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Deep sky observing for the beginner 
Some thoughts on taking up astronomy as a hobby. 

1.1  Just starting out in astronomy?
The following thoughts and suggestions on astronomy as a hobby have been adapted from an article by Alan 
McRobert (1994) in Sky & Telescope. 

Ransack your public library. ñAstronomy is a learning 
hobby ... self-education is something you do yourself, 
with books, using the library.ò 

Learn the sky with the naked eye. ñAstronomy is an 
outdoor nature hobby. Go into the night and learn the 
starry names and patterns overhead.ò 

Donôt rush to buy a telescope. ñTo put a telescope 
to rewarding use, you ýrst need to know the sky as 
seen with the naked eye, be able to ýnd things among 
the stars with sky charts, know something of what a 
telescope will and will not do, and know enough about 
the objects youôre seeking to recognize and appreciate 
them.ò 

Start with binoculars. Ease of use, cost and 
performance make binoculars the ideal óýrst telescopeô. 

Get serious about map and guidebooks. ñA sailor of the seas needs top-notch charts, and so does a 
sailor of the stars. Fine maps bring the fascination of hunting out faint secrets in hidden sky realms. Many 
reference books describe whatôs to be hunted and the nature of the objects you ýnd. Moreover, the skills 
youôll develop using maps and reference books with binoculars are exactly the skills youôll need to put a 
telescope to good use.ò 

Find other amateurs. ñSelf-education is ýne as far as it goes, but thereôs nothing like sharing an interest 
with others.ò 

When itôs time for a telescope, plunge in deep. Donôt skimp on quality. ñThe telescope you want has two 
essentials. One is a solid, steady, smoothly working mount. The other is high-quality optics ... You may also 
want large aperture (size), but donôt forget portability and convenience.ò 

Lose your ego. ñAstronomy teaches patience and humility - and youôd better be prepared to learn them ... 
The universe will not bend to your wishes; you must take it on its own terms. ... Most objects within reach of 
any telescope, no matter how large or small it is, are barely within reach. Most of the time youôll be hunting 
for things that appear very dim, small, or both. If þashy visuals are what youôre after, go watch TV.ò 

Relax and have fun. ñPart of losing your ego is not getting upset at your telescope because itôs less than 
perfect. Perfection doesnôt exist, no matter what you paid. Donôt be compulsive about cleaning lenses and 
mirrors or the organization of your observing notebook ... Amateur astronomy should be calming and fun. If 
you ýnd yourself getting wound up over your eyepieceôs aberrations or Plutoôs invisibility, take a deep breath 
and remember that youôre doing this because you enjoy it. Take it as fast or as slow, as intense or as easy, 
as is right for you.ò 

Further reading
Byrd D (1993) ñExploring the South Polar Skyò, Astronomy, September, 68. [Journey with us to the Southern Hemisphere where youôll 

meet the biggest and best galaxies, the brightest clusters and nebulae, and starýelds galore] 

Eicher D J (1993) ñDeep-sky Summer: The Milky Wayò Astronomy, August, 70. [Step right up and meet some of the most glorious sights 
in the summer sky] 

Ling A (1994) ñTaking the Deep-Sky Plungeò Astronomy, March 58. [Are you ready to dive into the depths of space? Hereôs how to do it 
the easy way] 

Ling A (1993) Cool Sharp Nights. Astronomy, October, 70. [Deep sky observing with a small refractor]

Skiff B A (1993) ñM Is For Messierò [Naming deep-sky objects] Sky & Telescope, April, 38.

ñTwo things ýll the mind with ever new and 
increasing admiration and awe, the oftener 
and the more steadily we reþect on them: 
the starry heavens above and the moral law 
within.ò 
ð Immanuel Kant

ñAstronomy is a typical monastic activity: it 
provides food for meditation and strengthens 
spirituality.ò 
ð Paul Couteau
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1.2  Introduction to deep sky observing
Two hundred years ago astronomers were mainly preoccupied with the globe on which they lived and the 
solar system of which it was a member. Consequently, only nineteen objects outside the solar system were 
known. Today, hundreds of thousands of objects have been discovered that lie beyond our solar system 
and are known collectively as deep sky objects. This 
appellation covers clusters of stars, nebulae and the 
galaxies. These distant worlds are the objects of study 
for the deep sky observer. 

For the beginner, observing the deep sky requires 
time, patience and a willingness to learn. A small 
telescope will reveal hundreds of objects to the skilled 
observer, and many thousands are within reach of a 
modest telescope. 

Through practice and experience, anyone can master 
the art of deep sky observing. There are a wealth of 
deep sky objects awaiting your scrutiny. 

Observational astronomy is to a great extent an 
aesthetic pursuit. Enjoy the view as you explore the 
night sky, but in doing so, do yourself one favour: donôt 
rush. As you move from one target to the next, pause a 
while. Donôt just look at the universe ï see the universe. 
Hopefully this guide will point you in the right direction as 
you start your journey of discovery. 

1.3  Observing equipment
Some form of optical aid, either binoculars or a telescope, is needed if you want to observe the deep sky. 
Both types of instruments have pros and cons: binoculars are very portable, easy to use, offer wide-ýeld 
views and are comparatively inexpensive. Telescopes, although more cumbersome, have greater light-
gathering power, allowing fainter objects to be seen. 

1.3.1  Binoculars 
It is a misconception that a large telescope under dark pristine skies is needed to observe the deep sky. 
Nothing is further from the truth: a pair of binoculars can keep you happily occupied for years. Binocular 
vision, i.e. using both eyes, has several advantages over monocular vision: faint objects are slightly more 
easily seen, ýne detail is more quickly (if not better) 
seen, and it is less tiring on the eye. Compared to a 
telescope, the binocular offers a wider ýeld of view. 
Beginners are strongly advised to spend a few months 
exploring the sky with binoculars, getting to know the 
constellations and generally scouting the terrain before 
graduating to the telescope. 

In selecting a pair of binoculars for astronomical work, one of the most important factors is the magnifying 
power of the glasses. Low-power glasses are ideal for wide-ýeld views of the Milky Way, but higher-power 
glasses are preferred for the Moon, Sun and planets. Bear in mind that as magniýcation power increases, so 
does the binocularsô weight. A pair of 7x glasses can be hand-held comfortably for an extended period, but 
10x binoculars will need some kind of support during viewing. 

The second binocular speciýcation refers to its aperture, i.e. the diameter of the binocular lens. This can 
range from 30mm to 80mm or more. The larger the aperture, the more light the instrument can collect.

Incoming light is focused by the main lens and the image is then magniýed by the eyepiece. The ýnal 
image is presented to your eye as a round disk of light known as the exit pupil. The diameter of the exit pupil 
can be found by dividing the aperture by the magniýcation; a 7x35 glass has a 5mm exit pupil (35mm õ 7 = 
5mm) across; a pair of 11x80ôs has an exit pupil with a diameter of 7.3mm. The human eye has an opening, 
or pupil size, of about 2.5mm in bright daylight and about 7mm in total darkness. 

ñThe amateur astronomer has access at all 
times to the original objects of his study; the 
masterpieces of the heavens belong to him as 
much as to the great observatories of the world. 
And there is no privilege like that of being 
allowed to stand in the presence of the original.ò 
ð  Robert Burnham Jr. 

ñThe pleasures of amateur astronomy are deeply 
personal. The feeling of being alone in the 
universe on a starlit night, cruising on wings of 
polished glass, þitting in seconds from a point 
millions of kilometers away to one millions of 
parsecs distant ... is euphoric.ò 
ð James Mullaney

ñStart with binoculars. Ease of use, cost and 
performance make binoculars the ideal óýrst 
telescopeô.ò 
ð Alan MacRobert 
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When you use a pair of 
binoculars for astronomy, the size 
of the exit pupil must match your 
own pupil size. If the exit pupil 
is larger, then all the light that 
is collected is not being passed 
into your eye and goes wasted. If 
the exit pupil is smaller than your 
eyeôs pupil, then you are wasting 
some of the eyeôs light-gathering 
capability. 

In choosing the combination 
of magniýcation and aperture, 
you should consider the 
conditions at your observing 
site. If you observe under dark 
rural skies, your pupils will fully 
dilate to around 7mm, and the 
binoculars should match this; 
suitable examples include 7x50, 10x70 and 11x80 glasses. If your site suffers from light pollution, your pupils 
will dilate to only 5- or 6-mm, in which case 7x35 or 10x50 glasses would be better suited. Table 1 compares 
some popular binocular conýgurations. 

1.3.2  Telescopes 
Telescopes are available in two basic types; mirror (reþector) or lens (refractor) designs. The size of 
a telescope is speciýed by the diameter of its largest optics (primary mirror or objective), traditionally 
expressed in inches. 

Amateur reþectors typically have mirrors of 4- to 12-inches (10 to 30cm) in diameter. A popular line of 
telescopes in the United States sports a 17.5-inch (44cm) mirror, and even 25-inch (63cm) mirrors are 
available commercially. Refractors, on the other hand, typically have 2- to 5-inch (5 to 13cm) lenses. The 
main reason for the popularity of the reþector is its cost: a 6-inch refractor could sell for R 40,000 while a 6-
inch reþector can be as inexpensive as R 2,500! Other considerations, such as size and transportability, also 
favour the reþector. 

Bigger is better in deep sky observing. The larger the objective (primary mirror or lens), the more light 
can be collected. But a large telescope used in the city can never show the faint objects that can be seen 
with a smaller telescope used under dark skies. And a large 
telescope that is too cumbersome to use will remain in the 
garage or loft, collecting dust and not starlight. Buy what 
you can afford, but make sure it gets used. (It is, of course, 
entirely possible to grind your own mirror and assemble the 
telescope yourself. But thatôs another story.) 

Telescopes can be mounted in two basic ways. The 
simplest mount is known as the alt-azimuth conýguration. The telescope moves around two axes, up-down 
and left-right, with the whole mounting standing level with the ground. Binoculars mounted on a tripod is an 
example of an alt-azimuth mounting. 

Nearly all professional telescopes are mounted in an equatorial conýguration. The telescope still moves 
around two axes, but the whole mounting is now tilted upwards, pointing to the celestial pole of the sky. 
Mounted in this fashion, it now swings east-west and north-south. If a motor is attached to the mount, the 
telescope can be made to turn slowly towards the east at the same rate that the stars move westward. In 
this manner, a star remains in view, with the telescope tracking it continually. This type of mounting has the 
advantage that its axes can be calibrated in right ascension and declination, the co-ordinate system used 
to describe an objectôs position in the night sky. If the mounting is accurately set up, you can ýnd an object 
by merely turning the telescope until the setting circles point to the objectôs co-ordinates. On the down side, 
aligning the telescope properly with the celestial pole can be tricky, and this type of mount is also more 
expensive than the alt-azimuth conýguration. For the deep sky observer, setting circles are useful but not 
essential.

ñMost objects within reach of any telescope, 
no matter how large or small it is, are barely 
within reach. . . . If þashy visuals are what 
youôre after, go watch TV.ò 
ð Alan MacRobert 

From Touring the Universe Through Binoculars by Phil Harrington

Disadvantages 

Smaller exit-pupil restricts dark sky 
effectiveness.  

Larger aperture may cause sky-
glow problems in urban and sub-
urban areas. 

May require a tripod.  
 

Heavy; tripod usually needed.  

Tripod needed; heavy. 

Size

7x35 
 

7x50 
 

10x50 
 

10x70 

11x80

Advantages

Easily hand-held; excellent wide-
ýeld views of Milky Way and deep 
sky objects.

Easily hand-held; light-gathering 
ability sufýcient for hundreds of 
objects; best choice. 

Good choice for urban and 
suburban users who want a little 
higher magniýcation.

Excellent for star clusters, nebulae 
and galaxies.

Excellent for faint objects.

Table 1. Popular binocular conýgurations
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The important issue when considering a mounting is its stability. A stable mount does not leave the 
telescope wobbling after you bump it. It is most unpleasant if the image bounces around each time you touch 
the telescope to adjust the focus. 

 

1.3.3  Star atlases 
All navigators, no matter how experienced, rely on maps to guide them. As captain of your telescope, you 
will need a good star atlas to ýnd your way about the night 
sky. It is one of the most important observing aids for the 
astronomer. 

Many introductory astronomy books contain star maps 
for the beginner, some good, some not so good. While 
learning the constellations, you could use the Discover! star charts, available for free (see the Appendix for 
further details).

An excellent set of charts can be found in the Atlas of the Night Sky, published in 1984 by Crescent 
Books. These charts, drawn by master cartographer Wil Tirion, show stars as faint as 6th magnitude, which 
is the faintest you can see with the naked eye from a good suburban site. Many deep sky objects are plotted, 
and variable stars brighter than 6th magnitude at maximum are shown. Notable objects are listed beside 
each pair of charts. These charts are exceptional because the whole night sky is shown on only ýve A3-sized 
pages. They are excellent for use with binoculars, and their handy size make them easy to transport and 
use. For the beginner, these charts are arguably the best available, since they accurately summarize the 
night sky into clear, understandable sections. 

The more experienced telescopic observer will need charts that show fainter stars and more deep sky 
objects. The Uranometria 2000.0 atlas, published in 1987 by Willmann-Bell, is an excellent star atlas. A two-
volume set, it contains 473 computer-generated charts, showing 330 000 stars down to magnitude 9.5. The 
complete Revised New General Catalogue (RNGC) and an additional 10 300 deep sky objects are shown. 
Each volume has a two-page hemisphere starmap which indexes the charts in that volume, making it easy to 
ýnd the chart you need. The index maps are also very useful to help you orient yourself when you start your 
observing session. 

