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Preface

Star-gazing was never more popular than it is now. In every
civilized country many excellent telescopes are owned and used,
often to very good purpose, by persons who are not practical
astronomers, but who wish to see for themselves the marvels of
the sky. . .. And with the aid of an opera-glass most interesting,
gratifying and, in some instances, scientifically valuable
observations may be made of the heavens.

So wrote Garrett P. Serviss in the opening of his classic 1888
work, Astronomy with an Opera-Glass, the first book written about
observing the universe through binoculars. It is fascinating how, a
century after its publication, we may repeat his message with equal
validity. With the recent launch of the Hubble Space Telescope, the
promise of a rekindled U.S. space program, and an increased aware-
ness of celestial events, public interest in astronomy has never been
greater. Many people now realize that there is a lot going on over
their heads.

Astronomy may be the oldest science, but it is anything but
static. Today, our picture of the universe is so radically different from
those earlier times, that Mr. Serviss and his contemporaries could not
even begin ta imagine it. A century ago, astronomers spoke of canals
on Mars and the possibility of a “Planet X” beyond Neptune and
another within the orbit of Mercury. They were perplexed by the
strange spiral-shaped clouds that were seen across the sky. Many were
found, but their origin and significance were not understood.

These riddles have been solved over the past hundred years.
The Martian canals and the mysterious innermost planet are both
dismissed as misinterpreted observations. The enigma of Planet X
was answered in 1930 with the discovery of Pluto. Finally, with
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the application of photography to astronomy, those odd pinwheel
nebulae were resolved into distant galaxies. Each was found to be a
complete star system in itself, much like the Milky Way galaxy.

Today, other questions have replaced those of our forebears. We
yearn to find out more about pulsars, quasars, and black holes.-Did
the universe originate from a colossal explosion 18 billion years ago?
Will it continue to expand forever, or will it stop and reverse direction?

Like children, we have just started to take our first unsteady
steps off of our own world and out into the Solar System. As space
probes answer our questions about our celestial neighborhood, they
raise others we never even thought to ask. Some will have to wait for
future missions to answer them; the remainder will have to wait for
future generations. There is still so much to learn.

Large telescopes and space probes are not needed to discover the
heavens. Even the simplest binoculars will begin to reveal sights that
were unsuspected or unrecognized in the days of Garrett Serviss,

Touring the Universe through Binoculars is intended to be the
most thorough examination of the binocular sky ever compiled.
Throughout its pages, you will find a wealth of objects and projects
for amateurs who, like me, have made a conscious choice to use
binoculars. To tell you the truth, I really wrote this book for myself!
There is an abundance (dare I say, overabundance) of books on the
market today that sing the praises of large-aperture, sophisticated
instruments. Most of these books are quite good, but their intent is
not for binocular observers.

Beginning with the Moon, we tour the Solar System and then
escape the realm of our Sun to visit the stars. Over 1,100 deep sky
objects.visible through binoculars are listed. Of these, the appearance
of more than 400 have been described in detail. Now, I am not saying
that all are seen better through binoculars than through a telescope;
that simply is not the case. Still, many are best viewed using low
power and a wide field of view, and some cannot even be seen at all
through the restrictive eyes of telescopes. )

I welcome your comments, especially if you should find any
errors (Gadzooks)! Just write to me in care of the publisher, John
Wiley & Sons, Inc. I shall endeavor to answer all letters, but in case
[ miss yours, thank you in advance!

Gaze skyward on the next clear evening. The universe awaits.
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Wﬁy Binoculars?

Why bother with binoculars? Today’s amateur astronomers
have a vast array of telescopic equipment and accessories from which
to choose. Huge telescopes, advanced optical designs, and special
accessories that were once considered to be only in the realm of the
professional are now readily available to the hobbyist. With all this,
why would anyone want to use plain old binoculars?

The answer is that, for all the diversity of instrumentation, one
of the most useful, yet often neglected instruments to tour the universe
with is a pair of binoculars. Their low power and wide field of
view make binoculars ideal for either a casual scan or some pretty
sophisticated observing.

Research has shown that when it comes to viewing the heavens,
two eyes are definitely better than one. Our power of resolution and
ability to detect faint objects are dramatically improved by using both
eyes. In addition, color perception and contrast are enhanced.

Why take my word for it? On the next clear, moonless night, try
an easy test. With both eyes open, cover one with your hand and look
at the sky. Make a mental note of the faintest stars you see. Now
uncover your eye and look again at the same area of the sky. Lo and
behold, there are more stars! Indeed, it is not unusual to experience
a 10-percent improvement in perception when viewing with two eyes
instead of one.



Now repeat this test with a nebulous object, such as the Milk
Way’s hazy band stretching across the starry vault. Alternately covet
and uncover oné eye as before. The contrast between the soft glow of
opr_galaxy’s star clouds and the background sky will appear far mor
dls'tmct through both eyes than with only one. In fact, many observer:
enjoy up to a 40-percent increase in the contrast of hazy objects
merely by using both eyes. Note that while these two tests have been
cgnducted without optical aid, similar results are achieved through
binoculars versus a single equivalent-size monocular or telescope.

How can this improvement be explained? Light entering the eyes

is focused by the lens onto the retina. The retina, consisting of rods
and cones, converts the image into electrical pulses and sends them
to the brain. The brain interprets the pulses and produces the ima
we see. By having the brain rely on only one set of pulses (i.e. E)er
using just one eye), inconsistencies in the signals will interfere \:vith
Fhe final image seen. With two sets of signals to interpret, the brain
is able to reduce interference by averaging the pair of eiec;rical mes-
sages. The result is the ability to see fainter, lower contrast objects
_ There is little doubt that our view of the night sky improvc;
just by using both of our eyes. This, along with their portability
affordability, and ease of operation makes binoculars the instrumen;:
of choice to tour the universe with.

The Moon

Lying an average of 238,000 miles away, the Moon offers
more detail to earthbound observers than any other member of the
Solar System. Towering mountains, large plains, abysmally deep val-
leys, and scores of craters are all easily visible in binoculars.

Most of us can still remember the anxious anticipation we felt‘
just before our first view of the Moon'’s surface through either binocu-
lars or a telescope. Its harsh beauty is awesome. Yet, powerful tele-
scopes are not required to see many different lunar features.

Some lunar phases are better for sightseeing than others. Little
or no detail may be spotted for the first couple of nights after the New
Moon, but as the Moon progresses night after night toward the east,
surface features become plainly visible. The later waxing-crescent
through First-Quarter phases display a tremendous variety of lunar
terrain for observers to marvel at. Dominating the equatorial zone
are the vast expanses of the lunar seas Mare Crisium, Fecunditatis,
Tranquillitatis, and Serenitatis. To their north are many scattered
large craters, while to their south lies the Moon’s “no man’s land,”
that is, very rugged terrain (many mountains, craters, etc.—no
manned landings due to ruggedness). The south polar region is awe
inspiring in its coarse beauty, with craters so numerous that it is often
difficult to distinguish one from another.

It is always fascinating to watch the unusual lighting effects
along the Moon’s terminator as the Sun rises and sets across the stark
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Figure 2.1

The one-day-old Moon, as ca
He employed a 200-mm /4.5 tele
on hypered Technical Pan 2415 film.

ptured on April 6, 1989, by Jeffrey Jones.
photo lens and a one-second exposure

(lslintar,suyfacc. De;pending on the angle, sunlight may just strike a
ater's rim, causing the crater to look like a bright, bottomless ring

A? lrlhe Sup s elevation increases, light travels down the steep, clifflike
walls until it floods the crater’s floor. ,

t_’as the Sun sinks in the lunar sky,
£Y 2 : ical ¢ 1
bag;:r:gme crinet.aphysmal changes. First, the setting Sun thrusts their

S m;:o arknt?ss. Thcn,‘cver so slowly, as the Sun continues to
approach the horizon, its diminishing light moves up the
side. Just before disappearing entirely,
peaks, causing them to “detach” fro
dark leading edge of the terminator.

; In the past few years, an informal sport of spotting the extremel
thin crescent phases (Figure 2.1) has become popular among amateu}li
astronomers. Binoculars prove invaluable in this quest, since the ver
young or very old Moon lies extremely low in the bri,ght twilit sk /

"_I"ht: best months for spotting a very young Moon are April an)(,i.
May in the northern hemisphere, and October and NovcmbcI:- in the

mountain ranges seem to

! mountain-
sunlight strikes only the highest
m the Moon and float above the

southern hemisphere. If you want to find the Moon less than a day
before New Moon, then your best chance from north of the equator
exists during July and August, while January and February are favored
from points south of the equator. It is at these times that the ecliptic
is nearly perpendicular to the horizon, placing the Moon higher in
the sky. Slowly scan above the Sun’s point below the horizon. If your
view is free of trees, clouds, and other obstacles, you just might catch
a glimpse of the very thin crescent.

This guide to the Moon presents a wide selection of lunar features
that are resolvable through steadily supported (i.e., tripod-mounted)
binoculars. The lunar maria, craters, mountain ranges, and miscella-
neous features are listed in alphabetical order. The list is divided into
two groups on the basis of location to the east or west of the Moon’s
central meridian (the imaginary line passing from the lunar north
pole, through the middle of the visible disk, to the south pole). Those
features found to the lunar east of the central meridian are best seen
between New Moon and First Quarter (Figure 2.2), while those found
to the lunar west of the central meridian are best seen between Last
Quarter and New Moon (Figure 2.3). The quarter phases were chosen
as citoff points because they offer the best compromise between
shadow relief and the amount of surface illuminated, while avoiding
the overwhelming brightness of the larger phases.

