
APPENDIX 1

Listed below are limiting-magnitudes and resolution values for a variety of 
common-sized (SIZE in inches) backyard telescopes in use today, ranging from 
2- to 14-inch in aperture. (The 2.4-inch entry is the ubiquitous 60 mm refractor, 
of which there are perhaps more than any other telescope in the world!)

Values for the minimum visual magnitude (MAG.) listed here are for single 
stars and are only very approximate, since experienced keen-eyed observers may 
see as much as a full magnitude fainter under excellent sky conditions. Compan-
ions to visual double stars – especially those in close proximity to a bright 
primary – are typically much more diffi cult to see than is a star of the same 
magnitude placed alone in the eyepiece fi eld. Among the many variables involved 
are light pollution, sky conditions, optical quality, mirror and lens coatings, 
eyepiece design, obstructed or unobstructed optical system, color (spectral type) 
of the star, and even the age of the observer. Only a few representative limiting 
magnitudes are given here (in increments of increasing aperture), as an indica-
tion of what an observer might typically expect to see in various sizes of 
telescope.

Three different values in arc-seconds are listed for resolution, which are 
for two stars of equal brightness and of about the sixth magnitude. These fi gures 
differ signifi cantly for brighter, fainter and, especially, unequal pairs. DAWES 
is the value based on Dawes’ Limit (R = 4.56/A), RAYLEIGH on the Rayleigh 
Criterion (R = 5.5/D), and MARKOWITZ on Markowitz’s Limit (R = 6.0/D). Note 
that in these equations “A” (for aperture) and “D” (for diameter) are the same 
thing.

Telescope 
Limiting-

Magnitude & 
Resolution
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SIZE MAG. DAWES RAYLEIGH MARKOWITZ

 2.0 10.3 2.28 2.75 3.00
 2.4 1.90 2.29 2.50
 3.0 11.2 1.52 1.83 2.00
 3.5 1.30 1.57 1.71
 4.0 11.8 1.14 1.38 1.50
 4.5 1.01 1.22 1.33
 5.0 0.91 1.10 1.20
 6.0 12.7 0.76 0.92 1.00
 7.0 0.65 0.79 0.86
 8.0 13.3 0.57 0.69 0.75
10.0 13.8 0.46 0.55 0.60
 11.0 0.42 0.50 0.55
12.0  0.38 0.46 0.50
12.5 14.3 0.36 0.44 0.48
13.0  0.35 0.42 0.46
14.0 14.5 0.33 0.39 0.43
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APPENDIX 2

The following table gives the standard International Astronomical Union (IAU) 
three-letter abbreviations for the 88 offi cially recognized constellations, together 
with both their full names and their genitive (possessive) cases, and order of size 
in terms of number of square degrees of sky.

Constellation 
Names and 

Abbreviations
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ABBREV. NAME GENITIVE SIZE

AND Andromeda Andromedae 19
ANT Antlia Antliae 62
APS Apus Apodis 67
AQR Aquarius Aquarii 10
AQL Aquila Aquilae 22
ARA Ara Arae 63
ARI Aries Arietis 39
AUR Auriga Aurigae 21
BOO Bootes Bootis 13
CAE Caelum Caeli 81
CAM Camelopardalis Camelopardalis 18
CNC Cancer Cancri 31
CVN Canes Venatici Canum Venaticorum 38
CMA Canis Major Canis Majoris 43
CMI Canis Minor Canis Minoris 71
CAP Capricornus Capricorni 40
CAR Carina Carinae 34
CAS Cassiopeia Cassiopeiae 25
CEN Centaurus Centauri 9
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ABBREV. NAME GENITIVE SIZE