The current óRolls Royceô of printed star atlases is the Millenium Star Atlas. Even though it is signiýcantly 
larger (and more bulky) than the Uranometria, it shows much fainter stars (down to 11th visual magnitude) 
and covers the sky in 1 548 charts! 

1.3.4  Miscellaneous equipment 
Deep sky observing is done in the dark. Well, almost. You 
will need some light to read the star charts, make notes and 
ýnd your mug of hot coffee. A normal torch, useful during 
a power cut, is unusable at the telescope. Astronomers 
traditionally use a dim red þashlight because red light has 
less effect on night vision. 

It is easy to make your own night-vision torch. Simply 
place sufýcient layers of dark red cellophane (used for gift 
wrapping) in front of the torch, thereby cutting down and ýltering the light. I slip a red water balloon over 
the layers of cellophane to hold them in place. You can also paint the bulb with red nail polish for a more 
permanent arrangement. As a guideline, if you can see the torch light in daylight, then its still too bright.  

Because of the notorious nature of human memory, you will need some way of recording your 
observations. At the telescope, a pencil and writing pad on a clipboard works well, as does a Dictaphone or 
tape recorder. I ýnd using a small Dictaphone easier than writing descriptions by hand, partially because my 
handwriting is illegible but mainly because it is more convenient and allows greater freedom of expression. 
For sketching, a dark pencil, eraser and clipboard are useful, as well as sheets of paper with predrawn 
circles representing the ýeld of view. Whichever record keeping method you choose, you should note the 
date and time of the observation, where the observation was made and with which instrument and the 
magniýcation used. Record the sky conditions (seeing and transparency) and also include comments on 
clouds, haze or the presence of moonlight. Many observers design a standard observing form, which can 

ñFine maps bring the fascination of hunting out 
faint secrets in hidden sky realms.ò 
ð Alan MacRobert

ñIf the hours we spend under the stars are pre-
cious, an observing log helps us remember them. 
Relying on memory alone just isnôt good enough; 
as years pass, details fade away until events might 
as well not have happened.ò  
ð David H. Levy 
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be ýlled in at the telescope (see Appendix 9 for an example). This ensures you donôt forget some important 
detail. After the observing session, your rough observing notes should be edited and transferred to a 
standard record keeping system, which will map your progress as a deep sky observer. 

Remember to dress appropriately for your observing session. Jeans and a T-shirt might be ýne for warm 
summer nights, but cold winter nights demand a wiser choice. Jeans donôt keep my legs warm enough, so 
I wear a pair of long-johns underneath. Two tracksuit pants (instead of the jeans) also work well. A sensible 
jacket, with several pockets, can be worn over a jersey and shirt to keep the upper part of your body warm. 
Wear two pairs of woolly socks and make sure your shoes or boots provide insulation, so that your feet donôt 
leak heat to the ground. Most important of all, protect your extremities. Your nose, ears and ýngers will loose 
heat more quickly. A balaclava and scarf will serve admirably, and a pair of warm, non-bulky mittens will keep 
your ýngers agile and comfortable. 

Observers often overlook the fact that they will be spending a considerable amount of time sitting at the 
eyepiece. Make sure your chair is comfortable and supports you in the right places. Bear in mind that the 
eyepiece will not be at a constant height throughout the night; some form of adjustable chair may be needed. 
When observing with my binoculars, I use a plastic milk crate (either on end or on its side) and various 
cushions for ýne adjustment. Be careful not to strain your back or neck when observing ð you grow tired 
much sooner and your overall performance is adversely affected. 

Donôt forget to pack in some snacks. Something hot to drink after you have just found that elusive galaxy 
adds to the reward. A sandwich, or some chocolate adds a little extra boost during your vigil at the eyepiece. 

1.4  Planning your observing 
1.4.1  Planning an observing programme 
Searching for deep sky objects is a great way to hone your observational skills. It is a good idea to do some 
homework before you go out to observe. Find out when the Moon rises and sets, and work out how much 
time you will have to observe without the Moon interfering. Draw up a list of objects to view. When selecting 
an object, make sure it will be high enough above the horizon so that the murky atmosphere doesnôt 
interfere. 

If you are going to draw up your own lists, begin by looking for some of the brighter ñshowpieceò objects, 
and then slowly graduate to more difýcult targets as your observational skills develop. Apart from choosing 
your own objects, you can work according to an established observing project. 

The Deep Sky Observing Section currently offers various observing projects. The ýrst project is for the 
beginner, and calls for the observation of 31 bright objects. These objects originally appeared in an 18th 
century catalogue drawn up by Lacaille (see page 25 and Appendix 1). A second project concentrates on the 
objects in the catalogue drawn up by the late Jack Bennett (see page 31 and Appendix 4), comet hunter and 
dedicated amateur astronomer. Bennettôs catalogue contains 152 objects which appear comet-like in smaller 
telescopes. Some of these objects can be quite challenging in small telescopes and binoculars. 

Another project is dedicated to the work of Sir John Herschel, who was the ýrst person to systematically 
survey the whole night sky with the aim of drawing up a comprehensive catalogue of deep sky objects. 
Between 1834 and 1838 he stayed at the Cape of Good Hope to work on the southern portion of his 
catalogue, which formed the basis of the NGC (New General Catalogue) which is still in use today. The 
Herschel project involves the study of 400 of these objects. Herschelôs work at the Cape is discussed on 
pages 26ï28 and in Appendix 3. 

Finally, a list of ñTop 100ò southern deep sky objects has been compiled, a guide to some of the real gems 
of the southern skies (Appendix 8). 

1.4.2  Preparing for an observing session 
Dress appropriately. Comfort is everything in backyard astronomy. If youôre not warm enough, standing out 
there under a star-ýlled sky in no fun at all. Common sense, folks. I prefer to bring along several layers of 
clothing (e.g. warm long-johns, sweat suit pants, jeans) and wear as needed. 

Snack food. Food is an essential part of any observing kit. My favourite is ýlter coffee and rusks. A good 
sandwich is most welcome after a few hourôs observing. And sweets like wine gums last a l o n g time, 
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although the eternal mastication they induce can unsteady your view at the eyepiece! 

Bug repellant. Mossies. Bane of the deep sky observer. Nothing is more ominous than the high-pitched 
whine of these blood-sucking pests. Bug spray or lotion neatly solves the problem, although I regularly carry 
a tube of skin lotion, just in case one of them get a bite in ýrst. 

Torches. Besides your trusty red torch for observing, make sure you have enough batteries just in case. 
Since your observing light should be extremely faint, pack in a normal (unýltered) torch that you can use to 
pack up with, or check if youôve left anything behind. And donôt forget the batteries. 

Observing notebook. Donôt forget your notebook. Even if you use a Dictaphone, one often needs to make 
notes. Some observers use a separate notebook to record their sketches.

Accessory table. Youôll need somewhere to put all the stuff youôve packed in. I carry all my maps, books, 
notebooks and ñstuffò in several milk-crates, each measuring 29 x 35 x 53cm. These stack securely one on 
the other, making a handy table. Sometimes, an extra chair is also handy as a make-shift table. 

Comfortable chair. Itôs likely that youôll be sitting for a long while behind your eyepiece. Make sure the chair 
you pack is comfortable and sturdy. Some deck chairs simply donôt work well with tripod-mounted binoculars, 
since their wide, splayed legs often get in the way. I enjoy moving around while observing at the telescopeôs 
eyepiece, so I rarely sit down while observing. But the periods of standing are regulary interrupted by 
moments of sitting down, making notes, planning, and just enjoying the night sky.

Protect starmaps from dew. The best way to protect your star atlas from dew is to keep it indoors. I make 
photocopies of each map I use at the eyepiece. I like scribbling notes in the margin of the maps, and refuse 
to do so on the original book. The looseleaf photocopied A4 pages ýt well in plastic sleeves. For complex 
regions requiring several maps, I suggest you use the 20-page plastic sleeve ýles, which will hold 40 maps 
back-to back. Also, a stack of maps, held in place on a clipboard, is well protected if a plastic sheet tops off 
the pile.

Zap the dew on your optics. Having your eyepieces dew up can unexpectedly end your observing session. 
A blast of hot air for a few seconds will defog the dampest eyepieces, mirrors or lenses. Commercially 
available ódew zappersô are basically modiýed electric hair dryers.

Further reading 
Barclay, J. (1994) ñUnder the Southern Skyò Astronomy, October, 72. 

Cain, L. (1986) ñObserverôs Page: Visual astronomy rediscovered.ò Sky & Telescope, 72(6, December), 662

Dodd, L. (1994) ñUnder the Southern Sky: Part 2ò Astronomy, December, 78.

Eicher, D. (1985) ñStars of the Circumpolar Southò [double-page map] Astronomy, March, 34.

Eicher, D. J. (1989) ñDonôt Forget the Bug Sprayò [Be prepared for anything under the stars with these ten essential items. Donôt leave 
home without them!] Astronomy, August, 67.

Forrest, S. (1989) ñForum: Tricks of an Observerôs Tradeò Astronomy, August, 98.

Harrington, P. (1994) ñRunning a Celestial Marathonò [One night, 110 deep-sky wonders. Observe them all and youôve comleted the 
grueling Messier Marathon] Astronomy, March, 61.

Houston, Walter Scott (1980) ñObserving the deep sky.ò Sky & Telescope, 60(6, December), 476.

MacRobert, A. (1985) ñBackyard astronomy: Secrets of deep-sky observingò Sky & Telescope, 70(3, September), 204.

MacRobert, A. M. (1987) ñBackyard Astronomy: The art of planetary observing - II.ò Sky & Telescope, 74(6, December), 603.

Nagler, A. (1991) ñChoosing Your Telescopeôs Magniýcationò Sky & Telescope, May, 553.

Polakis, T. (1995) ñDeep-sky on Four a Dayò [Is there life after observing the Messier objects? Try the Herschel 400 in 100 nights like I 
did from Arizona] Astronomy, June, 65.

Rabalais, M. (1986) ñHow to Conquer the Messier Objectsò Astronomy, December, 88

Spevak, J. (1993) ñNight of the Deep-Sky Observerò [Follow a lone sky watcher through a night of viewing springtime clusters, nebulae, 
and galaxies] Astronomy, March, 62.
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1.5  Observing techniques 
When you arrive at your observing site with your equipment and a list of objects to observe, you should 
ready the telescope for the nightôs work. Set up your telescope or binoculars using your red torch; this 
will allow your eye to start adjusting to the dark. Both refractors and reþectors should be allowed to reach 
thermal equilibrium with the surrounding air, and reþectors should be collimated properly. Take the time to 
identify the constellations you will be observing in and look for useful asterisms or star patterns to help you 
ýnd your way. You are ready to start the search for your ýrst object. 

1.5.1  Star-hopping 
One of the most basic, and valuable, observing skills is star-hopping, which is simply the following of a trail of 
stars from a place you know (eg. a bright star) to a place you donôt know (eg. the galaxy you are hunting for). 

You can plan your star-hop at the eyepiece, but it is recommended that you plan your ýrst star-hop in 
advance, while you are drawing up your eveningôs observing list. 
Find the deep sky object in question, say a galaxy, on the star chart. 
Search around it for a bright star or asterism that you will be able to 
locate in the sky with ease. Now look for a trail of stars which will lead 
you from the star to the galaxy. It is rather like playing connect-the-
dots. Sometimes you might have to go a roundabout way to get to your target, or you may choose a different 
bright star to start from. Bear in mind that once you have found the galaxy, you can use it as the beginning of 
a star-hop to the next object. 

Clark (1990) feels strongly about this basic technique, as do I: ñStar hopping should be learned by all 
amateur astronomers. It is the method of starting at a known naked-
eye star and using a chart to move carefully from star to star until the 
desired object is reached.ò 

Garýnkle (1995) notes: ñGetting there is half the fun, they say. This 
is certainly true when travelling between the stars in search of star 
clusters, nebulae, galaxies and such. Using a technique called star-
hopping, you step your way across the heavens until you arrive at your 
ultimate destination. Its easy, its fun, and its a great way to learn the 
landscape of the night sky. Star hopping is like crossing a wide stream 
on stepping stones. To get from point A to point B, you step, or hop, from star to star using a ýnder scopeôs 
(or eyepieceôs) ýeld of view as a guide. Your hops often lead to a wonderful object while taking you past a 
multitude of interesting sights along the way. 

MacRobert (1988) offers the following star-hopping tips: 

ñDouble- and triple-check directions in the eyepiece. Always think in terms of celestial north, south, east 
and west, never up, down, left or right. If you have an equatorial mount, polar align it at least roughly. Now 
the mounts motions follow the four cardinal directions. Turn the ýnderôs eyepiece to make its cross-hairs line 
up with these directions too.ò 

ñRemember that a map is not exactly like the sky.ò The magnitude-symbols used to show the stars do 
not accurately reþect the way we perceive stellar brightness, so donôt be caught by brightness discrepancies 
when using a starchart. 

ñPay particular attention to starôs positions. Look for patterns of at least three stars that ýx the point youôre 
after: little triangle, rectangles, kite shapes, and so forth. Triangles are the most basic units of star-hops. Pay 
close attention to their shapes.ò 

ñKnow your scale.ò Figure out how big your ýnderôs ýeld of view is on the chart, and also for the 
eyepieces you use to star-hop with. 