In an effort to keep the finder charts as uncluttered as possible
the features are keyed to numbers or letters, which are also found i‘
brackets at the beginning of each highlighted description. Note tha
lunar maria are specified by capital letters (A, B, etc.), craters are
listed by number (1, 2, etc.), and mountain ranges and other features
are denoted by lowercase letters (a, b, etc.).

To help the reader further to view specific lunar features at their
prime, two numbers are listed in parentheses after each entry. These
numbers signify the nights after New Moon that the particular target
is most favorably placed for observation. In most cases, they indicate
the time when the lunar feature is on or near the terminator, with the
first number referring to sunrise and the second indicating sunset. All
of the features thus referenced are actually visible for several nights
during each lunar cycle.

Due to the Moon’s brightness, regardless of phase, your eyes
will never become fully dilated when observing the Moon. Therefore,
binoculars with smaller exit pupils—as small as 2.5 mm—are per-
fectly acceptable for lunar study. Indeed, the large 7-mm exit pupils
of night glasses transmit so much light that the observer’s eyes will
be unnecessarily taxed. Consult Appendix A for a discussion of calcu-
lation of exit pupils.



First-Quarter Moon showing the locations of features highlighted in the
e text titled “New Moon through First Quarter.” Lick Observatory

New Moon Through First Quarter

Maria

Mare Crisium [A], the Sea of Crises, is a large oval plain measuring
270 miles by 350 miles, with the long dimension running east to west.
This is just the opposite of the visual impression we get from Earth
because of the foreshortening of the lunar globe. Unlike the other,
interconnecting maria, Mare Crisium stands alone. While no manned
Apollo mission landed there, the Sea of Crises was visited by three
unmanned Soviet spacecraft. Luna 15 was the first to land, on July
16, 1969 (only three days before Apollo 11 landed in Mare Tranquilli-
tatis), followed by Luna 23 five years later. The third spacecraft, Luna
24, landed in 1976, drilled 18 inches below the surface, and returned
a cylinder of lunar soil to Earth. This mission holds the distinction of
being the last in which a spacecraft visited the Moon.

Mareé Fecunditatis [B], the Sea of Fertility, is seen to the south of Mare
Crisium. Only the twin craters Messier and Messier A blemish its
smooth, dark surface. Little attention was paid to the area during the
days of the lunar probes. Only Luna 16 nestled down on this barren
plateau back in 1970. It became the first unmanned Soviet mission to
bring soil samples back to Earth.

Mare Frigoris [C], the Sea of Cold, is most unusual in appea‘ance.
Instead of being the typical circular plain, Mare Frigoris stretches for
over 700 miles, but is no more than 45 miles wide at points. While
no large craters lie within, several striking examples—including En-
dymion, Atlas, Hercules, Aristoteles, and Plato—surround it.

Mare Marginis [D], as the name implies, is only marginally visible.
This oddly shaped mesa measures 210 miles by 290 miles. Most
earthbound observers are unfamiliar with Mare Marginis, as only a
small portion of it is visible along thé eastern limb, and then only
during favorable librations. Look for it directly east of Mare Crisium.

Mare Nectaris [E], the Sea of Nectar, spans a 220-mile by 265-mile
area, making it one of the smallest of the Moon’s major maria. Found
off the southern shore of Mare Tranquillitatis, it is encircled by several
prominent craters, notably Theophilus and Fracastorius.

Mare Serenitatis [F], the Sea of Serenity, is thought by some authori-
ties to be the oldest lunar mare of all. Covering 360 miles by 420 miles,
it is bound by the Haemus Mountains to the south, the Apennines to
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the west, the Caucasus Mountains to the north, and the Taurus
Mountains to the east. No mission from Earth has ever touched its :

nearly crater-free surface.

Mare Smythii [G] hides along the Moon’s eastern limb and is almost
always a difficult catch. At best, it may be seen as a long, thin patch
of darkness south of Mare Crisium and Mare Marginis. Though
impossible to tell from our vantage point on Earth, Mare Smythii
covers 165 miles east to west by 255 miles north to south.

Mare Tranquillitatis [H], 400 miles by 550 miles in extent, became
the most famous lunar sea after Apollo 11 landed there on July 19
1969. As we look toward the Sea of Tranquility, it is easy to recali
Neil Armstrong’s words: “Houston, Tranquility Base here. The Eagle
has landed.” Later, as he became the first person to set foot on another

body in space by taking “one small step for [a] man . .. one giant

leap for mankind,” Mare Trangquillitatis became ingrained in history
and astronomy books alike.

Armstrong and lunar module pilot Edwin “Buzz” Aldrin set
their craft down in the northwest corner of the Sea, to the south of
the prominent crater Theophilus. Other spacecraft that have visited

the Sea of Tranquility include Ranger 6, Ranger 8, and Surveyor 5.

Mare Vaporum [I], the Sea of Vapors, is a small plain wedged between

the Haemus and Apennine Mountains. Only the crater Manilius is
large enough to mar its surface through most binoculars. The most
powerful glasses should also spot the Hyginus Rill crossing the south-

ern portion of the sea. It appears as little more than a thin pencil line,

but in reality measures 140 miles long by 2 miles wide.

Craters

Albategnius [1], measuring 81 miles in diameter, is an outstanding

crater through binoculars. A noticeable off-center peak rises from the
dark floor, some 14,000 feet below the crater’s rim. (7,.22)

Aliacenis [2] rides the terminator on the night of the First Quarter
Moon. Paired with Werner, it stands out as a deep lunar “pothole”
spanning 46 miles by 55 miles. Its sharp crater walls plummet for
nearly 22 miles to a relatively dark, smooth floor. (7,21)

Aristoteles [3] is a prominent 55-mile-diameter crater found on the
southern edge of Mare Frigorus. Its steeply banked walls plummet
12,000 feet to a smooth floor. (6,20)

Atlas [4], at 54 miles across, is one of the more noteworthy craters
visible during the waxing crescent phases. A multiple peak ascenc!s
2,600 feet above its 10,000-foot-deep floor. Atlas forms a nice pair
with Hercules, a slightly smaller crater to its west. (5,18)

Cleomedes [5] is one of the most visible craters on the waxing cres-
cent. This out-of-round crater, located just to the north of Mare
Crisium, measures 81 miles by 92 miles. Its sheer walls descend nearly
three miles to a rough floor. (3,16)

Cyrillus [6] is an extremely old crater found to the west of Mare
Nectaris. Were it isolated, it would dominate the field, since it is 62
miles across and 11,800 feet deep. However, Cyrillus is overshadowed
by Theophilus, a fresher crater that protrudes into its northeastern

wall. (5,19)

Endymion [7] is a large; distinguished crater that is most easily seen
during the middle of the waxing crescent phases. Found in the north-
east quadrant between Mare Frigoris and the lunar limb, it is set apart
from the immediate surroundings by its dark floor. Endymion is 77
miles wide, with walls that cascade for 16,100 feet. (4,18)

Fabricius [8] lies in the Moon’s southeast district. It is found squeezed
between Metius and Janssen, two larger enclosures. Fabricius mygst
be the most recent of the three, as it juts out into the others. (4,48)

Fracastorius [9], though once a 73-mile-wide crater, appears as a bay
on the south shore of Mare Nectaris. Its north wall was washed away
when a flood of hot lava from the neighboring maria filled its floor.
Through low-power binoculars, it appears as a complete ring, but the
greater resolving power of telescopes reveals this to be an illusion
caused by a series of hills and mounds. As it remains today, Fracasto-
rius is one of the Moon’s finest examples of a partially destroyed
crater ring. (6,20) -

Furnerius [10] is noted for its sharply angled rim, which is almost
hexagonal in form. Measuring 81 miles across, this crater is one of
the key features visible on the very young waxing crescent, yet is all
but invisible once the.ray system of neighboring Stevinus catches the
Sun. (2,16)

Hercules [11] and previously mentioned Atlas form a powerful pair
of craters near Mare Frigoris. The smaller of the two, Hercules is 45
miles across with pronounced walls and a distinctive dark floor. (5,18)



Hipparchus [12] is found just north of Albategnius. While Hippar-
chus is the larger of the two craters, at 83 miles by 89 miles, it prow, 3
less noteworthy. The years have been hard on its ancient face, Wi

the 7,500-foot- . '
ot oot-deep walls bearing the scars of more recent impacts,

Janssen [13]is a large, very old crater borderin ici '
’ g Fabricius to the
south. Though Janssen measures 122 miles by 153 miles, its battert:; |

walls mask the crater’s i i . LoG o -
ek rater’s identity, except under ideal lighting conditions,

Lgng_rer!us [14], found on the southeastern shore of Mare Fecun-
ditatis, is an amazing crater to watch from waxing crescent to Full
Moon. As the Sun rises higher in the sky above it, 85-mile-wide'~.
Langrenus seems almost to catch fire as its floor is transformed from
a dull gray to a brilliant whitish glow. (2 through 16) )

Manzinus [15] is found toward the Moon’s southeast limb. Measur-

ing 55 miles by 63 miles, it forms an attracti ir wi ]
[16] to the east. (5,19) ve crater pair with Mutusy

Maurolycus [17] spans 73 miles and has walls 16,700 feet high. It is

found in the rugged highlands toward
. the Moon’ . i
where it dominates the view. (7,14) e .