CEP Cepheus Cephei 27
CET Cetus Ceti 4
CHA Chamaeleon Chamaeleontis 79
CIR Circinus Circini 85
COL Columba Columbae 54
COM Coma Berenices Comae Berenices 42
CRA Corona Australis Coronae Australis 80
CRB Corona Borealis Coronae Borealis 73
CRV Corvus Corvi 70
CRT Crater Crateris 53
CRU Crux Crucis 88
CYG Cygnus Cygni 16
DEL Delphinus Delphini 69
DOR Dorado Doradus 7
DRA Draco Draconis 8
EQU Equuleus Equulei 87
ERI Eridanus Eridani 6
FOR Fornax Fornacis 41
GEM Gemini Geminorum 30
GRU Grus Gruis 45
HER Hercules Herculis 5
HOR Horologium Horologii 58
HYA Hydra Hydrae 1
HYI Hydrus Hydri 61
IND Indus Indi 49
LAC Lacerta Lacertae 68
LEO Leo Leonis 12
LMI Leo Minor Leonis Minoris 64
LEP Lepus Leporis 51
LIB Libra Librae 29
LUP Lupus Lupi 46
LYN Lynx Lyncis 28
LYR Lyra Lyrae 52
MEN Mensa Mensae 75
MIC Microscopium Microscopii 66
MON Monoceros Monocerotis 35
MUS Musca Muscae 77
NOR Norma Normae 74
OCT Octans Octantis 50
OPH Ophiuchus Ophiuchi 11
ORI Orion Orionis 26
PAV Pavo Pavonis 44
PEG Pegasus Pegasi 7
PER Perseus Persei 24
PHE Phoenix Phoenicis 37
PIC Pictor Pictoris 59
PSC Pisces Piscium 14
PSA Piscis Austrinus Piscis Austrini 60
PUP Puppis Puppis 20
PYX Pyxis Pyxidis 65
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ABBREV. NAME GENITIVE SIZE

RET Reticulum Reticuli 82
SGE Sagitta Sagittae 86
SGR Sagittarius Sagittarii 15
SCO Scorpius Scorpii 33
SCL Sculptor Sculptoris 36
SCT Scutum Scuti 84
SER Serpens Serpentis 23
SEX Sextans Sextantis 47
TAU Taurus Tauri 17
TEL Telescopium Telescopii 57
TRI Triangulum Trianguli 78
TRA Triangulum Australe Trianguli Australis 83
TUC Tucana Tucanae 48
UMA Ursa Major Ursae Majoris 3
UMI Ursa Minor Ursae Minoris 56
VEL Vela Velorum 32
VIR Virgo Virginis 2
VOL Volans Volantis 76
VUL Vulpecula Vulpeculae 55

Constellation Names and Abbreviations



APPENDIX 3

Below are 300 of the fi nest deep-sky treasures for viewing and exploration with 
telescopes from 2- to 14-inch in aperture. Nearly all of them can be seen in the 
smallest of glasses, and many even in binoculars. Arranged in alphabetical order 
by constellation (which makes it more convenient to pick out objects for a given 
night’s observations than with one ordered by coordinates), it features brief 
descriptions of each entry. Primary data sources were Sky Catalogue 2000.0 and 
the Washington Double Star Catalog. Constellation (CON) abbreviations are the 
offi cial three-letter designations adopted by the International Astronomical 
Union (see Appendix 2.)

Right Ascension (RA) in hours and minutes, and Declination (DEC) in degrees 
and minutes, are given for the current standard Epoch 2000.0. Other headings 
are the class or type of object (TYPE),* apparent visual magnitude/s (MAG/S) and 
angular size or separation (SIZE/SEP) in arc-seconds. (Position angles for double 
stars are not given, owing to the confusion resulting from the common use of 
star diagonals with refracting and compound telescopes, producing mirror-
reversed images of the sky. Observers desiring the latest values of these as well 
as component separations should consult the US Naval Observatory’s Washing-
ton Double Star Catalog on-line at http://ad.usno.navy.mil/wds.) Approximate 
distance in light-years (LY) is also given in many cases.

Double and multiple stars dominate this roster because of their great profusion 
in the sky and also their easy visibility on all but the worst of nights. This list 
extends down to −45 degrees Declination, covering that three-quarters of the 
entire heavens visible from mid-northern latitudes. (Two “must see” showpieces 
actually lie slightly below this limit.)

Celestial 
Showpiece Roster
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*Key: SS = First-magnitude/Highly tinted and/or Variable single star, DS = Double or multiple star, 
AS = Association or asterism, OC = Open cluster, GC = Globular cluster, DN = Diffuse nebula, PN = 
Planetary nebula, SR = Supernova remnant, GX = Galaxy.
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James Mullaney is an astronomy writer, lecturer, and consultant who has pub-
lished more than 500 articles and fi ve books on observing the wonders of the 
heavens, and logged over 20,000 hours of stargazing time with the unaided eye, 
binoculars, and telescopes. Formerly Curator of the Buhl Planetarium and Insti-
tute of Popular Science in Pittsburgh and more recently Director of the DuPont 
Planetarium, he served as staff astronomer at the University of Pittsburgh’s 

The author, shown 
holding a copy of his 
book Celestial Harvest: 
300-Plus Showpieces 
of the Heavens for 
Telescope Viewing & 
Contemplation.
Originally self-
published in 1998 
(and updated in 
2000), it was reprinted 
in 2002 by Dover 
Publications in New 
York. This labor of love 
was more than 40 
years in the making! 
Courtesy of Warren 
Greenwald.