Veteran Steve Coe described his technique to the IAAC mailing list as follows: 
ñI have a method of star-hopping that I use for faint or difýcult to ýnd objects. It involves the fact that I have 
four aids that allow me to easily and conýdently move to fairly exact location in the sky. Those four things 
are: Tel-rad, University 11X80 ýnder with an Amici prism, Bright Star Atlas and Uranometria 2000 star atlas. 
I get the general idea of where I want to go in the sky with the Telrad and Bright Star Atlas. Using these 
together I can with certainty point the scope at a ñjump off starò, generally naked eye, to start from. The 
Bright Star Atlas lets me answer the question ñOK, which one of you guys is Sigmaò or whatever. Now that 
I am on the starting location I am ready to move up to a deeper magnitude.ò 

ñOne tends to ódiscoverô a lot of 
interesting things while star-hoppingò 

One of the ýrst accomplished star-
hoppers: Sir James South claimed 
that William Herschel was able, from 
a cold start, to ýnd any object in the 
sky in under ýve minutes with the 20-
foot telescope.
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ñI turn to the page in Uranometria that has the bright star on it, and hopefully it also has the deep sky 
object I seek. Then I note an asterism that is directy north, south, east or west of the object I am looking 
to ýnd. This works because I have a Bigfoot Mount, which is essentially a German Equatorial. Then once 
I am directly even with the object in a cardinal direction, I move the scope to the object, moving in only 
one direction at a time. I have found two helpful things: the large ýnder shows all the stars marked on 
Uranometria and the Amici Prism will show the sky in the same orientation as the charts.ò 

ñI used to spend a lot of time looking for a faint object, not certain if I just wasnôt seeing it, or am I in the 
wrong location. This method allows me to be quite certain that I am at the location marked on the chart. 
Now I can move to the right spot and if the object isnôt there, it isnôt there and I can move on.ò 

Lew Gramer, IAAC listowner, wrote: 
ñBy the way, it may be worth mentioning something else about star-hopping: the hopping techniques you 
use probably will depend on your sky conditions! For instance, under extremely bright skies (or with a 
smaller scope), I ýnd that ñaimingò the scope with a Telrad (i.e., a ñgun-sightò pointer), then doing wide-
ýeld eyepiece sweeps usually picks up any star pattern Iôm trying to hop to, But under darker skies (and/or 
larger apertures), having a ýnder as well as the Telrad and Panoptic eyepiece can be very handy!ò 

ñIn the end, I guess I use a combination of ýnder, Telrad, and eyepiece hopping techniques with my 
dobsonian - and a completely different set of techniques (involving distinct north-south and east-west 
motions) when Iôm using an equatorial mount!ò 

1.5.2  Directions in the sky 
To plan your star hop, you will need to know how far each hop can be. This depends on the size of your 
ýeld of view (the amount of sky you can see at one time). For binoculars, the diameter of the ýeld remains 
constant, but each eyepiece used on a telescope has a different ýeld diameter. 

Select your lowest-power eyepiece, which will have the widest ýeld of view. Turn the telescope to a bright 
star and centre the star in the ýeld of view. If your telescope has a drive, turn it off. Now watch the star as 
it drifts across your ýeld of view. The star will move towards the western (preceding) edge of your ýeld and 
new stars will appear at the eastern (following) edge. North and south lie at right angles to the west-east line, 
south being the direction you have to move the telescope to ýnd the south pole. Thus, directions in the sky 
have east and west switched around; if north is to the top, then east will be to your left. 

Using these cardinal directions is really only useful to indicate angles which are multiples of 45Á. To 
specify directions more accurately, the position angle (PA) is used. A PA of 0Á is North and 90Á is East. 
Northeast would be PA = 45Á while PA = 260Á points a little south of west. 

To help you get to grips with position angles, you might like to try and estimate the PA for some easy 
double stars. The adjacent short list gives six (out of many) 
double stars that can be split with binoculars. The magnitudes 
of the two components are given, along with their separation in 
arc seconds. The PA is measured from the brighter star, so it 
tells you where to look for the fainter star of each pair. Not only 
is it fun to estimate the PA of a double in the sky and look it up 
to see how close you came, it is also good practice for keeping 
your directions straight. 

Once you can identify north-south and east-west in the sky, 
you will be able to read a star chart. Star atlases are calibrated 
according to the equatorial co-ordinate system which measures 
distances north and south of the celestial equator in degrees (declination), and west to east in hours (right 
ascension). The north celestial pole lies at +90Á and the south celestial pole at ï90Á. Right ascension is 
measured west to east, going from 0h to 12h to 23h and back again to 0h. Right ascension thus increases to 
the east and declination increases to the north. 

1.5.3  Measuring the ýeld of view 
The simplest method of measuring the ýeld of view relies on the use of a star chart. Knowing north and east 
in the sky, you can easily turn your star chart so that the image in the eyepiece corresponds to the chart. 
Look for two stars that just ýt in your ýeld of view, and locate these stars on the star chart. You can now 

Star Magnitudes Sep ǌ PA Á 
alpha Cru  1.1, 5.1  90  202 
alpha Leo  1.4, 7.6  177  307 
gamma Lep  3.6, 6.2  96  350 
delta Ori  2.2, 6.8  53  0 
sigma Tau  4.7, 5.1  430  14 
nu Sco  4.0, 6.3  41  337 
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measure this distance on the map and compare it with the scale on the margin of the map to convert your 
linear measurement to degrees or arc minutes. 

Remember that one degree (1Á) = 60 arc minutes (60ǋ) = 3600 arc seconds (3600ǌ). Binoculars typically 
have ýelds larger than four degrees, and telescopes normally give a view smaller than one degree. 

It is essential to be able to judge angular distances in the sky. The following table lists some handy 
angular estimates: 

Solar / lunar diameter: İÁ 
Width of index nail at arms length: 1Á 
Orionôs Belt: 3Á 
Short arm of Crux: 4İÁ 
Long arm of Crux: 6Á 
Width of clenched ýst at armôs length: 10Á 
Long arm of Diamond Cross: 10Á 
Span of open hand at arms length: 20Á 

Everyday objects can also serve as angular gauges. To determine the apparent angular size of anything 
in degrees, divide its linear width by its distance from your eye, then multiply by 57. For example, a 30cm 
ruler held one metre from your eye measures 30 õ 100 x 57 = 17Á. 

A more accurate method to determine the diameter of your ýeld of view involves measuring the time it 
takes for a star to drift across your ýeld along the east-west line. This method is only useful for telescopes, 
since a star will take ages to cross the large ýeld offered by binoculars. Choose any bright star, preferably far 
from the south pole ï a star in Orionôs belt would be a good choice. 

Centre the star in your ýeld of view, turn off the drive, and place the star just outside the eastern edge of 
the ýeld. As the star drifts into view, start your stop-watch. When the star disappears at the western edge, 
stop the watch and note down the elapsed time. Repeat this measurement several times and take the 
average. If this average time, T, is measured in minutes, then:

ýeld of view in arc minutes = 15 x T x cosine( D )

where D is the declination of the star (taken from a star catalogue, or estimated from a starmap). 

For example, suppose you measure several transits of Canopus and calculate the average time to be 3.5 
minutes. Canopusô declination is roughly ï52.7Á. The ýeld of view is then 15 x 3.5 x cos(ï52.7Á) = 15 x 3.5 x 
0.6 = 31.5 arc minutes. Thus the ýeld of view is roughly half a degree across. 

Make a note of the size of each eyepiece in your logbook, since a given eyepiece used on a speciýc 
telescope has a ýxed ýeld of view. 

1.5.4  Keeping observing notes: a logbook 
ñAnyone who observes the sky should keep a logbook,ò is the emphatic opinion of Roger Clark. David Levy 
(1989) writes: ñIf the hours we spend under the stars are precious, an observing log helps us remember 
them. Relying on memory alone just isnôt good enough; as years pass, details fade away until events might 
as well not have happened ... So many people have told me that they 
would like to start an observing log but havenôt gotten around to it. Yet 
itôs easy and fun to do, and our observations will mean so much more 
when theyôre recorded accurately.ò 

ñThe format of your log is not important; the content is. So any 
system that works is ýne. Some observers prefer to draw in their logs, 
while others would rather compute. Some keep a diary. And some prefer the discipline of forms. Although 
forms make sure that you remember what to put down, I ýnd them conýning. Blank paper lets you record the 
unexpected. ... The free-form approach leaves unlimited room for variable star estimates, planetary drawing, 
times for photographic exposures and notes from other observers.ò 

ñIf you observe certain types of objects systematically, you might consider keeping separate observing 
logs ... Why not take rough notes in the ýeld and then transfer the data to ýles on your home computer?ò 

Clark points out that even the most casual celestial sight-seeing becomes more meaningful is a few notes 
are jotted down in a permanent record. Thorpe (1988) says that ñkeeping a notebook makes a more satisýed 
observer. It will remind you of all the things youôve seen, the way you felt while observing, and the frustration 

ñThe palest ink is clearer than the best 
memory.ò  
(Chinese proverb)
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and successes youôve had with the hobby. And, most importantly, it will prompt you to observe more carefully 
and to see more when you observe. 

ñA notebook is your private record of the universe. Although at ýrst you may have to adjust to updating it, 
the notebook will eventually contain unique records of your journey through the universe. Astronomy offers 
great personal satisfaction. It would be a shame if all those wonderful memories of your involvement with 
astronomy simply faded away with time.ò 

Clark laments the fact that he did not always keep good notes; reading through his recollections, I am 
much reminded of my own early attempts at note-taking: ñBack then I also made many drawing a half inch to 
two inches wide, but rarely included ýeld stars. Thus there is no way to tell the scale of a drawng or the size 
of what was seen. Is that fuzzy patch the full extent of a galaxy including the spiral arms, or only the bright 
central region?ò 

Further reading
Eicher, D. J. (1989) ñDonôt Forget the Bug Sprayò [Be prepared for anything under the stars with these ten essential items. Donôt leave 

home without them!] Astronomy, August, 67.

Levy, D. H. (1989) Star Trails, Sky & Telescope, 77(6, June), 659.

Thorpe, A. M. (1988) ñShould You Keep an Astronomical Notebook?ò Astronomy, January, 50.

Zentz, G. L. (1992) ñA Personal and Permanent Journey through the Universeò [Time spent beneath the stars with a journal will richly 
reward astronomical memories] Astronomy, February, 80.

1.5.5  Keeping observing notes: recording descriptions
Sooner or later, the novice deep sky observer comes across an 
apparently non-sensical string of characters, like: vB. cL. mE. mbM. r, 
used to describe an object. 

These abbreviations were popularised by Sir William Herschel, and 
ýrst described by him in his paper ñCatalogue of One Thousand new 
Nebulae and Clusters of Starsò published in 1786. He wrote: ñ. . . and 
that I might describe all these objects in as small a compass as could 
well be done, I have used single letters to express whole words. . .ò 

Over the years these abbreviations were reýned and added to; 
they were used by John Herschel, and Dreyer used them when he published the ñNew General Catalogueò 
or NGC. Some years later, a German astronomer published an enhanced list of abbreviations, reproduced 
below in Appendix 5. 

Modern observers, too, can beneýt from such abbreviations. It makes note-taking at the eyepiece a 
cinch, reducing the writing time and increasing accuracy. In my case, my normal handwriting approximates 
graphological schizophrenia, and trying to decipher notes from last week is agonising. Using a combination 
of abbreviations and normal text makes for concise descriptions and goes a long way in solving the legibility 
problem. Some folk maintain that abbreviations restrict your thinking and that your descriptions then all turn 
out more or less the same; this simply isnôt true, in the same way that taking dictation doesnôt reduce the 
vocabulary of the speaker. 

Some examples of my note-taking for open clusters: 

(1) ñCl D = 1/6 K18. Cl is constrn by 3 * W & 2 Eò 
(2) ñS: 2 9m * (no col) rough NS with neb. Co Cl L&S *, F*s to W of 2 B *; best seen avvò 
(3) ñ1 * 9m on edge eRi glow vF-eF *s. Of these, the Ber * are in S groups iR scatt abt.ò

The translation of these is quite straight-forward: 

(1) ñDiameter of cluster is one-sixth of the ýeld of view of the 18mm eyepiece. The cluster is constrained 
by three stars to the west and two to the east.ò 

(2) ñThe ýrst impression, in the sweeping eyepiece [lowest power]: the cluster shows as two 9th 
magnitude stars (of no distinct colour), arranged roughly north-south, within a nebulous haze. Closer 
examination shows a coarse cluster of large and small [i.e. bright and faint] stars, with the fainter stars to the 
west of the two brighter ones; cluster needs averted vision to show well.ò

Eighteenth-century observers 
were the ýrst to systematically use 
abbreviations when describing the 
appearance of deep sky objects. You, 
too, can beneýt from using these 
arcane ciphers when you take notes of 
the objects you observe. 
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(3) ñA 9th mag star on the edge of an extremely rich glow of very faint to extremely faint stars. Of these, 
the brighter ones are gathered in small groups irregularly scattered about.ò 

The abbreviated version is 73% shorter, and consequently much quicker to write down. Use the time 
saved in this way to sketch the object. 

Which brings us back to William again. He wrote: ñBy going into the light so often as was necessary to 
write down my observations, the eye could never return soon enough to that full dilation of the iris which is 
absolutely required for delicate observations. The difýculty also of keeping a proper memorandum of the 
parts of the heavens which had been examined ... intermixed with many short and long stops while I was 
writing ....ò lead him to modify the design of his telescope and his observing methods. 

The changes were successful: ñSoon after I removed also the only then remaining obstacle to seeing 
well, by having recourse to an assistant, whose care it was to write down, and at the same time loudly to 
repeat after me, every thing I required to be written down. In this manner all the descriptions of nebulae and 
other observations were recorded; by which I obtained the singular advantage that the descriptions were 
actually writing and repeating to me while I had the object before my eye, and could at pleasure correct 
them, whenever they disagreed with the picture before me without looking from it.ò 

Few of us have the luxury of a night assistant, willing to takes notes for us. But technology can step in and 
offer a willing surrogate: the dictaphone or portable tape recorder. For obvious reasons, mine is christened 
Caroline. 