Metius [18] lies in the southeastern region of the Moon directly
ad]aant to Fabricius. Together, the two craters, mcasurin’g.s 3 anc{
48 mlles_across, respectively, look like twin depressions through low-
power binoculars. Careful scrutiny through higher power glasses re-

veals a strong central peak in Fabriciu i :
i s, while the fl f Metius
appears comparatively smooth. (4,18) 00F Ol v cH

Petavius [19], a 99-mile by 110-mile enclosure, is one of the highlights
of the young crescent Moon. Look for it to the south of Mare Fecun-
ditatis. When the Sun is at just the right elevation, the 8,200-foot-
high central peak of the crater is easily seen in 7% glasses:. (2,16)

Piccolomini [20] sees sunrise about four days after New Moon and
gs4an glutstandlng .crarer.fr‘om then until past First Quarter. Measuring
miles across, it exhibits a strong central peak through 11x and

higher power binoculars. Look for Piccolomini
: . omini to th Y
torius and Mare Nectaris. (5,18) o the south of Fracas

Posidonius [21] stands out well as a §2-mile by 61-mile chasrln. Bor-
dering Mare Serenitatis to the south, it was partially filled with lava
during the Moon’s volcanic era some three billion years ago. (5,20)

Rheita [22] is a small, easily overlooked crater in the southeastctrn
Junar highlands. Though only 44 miles across, its presence helps point
the way to the Rheita Valley (see “Other Features”). (4,18)

Stevinus [23] is hardly visible through binoculars when the Sun rises
over it on the third day after New Moon. However, a day or two
afterwards, the whole region catches fire as the ray system from an
unresolvable crater (known as Stevinus A) becomes sunlit. Forty-
eight-mile-wide Stevinus appears framed by these brilliant rays. (5

through 9)

Stofler [24] is a large oval crater that rides the terminator at the
quarter phases. Measuring 68 miles by 85 miles, its southeastern wall
was obliterated millennia ago by the smaller impact crater Faraday.

(7,21)

Taruntius [25] blemishes the northwest corner of smooth-surfaced
Mare Fecunditatis. Though only 36 miles in diameter, its bright ap-
pearance contrasts nicely with the dark surrounding plain. (4,18)

Thales [26], when viewed at or near Full Moon, forms one-half of a
pair of “spotlights” on the northern limb of the Moon. The othe
beacon is Anaxagoras, described in the section titled “Last Quartea
through New Moon.” Thales, at 22 miles across, is barely discernible
at phases other than Full Moon. (13 through 17)

Theophilus [27) is found on the northwest shore of Mare Nectaris
and dominates the area. The strong, jagged walls of 65-mile-wide
Theophilus cascade down for over four miles to a rough floor. (5,19)

Vendelinus [28] is an old crater found to the south of much more
prominent Langrenus and covers 92 miles by 100 miles. Its northeast
wall has been demolished by the smaller impact crater Lame. (2,16)

Werner [29] teams with Aliacensis to form an impressive crater duet
on the night of the First Quarter. While both stand out well when on
the terminator, they are easily lost within a couple of nights as the
Sun rises higher in their sky. (7,21)
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Mountain Ranges

The Caucasus Mountains [a] are a conspicuous range that divides
Mare Imbrium from Mare Serenitatis. With their highest peaks rising
17,400 feet above “sea level,” these mountains are an especially
impressive sight when found on the terminator. (6,20)

The Haemus Mountains [b], a little-known range of peaks that rise
to about 10,000 feet, form the southern border of Mare Serenitatis.
They appear to merge with the Apennines to create a peninsula that
separates the Sea of Serenity from the Sea of Tranquility. (6,20)

Other Features

Sinus Medii [c], a large oval plain measuring 100 miles by 200 miles,
is found at the center of the Moon’s near side. The landing site for
both Surveyor 4 and Surveyor 6 in the mid-1960s, its smooth surface
is unscarred by large craters. (7,21)

The Rheita Valley [d] is a puzzling feature that stretches over 250
miles to the southeast from the crater Rheita. The valley appears as
a giant scar on the Moon’s surface and stands out prominently when
sunlight has not quite reached its bottom. (4,18)

Lacus Somniorum [e], the Lake of Dreams, appears as an oddly
shaped bay extending northward from Mare Serenitatis. Though
darker than the enclosing highland area, its surface is noticeably
lighter than the maria. Farther north, Lacus Somniorum floods into
Lacus Mortis [f], the Lake of the Dead, which in turn passes into
Mare Frigorus. Lacus Somniorum measures about 90 miles by 180
miles, while Lacus Mortis spans 100 miles by 110 miles. Both are
littered with many “islands.” (4,18) .

larter Tﬁrougﬁ New Moon

Maria

Figure 2.3 Sar .
Map of the Last-Quarter Moon showing the locations of features highlighted in the
section of the text titled “Last Quarter through New Moon.” Lick Observatory

photograph.

Mare Cognitum []] is a small flat plain measuring only 120 miles by
200 miles and found to the south of the crater Copernicus. It is
separated from the Ocean of Storms to the west by the Riphaeus
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Mountains and bordered on the east by a small “island” of craters.
Though difficult to make out through binoculars, the ancient crater
Fra Mauro forms the northern edge of this island. Fra Mauro was the
site of 1971’s Apollo 14 mission.

Mare Humorum [K], the Sea of Moisture, is a nearly circular dark
plain to the south of Oceanus Procellarum. Its 250-mile by 275-mile
surface appears quite smooth through binoculars, except for a few
“waves” to the east of center. Some experts believe that Mare Hu-
morum is the oldest of the maria.

Mare Imbrium [L], the Sea of Rains, spans 670 miles by 750 miles.
Touched by only the Luna 17 mission, it is highlighted by many
striking features, such as Sinus Iridum, the craters Archimedes and
Eratosthenes, and the surrounding Apennine and Alps Mountains.

Mare Nubium [M], the Sea of Clouds, is notable for its unusually
dark ﬂoor_. Some minor blemishes may be seen through binoculars,
but none is large enough to be easily identifiable.

Oceanus .Procellarum [N], the Ocean of Storms, is the largest of the
lunar plains and dominates the waning phases. It encompasses more
than one million square miles of the Moon’s surface. Several notewor-
thy features, including the craters Aristarchus, Kepler, and Coperni-
cus, are found within its vast borders. Among the many spacecraft to
lan_d there were Surveyor 1, Surveyor 3, and Apollo 12 from the
United States, as well as the Soviets’ Lunas 5,7,8,9,and 13.

Craters

Alphonsus [29] is one of five large craters that stretch southward from
Sinus Medn_ at the Moon’s center. Alphonsus spans 64 miles by 73
miles. The site of the Ranger 9 impact mission in 1963, the crater has
been obse_rvcd to have, on rare occasions, a cloud of carbon molecules
temporarily floating above it. Photographs of this unusual phenome-

?;gzt)aken in the 1950s prove that the Moon is not a dead world.

Anfaxagoras [30], when on the terminator, is far surpassed by many
of its. larger neighboring craters. Yet, by the time the Sun has risen
hlgh in its sky, this 33-mile-wide crater puts on a striking display of
bright rays that gives it prominence. Together, Anaxagoras and
Thales, described earlier, form an impressive pair of “spotlights”
along the Moon’s northern limb. (13,17)
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Archimedes [31] is found in eastern Mare Imbrium and spans 51
miles. A portion of its walls were flooded by lava during the Moon’s

volcanic era. (8,22)

Aristarchus [32] is one of the smallest craters identifiable through
binoculars. Surprisingly, it is also one of the easiest to identify, as a
magnificent system of rays sprays out from its rim into surrounding
Oceanus Procellarum. Indeed, these rays are so dazzlingly bright that
they can completely overwhelm the crater itself. (11,25)

Aristillus [33], found to the southeast of the Alps in Mare Imbrium,
is 36 miles across. As the Sun rises higher in the lunar sky, a system
of bright rays appears to spray from the crater into the surrounding
plains, making Aristillus easy to find. (8,21)

Arzachel [34] is found just south of Alphonsus and is a second mem-
ber of the prominent north-south collection of craters extending
southward from Sinus Medii. It measures 59 miles wide, with sheer
walls that fall 13,000 feet to a jagged floor. (8,22)

Blancanus [35], to the south of mighty Clavius, is a smooth-floored
crater spanning 63 miles by 66 miles. (9,23)

Bullialdus [36] is a small, but prominent, crater located on Mare
Nubium. Thirty-eight miles in diameter, it stands out well against the
surrounding dark mare floor. Pay close attention to its strong, bright
central peak and terraced walls, which cause petite Bullialdus to
resemble the powerful crater Copernicus. (9,23) ”

Byrgius A [37] is the smallest feature of those listed. Spanning only
10 miles by 13 miles, it would normally be passed right over without
a second glance were it not for its magnificent system of brilliant rays.
These rays, easily seen from Full Moon to the Waxing Crescent, have
been traced for over 260 miles. They completely overwhelm the larger
crater Byrgius, which lies to the smaller crater’s southwest. (14
through 23) :

Clavius [38], second largest crater on the Moon’s earthbound side, is
one of the easiest to recognize. Its huge 132-mile by 152-mile walls
are especially prominent right after the quarter phases. Then, sunlight
will just catch the top of the rim, causing a bright ring to protrude
into the cold, dark lunar night. On the floor of Clavius are several
smaller impact craters, with 30-mile-wide Clavius B the most obvious.