About the Author196

Allegheny Observatory and as an editor for Sky & Telescope, Astronomy, and Star 
& Sky magazines. One of the contributors to Carl Sagan’s award-winning Cosmos 
PBS television series, he has received recognition for his work from such notables 
(and fellow stargazers) as Sir Arthur Clarke, Johnny Carson, Ray Bradbury, Dr 
Wernher von Braun, and his former student, NASA scientist/astronaut Dr Jay Abt. 
His 50-year mission as a “celestial evangelist” has been to “Celebrate the Uni-
verse!” – to get others to look up at the majesty of the night sky and to experience 
personally the joys of stargazing. In February, 2005, he was elected a Fellow of 
the prestigious Royal Astronomical Society (London).

The author shown with 
his 5-inch Celestron 
Schmidt–Cassegrain 
optical-tube assembly 
mounted on an 
exquisite old Unitron 
altazimuth mounting 
with slow-motion 
controls. With excellent 
optics and a total 
weight of just 12 
pounds, this highly 
portable instrument can 
go anywhere and is a 
joy to use. Photo by 
Sharon Mullaney.
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α Persei (Mirfak) Association, 137
Achromatic refractor, 27
Adhara (ε Canis Majoris), 125
Albireo (β Cygni), 127, 159
Algol/Demon Star (β Persei), 134
Allegheny Observatory 13-inch refractor, 

31
Almach (γ Andromedae), 127
Alnitak (ζ Orionis), 150
Altair (α Aquilae), 137
American Association of Variable Star 

Observers (AAVSO), 135, 161
AAVSO Variable Star Atlas, 136
American Meteor Society (AMS), 122
Andromeda Galaxy (M31), 40, 100, 123, 

138, 150
Angular measure, 20, 113
Antique Telescope Society, 25
Aperture masks, 66
Apochromatic refractor, 29
Arcturus (α Bootis), 95
Argyle, Bob, 67, 132
Artifi cial satellites

Earth’s shadow, 123
International Space Station (ISS), 123
Iridium, 123

J-Pass, 123
spin/light variations, 123

Asimov, Isaac, 142
Association of Lunar & Planetary 

Observers (ALPO), 111
Asterisms

Big Dipper, 137
Coathanger (Col 399/Brochii’s Cluster), 

138
Great Square, 138, 150
Northern Cross, 137
Summer Triangle, 137

Asteroids (Minor Planets)
big four, 122
discovery, 122
grazing occultations by Moon, 111, 

122
Near-Earth Asteroids (NEAs), 122
near misses, 122
rotation periods, 122
tracking, 122

Astigmatism, 7
Astrocameras, 67
Astronomy magazine, 64, 153, 159
Astronomy Now magazine, 159
Astronomical League, 159

Unless mentioned or illustrated in the text, individual celestial objects are not listed 
here. Deep-sky wonders (including stars) can be readily found under their respective 
constellations in Appendix 3.



Index198

β Lyrae, 135
Barlow lenses, 62
Barnard, Edward Emerson, 149
Barns, C.E., 104, 125, 156
Beehive Cluster (M44), 41
Bennett, D.A., 158
Bernhard, H.J., 158
Berry, Richard, 5
Berthier, Denis, 100
Betelgeuse (α Orionis), 95, 126, 132
Binoculars

aperture, 10
binocular eyepiece viewers, 64
binocular telescopes, 14
collimation, 8
depth perception, 9
exit pupil, 10
eye relief, 10
focusing, 10
giant, 13
image-stabilized, 13
interpupilary distance, 10
miniature, 13
mountings, 14
optical coatings, 12
Porro prism, 12
roof prism, 12
solar, 33
specifi cations, 10
zoom, 11

Binocular sources, 71
Blackeye Galaxy (M64), 152
Blinking Planetary (NGC 6826), 94
Bok globules, 149
Bradford, William, 121
Brasch, Klaus, 100
Brashear, John, 5, 25
Braymer, Lawrence (Questar), 47
Bright Star Atlas, 156
British Astronomical Association (BAA), 

111, 135, 155
Burnham, Robert, Jr., 156
Burnham, S.W., 96

Caldwell Catalog, 138
Canopus (α Carinae), 126
Cassegrain, Guillaume, 42
Cassegrain refl ector, 42
Castor (α Geminorum), 127, 129
Cat’s Eye/Snail Nebula (NGC 6543), 145
CCD (charge-coupled device) imaging, 68
Celestial Harvest, 132, 157, 195