Often, however, the þuidity of ideas is best expressed by a free-form diagram, making a combination 
of note-taking and electronic recording necessary. A ýnal note: Donôt forget to add details about yourself, 
your telescope, etc. to your descriptions. Herschel wrote: ñIt should be observed that all estimations of 
brightness and size must be referred to the instrument with which the nebulae and clusters of stars were 
seen; the clearness and transparency of the atmosphere, the degree of attention, and many more particular 
circumstances, should also be taken into consideration.ò 

1.5.6  A checklist for creating a deep sky description

Nebulae
What are your ýrst impressions?
How easy is it to see? (visibility; brightness; 
magnitude)
What shape is the nebula?
How big is the nebula?
How does the brightness change from edge 
to centre? (brightness proýle)
Is there a nuclear region?
Are the edges sharp or diffuse?
Are there darker parts or areas of uneven 
brightness?
How well does the nebula stand out from the 
background ýeld?
What colour is the nebula?
Are there stars very near, or within, the 
nebula?
How does it relate to the surrounding star 
ýeld?
Rate your conýdence in this observation.

Star clusters
What are your ýrst impressions?
How easy is it to see? (visibility; brightness; magnitude)
What shape is the cluster?
How big is the cluster?
Are individual stars seen? (unresolved .. granular .. 
partially resolved .. well resolved, etc.)
Are the stars concentrated towards the centre? (not at 
all .. slightly .. strongly, etc.)
How does the brightness change from edge to centre? 
(brightness proýle)
How many stars can you see? (make an estimate; 
count the number within a speciýed diameter)
What is the range of their brightness? (nearly the same 
.. mixed; estimate magnitudes)
Is there an obvious central or other prominent star?
Do any of the stars have a particular colour?
Are any of the stars double?
Are there chains, rows, or clumps of stars?
Are there prominent empty spaces or starless patches?
Is there a background glow (unresolved stars/
nebulosity)?
How does the cluster relate to the surrounding star 
ýeld?
Rate your conýdence in this observation.

(version 4, 2008 February)
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1.6  The art of visual observing
When you have successfully star-hopped to your target, donôt expect to see right away everything it has 
to offer. The ýrst look always shows less than comes out with continued inspection. The great observer Sir 
William Herschel wrote: 

ñYou must not expect to see at sight . . . seeing is in some respects an art which must be learned. Many 
a night have I been practicing to see, and it would be strange if one did not acquire a certain dexterity by 
such constant practice.ò 

Acquiring such ñdextrous visionò is one of the most valuable skills a deep sky observer learns. Deep sky 
observing has its own techniques, most of which are aimed at helping your eye see in near-total darkness. 
When viewing the Moon or planets, the telescopeôs main purpose is to magnify distant detail. Deep sky 
objects, on the other hand, depend on a telescopeôs light-collecting ability. They are not too small to be seen 
without optical aid, they are too dim. 

1.6.1  The eye and dark adaptation 
To maximise your sensitivity to dim light you should allow sufýcient time for 
your eyes to get used to the dark. You must also allow for continued dark 
adaptation during the observing period. During the ýrst minute, the eyeôs 
sensitivity increases ten fold. In 20 minutes it increases 6000 fold and forty 
minutes of dark adaptation increases sensitivity 25,000 times! This means 
that a faint object which was overlooked in an early part of your observing 
run may be readily seen later, so donôt expect to see faint objects at their best until at least a half hour into an 
observing session. 

Note that light adaptation is much faster that dark adaptation, so even a brief exposure to light will destroy 
your night vision. It is also best to consistently avoid all light for as long as possible before observing. 

Prolonged exposure to bright sunlight reduces your ability to dark adapt for a couple of days; wear dark 
glasses at the beach. In the long run, ultraviolet light ages both the eye lens and retina, reducing sensitivity. 
So if you wear eyeglasses outdoors, ask your optometrist for UV-ýltering lenses. 

Night vision is also impaired by alcohol, low oxygen and low blood sugar. So donôt observe while drinking, 
smoking or fasting. In fact, nicotine retards dark adaptation to such an extent that even a single cigarette 
smoked half an hour before your eyes start dark adapting will slow down this process. 

1.6.2  Sky brightness 
Light pollution is the most serious hazard the deep sky observer faces. Deep sky objects are extended 
sources of light, and their visibility is inþuenced by the contrast between the object and the background sky. 
Light pollution increases the brightness of the night sky and thus decreases the contrast between object 
and sky. A dark sky is even more important than a large telescope: a small instrument in the country will 
show faint clusters and galaxies better than a very large 
telescope in a city. If you have to live with light pollution, 
take pleasure in what can be seen. 

The degree of light pollution is sometimes rated by 
determining the faintest star visible with the naked eye. 
With no light pollution, the limiting magnitude is usually 
assumed to be 6.5, though some people with exceptional 
vision can see fainter. Under such conditions, the sky is 
packed with stars, the Milky Way is a mass of swirling, 
jumbled detail and any clouds appear blacker than the 
sky itself. At a limiting magnitude of 5.5, clouds are 
brighter than the sky because they are lit from below. The 
Milky Way is still easily visible but far less detailed. At 
limiting magnitude 4.5, the Milky Way is barely detectable 
as a faint, nearly featureless band. City dwellers typically face a limit of 3.5. The Milky Way is completely 
invisible, and Epsilon Crucis, the ýfth brightest star of Crux, lying just inside the cross, is invisible. Two of the 

ñKeep observing. You will 
get better with practice. Your 
brain learns to see more as 
you do more observing.ò 
ð Alan MacRobert

ñAs stargazers we should practice what Lee Cains 
calls óthe serene art of visual observing.ô We must 
learn to see with the mind as well as the eye. 
This means really examining and contemplating 
the varied scenes before us in the eyepiece. All 
deep sky objects deserve at least 15 minutes of 
your time. Glancing at an object once itôs found 
and then rushing to another and another is like 
reading only the Cliffôs Notes of the worldôs great 
novels.ò 
ï James Mullaney 
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four stars that make up the rectangle of Musca (south of Crux) are also gone. At magnitude 2.5, stars are 
very few and far between. Only three stars of Crux can be seen, and the whole of Musca disappears. 

The good news is that you can see through light pollution. A pair of binoculars in the heart of a big city 
shows fainter stars than can be seen with the naked eye from Sutherland. 

A dark spot in the backyard of a suburban home is a convenient site. Youôll ýnd that if you observe late 
at night, the sky is slightly darker since more lights get turned out. Any nearby light, say a bothersome street 
light, can be shielded off by some sort of screen around the telescope. In pays to minimise the light from 
the bright sky that gets into your telescope. Extend the front of the tube with a long dewcap made from stiff 
blackened cardboard. On a reþector, place a ring of black paper around the main mirror, so that light from 
the ground doesnôt come in around the mirrorôs edge. 
Stray light can be blocked off at the eyepiece by pulling a 
black T-shirt over the eyepiece-end of the telescope and 
then inserting your head in the neck of the garment. This 
ñobserving capsuleò can be worn around the neck as a scarf 
when not at the eyepiece. Using the T-shirt in this fashion 
warms it slightly, which helps to prevent dewing of the 
eyepiece during use. 

Another basic strategy to combat light pollution is to penetrate it with high powers. For more details, see 
the section on magniýcation below. 

1.6.3  Seeing and transparency 
As mentioned above, there is more to a deep sky object than meets the eye at the ýrst glance. This is to 
some extent caused by the atmosphere and also by the nature of human perception. 

The quality of the telescopic image, as far as this depends upon the condition of the atmosphere, is 
known as astronomical seeing. When you view an object at high powers under average seeing conditions, 
the image shimmers and boils. The degree of disturbance can be estimated using the Antoniadi scale. The 
severity of this shimmering changes from night to night and sometimes from minute to minute. 

When the seeing is poor, a small telescope will show twinkling stars which jump about playfully, but with a 
large aperture telescope, the lateral motions will be averaged out resulting in a steady blob. 

When a deep blue, breezy afternoon turns to a dark and clear night, we have a night of high transparency. 
The dark sky and high contrast afford ideal conditions for viewing faint stars and extended objects such as 
galaxies and nebulae. 

High transparency and good seeing usually avoid one another. The hazy summer doldrums often produce 
the best seeing and are excellent for revealing double stars and planetary details. 

1.6.4  Prolonged observing 
The nature of human perception plays a signiýcant role in deep sky observing. In our day-to-day experience 
of the world we are accustomed to seeing things easily. If something canôt quite be made out, our natural 
reaction is to move closer. But this is impossible in astronomy. Instead, we have to get everything we can out 
of very distant views. This means learning new visual skills that involve active, concentrated effort. 

As you watch an object quiver and churn in the eyepiece, unsuspected detail will þicker into view during 
brief moments of stability, only to fade out for a while before being glimpsed again. The image of a difýcult 
object builds up rather slowly. First one detail is noticed and ýxed, and you think thereôs nothing more to be 
seen. But after a few minutes another detail becomes evident, then another. The skilled observer learns to 
remember these good moments and ignore the rest, building up a gradual, integrated picture of the object. 

Related to this is the fact that the eye, like a camera, can build up an image over time ï according to 
skilled observer Roger N. Clark. It has been found experimentally that a faint image will build up towards 
visibility for as long as six seconds. This may seem counter-intuitive, but bear in mind that most of your visual 
experiences have been in bright light; under these conditions the eyeôs ñexposure timeò is only about 1/10th 
of a second. Furthermore, ýxating on an object in daylight tends to make it less visible. In fact, if the eye is 
held completely stationary, it becomes unable to see anything! In the dark, however, things are different. 

ñMost of all, practice. Thereôs no other way to 
master deep sky observing. And donôt quit on any 
object, no matter how vague it may look, until 
youôve given it a good, long, thorough scrutiny.ò 
ï Alan MacRobert 
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To make use of the eyeôs extended viewing capacity, you will need to keep the image at the same spot on 
your retina; this helps explain why bodily comfort is so essential for viewing faint objects. Fatigue and muscle 
strain increase random eye movement. This does not, however, mean you have to stare at the object. It is 
the physically non-tense but mentally alert approach that succeeds on faint objects. If you use your right eye 
to observe, donôt close your left eye tightly. This places unnecessary strain upon the eye. Keep it open and 
wear a eye-patch or cover your eye with a cupped hand. 

1.6.5  Averted vision 
While keeping the image on the same spot on the retina helps the image to build up, looking directly at it 
will probably cause it to disappear! This is so because the light then falls on the fovea centralis, a region 
packed with bright-light receptors (cone cells) but fairly poor in dim-light receptors (rod cells). The rods are 
concentrated around the edges of the retina. 

By looking slightly away from a faint object, its light falls onto the edge of the retina where it is picked 
up by the sensitive rod cells. This very important technique is known as averted vision. Your eye is most 
sensitive to a faint object when its image lies 8 to 16Á from the centre of your vision in the direction of your 
nose. Almost as good a position is 6 to 12Á above your centre of view. 

Never place the object to the right of centre in your right eye, or left in your left eye ï the image is likely to 
fall on the retinaôs blind spot and vanish altogether. 

Incidentally, averted vision is not the way to look for colour in deep sky objects. The rod cells do not 
respond to colour, whereas the cone cells do. You should thus look directly at the object when examining it 
for colour. 

1.6.6  Sketching 
An excellent way to train yourself to see better is to make sketches. These donôt have to be works of art; the 
idea is to record details more conveniently than through words. An open cluster requires no artistic talent 
whatsoever. To give you some indoor practice, try making sketch copies of photos of open clusters. You may 
want to enlarge the photo with a photocopier and then try 
sketching it from a distance. 

When you sketch at the telescope, remember to note 
down the date and time, instrument details, sky condition 
and the size of the ýeld of view. Also indicate on the sketch 
where north and east are (see Appendix 9). It is strongly 
recommended that you sketch as much as possible. While 
you are making the sketch, you are continually examining 
the object, paying close attention to certain smaller details. 
This close scrutiny often results in the discovery of hitherto 
unseen features. A sketch also serves as an excellent record of the object you are studying. Detailed objects 
require lengthy descriptions that may become confusing when read later. We all know the saying that a 
picture is worth a thousand words. 

A deep sky drawing conveys precisely what the mind sees, and is an expression of the observerôs 
experience. A sketch is the result of the eyeôs amazing range of sensitivity, and the mindôs powerful ability to 
integrate and interpret. It depicts what is seen through the eyepiece ð something that photos and CCDs can 
never do. 

1.6.6.1  Why sketch? 

A drawing of a deep sky object makes a personal record of what was seen by the observer, and so is 
satisfying as an end in itself. However, drawing also forces the observer to look for more detail and, in time, 
this will develop a trained eye that will be useful in all types of observing (Macdonald, 1993). Tom Polakis 
says: ñDrawing what you see through a telescope is a good way to document subtle details. By comparing 
renditions made on different nights, you can look for changes due to sky conditions or your growing ability as 
an observer.ò 

ñAs with most endeavours, skill and hard work 
produce quality results ... Good drawings do not 
require special artistic talent or experience, but 
they do demand close attention, much time at the 
telescope, much time redrawing . . . and honesty 
in not recording details remembered from photo-
graphs but not positively seen.ò 
ï Alan MacRobert 
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Roger Clark writes: ñItôs often said that a picture is worth a thousand words. Composing a thousand words 
takes much time and thought and still may leave the reader with the wrong mental image. So when it comes 
to accurate recording of scientiýc data, thereôs often no substitute for a picture. 