(8,22)



Copernicus [39], spanning 60 miles, is another easily found crater.
Located where Mare Imbrium meets Oceanus Procellarum, Coperni-
cus has a brilliant ray system that explodes into view against the
darker background of the maria. Its starburst pattern is unmistakable
in even the most modest glasses. The central mountain peak of Coper-
nicus may be glimpsed in 7X binoculars. (9,22)

Eratosthenes [40] is readily encountered halfway between Copernicus
and the Apennine Mountains. The steeply banked walls of this 37-
mile-wide crater drop nearly 2 miles to a rough floor. (8,22)

Gassendi [41] is a large, rather shallow crater perched on the northern
edge of Mare Humorum. With a rim spanning 70 miles, this crater’s
3,600-foot-high central mountain stands out in 10x and larger binoc-
ulars when the lighting is right. (11,25)

Grimaldi [42] is to the waning crescent what Mare Crisium is to
the waxing crescent. Found on the extreme western limb, Grimaldi
appears as a decidedly oval dark patch separated just a bit from
Oceanus Procellarum. This elliptical shape is only an illusion caused
by the Moon’s curvature, as Grimaldi is nearly circular at 140 miles
by 145 miles across. (13,27)

Hevelius [43], a 66-mile by 69-mile enclosure just to the north of
Grimaldi, is another highlight of the “Old Moon.” Intruding into its
norph wall is a smaller crater named Cavalerius. At 37 miles across,
Cavalerius will prove challenging in most glasses. (13,27)

Kepler [44], though only 20 miles across, is one.of the most prominent
craters on the Moon. Situated near the center of Oceanus Procellarum

it _hgs a bright ray pattern and will consequently remind many of a
miniature Copernicus, which, incidentally, is just to the east. Because
they are completely isolated from the bright highlands regions, the

rays from both Kepler and Copernicus may even be seen with the
unaided eye. (11,25)

Longomontanus [45] is seen to the northwest of Clavius and south-
west of Tycho, while another obvious crater, Maginus [46], is found
an equal distance east of Clavius and Tycho. Collectively, all four
create a prominent diamond pattern of craters in the Moon’s southern
quadrant. Longomontanus, at 107 miles across, and Maginus, mea-
suring 100 miles by 115 miles, are two of the largest craters found
on the Moon’s near side. (8,22)

Moretus [47] is found between Clavius and the Moon’s southern
limb. This area is one of the most rugged on the lunar face, which
makes individual craters difficult to identify. At 75 miles across,
Moretus is one of the largest craters found in the region, yet it will
still present a challenge to most observers. (8,22)

Pitatus [48] protrudes into the southern rim of Mare Nubium. Its
floor is darker than those of most craters, although not as dark as the
maria themselves. Under the right lighting conditions, the bright 60-
mile by 69-mile walls of Pitatus may be seen to encircle its shaded
floor liké a silver ring. (8,22)

Plato [49] is a striking feature on the Last Quarter Moon. Its floor is
the darkest of any crater found on the Moon’s Earth-facing side
and appears even darker than neighboring Mare Imbrium and Mare
Frigorus. Set in the foothills of the Alps, Plato looks far more oval
than its 64-mile by 67-mile dimensions imply. This effect is due to
the visual foreshortening of the lunar globe. Combining its stark floor
with the attractive ruggedness of its surroundings, Plato highlights
one of the most enticing lunar regions. (9,22)

Ptolemy [50] is the largest in the line of craters that includes Alp‘on-
sus, Arzachel, Purbach, and Walter. Ptolemy is 93 miles across, with
walls that fall nearly 10,000 feet to a smooth surface. The central
peak seen through telescopes cannot be glimpsed through binoculars.
(8,22)

Purbach [51] belongs to the line of five craters set near the terminator
on the night of Last Quarter. Purbach is slightly oval, at 62 miles by
73 miles across, and is the most difficult of the five to resolve. (8,22)

Pythagoras [52] is a prominent crater set between Mare Frigoris and
the northwestern limb. Covering 81 miles by 90 miles, the multiple
terracing effect of Pythagoras’ walls may be spotted in high-power
glasses, along with the faintest hint of a central mountain. (12,26)

Scheiner [53] forms a trianéle with Clavius and Blancanus. With a
rim 71 miles in diameter, it exhibits a smooth floor through binocu-
lars. (9,22)

Schickard [54] is a unique crater spanning 135 miles by 150 miles
and found near the Moon’s southwestern limb. It has an oddly shaded
floor, with two darker regions sandwiching a higher and brighter



central plateau. Selenologists are not sure exactly what causcci this
apparent sinking of part of Schickard, but the effect is striking under
the right lighting conditions. (12,26)

Schiller [55] is a long, footprint-shaped enclosure 48 miles wide by
113 miles long. Seen near the southwestern limb, its elongation is
even more pronounced due to the curvature of the Moon’s globe. To
this day, the origin of Schiller remains a mystery. The only thing
selenologists agree on is that it almost certainly did not result from a
single impact. (11,25)

Tycho [56], though only 56 miles across, transforms into the most
spectacular crater of all during the gibbous and full phases. Dazzlingly
bright rays scatter radially outward from the crater for hundreds of
miles, overwhelming all other features on the Moon. Perhaps the
youngest of the Moon’s major craters, Tycho was the landing site of
Surveyor 9 in 1968. The last of the pre-Apollo series, Surveyor 9
transmitted thousands of pictures back to Earth during the two-week
span of its mission. (13,24)

Walter [57] is the smallest and southernmost member in the line of five
craters stretching southward from Sinus Medii. An oval depression
spanning 78 miles by 88 miles, Walter possesses an unusual off-center
mountain found in the northeast part of the crater floor. Under the

right lighting, the peak’s shadow should provide enough relief for
detection in 10X glasses. (8,22)

Mountain Ranges

The Alps [g], like their earthly namesake, are an impressive mountain
range. They stretch for 350 miles, from Mare Frigorus in the north
to the shores of Mare Imbrium. The highest peak in the lunar Alps
has a measured altitude of 14,000 feet. During the waning gibbous
phases, the striking crater Plato will help point your way to these
slopes. Of special interest is the Alpine Valley [h], a gap that cuts

straight through the mountains, acting as a natural canal connecting
the two lunar seas. (8,21)

Bordering the southeastern shore of Mare Imbrium are the Apennine
Mountains [i]. Many outstanding peaks may be seen dotting this
range’s 450-mile length, including Mount Hadley, site of the Apollo
15 landing in 1971. (8,22)

The Carpathians [j] make up a 200-mile-long mountain range. They
are easily found just north of the impressive crater Copernicus and
contain peaks rising 6,600 feet above lunar sea level. (9,23)

The Riphaeus Mountains [k] act as a natural border between Mare
Cognitum and Oceanus Procellarum. Although resolution of individ-
ual peaks is an arduous task, they collectively appear as a bright arc
some 30 miles wide and 110 miles long. (10,24)

Other Features

Palus Epidemiarum [I] is a large plain extending to the southwest of
Mare Nubium. It is separated from the Sea of Clouds by one of
Tycho’s bright rays. Measuring 110 miles by 175 miles, it is pock-
marked with many small craters. Forty-seven-mile-diameter Capua-
nus is the largest of these infiltrators. (10,24)

Sinus Iridum [m), the Bay of Rainbows, is a favorite feature of jhe
Moon. Originally, Sinus Iridum was a complete crater, but its sgfith-
ern wall was totally washed away when lava from Mare Imbrium
crashed against it. Two promontories, Heraclides and Laplace, mark
the opening of the bay’s 160-mile-wide mouth, while the Juras Moun-
tains form its northern perimeter. (10,24)

Palus Putredinus [n] is a small, uneven plain found close to the crater
Archimedes. Just outside the border shared with the Apennine Moun-
tains, near Mount Hadley, is the site of 1971’s Apollo 15 mission.
(8,21)

Reiner Gamma [o] is a bright marking between Hevelius and Kepler.
It is not thought to be associated with any visible surface feature.
Never casting a shadow, Reiner Gamma apparently lies on the same
level as the surrounding plain. It measures 27 miles by 50 miles and
actually has a measurable magnetic field. Reiner Gamma is a most
unusual feature, indeed! (13,26)

The Straight Wall [p] is one of the Moon’s most fascinating surface
features. Seemingly rising out of nowhere, this 75-mile-long cliff sud-
denly climbs at a 40° angle to a height of 1,200 feet. Although the
Straight Wall itself will not be seen, its dark, pencil-thin shadow may

~ be spotted on the Moon’s eighth day. Check back in two weeks, when

the Sun’s light will fully illuminate the then-shadowless white cliff.
(8,23)



Occultations

Over the course of every lunar cycle, the Moon will apparently pass
in front of, or occult, many distant stars. Viewing these occultations
can be an enjoyable and useful activity for amateurs to engage in.
By timing their occurrences precisely, scientists may detect slight
fluctuations in the Moon’s orbital distance and speed. It is also possi-
ble during an occultation to determine whether the occulted star is a
single or double star.