Celestial showpiece listing, 173
Central Bureau for Astronomical 

Telegrams (IAU), 121, 154
Chrétien, Henri, 43
Chromatic (color) aberration, 27
Clark, Alvin, 5, 20, 102
Coal Sack, 150
Coma, 35
Coma correctors, 66
Coma–Virgo Galaxy Cluster, 152
Comets

discovery of, 121
monitoring, 121

Computers, 68
Constellations, 137, 169
Cooke, Anthony, 100
Coordinates (R.A. & DEC), 173
Covington, Michael, 24
Crab Nebula (M1)/supernova remnant, 

134, 147

Dall, Horace, 44
Dall–Kirkham refl ectors, 44
Dawes’ Limit, 20, 167
Deep-sky objects, 125
δ Cephei, 133
Deneb (α Cygni), 137
Dew caps/light shields, 63
Dew zappers, 64
Dobson, John, 38
Dobsonian refl ectors, v, 5, 38
Dolland, John, 27
Double-Double (ε Lyrae), 128
Double & multiple stars

catalogues, 130
colors/tints/hues, 127
common-proper-motion (CPM) pairs, 

127
defi ned, 127
designations, 131
frequency, 127
imaging, 129
interferometric binaries, 127
masses, 130
optical, 127
orbital periods, 127, 129
physical, 127
position angles, 173
separations, 173
sightseeing tour, 129
spectroscopic binaries, 127
visual binaries, 127
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Double Cluster (NGC 869 & NGC 884), 140
Dumbbell Nebula (M27), 145
dwarf novae, 134

η Aquilae, 133
Eight-Burst Nebula (NGC 3132), 145
Erecting prisms, 62
Eskimo/Clownface Nebula (NGC 2392), 

145
Evans, Robert, 154
Eye, training of

averted vision, 94
color perception, 94
dark adaptation, 95
visual acuity, 93

Eyepieces
actual fi eld, 57
antirefl ection coatings, 55
apparent fi eld, 57
barrel diameters, 55
binocular, 64
Erfl e, 56
heaters, 64
Kellner, 56
magnifi cation, 19, 57
Nagler, 56
orthoscopic, 56
Plössl, 56
zoom, 58

Finders
magnifi cation of, 58
right-angle, 59
sizes of, 59
straight-through, 59
unit (zero)-power, 59

Filters
light-pollution, 66, 148
lunar, 66
nebula, 66, 148
planetary, 66
solar, 67

First-Magnitude Club (brightest stars), 125
Flame Nebula (NGC 2024), 149
Fitz, Henry, 25
Focal ratio/length, 17
Focal reducers (“reverse Barlows”), 65
47 Tucanae (NGC 104), 142
Frost, Robert, v

Galaxies, 150
Galaxy clusters, 152

Galaxy pairs
M65/M66, 152
M95/M96, 152
M81/M82, 152

Galilei, Galileo, 27
General Catalogue of Variable Stars, 136
Good, Gerry, 136
Go-To systems, 22, 70
GPS systems, 22, 70
Gregory, John, 47
Gregory–Maksutov systems, 47

Hall, Chester, 27
Harrington, Philip, 16, 25
Harvard–Smithsonian Center for 

Astrophysics, 121
Helix Nebula (NGC 7293), 147
Hercules Cluster (M13), 40, 123, 141
Herschel’s Garnet Star (µ Cephei), 126
Herschel, Sir William, 45, 93, 110, 143, 150
Herschel’s Wonder Star (β Monocerotis), 

128
Highly tinted (single) stars, 125
Hind’s Crimson Star (R Leporis), 126
Hobbs, Lilian, 49
Horsehead Nebula (B 33/IC 434), 150
Horseshoe/Omega/Swan Nebula (M17), 

143
Houston, Walter Scott, 145, 157
Hubble Space Telescope (HST), 35, 43
Hyades Cluster (MEL 25), 9, 111, 139, 140

Index Catalogue of Nebulae and Clusters 
of Stars (IC), 138

Image erectors, 65
Inglis, Mike, 67, 126
International Amateur–Professional 

Photoelectric Photometry Association 
(IAPPP), 135

International Astronomical Union 
(IAU), 121, 169

International Dark-sky Association 
(IDSA), 98

International Meteor Organization 
(IMO), 122

International Occultation Timing 
Association (IOTA), 111

James, Nick, 121
Jewel Box Cluster (NGC 4755), 150
Johnson, Tom (Celestron), 51
Jones, K.G., 158
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Jupiter
bands, 114
festoons, 114
Great Red Spot, 114
limb/polar darkening, 114
occultations of, 111
oppositions, 114
ovals, 114
polar fl attening, 114
rotation, 114
satellites, Galilean, 117
satellite phenomena, 117
zones, 114

