameter 23'. Class 5. 

 M16 Eagle Nebula and cluster, magnitude 6.4. Size 30’.  

   

SEXTANS NGC 3115 Spindle Galaxy, magnitude 9.1. Dimensions 7.2’ x 2.4’. 

   

TAURUS Hyades Large open cluster near Aldebaran. Mag 0.5. Size 5 degrees. 

 M45 Pleiades. Bright open cluster, magnitude 1.5. Size 90’. 
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TUCANA 47 Tuc NGC 104. Globular cluster, magnitude 4, diam 30'. Class 3. 

 SMC Dwarf galaxy. Magnitude 2.3. Size 5 by 3 degrees. 

 NGC 362 Globular cluster, magnitude 6.4. Diameter 13’. Class 3. 

   

TRIANGULUM M33 Triangulum Galaxy, magnitude 5.8. Dimensions 70’ x 40’. 

   

VELA IC 2391 Omicron Velorum Cluster. Open cluster, mag 2.6. Size 1. 
degree.  NGC 3132 Eight-Burst Nebula. PN, magnitude 9.7. Size 50”. 

   

VIRGO Markarian’s Chain M84 (mag 9), M86 (mag 8.8) etc. galaxies to mag 12.1. 

 M49 Elliptical galaxy, magnitude 8.4. Dimensions 10’ x 8.3’. 

 M59 Elliptical galaxy, magnitude 9.6. Dimensions 5.4’ x 3.7’. 

 M60 Elliptical galaxy, magnitude 8.8. Dimensions 7.6’ x 6.2’. 

 M87 Virgo A. Elliptical galaxy, mag 8.7. Dimensions 8.3’ x 6.6’. 

 M104 Sombrero Galaxy. Magnitude 8.1, dimensions 8.6' x 4.2'. 

   

VULPECULA Coathanger Collinder 399.  Asterism. Magnitude 3.6. Size 1.5 degrees. 

 M27 Dumbbell Nebula. Large PN, magnitude 7.1. Size 8’ x 6’. 

 

 

Dumbbell Nebula by Charles Yendle 
 

Return to Index 
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Guides and References 
 

To help you locate the above objects, you can download Night Sky Objects for 
Southern Observers and other guides for free from the Resources section on the 
WSAAG website.  
 

Some Useful Books for Stars and DSOs: 
 
ASTRONOMY 20-- AUSTRALIA: A PRACTICAL GUIDE TO THE NIGHT SKY by Glenn Dawes, Peter 
Northfield and Ken Wallace. 
Produced annually, this is a practical guide for beginners and experts. It has seasonal maps of the sky, 
plus data and diagrams to observe planets, comets and the moon. 
 
Atlas of the Southern Night Sky by Steve Massey and Steve Quirk. 
Uses traditional stick figures for constellations and is an excellent guide for the beginner. Has maps of 
the 81 constellations seen from southern latitudes and details of interesting objects for each 
constellation. Shows stars down to magnitude 6. 
 
Collins Stars and Planets Guide (Fourth Edition) by Ian Ridpath and Wil Tirion. 
Uses traditional stick figures for constellations. This is an excellent guide for the beginner. 
It has maps of all 88 constellations and details of stars and deep-sky objects for each constellation. 
Shows stars down to magnitude 6. 
 
Sky and Telescope’s POCKET SKY ATLAS by Roger W.Sinnott. 
The book has spiral binding. It has colour-coded maps (e.g. galaxies are red) and uses more or less 
traditional stick figures for constellations. This is a good resource for amateurs at any level but it has 
no descriptions of objects. 
It has 80 colour maps of the whole sky, 30,000 stars to magnitude 7.6 and 1,500 deep-sky objects. 
 
THE CAMBRIDGE DOUBLE STAR ATLAS James Mullaney and Wil Tirion 
One for the double star enthusiast. It has the same stick figures for constellations as the Collins Stars 
and Planets Guide above. Spiral book has 30 colour-coded double-page maps of the whole sky with 
25,000 stars to magnitude 7.5 and 2,400 multiple stars. In addition, it has about 900 deep-sky objects. 
 

Some Other Useful Web Resources for Stars and DSOs: 
 
SIMBAD   SIMBAD Astronomical Database. 
NED    NASA Extragalactic Database. 
SEDS    Google SEDS and name of object e.g. SEDS M4, SEDS NGC 253... 
WDS    Washington Double Star Catalog. 
Wikipedia Google these: Lists of stars, Lists of stars by constellation, List of globular 

clusters, List of galaxy groups and clusters, List of Messier objects, List of 
NGC objects.  

WIKISKY.ORG  Online all-sky star photographic map with zoom in facility.  

 
Free night-sky planetarium software (Mac and Windows) …  Stellarium 
 
Planetarium app and data for iPad/iPhone and Android tablets … SkySafari 
SkySafari has extensive inbuilt information on many many stars and DSOs. 
Note: SkySafari’s source for NGC-IC data is Wolfgang Steinicke's Revised NGC-IC. 

Return to Index 

https://wsaag.org/index.php/resources/guides-and-tutorials
https://simbad.u-strasbg.fr/simbad/
https://ned.ipac.caltech.edu/
https://heasarc.gsfc.nasa.gov/W3Browse/all/wds.html
http://server1.wikisky.org/

	Binoculars usually have a field of view between 3 and 7 degrees. For example, my 9x63 binoculars have a field of view around 5 degrees.