On comparatively rare occasions, the Moon will pass in front of
planets and asteroids as well (see Figure 2.4). Watching the Moon
occult a planet is especially interesting. Rather than blinking out
suddenly like a star, the planet will be seen to slowly fade away over
a period of a few seconds as the Moon’s limb gradually blocks the
planet’s disk. '

Predictions of occultations are computed and published annually
by the U.S. Naval Observatory (USNO) in Washington, D.C. and are
available for 18 standard “stations” found across the United States
and Canada. Choose whichever station is closest to your observing
site, and use the predicted time for that station as a g;,uidc for when

Figure 2.4

Occultation of Venus by the waning crescent Moon. This photograph
was takcnll*_ry the author at the prime focus of an 8-inch {/7 reflecting
telescope. The original exposure was s second with ISO 400 film.

the occultation will occur. USNO predictions for the occultations of
brighter stars are also available in the annual Royal Astronomical
Society of Canada’s Observer’s Handbook, as well as in both Sky and
Telescope and Astronomy magazines.

For more information on occultation timing, interested readers
should contact the International Occultation Timing Association
(IOTA) at 6 N 106 White Oak Lane, St. Charles, [llinois 60174. This
organization can provide you with instructions and predictions of
occultations for your location. Membership in IOTA includes occulta-
tion predictions, a subscription to Occultation Newsletter, and other
material.

Lunar Eclipses

E

[ always look forward to a lunar eclipse (Figure 2.5). In fagt, I first
became interested in astronomy a quarter century ago whendobserved
a total lunar eclipse through an old (now long gone) pair of 7X
binoculars. I can still recall the rush of anticipation I felt as the Earth’s
coppery red umbral shadow crept ever so slowly over the Full Moon’s
face. Deeper and deeper the Moon glided into the darkness, until it
was fully blocked from direct sunlight. The deep crimson light that
illuminated the lunar surface (the result of sunlight bending through
Earth’s atmosphere) appeared more vivid through the binoculars than
with the unaided eye. It was not until an hour later that the Moon
slowly began to sneak out of Earth’s shadow. The eclipse then drew
to a close, but a fascination with the universe had just been born.

Like snowflakes, no two lunar eclipses are exactly the same.
Sometimes, the umbra casts a bright red-orange hue onto the lunar
surface, while other eclipses appear coppery red or even brownish
gray. A total eclipse’s color is dependent upon the clarity of our
planet’s upper atmosphere. In general, a vivid eclipse will be seen
when the air is free of pollutants, while a darker total phase will be
witnessed when the atmosphere is littered with foreign particles, such
as after a volcanic eruption. During the lunar eclipses of December
30, 1963, and December 30, 1982, the Moon nearly disappeared
from view at midtotality! Ash suspended high above Earth’s surface
from the 1963 eruption of Mount Agung on Bali and the 1982
explosion of Mexico’s El Chicén respectively caused these darker-
than-usual eclipses.

To rate the coloring of the umbral shadow, the French astreno-
mer A. Danjon came up with the following five-point luminosity scale:



Figure 2.5

The Moon entering the Earth’s shadow on December 30, 1982. Note the
stars Castqr and Pollux appearing on the top. With ISO 400 film,
exposure times increased from Yo second at /16 to ten seconds at £/1.7
as rhe‘Moon slipped deeper into the umbra. Exposures were taken at
five-minute intervals. Photograph by the author.

L =0: Ve?r)' dark eclipse, with the Moon almost invisible at
midtotality. f

L=1: Dark eclipse, gray or brownish coloration, details dis-
tinguishable only with difficulty.

. L = 2: Deep red or rust-colored eclipse, with a very dark cen-
tral area in the shadow and the outer edge of the umbra
relatively bright.

L = 3: Brick-red eclipse, usually with a bright or yellow rim
to the shadow.

L =4: Very bright copper-red or orange eclipse, with a very
bright bluish shadow rim.
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It is also interesting to estimate the Moon'’s brightness at midto-
tality. Normally, the Full Moon shines at magnitude —12.7, but this
was seen to drop by a factor of nearly two million, to 3rd magnitude
during the December 1982 eclipse!

To assess its magnitude, the Moon must be compared to stars
or planets of known brightness. But how can we compare the 142°
diameter lunar disk to a point of light? For an accurate estimate, the
Moon must appear equal in size to the object it is compared with.
Fortunately, this is an easy trick through binoculars. Simply turn the
binoculars around and look through the objective lenses. Everything
in the field, including the Moon, will decrease in size by the same
factor as the binoculars normally increase images by. The Moon’s
magnitude may then be directly estimated by comparison with other
sky objects of known brightness.

Table 2.1 lists upcoming partial and total lunar eclipses through

TABLE 2.1 Upcoming Lunar Eclipses, 1990-2000 /
Type of  First Contact Mideclipse Last Contact

Date Eclipse (U.T.) (%Y (U.T.)
9 Feb 1990 Total 17:30 ‘ 19:12 20:54
6 Aug 1990 Partial 12:43 14:11 15:39
21 Dec 1991 Partial 10:01 10:33 11:05
15 Jun 1992 Partial 03:27 04:57 06:27
9-10 Dec 1992 Total 22:00 23:44 01:28
4 Jun 1993 Total 11:12 13:01 14:50
29 Nov 1993 Total 04:40 06:25 08:10
25 May 1994 Partial 02:39 03:31 04:23
15 Apr 1995 Partial 11:42 12:18 12:54
3—4 Apr 1996 Total - 22:22 00:10 01:58
27 Sep 1996 Total 01:13 02:54 04:35
24 Mar 1997 Partial 02:59 04:40 06:21
16 Sep 1997 Total 17:08 18:46 20:24
28 Sep 1999 Partial 10:22 11:33 12:44
21 Jan 2000 Total 03:03 04:44 06:25
16 Jul 2000 Total 11:58 13:56 15:54




the year 2000. To find out whether a particular lunar eclipse will be
visible from your location, simply convert the listed Universal Time
(U.T.) of the event to your local clock time (see the appendices for

more information). If the eclipse occurs during your night, then you

are in luck; otherwise, better luck next time!

The Planets

/

Over the millennia since human beings first gazed skyward,
the wandering planets have been a source of endless fascination. First
revered as gods, the planets have only recently begun to shed their
cloaks of mystery to roving unmanned interplanetary probes. Each
of the five naked eye planets—Mercury, Venus, Mars, Jupiter, and
Saturn—has been visited and studied at close range. Uranus has
also been scrutinized by the passing eye of a spacecraft, which most
recently flew by Neptune. Now, only isolated Pluto remains unvisited.

Since their formation nearly five billion years ago, each of the
nine planets has developed a unique set of characteristics. As we stop
at each on our tour of the Solar System, some of their traits will reveal
themselves through our binoculars. Unfortunately, many more will
remain hidden from view: because of the planets’ relatively small size
and great distances, their features are difficult to observe through
common low-power binoculars. Brilliant Venus appears largest of all
from Earth, and yet its apparent diameter measures only Y50 as large
as that of the Full Moon.

High-power glasses, such as 20 x 50, 20 x 70, or 30 X 80, are
recommended for the best view. Keep in mind that the exit pupil
diameter is not as important a consideration in choosing binoculars
for studying the brighter planets as it is for observations involving
faint deep sky objects. '



Of the five naked eye planets, Mercury is by far the most difficult to
glimpse. This tiny world is forever trapped in an orbit that holds it
an average of only 36 million miles from the fiery Sun. As a result,

Mercury is never farther than 28° from the Sun in our sky, and it is

normally seen only in very heavy twilight, up to about an hour after
sunset or before sunrise.

Earth-based telescopes reveal that Mercury goes through phases
similar to our own Moon’s, but these same telescopes are unable to
show any distinct surface features of the planet. It was not until 1974
that Mercury finally showed us its true self. That was the year Mariner
10 flew by the planet and sent back spectacular photographs of a
rugged, arid, crater-strewn surface.

Binoculars prove invaluable when searching for this elusive
planet. First, check predictions to see when it is supposed to be visible
in the sky. The ideal time to search for Mercury is when the planet
is at “greatest eastern elongation” or “greatest western elongation.”
Mercury (and Venus, as we shall see later) is said to be at greatest
eastern elongation when it is at maximum distance east of the Sun,
which occurs in western twilight after sunset. Greatest western elon-
gation occurs when Mercury (or Venus) is at its farthest distance west
of the Sun, making it visible in the east just before sunrise.

The best opportunity for observers in the northern hemisphere
to see Mercury is when it reaches greatest eastern elongation in the
spring or greatest western elongation in the fall, as shown in Figure
3.1. Slowly scan back and forth just above the horizon where Mercury
is expected to be. The planet may just be glimpsed as a bright, flicker-
ing point of light immersed in deep morning or evening twilight. Sky
conditions must be quite clear to attain success. You should attempt
to spot Mercury only when there is little or no smoke, fog, or clouds
hugging the horizon. Even the slightest interference might render the
planet undetectable. |

Mercury takes only 88 days to travel once around the Sun. As
the speedy planet races around our star, it alternately passes in front
of and behind the Sun as seen from Earth. These points in its orbit
are called inferior conjunction and superior conjunction, respectively.

Although the tilt of Mercury’s orbit usually takes it either above
or below the solar disk at conjunction, occasionally it lines up with
the Earth and the Sun. When this occurs at inferior conjunction,
Mercury appears to transit the Sun. Transits of Mercury are relatively
rare. The last took place in 1986, although it was not visible from
North America. The next transit that will be seen from this part of
the globe is set for May 7, 2003.

k
Figure 3.1

The angle of the ecliptic to the evening western horizon during th&)rthc_:m.hennsphere‘s
spring and autumn. Note that both the Moon and Mercury can appcar..v.lgmﬁcantly
higher in the spring sky than in the autunm sky, even when they both lie the same
angular distance away from the Sun. Diagram by the author.