Jupiter’s Ghost (NGC 3242), 145

Keck Observatory 400-inch binocular 
telescope, 21, 35, 43, 45

Kepler’s Star, 134
Kholopov, P.N., 136
King, Henry, 25
Krikham, Allan, 44
Kufeld, Steve, 59
Kukarkin, B.V., 136

Lagoon Nebula (M8), 143
Langley, Samuel Pierpont, 107
Large Magellanic Cloud, 143, 151
Large Sagittarius Star Cloud, 154
Lassell’s Delight (M35), 140
La Superba (Y Canum Venaticorum), 

126
Levy, David, 121, 136
Lick Observatory, 36-inch refractor, 79
Limiting magnitude, 167
Local Group (of galaxies), 151
Longfellow, Henry Wadsworth, 126
Lord Rosse, 152

Magnitude (apparent visual), 173
Maksutov, Dimitri, 47
Maksutov–Cassegrain systems, 47
Maksutov–Newtonian systems, 53
Markowitz Limit, 167
Mars

blue clearing, 114
canals, 114
clouds, 114
dark markings, 114
deserts, 114
dust storms, 114
fl ares, 114
melt band, 114

oppositions, 113
polar caps, 114
rotation, 114
satellites, 114

Martin, Martha Evans, 127
Mercury

daytime observation of, 112
elongations, 112
phases, 112
transits, 107

Messier Catalogue/Charles Messier, 138, 
141, 147

Messier Marathons, 158
Meteors

binocular/telescopic, 122
hourly rates, 122
showers, 122

Micrometers, 67
Milky Way Galaxy, 154
Mira (ο Ceti)/Wonder Star, 132
Mizar (ζ Ursae Majoris), 127
Modifi ed Cassegrain systems, 44
Mollise, Rod, 52
Moon

conjunctions, 111
earthshine, 111
eclipses, 111
libration, 111
lunar maps, 112
occultations, 111
phases, 109
sightseeing tour, 111
surface features, 109
terminator, 109
transient lunar phenomena (TLPs), 

109
Moore, Sir Patrick, 123, 140
Mountings

altazimuth, 21
coudé, 44
Dobsonian, v, 5, 38
equatorial (German), 21
Go-To/Push-Pull-To, 22, 70
GPS (Global Positioning System), 22, 

70
motor (clock) drives, 21
rap test, 21
tripods, 21

MT. Wilson 100-inch Hooker refl ector, 
44

Multiple star systems, 127
Muirden, James, 162
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Nasmyth, James, 44
National Aeronautics & Space 

Administration (NASA), 123
Nebulae

dark, 149
diffuse (emission), 143
planetary, 143
refl ection, 145
supernova remnant, 146

Negative observations, value of, 98
Neptune

satellites, 120
visual appearance, 120

New General Catalogue of Nebulae and 
Clusters of Stars (NGC), 138

Newtonian–Cassegrain refl ector, 42
Newtonian refl ector, 35
Newton, Sir Isaac, 35
North, Gerald, 121
Norton’s Star Atlas/Arthur Norton, 131, 

136, 156
North America Nebula (NGC 7000), 155

Observing sites/observatories, 100
Observing guides, classic, 123, 152
Off-axis refl ectors, 45
Olcott, W.T., 135, 156
ω Centauri (NGC 5139), 141
O’Meara, Stephen James, 157
Optical-tube assemblies (OTAs), 29, 53
Optical windows, 53
Orion Nebula (M42/M43), 40, 143

Palomar Observatory 200-inch Hale 
refl ector, 21, 35

Peltier, Leslie, 101, 121, 161
Personal matters

aesthetic & philosophical 
considerations, 104, 162

diet, 103
dress, 103
pleasure verses serious observing, 160
posture, 103
preparation, 104
rest, 103

Photographer’s cloth, 66
Photometers, 67
Photon connection, 68, 154, 163
Pic du Midi Observatory 24-inch 

refractor, 33
Pinwheel/Triangulum Galaxy (M33), 

150

Pipe Nebula (B 59, etc.), 149
Planets (extrasolar), 142
Planets, minor (see Asteroids), 
Pleiades Cluster (M45), 9, 30, 41, 111, 

139, 140
Pluto

appearance, 121
satellite (largest), 121

Polaris (α Ursae Minoris)/Pole Star, 
7, 62

Porrima (γ Virginis), 129
Protostars, 149
Purkinje Effect, 95

Quasars/3C273, 153
Quotations, 163

R Coronae Borealis (Fade-Out Star/
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