In past centuries a scientist was necessarily a draftsman. Nowadays scientists in almost all ýelds rely 
on photography to record images, and the pencil and sketchpad no longer rank as essential scientiýc tools. 
Visual astronomy, however, remains an exception.ò 

Michael Sweetman of Tucson, Arizona, wrote in Astronomyôs Letters column: ñIôve been drawing objects 
since I began observing, and I draw every time I go to the telescope. I approach my drawings as scientiýc 
illustrations. When youôre preparing for a drawing, proper eyepiece and magniýcation selection are important 
. . . Too little power and the delineation of details canôt be made out, too much power, and contrast and 
form in extended objects like nebulae are lost. A realistic drawing also requires proper paper selection and 
drawing technique, reýned from hours of experience at the telescope and practice away from the telescope. . 
. . As with most endeavours, skill and hard work produce quality results.ò 

1.6.6.2  Equipment 

If good observations are to be made, it is essential that the observer is comfortable and relaxed. An 
observing chair of some sort should be used at the eyepiece. A clipboard is handy for holding the rest of 
your drawing equipment, including your red observing light ð I use a red mini-reading-lamp, with the bulb 
replaced by two super-bright LEDôs, to throw an even light over the sketching area.

 The drawing paper should be illuminated by a dim red light, since a white light will destroy too much of 
the observerôs night vision which is so essential for visual deep sky observing. Macdonald (1993) suggests 
using an A5-sized hardcover sketch book, the paper of which should be high-quality cartridge paper. I use 
80g bond laser-printer paper, cut in half into an A5 size. Before the page is divided, a checklist and circle is 
laserprinted. The circle on the sketch pad represents your ýeld of view in the eyepiece. Macdonald suggests 
a 50mm diameter circle; Mitchell 75-100mm; I prefer 60mm. 

Youôll need a pen to plot stars. Mitchell (1995) is of the opinion that ña pencil works better than a pen 
because a pen cannot convey gradations of brightness.ò While a normal ball-point or fountain pen certainly 
wonôt work, a ýne-point felt-tip pen (we call them koki-pens) is perfect. They make exquisitely small dots with 
their tiny ýbre tips. For brighter stars, slightly more pressure on the pen produces a larger blob. For really 
bright stars, either use a thicker tipped pen, or colour in a little circle. Of course, bright stars remain point 
sources, so donôt draw them as large disks; rather as bloated spots.

 A soft-leaded pencil or charcoal stick (sold at art supply shops) and an eraser is also on your shopping 
list. Only one type of pencil is used at the eyepiece, says Macdonald; different grades of pencil may be 
used to enhance the drawings indoors later on. He writes that the ñideal sketching pencil is the Ebony pencil 
(#6325) made by Eberhard Faber. It is coarse and soft enough to let you use just about any sketching 
technique you want.ò 

Finally, youôll need a ñsmudge stickò or cottonwool earbuds to smudge portions of the drawing. This 
creates the impression of haziness and testiýes to the fact that there are few straight edges and neat 
boundaries to deep sky objects. 

1.6.6.3  Drawing techniques 

Before you put pencil to paper, study the object intently. Try different eyepieces to see the most detail; 
use various ýlters to enhance contrast. Use averted vision to pick out the fainter detail, letting the overall 
impression build up in your mind. David Coleman (1994), commenting on sketching Mars, notes ñI began 
each drawing session by not drawing the planet! It was important for me to spend a quiet 15 or 20 minutes 
carefully observing. It takes practice and patience to train your eye to pick up faint detail, so try not to rush 
right into drawing.ò 

Every time I sketch, Iôm impressed by how much detail I would have missed had I just looked at the 
object for a short while and noted a description. Fainter stars and subtle detail is revealed through extended 
observing. Studying the object with intense concentration and averted vision, says Mitchell, reveals more and 
more detail. When you do start sketching, draw only what you see. 

The ýrst step in sketching is to plot the positions of the brightest stars in the ýeld of view. These stars 
serve as markers that keep the drawingôs proportion correct. Start by plotting a prominent star in accurate 
relation to the ýeld of view circle. Now plot a second one at the appropriate distance, and angle. Work from 
the outside, inwards. Examine the ýeld, and pay close attention to other stars that make distinctive triangles 
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with the two already drawn. Select a star that makes a recognisable shape, and add it in. Continue in this 
way by making triangles, or extended lines, or even rectangles, with new stars. In this way, a framework is 
erected within which fainter stars may be ýlled in. 

Drawing in the bright skeleton of stars should be done quickly. Spend more time imprinting the image 
in the mind than staring at your sketchpad. ñWhile dividing attention between the eyepiece and sketchpad, 
preserve as much night vision as possible by keeping your red light subdued. Limit exposure to light by 
spending most of your time studying the object, and then draw bits of remembered detail in short bursts.ò 
Once youôve selected a spot to position a star, see if there are other triangles in which it is also involved, that 
can conýrm its position. 

If your initial framework is not accurate, rather start again. If, as you get on, you plot a star in the wrong 
place, make sure you correct it. Because I use a pen to plot stars, itôs not a simple matter of erasing. Instead, 
I place the tip of the pen on the offending star, and draw a short (<1mm) tick away from it. When the drawing 
is retouched indoors, there stars are removed. A note in the margin can also draw attention to any alterations 
as needed. Continue plotting the fainter stars, in relation to the brighter ones, until youôve added all the stars 
you can see. 

With the stars in place, sketch the major details of the object, capturing the general shape. Mitchell says: 
ñThis later serves as a template when it comes time to ýll in any subtle detail in the objectôs shape.ò I advise 
that you do this very lightly; often, as you continue observing the object, this overall impression changes, 
especially on complex objects. This again emphasises that prolonged observing shows detail not seen in the 
initial scrutiny. 

With the basics recorded, reýne the sketch by adding details: the glittering of stars resolved in globulars, 
dark dust lanes in galaxies, and so on. Each type of object has a slightly different approach. 

Open clusters are my favourite sketching target. Accurate placement of stars is vital, as is the faithful 
rendering of their brightnesses. Slowly build up the image, working from the outside inwards, using triangles 
and lines to position the stars. If there are an overwhelming number of stars, slightly defocus the eyepiece, 
which hides the fainter clutter. Then refocus to ýll in the fainter members. Open clusters, by the way, respond 
well to moonlight. While the brightened night sky drowns out fainter deep sky objects, star clusters can be 
seen reasonably well. Take advantage of a clear but moonlit light to prepare sketches of open clusters. 
Fainter stellar members can be added in on a dark night. 

Globular clusters can be a real challenge, especially for larger telescopes. Start by drawing the core 
dark, and the outer regions in successively fainter layers of pencil ð say two or three separate layers. This 
should give a zoned or tree-ring appearance to the sketch, but this is eliminated by careful smudging, either 
with a smudge stick or an earbud. This creates a realistic nebulous effect, if you make sure the edges fade 
naturally with no discernible edge. Be careful that you donôt inadvertently increase the size of the object with 
too much smudging; rather start out slightly smaller and build up the correct size with repeated pencilling and 
smudging. The shading should as accurately as possible reþect the brightness proýle of the object; does it 
brighten suddenly or gradually; is the brightening slight or marked? 

To round off the drawing, add stars that are involved in, or very close to, the cluster. The resolved stars 
should be added in from the cluster edge, working inwards. Of course, in the case of a well resolved, rich 
globular cluster (say Omega Centauri in a 15-inch) itôs not a good idea to accurately plot every star; simply 
create the general impression. Mitchell cautions, however, that you shouldnôt ñget carried away and resort to 
madly peppering the cluster with stars at random.ò 

Galaxies are drawn in much the same way as globular clusters, starting with the darker central area (e.g. 
an elongated bar), working outward. Successive smudging deýnes the outer reaches of the galaxy, while an 
eraser is used to indicate obscuring dust lanes. 

Planetary nebulae need a different approach. Many planetaries have well-deýned disks that donôt need 
smudging. Whether its small and bright, or large and faint, ýrst sketch in the outline of the disk. Then ýll in 
the centre so that the nebula becomes a smooth disk. Some planetaries, however, are diffuse, and their 
disks need to be slightly smudged. 

Diffuse nebulae are probably the most difýcult. They are often so faint that smudged pencil creates too 
strong an image. Macdonald suggests you rub your foreýnger or cotton bud with the pencil until it is coated 
with a ýne layer of lead. I prefer to rub the pencil a number of times on a scrap part of the paper. When it is 
well-coated with lead, I then load a cotton bud by drawing it over this ñlead paletteò. Use this coated cotton 
bud to draw the shape of the nebula. Brighter portions may be enhanced by smudging with the ýnger. 

Dark nebulae can be captured with the same approach, although some of them have well-deýned borders 
and are thus more like planetary nebulae. Since some of these nebulae are extremely large, a rich-ýeld 
telescope, or large binoculars, show them better. Such a wide ýeld, however, often includes a great number 
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of brighter stars, needing a longer time to sketch accurately. I prefer preparing the star-ýeld beforehand, 
by printing out on an A4 sheet an unlabelled starmap, down to say 8th magnitude. At the eyepiece, the dark 
nebulae are then ýlled in on this framework; the idea, after all, is to sketch the nebula, not the background stars. 

1.6.6.4  Finishing the drawing

 As you study the ýeld, notice at which edge of the eyepiece the stars appear to move out. Indicate this 
position on your sketch - this is west. East is on the opposite side, of course. To indicate north, turn the 
sketch so that east is pointing upward. If you are using a Newtonian, which has two mirrors, north is to the 
right. If you have a one-mirror system, like a refractor with a star-diagonal, north is to the left. Donôt forget 
to also record the date (and time), instrument and eyepieces used, and the observing conditions which may 
inþuence the quality of the drawing. Also see the section on using an Observing Checklist for details. 

1.6.6.5  Preparing the ýnal version 

Your ýeld sketches are not supposed to be ýnished works of art, but rather rough drafts. For complex 
objects, youôll probably have made several drawings. When youôve completed an evenings sketching, return 
indoors to prepare a better rendition of your work, under normal lighting conditions. Combine the rough 
sketches into a composite version and make any corrections that you noted. 

When you next observe, take your sketch out to the telescope for a moment of truth. Compare it to the 
view in the eyepiece, looking for and noting any inaccuracies. In this way, you can ensure maximum ýdelity 
in your ýnal sketch. Your ýnal sketch should readily show the casual viewer what the skilled observer was 
able to discern only with time and effort at the eyepiece. 

1.6.6.6  Reproducing and displaying sketches 

McDonald suggests redrawing your sketches if they are to be displayed or sent to other observers or 
observing sections. He redraws the sketch, enlarging it by representing the ýeld of view with a 100mm 
circle. ñThis time,ò he notes, ñdifferent grades of pencil are used to highlight different features. For example, 
a 4B (very soft) pencil is used for the cores of galaxies or very bright planetary nebulae, and an HB for faint 
nebulosity. It should be remembered, however, that the relevant positions and brightnesses of the stars and 
nebulae must be the same as in the original drawing. Otherwise, the drawing will lose its accuracy.ò I much 
prefer to do the reproduction digitally, by scanning in the ýnal drawing into a computer graphics ýle. Open 
clusters can be scanned in and retouched with minimum effort. Nebulous objects require a certain amount 
of knowledge of graphics editing software to deal with properly. This creates a permanent record with all 
the beneýts of a digital document. If it is necessary to make a hand-drawn copy, photocopy your original, 
perhaps enlarging it as necessary. Nebulae, which almost always reproduce badly, can now be touched up 
as discussed above. 

1.6.7  Choice of magniýcation 
When choosing the ñbestò magniýcation for an object, you must bear in mind that the eye has very poor 
resolution in dim light. In bright light, the eye can resolve detail ýner than one arc minute, but canôt make out 
features smaller than 20 arc minutes when the illumination is about as dim as the dark-sky background in a 
telescope. This means that details in a very faint object can be seen only if they are magniýed sufýciently. 

While a low-power eyepiece concentrates a faint extended objectôs light and increases its apparent 
surface brightness (the illumination of a given area on the retina), it does not enlarge it sufýciently for clear 
resolution. 

Unlike a star, an extended source such as a galaxy or nebula will grow dimmer as the magniýcation is 
increased. Such an objectôs surface brightness is proportional to the area of the exit pupil. Thus, an object 
viewed with an exit pupil 1mm in diameter has only two percent of the surface brightness is has with a 7mm 
exit pupil. As magniýcation is increased, the sky background grows dimmer at the same rate that the object 
does, so the contrast remains the same. But with higher magniýcations, delicate structure is larger and 
hence more visible. Faint stars are best seen at high magniýcation since the starôs image remains constant 
while the background grows dimmer, improving contrast. 