Venus

Are binoculars sufficient to watch a transit? It is generally
thought that at least S0X is required, but the most powerful binocu-
lars, such as a pair of 30 X 80s, may be adequate to just make out
tiny Mercury as it travels across the solar disk. Be sure to exercise
precaution against the harmful rays from the Sun before looking at
a transit. Chapter 5 gives information on proper safety measures for
observing the Sun.

"

Venus, at times the closest planet to Earth, is dazzling when suspended
high in morning or evening twilight. Like Mercury, Venus is never
found very far from the Sun in our sky. With a maximum elongation
of 47°, its brilliance far outshines all other stars and planets in the
sky. Only the Sun and Moon appear brighter.

From Earth, observers can watch as Venus goes from a thin
crescent near inferior conjunction (see Figure 3.2) to a broad gibbous
body just before or after superior conjunction. Galilf.-o was the ﬁrst
person to record the changing phases of Venus. His observations



liant Phnct Venus, as photographed by
rhor_. Exposure time was %s second with
125 film through an 8-inch /7 reflector

Figure 3.2

and 2x Barlow lens.

Ero;;_—:dht}*iat t}Je Sun.is at the center of the Solar System, as theorized
y Nicholas Copernicus about a century earlier. Until Galileo’s obser-
:ﬁtlgns,hlt was as;;umcd that every heavenly body revolved around
y E‘ adrtE. Au.ordmgﬂro‘ the then-accepted Prolemaic theory, if Venus
L ited arth, then Galileo would have seen Venus go thn‘)ugh a full
Fmascij just like the Moon (which does orbit Earth). With Venus
v = /
_ qe‘mg instead arouqd the Sun, full phase occurs at superior con-
junction, when Venus is invisible.
M 4 ~11] - ~
g soci;srn l'.nnoul[‘:rs are capable of repeating Galileo’s historic
s gh 6?11'15 measures about 1’ of arc in diameter when it is closest
ThOSrL » W :E;i-l pnfortunarcly coincides with inferior conjunction
hiv's E “ltrrll\.'m ellln 0;1:‘ sky due to glare from the Sun, Venus appears
g e smaller for many weeks before )] '
g b, % | s before and after conjunction
g which time even 7x binoculars will reveal the thin cresce ‘
phasc_ crescent
Pulling farth
farther away from the Sun as see -
e ! € Sun as seen from Earth, Venus
. ; n a crescent to a half-illuminated disk to a gibbo
ody. All the while, the app: di Shrinks
o i pparent diameter of the planet shrinks
i bihm,c [v as the Ellst:_mlcc between our worlds grows. Observers
gt hau :1.1'5 will find it increasingly difficult to resolve Venus’ disk
e phases progress, especially when the planet nears superior
: ]U(I;LEIOI], its farthest distance from Earth.
iy n rare occasions, Venus may be seen to transmit the face of
- ;n;t;nfcnor conjunction. Whereas Mercury is seen as a perfectly
”‘un flls’ at the time of transit, Venus appears slightly diffuse be-
cause '(E)i ight refracting through its atmosphere. Telescopes of higher
magnlj Latlﬂﬂ.WIII also display an unusual “black drop” effcci’t at
second and third contacts. The black drop effect results from sunlight

Mars

Mars, as photographed on September 17, 1988,
by Lee Coombs. He employed an 11-inch /10
Schmidt-Cassegrain telescope for this Ya-second
exposure at f/46 on Technical Pan 2415 film.

refracting through Venus’ atmosphere. Venus appears to blend into

the Sun’s limb. :
Transits of Venus occur in pairs separated by eight years, with

over 100 years between successive pairs. The last transits of Venus
were seen in 1874 and 1882. The next will take place on June 8,

2004, and June S, 2012.

Named for the Roman god of war because of its blood-red color,
Mars (Figure 3.3) has captivated mankind’s imagination as no other
planet has. Once thought to be the home of an advanced civilization,
the Mars of today reveals many craters and sinuous channels seem-
ingly formed by running water millions of years ago, as well as a
huge dormant volcano na med Olympus Mo!and a 3,000-mile-long
canyon named Valles Marineris.

 From Earth, Mars never appears larger than 25" of arc in diame-
ter. Usually, it is even smaller than that. The best time to view Mars
is when it is at opposition—that is, when the Earth-Mars distance 1s
at a minimum and the planet appears largest. Table 3.1 lists upcoming
oppositions of Mars for the remainder of the 20th century. Even then,
however, binocular observers are at a disadvantage when looking at
Mars. Apart from its distinctive red color, and perhaps just the slight-
est hint of the polar caps through high-power glasses, Mars reveals

little.

Figure 3.3




TABLE 3.1 Martian Oppositions: 1990-2000

Earth-Mars Apparent
Date 0]_" : Distance Diameter Apparent
Opposition (millions of miles) (seconds of arc) Magnitude
Nov. 27, 1990 48 18 > ihd
Jan. 7, 1993 58 15 -1.2
Feb. 12, 1995 62 14 -1.0
Mar. 17, 1997 60 14 -1:3
Apr. 24, 1999 53 16 -1.5

Mighty Jupiter, named for the king of the Roman gods, is also king
of the planets. Measuring 88,000 miles in diameter, it,surpasses in
size all other bodies in the Solar System except for the Sun itself. Even
at more than 391 million miles away, the immense size and }{igh
rc_'ﬂectwiry of Jupiter cause it to appear brighter than any star in our
night sky. At opposition, its great brilliance is overshadowed only b
the Moon, Venus, and, at its brightest, Mars. i

The highest power binoculars, such as 20 x 80s and 30 x 80s
reveal that Jupiter’s clouds are segregated into distinct bright zmu;s:
and dar_k belts, as shown in Figure 3.4. The bright zones are reéions
of gas rising to the cloud tops after being compressed and heated by
the crushing pressure of the inner Jovian atmosphere. The darker belts
are cooler gas cascading back down toward the interior. The Great
Red‘Spor, a_huge oval cyclonic storm found in Jupiter’s southern
hemisphere, is too small for even the highest power‘ glasses to resolve

i The smallest glasses will show Jupiter’s four largest moons: 10.
E;agyr;?icde, Callisto, a‘nd Europa—the Galilean satellites. I.)iscové-re(i
rg‘latiav; ig,ttfl::s;gzt:{]]:{szsic_:vzl_\' but cmq]sra'mll\‘ change their positions

} et 2 ach other. For instance, two may appear
on one side of Jupiter and two on the other, or perhaps three will be
clumped together on one side and one on the other. Frequently ()Iﬂv
two or three moons will be seen, with the “missing” satellite(s) 1cithc’r
in front of or behind the Jovian disk.

Itis all but impossible to tell which moon is which just by looking
at them. Since the satellites change position on an hour-to-hour bas‘if
it would take up too much time and space to show their reht\i\,;(;
locations every day for years to come. Fortunately, both Sky‘ and

Satum

Jupiter witl

Figure 3.4
 three of its Galilean moons. This photograph was taken by

Lee Coombs using an 11-inch /10 Schmidt-Cassegrain telescope at f/46
and 1SO 200 film. The planet was exposed for "2 second, while the
satellites required a five-second exposure.

Telescope and Astronomy provide this service to their readers in
every monthly issue. In addition, the Royal Astronomical Society of
Canada’s Observer’'s Handbook and Guy Ottewell’s Astronomical
Calendar, both annual publications, show the moon’s daily positions.

Saturn (Figure 3.5) is the most striking member of our planetary
family. With an equatorial diameter of about 75,000 miles, it is the
second largest planet circling the Sun. Appearing as a bright yellowish
starlike object in our sky, Saturn presents a maximum apparent diam-
eter of 20” and reaches magnitude —0.3 at opposition. This is about
ten times fainter than Jupiter.

The planet’s most attractive feature is, of course, the magnificent
ring system. Galileo noticed something odd about Saturn when he
viewed it through his first crude telescope in the early 1600s, but he
was unable to discern what exactly was odd about it. All Galileo saw
were two obscure protrusions on either side of the planet. The mystery



mistakenly thought that he had discovered a distant comet, for this
strange object moved very slowly against the b_ackground OE. ﬁxcd.
stars. Upon analysis of its projected solar orbit, however, it was
determined that Herschel had discovered a new planet beyond Sa-
turn’s orbit. That planet later came to be called Uranus, the father of
Saturn in mythology.

Uranus, the Solar System’s third largest planet, measures 32,500
miles across. Unfortunately, our view of the planet has always been
severely limited, given that it is over 19 times tarthclr away from the
Sun than Earth is. Voyager 2, after gliding past Jupiter in 1979 and
Saturn in 1981, became the first (and thus far, only) spacecraft to fly
past the cloud tops of Uranus in January, 1986. It revealed a world
completely hidden by surprisingly bland greenish clouds of hydrogen
and methane. Voyager also photographed the planet’s tenuous ring
system and its five icy moons, the only moo of Uranus known at
that time. Perhaps the most impressive find @ the Voyager encounter
with Uranus was the discovery of ten additional satellites circling that
distant world. _

Through binoculars, Uranus is seen only as a greenish starry
point (Figure 3.6). Telescopes are able to do little better: the greatest

Figure 3.5

n and its magnificent ring system. This
aph, taken by James Fakatselis through
-inch Questar, was made using Technical
Pan 2415 film.

of Saturn remained unsolved for over half a century as other early
telescopists tried in vain to decipher Galileo’s observations. Finally,
in 1665, a Dutch astronomer named Christian Huygens discovered
the flattened ring encircling the planet. '

Amateur astronomers who view Saturn through binoculars will
experience the same frustration that Galileo must have felt nearly 400
years ago. Even when they are at maximum tilt toward the Earth, the
rings cannot be resolved with less than about 35 . Giant glasses show
Saturn as a football-shaped disk, but are unable to resolve the rings
from the planet. Alas, it is sad but true that Saturn’s beauty requires
a telescope.