What all this means is that it is wise to try a wide range of powers on any object. You may be surprised by 
how much more youôll see with one than the other. 
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1.6.8  Practice makes perfect 
Practice is the only sure-ýre way to improve your skills as a deep sky observer. Donôt give up on an object, 
no matter how vague it may look. Have another go. Consider this passage from The Amateur Astronomerôs 
Handbook by James Muirden: 

ñNo opportunity should be lost to train the eye to work with the telescope; to observe the same object 
with different powers so as to see the effect of magniýcation; to try to see faint stars; and to draw planetary 
markings. In the beginning, to be sure, this may all seem to be wasted effort; the observing book will ýll up 
with valueless sketches and brief notes of failure. But this apparently empty labour is absolutely essential; 
for, as the weeks pass, a steady change will be taking place. Objects considered difýcult or impossible 
to see will now be discerned at ýrst glance, and fainter specters will have taken their place. Indeed, 
these former features will now be so glaringly obvious that the observer may suppose that some radical 
improvement has occurred in the observing conditions. But the credit belongs entirely to the eye..ò 

1.7  Astronomy and vision

Bowen (1984) summarizes the route 
taken by light as it encounters a 
human eye: ñThe light ýrst encounters 
the cornea, a transparent window of 
living tissue that is the main image-
forming element of the eye. It ýnally 
reaches the retina, where two types of light-sensitive elements ï rods and cones ï detect it. ... The cones 
distinguish colour, and function best in a bright environment. Rods, on the other hand, cannot discriminate 
colour, but are better as motion detectors and operate best in low-light conditions. The cones are most 
sensitive to green light at about 5600 angstroms, while the rods respond best to blue-green light at about 
5100 angstroms. The retina can detect and function over an incredible brightness range of 1014 times, a 
marvel indeed.ò 

1.7.1  Dark adaptation 
In low-light conditions, the eye takes a while to adapt. MacRobert (1985) advises: ñGive your eyes at least 
half a hour to thoroughly adapt. Complete dark adaptation is critical for seeing faint deep sky detail. Most 
observers never reach proper dark adaptation, because they use torches that are too bright. Studies have 
shown that even red light when sufýciently bright impairs night vision. Make your own ñobserving capsuleò by 
draping a dark cloth over your head. I prefer to wear a black T-shirt upside-down, which I can pull over my 
head as needed. It doubles as a neck-warmer, too. This dark shield cuts off interfering lights and reþections 
from the telescope tube (which in my case is glossy white aluminium). One observer raises the issue of 
óhood humidityô while the warm radiation from your face slows the process of dew formation on the eyepiece, 
the humidity from your eye and breath speeds it up. ñSince the hood traps the moisture from your face, you 
may need to buy or rig up a little heater for your eyepiece to prevent dew from forming on the lens. A simpler 
solution is to step away periodically to let the pocket of humid air disperse.ò An eye-piece heater is probably 
a better solution. 

Another way to maintain dark adaptation is to observe with one eye, while reading starcharts and 
taking notes with the other. I found the eyepatches supplied by hospitals to be woefully inadequate, being 
tiny, discrete things. Instead, I cut a large (12cm x 9cm) piece of soft black leather into an oval shape and 
attached a length of pants-elastic. While at the eyepiece, this þops over my left eye, which can then be kept 
open and relaxed while taking in no distracting image. In less than a moment, I þop the patch over my right 
eye and use the left for ónormalô viewing. 

1.7.2  Averted vision 
The cones are concentrated in the central retina and are the only light-sensitive elements in the fovea 
centralis, which is an area of our vision about 1.5Á in diameter where we have our highest resolving ability. 

The following pages contain the collected writing of several experienced 
observers, giving their opinions about the ýner points of visual observing. 
Topics discussed include dark adaptation, averted vision, magniýcation, 
contrast and observing at the limit. Extensive use is made of the works of 
K P Bowen, R N Clark, L Cain, A MacRobert and S J OôMeara. 
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Outside this area, the rods rapidly gain predominance and reach maximum concentrations in a narrow 
oval ring located about 19Á horizontally and 15Á vertically from the fovea. This off-axis concentration of rods 
is the reason why óaverted visionô (looking slightly away from the point of interest) produces such a dramatic 
improvement in our ability to see faint objects. The dimmest astronomical sources the eye can detect, 
whether stars or nebulae, are seen only with averted vision. Practice aiming your eye in one direction while 
paying attention to something a little off to the side. As MacRobert (1985) points out, ñThis is what deep sky 
observing entails almost all the time.ò 

This is a bit tricky at ýrst, because we must bypass our eyeôs built-in natural instinct to place whatever 
weôre looking at directly on the fovea. Look at a part of the ýeld away from the spot where the desired object 
is, yet be aware of that location without gazing at it. With practice the technique becomes second nature. 

Clark points out that, on the periphery, the eye is about 40 times (4 magnitudes) more sensitive than the 
fovea. Peripheral vision, Clark notes, is best when the object appears 8 to 16 degrees off-axis in the direction 
toward the nose. The areas up, down and toward the ear are not quite as sensitive. The blind spot lies 13-18 
degrees towards the ear; placing the object here will cause it to vanish altogether. 

1.7.3  Troxler phenomenon 
The eye tends to óignoreô an image if its position on the retina remains stationary for any length of time. This 
is known as the Troxler phenomenon, and the eye usually changes its ýxation without our realising it about 
10 times a second to avoid it. During intense observation, however, a person can ýxate on an object long 
enough to cause the image to fade somewhat. Conscious sweeping of the ýeld or taking a break from the 
eyepiece for a few seconds will help prevent this fade-out. 

1.7.4  The role of magniýcation 
A faint extended object (e.g. a galaxy, a bright spot within a galaxy or nebula) should be viewed with enough 
magniýcation so it appears several degrees across to the sky. To be detected, it must be surrounded by a 
darker or lighter background, so the eye can distinguish contrast. Various magniýcations should be tried 
to bring details into the range of best detection. At each magniýcation, considerable time must be spent 
examining for detail. Higher magniýcation should be tried until the object is totally lost from view. The eye 
should be dark adapted for at least 30 minutes so the photochemical visual purple is at full abundance. 
Bright stars and extraneous lights will tend to destroy dark adaptation.ò (Clark 1990:18) 

One piece of conventional wisdom is that low magniýcation should be used for deep sky observing, so 
that light from a faint object is concentrated on a small area of the eyeôs retina. Clark argues: ñThis would be 
true if the retina worked passively, like photographic ýlm. But it doesnôt. The visual system has a great deal of 
active computing power and combines the signals from many receptors to detect a faint extended object. 

Increasing the magniýcation spreads the light over more receptors, and the brainôs processing power can 
then bring into view fainter objects having lower contrast. When you switch from a low to a high power, you 
could gain a magnitude or more in faint stars. This works because high power reduces the surface brightness 
of the entire ýeld by spreading out the light. Doing this dims the sky background without affecting the total 
amount of light arriving from small, discrete objects. Stars appear so tiny that their surface brightness hardly 
looks changed at high power. But even an already dim, diffuse galaxy wonôt be rendered any less visible 
when its surface brightness is lowered (at least within limits), because the galaxyôs contrast with the sky 
remains the same. Youôre actually likely to see it better, because your eye perceives low-contrast objects 
better when they are large. The neural network in your retina is smart enough to gather and correlate the 
galaxyôs light from a wide area. Deep sky vision is quite different in this regard from the behaviour of ódumbô 
photographic ýlm, which responds to surface brightness only.ò 

Clark also notes: ñIt is normally accepted that the highest power [usefully employed on a telescope] is 
about 50 to 60 times the objective in inches. This limit is correct only for bright objects ... for fainter objects 
the eye has less resolution and needs to see things larger, so higher powers are called for. At the limit of the 
eyeôs detection ability, the highest useful magniýcation is on the order of 330 per inch of objective! 

High magniýcation demands a lot from your telescope. If the mounting is unstable, or the slow-motions 
not smooth, then each vibration or bump will cause the image to dance about wildly. Further, the ýeld of view 
becomes narrower as you magnify, making objects a bit more difýcult to keep track of. The effects of an 
unstable atmosphere are exaggerated at high magniýcation. Clark notes that ñmagniýcation also reduces the 
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surface brightness of everything in view. It must not reduce an objectôs surface brightness below the eyeôs 
detection limit, of course, or the object will disappear.ò 

So while higher magniýcation does decrease surface brightness, MacRobert notes, the total number of 
photons of light entering the eye remains the same. It doesnôt really matter that these photons are spread 
out over a wider area; the retinal image-processing system will cope with them. At least within certain limits. 
A trade-off is needed to reach the optimum power for low-light perception: enough angular size but not too 
drastic a reduction in surface brightness. 

Mel Bartels on his ñVisual Astronomyò page concludes that there are a number of ways to make an object 
detectable. Regarding magniýcation, he says: ñUse sufýcient magniýcation to make the background invisible 
and the object about one degree in apparent size. Most amateurs today use too low of power because their 
scopes donôt track, and because óthatôs what everyone else doesô. John Dobson was the ýrst large aperture 
observer to point out the advantages of high magniýcations. Al Nagler, and Brian Skiff, among others, 
have recommended high magniýcations. By increasing magniýcation, you are decreasing sky background 
brightness, and making the object larger in apparent size, both crucial to detectability. For small extended 
objects, you may exceed the old double star observersô rule of 50x per inch of aperture.ò 

Nils Olof Carlin summarises: ñTo detect a faint object, you can increase magniýcation till the sky is so dark that 
you have difýculty seeing the ýeld stop, or till the object has an apparent size of one degree, whichever comes ýrst.ò 

The retina has very poor resolution in dim light (which is why you can see a newspaper at night but not 
read it). Details in a very faint object can be seen only if they are magniýed sufýciently. To get the most out of 
observing, use different magniýcations, including very high, and take time to closely examine the object. And 
donôt forget to make a sketch. 

1.7.5  The role of contrast 
Lee Cain (1986) writes that the ñmost important factor in observing deep sky objects is contrast. The eye 
is capable of seeing extremely faint objects as long as there is sufýcient contrast with the background. 
... Cleanliness inþuences contrast. Dirty optical surfaces are perhaps the biggest enemy of contrast in 
telescopes. Dirt near the telescopeôs focal plane is most detrimental, because here the light is concentrated 
and light-scattering dust is more nearly in focus to the eye. Eyepieces, diagonals, and secondary mirrors 
should be kept as clean as possible.ò 

ñThe inside of a telescope should be blackened and well bafþed to keep stray light form entering the 
eyepiece. But the amount of stray light in even a poorly bafþed telescope is less than what enters the eye 
from around the outside of the eyepiece. ... I suggest using a rubber eyecup or draping a black cloth over 
your head while observing.ò 

1.7.6  Deliberate image motion 
Since the low-level light receptors, rods, are good at picking up motion, some observers lightly tap the 
telescope tube, causing the image to move about. In this way they notice detail in an object that they 
otherwise wouldnôt pick up. How much to rock? With a 40arcmin ýeld of view, I use up to 10 arcmin swings 
(amplitude). In my experience, the image should not move too rapidly, or it simply becomes a blur ð you 
donôt want to generate your own seeing! Also, this techniques seems more effective when used with a 
telescope than when applied with binoculars. 

1.7.7  Observing at the limit 
Schaefer (1989) notes: ñOnly three parameters have a big effect on the limitng magnitude: aperture, 
magniýcation, and the naked-eye limiting magnitude at zenith. A telescope of larger aperture obviously 
collects more light. Higher magniýcation spreads the background sky brightness over a larger angle, so a 
telescopic viewer sees a fainter skyglow and hence can pick out fainter stars. The zenith magnitude is an 
indicator of sky brightness: the fainter you can see without the telescope, the fainter you can see with it.ò 

An important concept is the probabilistic nature of observing at the limit. Schaefer comments that 
ñthe actual limit depends on the observerôs conýdence. If youôre absolutely sure that a star of magnitude 
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14.0 is always visible, you may still get occasional deýnite glimpses of a 15.0 star. Faint-star visibility is a 
probabilistic affair.ò Clark (1994) expands on this: ñObservers looking at extremely faint stars note that the 
star will blink into view occassionally; it is only seen for brief moments. ñBy increasing the óintegration timeô 
- the time spent trying to make a detection - a few blinks detected at the same location can build up to the 
positive identiýcation of stars or faint objects normally considered beyond reach ... The longer you look, the 
fainter you should see. Laboratory research on the eyeôs response to faint light shows that detection limits 
can be likened to a probability curve ... there is no single limiting magnitude for a given telescope aperture.ò 

ñThe best observers achieve results at the 2 percent level, yet they are actually detecting the target star 
perhaps only 1 percent of the time. The reason is simple: its difýcult to hold your eye steady enough to allow 
the most sensitive part of your retina to collect photons from a tiny part of the total image. Thus while you 
might spend 100 seconds trying to detect a faint star, it is challenging to hold your eye steady in the correct 
position for even 50 seconds. Even the best observers canôt do it all the time, and they have practiced the 
technique long and hard.ò 

Some 5 to 10 minutes are needed to detect faint objects at the 5% probability level. ñTo push the 
detection level to the 2 percent threshold requires much longer observation time. You also need to be far 
away from city lights and have keen averted vision and intense concentration. If you cannot escape all city 
lights, there are tricks that will help you achieve the faintest possible observation. High on my list is total 
isolation from extraneous light. Cover your head with a black cloth if you must. Or use higher magniýcations, 
which help reduce the sky background and the interference of bright stars in the ýeld ... Another aid is to tap 
the telescope tube lightly when trying to conýrm a sighting of a faint star, since our eyes are very sensitive to 
motion. Some observers breathe more deeply or frequently than normal, in the hope that doing so will deliver 
more oxygen to the eyeôs receptors.ò 

ñBut there is more to observing than simply detecting faint stars. The probabilty principles can apply to 
contrast in extended objects. You may detect a low-contrast feature on a planet by simply observing it long 
enough for it to óþashô into view. Planetary observers usually credit seeing changes as being responsible 
for all ýne, low-contrast detail they see. Some of these ómoments of good seeingô might well be the eye and 
brain combination hitting those low probability levels! ... Again, to reach the lowest levels, you must have 
excellent skies ... You must be far from cities and work on very clear nights.ò 

1.7.8  Colour vision 
Clark (1990) writes that ñthe human eye is a remarkable detector of colour under bright daytime conditions. 
But the colour receptors, the cones, do not function at all in the low light levels of night, so no colour is seen.ò 

Shaefer (1993) points out that ñthe human eye can detect colours from sources brighter than 1500nL. The 
reason is that photopic vision (i.e. day vision which uses the retinal cones; as opposed to scotopic vision, or 
night vision, which uses rods) has three types of photopigments, each with a different spectral sensitivity. So 
the eye simultaneously measures the brightnesses of an image over three different wavebands, much like 
taking CCD images through three different ýlters or taking a colour photograph with three different chemical 
dyes. The situation is also analogous to photometry in the Johnson UBV system, where three intensities are 
measured.ò

To detect colour in deep sky objects, do not use averted vision ï look directly at the object. 

1.7.9  Are two eyes better than one? 
Bowen (1985) reports: ñWhen low-contrast targets are viewed, there is a 40% improvement in resolution 
with binocular as compared to monocular vision. Binocular vision also gives an improvement in contrast 
sensitivity on the order of 40%. Also, there is a lower light threshold; there is a 25ï40% gain in the ability to 
see faint objects.ò 
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1.8  The atmosphere, weather, and seeing 
The atmosphere which blankets us greatly inþuences our view of the universe. Weather conditions, too, play 
an important role in the quality of observing. Not to forget the growing problem of light pollution. Some of 
these complex topics are discussed here. 

ñUnder a clear sky,ò writes Schaefer (1993), ñthe twinkling of stars creates an atmosphere of liveliness.ò 
MacRobert (1995) says that ñviewed at high power from the bottom of our ocean of air, a star is a living thing. 
It jumps, quivers, and ripples tirelessly, or swells into a ball of steady fuzz.ò Schaefer continues: ñThis rapid 
change in a starôs apparent brightness is termed scintillation. Even though stars subtend inýnitesimal solid 
angles, they appear in a telescope as a ýnite disk with fuzzy edges. This image blurring is called seeing. 
When a star is viewed through a small telescope, the light appears to move around like a will-oôthe-wisp 
dancing around a fairy. This effect is called image movement.ò 

ñAll three phenomena are closely related manifestations of turbulence in the atmosphere. The correct idea 
was ýrst advanced by Robert Hooke in 1665 when he suggested the existence of ñsmall, moving regions of 
atmosphere having different refracting powers which act like lenses.ò The refractive index of the air varies 
slightly from point-to-point due to small changes in temperature and density caused by turbulent motions of 
the winds and heating from the ground. So the path of a beam of light passing through the atmosphere will 
be bent and kinked from the random scatterings imposed by the weak refractive prisms of air. An observer on 
the ground will be able to see light from a point source by looking in many directions at once. This spreading 
of the light into a óseeing diskô is caused by many small angle scatterings, and hence has a two-dimensional 
Gaussian distribution. As the wind blows the eddies across the line of sight, the number and centroid of paths 
will shift randomly resulting in scintillation and image movement.ò 

ñThe best introductory article on this topic is Young (1971) while Mikesell, Hoag and Hall (1951) provide 
a good discussion of the observational properties of scintillation. A review paper by Coulman (1985) gives a 
detailed technical discussion along with an extensive bibliography.ò

1.8.1  Slow and fast seeing 
MacRobert (1995) notes that ñTelescope users recognize two types of seeing: óslowô and ófastô. Slow seeing 
makes stars and planets wiggle and wobble; fast seeing turns them into hazy balls that hardly move. You can 
look right through slow seeing to see sharp details as they dance around, because the eye does a wonderful 
job of following a moving object. But fast seeing outraces the eyeôs response time.ò 

1.8.2  Twinkling 
ñAn old piece of amateur folklore is that you can judge the seeing with the naked eye by checking how much 
stars twinkle. This often really does work. Most of the turbulence responsible for twinkling originates fairly 
near the ground, as does much poor seeing. But high-altitude fast seeing escapes this test. If the star is 
scintillating faster than your eyeôs time resolution (about 0.1 second), it will appear to shine steadily even if a 
telescope shows it as a hazy fuzzball.ò 

1.8.3  Transparency 
Transparency describes the clarity of the atmosphere. As the transparency worsens, faint stars begin to 
disappear. Extended objects such as nebulae suffer most from poor transparency, lunar and planetary detail 
from poor seeing, star clusters equally from both effects. 

1.8.4  How to identify sources of seeing 
MacRobert (1995) ñTube currents of warm and cool air in a telescope are real performace killers. Reþectors 
are notorious for their tube currents. Any open-ended tube should be ventilated as well as possible. 
Suspending a fan behind a relfectorôs mirror has bgecome a popualr way to speed cooling and blow out 
mixed-temperature air. Itôs easy to check whether tube currents trouble your images. Turn a bright star far out 
of focus until its a big, uniform disk of light. Tube currents will show as thin lines of light and shadow slowly 
looping and curling across the disk.ò 

On the other hand, if the out-of-focus star disk swarms with wrinkles that scoot across the view, entering 
one edge and leaving the other, then there is local seeing near the telescope. 
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To combat local seeing: allow your telescope to cool down before observing; avoid tube currents (þows of 
warm and cool air in a telescope tube), keep body heat and breath out of the light path, and try to keep the 
telescope surroundings ñthermally friendlyò (grass is better than pavements; the þatter and more uniform the 
greenery the better; the higher off the ground, the better). 

1.8.5  Weather indicators 
The following bits of advice were gleaned from various authors; I really donôt have a good understanding of 
the weather and its role in astronomy ï any help would be welcome. 

1 Watch the colour of the daytime sky, especially near the horizon. The bluer the sky, the darker the night 
will probably be. The white haze in a blue sky consists of microscopic water droplets that have condensed 
on tiny solid particles, primarily sulphate dust from distant factories and power plants. These particles are 
the precursors of acid rain. They do just as good a job of scattering artiýcial light at night. A deep blue sky 
in the afternoon should mean a transparent sky after dark. 

2  If low humidity is predicted by the weatherman, thatôs a good sign. 

3  A windy cold front sweeping through a city can clear out local air pollution, leaving the night marvelously 
dark. The windiest city and suburban nights are often the darkest. A passing rainstorm or blizzard can 
also leave an unusually dark night in its wake. 

4  Poor seeing does seem more likely shortly before or after a change in the weather, in partial cloudiness, 
in wind, and in unseasonable cold. Any weather pattern that brings shearing air masses into your sky is 
bad news. 

5  After a cold front passes - often with a heavy rain or snowstorm - the sky usually becomes very dark and 
crystal clear but, unfortunately, very turbulent. These clear nights, when stars twinkle vigorously and the 
temperature plummets, may be great for deep sky observing but are usually worthless for the planets. 

1.8.6  Impact of light pollution 
A typical suburban sky today is about 5 to 10 times brighter at the zenith than the natural sky. In city centres 
the zenith may be 25 or 50 times brighter than the natural background. 

Where thereôs no light pollution the limiting magnitude is usually assumed to be 6.5, though some people 
can see fainter. Under such conditions, the sky is packed with stars, the Milky Way is a mass of swirling, 
jumbled detail and any clouds appear blacker than the sky itself. At a limiting magnitude of 5.5, clouds are 
brighter than the sky because they are lit from below. The Milky Way is still easily visible but far less detailed. 
At limiting magnitude 4.5, the Milky Way is barely detectable as a faint, nearly featureless band. At a limit of 
3.5 the Milky Way is completely invisible. 

David W. Knisely posted an item to sci.astro.amateur (Subject: Measuring sky ódarknessô, Date: Thu, 22 
Jan 1998 19:52:21), in which he suggests the following guidelines for naked-eye limiting magnitudes and 
overhead light-pollution ratings: 

Light pollution Severe: Only mag. 3.0 and brighter (or worse) are visible.

Light pollution Moderate: mag. 3.1 to 4.5 visible. 

Light pollution Mild: mag. 4.6 to 5.5 visible. 

Light pollution Dark Sky: mag. 5.6 to 6.5 visible (occasional light domes). 

Light pollution Pristine: mag. 6.6 and fainter visible (little or no light pollution). 

There is a separate resource for determining the naked-eye limiting magnitude ï contact me if you would 
like this information.

1.9  Selecting an observing site 
When selecting an observing site, various criteria should be considered. Iôve collected the points of view of a 
few authors, summarising the properties they think are important. 
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My feeling is that convenience and comfort should be carefully considered. The quicker and easier 
you can observe, the more often youôll do it. Also, as MacRobert notes, ñyour surroundings colour your 
experience of the Universe.ò Iôve spent hours observing alone in a nature reserve, with only the sound of 
small animals and the nearby stream to compliment the celestial views ð a different level of enjoyment 
compared to my backyard, with its easy access to the CD player and coffee machine. 

Hunter (1989) considers: 

1  transparency 
2  favourable weather 
3  height above sea lelvel 
4  seeing 
5  amount of sky visible from the site 
6  cost of using the site 
7  cost of transport to the site 
8  set-up time 

MacRobert (1991) presents his ñlist of six things that matter.ò They are: 

1  lights nearby 
2  light pollution in the sky itself 
3  how much sky is visible 
4  convenience 
5  privacy/safety 
6  the locationôs overall aesthetics. 

From Sidgewick (reference incomplete): 

1  remoteness from road and rail trafýc 
2  remoteness from any urban area, especially in the direction of the prevailing wind, and in inhabited 

  buildings in the immediate vicinity, 
3  absence of all artiýcial lights not controllable from the site
4  clear view of the whole stellar hemisphere 
5  protection from the wind 
6  surroundings planted with low vegetation, or at least grassed 

1.9.1  Site selection and dew
To help eliminate dew, you can choose a site less prone to dewing. As it gets later in the evening, the air 
cools, gets heavier and sinks into low-lying areas. The moisture-laden air thus settles into valleys and low 
depressions, and dew is likely to form; to avoid this, select a site situated on the side of a gentle hill. 

MacRobertôs (1995) suggestions: ñGeography is critical. Smooth, laminar airþow is the ideal sought by 
observatory siting committees worldwide. The best sites on Earth are mountaintops facing into prevailing 
winds that have crossed thousands of miles of þat, cool ocean. You donôt want to be downwind of a 
mountain; the airstream breaks up into turbulent swirls after crossing the peak. Nor do you want to be 
downwind of varied terrain that absorbs solar heat differently from one spot to the next. Flat, uniform plains 
or gently rolling hills extending far upwind can be almost as good as an ocean for providing laminar airþow. 
You may learn to predict which wind direction brings you the smoothest air.ò
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Deep sky catalogues
Messierôs list isnôt the only one, you know. Nor the oldest, for that matter. Messier published the ýrst version 
of his catalogue in 1771; twenty years before him, another Frenchman, Nicholas-Louis de la Caille, was 
observing the southern sky from Cape Town and compiled the ýrst southern list of non-stellar objects. 

2.1  Lacaille 
One of the earliest catalogues of deep sky objects is the one prepared in the 1750ôs by Abbe Nicholas Louis 
de la Caille (1713ï1762), who has the distinct honour of being the ýrst person to systematically observe the 
whole sky. During his stay at the Cape of Good Hope, Lacaille drew up a short list of the most remarkable 
objects he had come across. 

Lacaille was at the Cape primarily to compile a star catalogue. During his short visit (1751ï1752) he 
accurately recorded positions and magnitudes of no less than 10 000 stars. He also published a list of 42 
southern nebulae, which he divided into three types: óNebulosities not accompanied by starsô, óNebulosities 
due to clustersô, and óStars accompanied by nebulosity. In his report to the French Academy of Sciences, 
Lacaille wrote: 

ñThe so-called nebulous stars offer to the eyes of the observers a spectacle so varied that their exact and 
detailed description can occupy astronomers for a long time and give rise to a great number of curious 
reþections on the part of philosophers. As singular as those nebulae are which can be seen from Europe, 
those which lie in the vicinity of the south pole concede to them nothing, either in number or appearance. 
I am sketching out this description and list to serve as a guide for those with the equipment and leisure to 
study them with larger telescopes. I would have greatly desired to present something more detailed and 
instructive in this article, but with ordinary refractors of 15 to 18 inches [in length] such as I had at the Cape 
of Good Hope, I had neither adequate nor convenient enough instruments for this kind of research. Those 
who do take the trouble to see what has occupied me during my foreign sojourn will see well enough that I 
did not have time to make that sort of observation.ò 

ñI have found a great number of the three types of nebulosities in the southern part of the sky, but I do not 
þatter myself to think that I have noticed them all, especially those of the ýrst and third types, because they can 
only be perceived after twilight and in the absence of the moon. However, I do hope that the list is passably 
complete in regard to the most remarkable of the three types.ò (Quoted from Gingerich) 

Evans (1990) notes: ñConsidering that this list is based on the data from [the star catalogue], that is, 
almost always one shot of the passing sky in a very small telescope, certainly very inferior to modern 
binoculars, it is as good as might be expected. One can also reþect that Lacaille seems to have been the ýrst 
person ever to observe systematically the whole sky, an honor which the present author once ascribed to Sir 
John Herschel, who used much the same technique with a telescope of some ten times larger diameter from 
a site some 6 miles south of Lacailleôs. He, of course, did very much better and is the principal source of the 
southern data in the NGC.ò 

Lacaille also studied the Magellanic Clouds: 
ñAs a result of examining several times with a telescope . . . those parts of the Milky Way where the whiteness is 
most remarkable and comparing them with the two clouds common called the Magellanic Clouds, which the Dutch 
and Danes call the Cape Clouds, I saw that the white parts of the sky were similar in nature, or that the clouds are 
detached parts of the Milky Way, which itself is often made of separated bits. It is not certain that the whiteness 
of these parts is caused, according to received wisdom, by clusters of faint stars more closely packed than in 
other parts of the sky, whether of the Milky Way or of the Clouds, I never saw with the ... telescope anything but 
a whiteness of the sky and no more stars than elsewhere where the sky is dark. I think I may speculate that the 
nebulosities of the ýrst kind are nothing more than bits of the Milky Way spread round the sky, and that those of 
the third kind are stars, which by accident are in front of luminous patches.ò (Quoted from Evans) 

His record of the Coalsack, the prominent dark nebula in Crux, is one of the ýrst on record: 
ñOne can add among the phenomena which strike the eye of anyone looking at the southern sky, a space of 
about 3 degrees in every direction which seems intensely black in the eastern part of the Southern Cross. This is 
caused by the contrast with the brightness of the Milky Way which surrounds this space on all sides.ò 

Lacailleôs catalogue is presented in Appendix 1.
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2.2  James Dunlop 
The ýrst ñproperò southern deep sky catalogue was drawn up by a former factory hand who had taught 
himself astronomy ï James Dunlop (1795-1848). Dunlop arrived in Australia in 1821 and observed the 
southern skies with a 9-inch speculum mirror from Paramatta (óPlace of Eelsô), New South Wales. 