Circling Saturn are no fewer than 17 natural satellites. Titan, the
largest Saturnian moon, appears as an 8th-magnitude “star” circling
Saturn'cvery 16 days. At greatest eastern or western elongation, it is
3.3" of arc away from Saturn’s disk. At those times, 7% binoculars
are sufficient for spotting it, although some effort may be required.
Binoculars of higher magnification will have little trouble showing
T itan. Saturn’s other major satellites are Mimas, Enceladus, Tethys,
Dione, Rhea, Hyperion, Iapetus, and Phoebe. They are all quite faint
by binocular standards and are never found far enough away from
the planet to be readily distinguished in most glasses. ;

Neptune

Saturn

Figure 3.6

Astronomical history was made on March 13, 1781. On that night, The planets Saturn, Uranus, and Neptune against the magnificent star fields of Sagittarius.
the renowned astronomer William Herschel accidently stumbled upon This photograph was taken by Bernard Volz using a 135-mm £/2.8 lens on ISO 1000 film
a round, greenish object in the constellation Gemini. At first, he with a seven-minute exposure.




professional instruments show this distant world as a small, hazy,
featureless disk. Annual finder charts for Uranus are published in the
January issues of Sky and Telescope and Astronomy. Maps are also
found in the Royal Astronomical Society of Canada’s Observers
Handbook and Guy Ottewell’s Astronomical Calendar. These star
maps will prove indispensable when you look for this elusive planet,

By the beginning of the 19th century, astronomers had become mysti-
fied by the orbital motion of Uranus. Uranus was the only planet in
the Solar System that did not behave according to the laws of planetary
motion. Perhaps the irregularities astronomers found in its motion

were caused by the gravitational pull from an unaccounted source—

maybe another, unknown planet.

Using Newtonian mechanics, two astronomers, John Couch Ad-
ams of England and the Frenchman Urbain Leverrier, independently
calculated how large the hypothetical world must have been, how far
it was from the Sun, and where it was located in the sky. Leverrier
sent positional information to the Berlin Observatory on September

23, 1846. Based on this information, Johann Gottfried Galle discov-

ered Neptune later that same evening. Its location in the sky, near the

star Mu Capricorni, coincided almost exactly with Leverrier’s and

Adams’ predictions.

Our knowledge of Neptune has always been limited by the
planet’s tremendous distance away from Earth. All that changed
forever in August, 1989, when the durable Voyager 2 flew by Neptune
to reveal some amazing details. We now know that the planet is

shrouded in a dynamic atmosphere of turquoise clouds. Voyager
cameras revealed a dark earth-size vortex on Neptune that is reminis-
cent of Jupiter’s Great Red Spot. Appropriately dubbed the Great
Dark Spot, it appears surrounded by bright, wispy clouds. Voyager
also revealed thin, irregular rings around the planet, as well as six
new moons to add to Triton and Nereid, two satellites previously
discovered through earthly telescopes.

Like Uranus, Neptune’s challenge to amateur astronomers is
simply in finding it. In binoculars, it appears as a faint 8th-magnitude
“star” (Figure 3.6). Of course, there are so many stars of similar
brightness, that confirming that one is observing Neptune can be
difficult. Only its unique greenish color makes this planet stand out.
Fortunately, annual finder charts for Neptune are published in the

same periodicals as the charts for Uranus. Observers are strongly
advised to use these charts when looking for either planet, as searching
for them “unarmed” will only prove frustrating.

Dubbed “Planet X” by astronomers of the late 1800s, d'isranF Pluto
was the subject of an extensive 25-year-long search before its existence
could be confirmed. On February 18, 1930, a young astronomer
named Clyde W. Tombaugh discovered Pluto using a §pec1ally de-
signed camera at Lowell Observator%n Flagstaff, Arlzona.. Tom-
baugh was able to discern the planet only by its motion :_lgamst_thc
starry background, as Pluto appeared merely as a dim point of light
is photographic plates. i
i hl:i\?cn wl%anPlutg lies at its minimum distance of 2.76 !allhon
miles from the Sun, it is still an extremely faint object. With a brightest
magnitude of only 13, it remains far below the detection threshold of

binoculars.
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Asteroids

Minor Members of the
Solar Systefn

On January 1, 1801, Giuseppe Piazzi was observing the sky from his
home in Sicily when he happened upon a faint starlike object in the
constellation Taurus. No doubt, he thought it strange that this star
did not appear on his star charts of the region. He marked its position
relative to the other, known stars and made it a point to return to
that area on the next clear night. After a few days passed, he found,
to both his surprise and delight, that his “star” had moved! Further
observations permitted an orbit to be estimated for Piazzi’s new
object. It was found that whatever Piazzi had seen circled the Sun in
4.6 years and was 2.77 astronomical units (A.U.; 1 A.U. = 93 million
miles) away. As is customary, the discoverer of a new member of the
Solar System has the honor of naming it, and Piazzi chose “Ceres,”
after the Roman goddess of Sicily.

Of course, what Piazzi had discovered was an asteroid. Even
when viewed through the largest telescopes on Earth, asteroids are
seen as nothing more than starlike points of light, as Figures 4.1(a)
and (b) demonstrate. In fact, that is why they were given the name
asteroid in the first place: “aster-oid” means “star-like.” The only
way to identify an asteroid is to follow its movement against the more
distant fixed stars.
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Asteroid . Asteroid

g

vid (44) Nysa against the stars of the Beehive Cluster M44 in Cancer. Note the

motion in two nights’ time. Both pictures wer ;
' 1 s were taken by Lee Coombs thro :
/6 lens on 103 : “

a-E spectroscopic film with an exposure time of ten minutes.

Over 60 asteroids become brighter than 10th magnitude and
s‘hould therefore be visible through common binoculars. Table 4.1
lists the dozen brightest asteroids, along with their maximum magl';i—
rude.and approximate size. Notice that (4) Vesta (the “(4)” signifies
that it was the fourth one discovered) will occasionally even crack the
naked eye barrier. '

Looking for asteroids can be likened to hunting for a celestial
needle in a haystack if proper star maps are not at hand. Whenever

I The Brightest Asteroids

Maximum 7 ’
Diameter Maximum Diameter

Magnitude (mi) Asteroid Magnitude (mi)
5.1 345 (3) Juno vy 155
6.4 362 (18) Melpomene 7.5 102
6.7 637 (15) Eunomia 72 162
6.7 138 (8) Flora 7.9 99
6.8 12 (324) Bamberga 8.0 159
7.5 128 (1036) Ganymed 8.1 25

Comets

a minor planet of about 8th magnitude or brighter is due to be visible,
astronomical periodicals will publish a finder chart with the object’s
path plotted against the stars. Look toward the area of sky where the
asteroid is predicted to be. Once the area is centered, accurately sketch
the stars visible in the field. While glancing back and forth between
your field drawing and the asteroid’s finder chart, carefully note which
point of light on your map is not on the published diagram—that’s
the asteroid!

Serious “asteroiders” should consider joining the Association of
Lunar and Planetary Observers’ Minor Planet Section. One benefit of
membership is receiving their publication The Minor Planet Bulletin,
which keeps readers up to dagon visible asteroids. To learn more
about this organization, writ€ Professor Frederick Pilcher, Depart-
ment of Physics, Illinois College, Jacksonville, [llinois 62650.

An invaluable source of information on all the asteroids visible
during a specific calendar year is the annual Ephemerides of Minor
Planets. Produced by the Institute of Theoretical Astronomy in the
Soviet Union, it offers sets of celestial coordinates for plotting each
asteroid’s path in the sky, the projected magnitudes of the asteroids,
the dates of solar opposition, and other data. Copies of the annual
Ephemerides may be obtained for a nominal fee from the Smithsonian
Astrophysical Observatory, 60 Garden Street, Cambridge, Massachu-
setts 02138.

Of all the strange and beautiful celestial showpieces that appear in
our sky, none have so captured our imagination as have comets
(Figure 4.2). With their long, ghostly tails fanning out across the sky,
they command our attention and awe whenever they flourish.

At any one time, there may be half a dozen or more comets in
the sky. Most are visible only in large telescopes and pass unnoticed
by most amateurs. At least once or twice each year, however, a new
comet will break the magnitude 9-to-10 barrier and become bright
enough to be seen in binoculars. The Smithsonian Astrophysical Ob-
servatory in Cambridge, Massachusetts, has been designated by the
International Astronomical Union as the clearinghouse for announc-
ing all discoveries and reappearances of comets. Astronomers around
the world receive constant updates of any cometary activity through
the IAU Circulars, IAU Telegrams, or the Central Bureau for Astro-
nomical Telegrams® Computer Service. Details on subscribing to these
services are available from the Smithsonian Astrophysical Observa-



st, as photographed by George Viscome. The March 1976 picture was taken
100 film through a 50-mm lens and with an exposure time of ten minutes.

tory, 60 Garden Street, Cambridge, Massachusetts 02138. Informa-
tion about the brighter, more interesting comets is also available
from both Astronomy and Sky and Telescope, as well as through the
rccorded“‘Sky]ine” telephone service provided by the latter (617-497-
4168; this is a toll call to Cambridge, Massachusetts).