He drew up a list of about 600 deep sky objects, for which he was awarded the Gold Medal of the Royal 
Astronomical Society. In his 1827 article, presented to the Royal Society by Sir John Herschel, Dunlop writes: 

ñThe following nebulae and clusters of stars in the southern hemisphere were observed by me at my house in 
Paramatta, situated about 6ǌof a degree south and about 1s.78 of time east of the Brisbane Observatory. The 
observations were made in the open air, with an excellent 9feet reþecting telescope, the clear aperture of the 
large mirror being nine inches. This telescope was occasionally ýtted up as a meridian telescope ... 

ñ... the eye end of the telescope was raised or lowered by a cord over a pulley attached to a strong wooden 
post let into the ground about two feet: with this apparatus I have observed a sweep of eight or ten degrees in 
breadth with very little deviation ... and the tremor was very little even with a considerable magnifying power. 

ñI made drawings or representations of a great number of the nebulae and clusters at the time of observation 
... and also very correct drawings of the Nebulae major and minor, together with a representation of the milky 
nebulosity surrounding the star Eta Robur Caroli. ... 

ñThe reductions and arrangement have been principally made since my return to Europe; and I trust this 
catalogue of the nebulae will be found an acceptable addition to that knowledge which the Brisbane observatory 
has been the means of putting the world in possession of, respecting that important and hitherto but little known 
portion of the heavens.ò 

For various reasons, a great many entries in Dunlopôs catalogue are suspect. Some are badly described 
and are difýcult to verify, while others simply do not exist. John Herschel was the ýrst astronomer to try and 
locate Dunlopôs objects; in some cases he was able to identify the objects Dunlop described. 

I have compiled a list of Dunlop objects as observed by Herschel; these are listed in the table in Appendix 
2 on page 33. Included in that list is one identiýcation made by Magda Streicher, a member of the Deep Sky 
Observing Section. I would be glad to assist anyone who would like to take on this task of properly cross-
identifying Dunlopôs objects ï please contact me. 

Further reading
Cozens G & White G L (2001) James Dunlop: Messier of the southern sky. Sky & Telescope, June, 112ï116. 

Cozens G (1987) James Dunlop ï Pioneer of the Southern Skies. Universe, February, 6ï7. 

2.3  John Herschel
Shortly after Dunlopôs work appeared, the renowned observer John Frederick William Herschel arrived in 
Cape Town to continue his survey of the northern skies. In 1847 his lengthy ñCape Resultsò was published, 
containing the ýrst thorough deep sky catalogue of 
southern objects.

ñOn January 15, 1834 there arrived at the Cape a 
young English scientist and philosopher who for sheer 
drive, intellectual capacity and versatility has had few 
equals in the long history of callers at Table Bay.

ñJohn Frederick William Herschel, Bart., K.H. was 
born at Slough, near Windsor, on the 7th March, 
1792 and died at Collingwood, Kent on the 11th May, 1871, in his eightieth year. He is buried in Westminster 
Abbey not far from Newton. John was the only child of Sir Frederick William Herschel and, like his father, 
was one of the greatest astronomers of all ages.ò

ñIn 1820, assisted by his father, he completed a mirror of 18 inches diameter and 20 feet focal length 
[f/13] which became the heart of the telescope with which much of his later observing was done.ò

ñ...there was an air of dilettantism about Herschel. His mind ranged over a vast number of subjects ... but 
when it came to physical hard work his enthusiasm would often þag ... Professor Pritchard in his biographical 
notice in the Encyclopaedia Britannica wrote óHerschel had become an astronomer from a sense of duty, just 

ñI resolved to attempt the completion of a survey of the 
whole surface of the heavens, and for this purpose to 
transport into the other hemisphere the same instrument 
which had been employed in this, so as to give a unity to 
the results of both portions of the survey and to render 
them comparable with each other.ò  
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as his father had become one by fascination 
and ýxed resolve: hence it was by ýlial loyalty 
to his fatherôs memory that he was now 
impelled to undertake the completion of that 
work which at Slough had been so grandly 
commended. William Herschel had explored 
the northern heavens; John Herschel 
determined to explore the heavens of the 
south, as well as re-explore the north.ô ñ

Evans continues: ñWe need now to 
envisage Herschel some time in 1832: He 
is one of the most celebrated scientists in 
Europe, a knight, honored by numerous 
scientiýc bodies, happily married, acquainted 
with all the most distinguished scientists of 
Europe, a polyglot, with German, French, 
Italian, Latin and Greek at his command. He has made a name for himself in mathematics, astronomy, 
chemistry and several other ýelds. Now he thinks of observing the southern sky just as he has done the 
northern, and he seeks for a place to carry out his ambition. The choice is very limited . . . South America, 
South Africa, and Australia.ò For obvious reasons he chose South Africa; it offered, amongst others, ñan 
astronomical tradition and an active observatory, a healthy climate, and a convenient longitude.ò

ñTo achieve this object, he and his family set sail from England late in 1833 aboard the East Indiaman, 
the óMountstuart Elphinstoneô. After a voyage of two months they came ashore, Herschel himself, his wife, 
the four children Caroline, Emilia Mary, William 
James, and Isabella. Then there was the 
mechanic, John Stone, who had in his charge 
the 20-foot reþector of 18 inches aperture (with 
classical pedantry the mirrors provided for it 
were often referred to as ósesquipedalianô) and 
an equatorially mounted refractor of 5 inches 
diameter and 7 feet focus [f/17].ò

For the next four years, Herschel swept 
the southern skies, producing a detailed 
catalogue of non-stellar objects, published in 1847 as Results of Astronomical Observations made during 
the years 1834, 5, 6, 7, 8, at the Cape of Good Hope; Being the completion of a telescopic survey of the 
whole surface of the visible heavens, commenced in 1825. This southern catalogue gives positions and 
descriptions for 1708 objects, of which 98 also appear in his northern catalogue. Of these objects, Herschel 
notes: ñ206 have also been identiýed, with more or less certainty . . . with objects observed by Mr Dunlop, 
and described in his Catalogue of Nebulae. The rest of the 629 objects, comprised in that catalogue, have 
escaped my observation; and as I am not conscious of any such negligence in the act of sweeping as could 
give rise to so large a defalcation, but, on the contrary, by entering them on my working lists . . . took the 
usual precautions to ensure their rediscovery; and as I am, moreover, of opinion that my examination of the 
southern circumpolar region will be found, 
on the whole, to have been an effective one, 
I cannot help concluding that, at least in the 
majority of those cases, a want of sufýcient 
light or deýning power in the instrument used 
by Mr Dunlop, has been the cause of his 
setting down objects as nebulae where none 
really exist. That this is the case, in many 
instances, I have convinced myself by careful 
and persevering search over and around the 
places indicated in his catalogue.ò

Notes from Herschelôs Cape diaries

John Herschelôs diaries during his 19th century stay at the Cape give a fascinating insight into the life of 
this active observer. During his visit, he worked closely with Thomas Maclear, HM Astronomer at the Royal 
Observatory at the Cape of Good Hope.

An Occupation for an Independent Gentleman: 
Astronomy in the life of John Herschel
ñSir John Frederick William Herschel occupies a pivotal position in 
the history of British astronomy. He formed the living link between 
two styles or traditions of science by being the last major specimen of 
one breed, and the inspiration and intellectual role model for the gen-
eration to follow. For John Herschel was perhaps the last signiýcant 
ýgure to devote himself wholly and full-time to fundamental research 
in astronomy and its related sciences on the strength of a private for-
tune. And while the stature that he enjoyed did much to stimulate the 
concept of the óprofessionalô astronomer in Britain, so many of these 
men of the rising generation who admired his thorough-going dedica-
tion to science were themselves more obviously professional in the 
respect that they earned their livings through academic science. One 
sees in him, therefore, an eclectic blend of attitudes towards what sci-
ence was, how it should be pursued, and how it should be paid for.ò

(Chapman 1993)

ñThe principal object kept in view during the progress of my 
southern sweeps was the discovery of new nebulae. The detec-
tion and measurement of double stars was regarded as of sub-
ordinate interest, and allowed to interfere as little as possible 
with the former enquiry. To have executed a regular review 
of the southern heavens with the twenty-feet reþector for the 
purpose of detecting close double stars would have required at 
least two additional years.ò 

When London viewed the southern skies:
The reception of Sir John Herschelôs Cape Results.
ñOne sometimes wonders whether John Herschel felt haunted by 
the nebulae: as objects which he had inherited from his father and 
about which he could never really make up his mind. ... he hoped 
that after sufýcient investigation with large telescopes their nature 
might be revealed just óas the double stars have yielded to this style 
of questioning.ô Yet that promise was never fulýlled in his lifetime, 
and in the introductory pages of his deýnitive óCatalogue of Nebulae 
and Clusters of Starsô one senses the presence of a problem long since 
recognised yet not yet solved.ò (Ruskin 1997)
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I have gone through three works directly related to this period: Herschelôs own ñResults of Cape 
Observationsò, and the diary extracts published by Warner & Warner (1984) and Evans et al (1969).

From these I have collected some lists of interesting or otherwise remarkable objects, presented in 
Appendix 3 (page 34). On several occassions, Herschel noted regions very rich in faint stars ï these óMilky 
Way Clustersô, together with their corresponding NGC 
numbers are listed in a table. Interesting descriptions and 
challenging objects are given in two other tables. There is 
also a reproduction of the ýrst deep sky sketch he made at 
the Cape.

  

2.4  Dreyer 
Johann Dreyerôs 1888 update of John Herschelôs óGeneral Catalogueô has become the most widely-used 
deep sky catalogue of all times, listing 8,000 objects of all types excepting dark nebulae. 

Dreyer was born in Denmark, but emigrated to Ireland in 1874 to work at Lord Rosseôs great observatory 
in Parsonstown. Though an amateur, the third Earl of Rosse had built successively larger speculum mirror 
reþecting telescopes through the late 1830ôs and early 1840ôs. The series culminated in a massive 72-inch 
telescope, the largest in the world from the date of its completion in 1845 until its dismantling just before 
the ýrst World War. Rosse, his son (the fourth earl), and his observers (Dreyer was one of these) spent 
years examining and measuring the known nebulae in the northern sky with the famous ñLeviathan of 
Parsonstown,ò and discovered many more fainter nebulae themselves. 

During the observations, it became clear to Dreyer that it was time to update Sir John Herschelôs so-
called GC (General Catalogue) of nebulae and star clusters, published in 1864. Just a decade later, there 
were simply too many new nebulae being discovered and too many different lists to consult for previous 
discoveries. Preparing observing lists or simply ýnding if a nebula had been previously found by another 
observer had become a time-consuming chore. Thus, Dreyer published a supplement to the GC of about 
1000 new objects in 1878, and ð having suggested yet another supplement in 1886 ð was instead asked 
by the Royal Astronomical Society to assemble a ñnew general catalogueò of non-stellar objects. Dreyer, 
who had in the meanwhile been appointed Director of Armagh Observatory in Northern Ireland in 1882, then 
added the latest 1500 objects to the previous lists, combined them all in Right Ascension (for 1860) order, 
and the ñNew General Catalogue of Nebulae and Star Clustersò appeared as Volume 49, Number 1 of the 
Memoirs of the RAS in 1888. 

Assembling the NGC, Dreyer had to contend with conþicting claims of position and description for what 
he often suspected to be the same nebula. Some of these he could check himself; most ð because of the 
overwhelming numbers of objects ð he simply had to accept as published. Fortunately, he was an excellent 
transcriber ð very few of the errors in the NGC can be traced to carelessness on his part (his most common 
error, or that of his uncredited assistants, was to apply precession with the wrong sign to declinations). 
Most of the problems in the NGC are with the original positions and descriptions, coming as they did from 
many different observers using telescopes 
ranging in size from 2 inches to 72 inches, 
and relying on auxiliary instrumentation that 
ranged from nonexistent to state of the art. 

At one extreme were the careful 
observations of the astrometrists working at 
professional observatories. These observers 
were actively involved not only in nebular 
astronomy ð indeed, with one or two 
exceptions, the nebulae consumed very little 
of their time and attention ð but in setting 
up the fundamental coordinate reference 
system which we still use today in a form 
little different than it was a century ago. These observations, made with precision optical micrometers, tie 
the positions of the nebulae into the fundamental system with random errors on the order of a few tenths of 
an arc-second. Only in the past two decades have better positions for a signiýcant number of galaxies been 
determined from plates taken with astrographic telescopes. 

On the other hand, there were many amateur and semi-professional astronomers actively making 
discoveries. Some of these observers were well-equipped with large, solidly-mounted telescopes ýtted out 

ñAs Nelson swept the seas you sweep the skies, 
leaving little for those who may come after you.ò
Letter from Thomas Maclear to John Herschel, 

Royal Observatory, April 5, 1834 

NGC/IC Project
The NGC/IC Project is an attempt to correctly identify 
all of the original NGC and IC objects, starting with the 
original discovererôs notes and working forward in time 
to encompass the work of contemporary astronomers, 
both professional and amateur, such that the identity 
of each of the NGC and IC objects is known with as 
much certainty as we can reasonably bring to it from the 
existing historical record. 

[http://www.ngcic.com]