Amateurs can make valuable contributions to the ur_uderstanding
of comets by making regular, systematic observations. Don’t think
you have to be “experienced” at this sort of thing; anyone can join
in. Ope of the most useful features to note about a comet is its visual
magnitude. By carefully following the changes in brightness of a comet
and watching for any sudden fluctuations, we can closely monitor
any.physical changes within the nucleus.

The Morris method, introduced in the 1970s by renowned comet
observer Charles Morris, is the most accurate way of estimating a
comet’s brightness. The observer begins by defocusing the comet
slightly, until its bright center just begins to diffuse. The appearance
of the comet is then memorized. Next, the comparison stars are
defocused quickly, until they are similar in size to the retained image

of the out-of-focus comet, and the magnitude of the comet is esti-
mated. The observer repeats the observation as many times as is
necessary to get a good value for the magnitude.

The Morris method requires locating appropriate comparison
stars of known brightness. How can these be found? Frequently, a
comet will pass through, or at least near, the field of a variable star
(see Chapter 6). When that happens, many suitable stars may be
found on the variable star’s finder chart, which is available from the
American Association of Variable Star Observers, 25 Birch Street,
Cambridge, Massachusetts 024 38. For a good selection of compari-
son stars across the entire si, consider also the AAVSO Star Atlas
(Sky Publishing Corporation, Cambridge, MA: 1980), an indispens-
able source when viewing comets that are brighter than 9th magnitude
(the atlas’ limiting magnitude).

Finally, the magnitudes of very bright comets must be estimated
using just the naked eye. Some observers prefer to look through the
“wrong” end of binoculars in order to shrink the comet down to a
starlike point. However, finding bright stars for comparison may be
difficult, since they are not always visible in the part of the sky the
comet is traversing. In some instances, estimating by memory must
suffice.

Another valuable observation to be made of a passing comet is
assessing the diameter of its coma. The simplest way to determine this
is to estimate the size of the coma with respect to two stars of known
or measurable separation. It is also possible to judge the coma’s
diameter accurately just by knowing the field of view encompassed
by the binoculars.

Watch to see if a tail develops behind a comet. Most comets
visible in common binoculars should show at least a hint of one. If a
tail does become visible, monitor its appearance, length, and position
angle (P.A.) nightly. Measuring the tail’s length is quite simple if you
follow these steps:

1. Draw the field of stars in which the comet is situated.

2. Locate the position of the comet’s head in relation to these
stars.

(&%)

Sketch the full length of the comet’s tail, being careful to note
just how far it extends.
4. Now go to a detailed large-scale star atlas (such as the
AAVSO Star Atlas or Uranometria 2000.0) and match up
the stars of your sketch.

S. Transfer the comet sketch onto the atlas. By knowing the
scale of the map, the tail’s length may be measured directly.



The tail’s position angle is also easy to determine. Look at the
comet and ask yourself, “Where is north?” Once north is established
if the tail is pointed in that direction, then its position angle is 0° 0;-
the other cardinal points, east is 90° south is 180°, and west is 2:70"
i)f Lhe tail 136?, e:;azcstly l;alfway between, say, south and west, then thc::

A. would be °. If it is pointing mo it might
fai oo s p g more toward the west, it might

Backyard astronomers have always been counted on to docu-
ment closely the appearances of comets in our skies. Thanks to the
dedicated patrol of amateurs from around the world, our knowledge.r
of comets has continued to grow. The International Comet Quarterly
acts as the international depository and clearinghouse for observa--
tions of comets. To subscribe or to inquire about submitting observa-
tions fox;\ public]ftion,lwrite to Daniel W.E. Green, ICQ Editor, Smith-
sonian Astrophysical Observato i
Massacmsen{: 372138_ ry, 60 Garden Street, Cambndge,l

Comet Hunting

Itis alwa_ys_ fascinating to track a comet as it makes its way across the |
sky, but it is even more exciting to search for comets that have never
been seen before. Imagine the thrill of being the first person in the |
worid_to spot one of these celestial visitors. You will become an instant
celebrity in the global astronomical community, for the discoverer is
always honored by having his or her name attached to the comet

Don’t _be misled into thinking that just anyone can be a com-et
hunter. While a comet may certainly be found by accident, most are
discovered by dedicated amateur astronomers who have alréady spent
hundreds, even thousands, of fruitless hours scanning the skies. Many
hours of s!eep must be forsaken when stalking comets, but it will all
be wonrth it in the end when that first one is found!
come?lhnocqlars (especially giant glasses) lend themselves nicely to

t hunting. The glasses should be coupled to a steady mount that
permits smooth, easy sweeping in both altitude and azimuth. Special
attention should be paid to the comfort of the observer when choosin
a mount. The ideal binocular setup should have the user seated ancgi
the eyepieces at or near eye level. Searching in either a standing or
!:)ent-over position, or with hand-held binoculars, will only serve to
mtel_'fcre with an observer’s concentration. How can anyone look for
a famt. smudge of light when his or her back is aching?

Since comets are at their brightest near perihelion, most success-
ful hunters search the western horizon in the early evening and the

R TR TRy e

45° Altitude

Binoculars’
Field of
View

Figure 4.3
Search pattern recommen

authdr.

Start

i North —

ded for comet hunting shortly after sunset. Illustration by the

-— South

eastern horizon in the early morning. Figure 4.3 shows a good hunting
strategy. For the evening check, begin at the horizon and slowly scan
a wide breadth on either side of the sunset point. Many sweep all the
way from due north to due south. At the end of the pass, swing back
to the starting point, move the instrument up half a field diameter so
as to overlap part of the view, and scan back across an equal width
of sky. Continue this motion until you have reached an altitude of
between 45° and 60° above the horizon.

The morning check is performed in exactly the reverse order.
Start high in the eastern sky, and scan across and down toward the
horizon. Statistics show that, for some unknown reason, nearly three
times as many comets are discovered in the morning sky as in the
evening sky.

The hearts of many new comet hunters skip a beat when they
come upon an unexpected fuzzy smudge on their very first night out.
Can comet hunting be this easy? Ah, if only it were. There are hun-
dreds of deep sky objects within the range of binoculars that look like
comets at first. A quick check of a detailed star atlas should squelch
the excitement when it is found that the new “comet” is actually a
distant cluster, nebula, or galaxy that has been known for years!

If no corresponding deep sky object is found on an atlas, then
check your mystery object for motion. Comets move in the sky; deep
sky objects do not! Plot the suspect accurately on your star atlas, and
wait for some sign of movement. Comets move quite slowly, so be
patient. If many hours go by and there is still no change, you have
probably spotted something else, but don’t give up that easily. Go
back out the next night and check again. If the object still has not
moved, then you have not found a comet.



But what if it did move? The first thing to do is to check your
available sources, such as the IAU Circulars or the “Skyline” tele-
ph(?ne message, to make sure that the comet has not already been
claimed by somebody else, or that it is not just a periodic comet
making a scheduled return.

If you have checked everything and you are positively convinced
that th_is is not a previously discovered comet, an unidentified dee
sky oh!cct, or even a closely set asterism of faint stars, then it is timl:
to notify the authorities. Send a telegram or telex to the Central
Bureau for Astronomical Telegrams at the Smithsonian Astrophysical
Observatory (SAO) in Cambridge, Massachusetts. The SAO may be
(reachedl;hrEuEIQ their Western Union telex number, 710-320-6842
answerbac S f
fanewss indudm’i]:ROGRAM CAM). In the message, the following

1. Your name, address, and telephone number.

2. The date and time (in U.T.) of the observation in decimals of
a day.

3. The right ascension and declination of the suspected comet.

4. The direction of motion of the object.

5. The magnitude of the object.

With the message received, observatories around the globe are
put on alert to confirm your suspected comet’s existence. Even after
all oft);'our checking, it still might be a false alarm, or another observer
F}:iyﬁ eat you to ‘th.e' punch. With any luck though, yours might be

1¢ first report received at the SAO, thereby adding your name to th
distinguished list of comet discoverers. Good luck! : ’

g)n?:ofrvmg meteorsr (Figure 4.4) through binoculars is an area of
1ateur astronomy that has remained unexplored by most hobbyists
With thu." naked eye, only those meteors brighter than 4th magnitude:'
are readily detectable. Through 7x binoculars, however, the range is
expanded to 7th, 8th, or even 9th magnitude. The number of met%
capable of being seen is therefore greatly increased. N
Unfortunately, along with this greater range of magnitud
comes a markedly reduced field of view. Wide-angle glasses prove N
be the instrument of choice, since we want to be able ro. view r|:0
largest portion of sky possible. Both 7 X 35 and 7 x 50 binocular‘;

Figure 4.4
A bright Perseid meteor blazes across Andromeda in August 1983.

Photograph by Lee Coombs using a 50-mm £/2 lens and ISO 400 film.

offer up to a 10° to 12° field. Even though edge definition sometimes
suffers, these would seem the best compromise between magnification
and field size. : .

Observing meteors with binoculars is one of the few areas of
amateur astronomy left where dedicated observers can make a valu-
able contribution. Karl Simmons' of the American Meteor Society
suggests two methods for amateurs to become involved in this activity.
The easiest way is simply to count the number of meteors seen. Keep
your sights fixed on a specific area of the sky, tracking the stars as the
Earth rotates. Record how many meteors were seen, and be sure to
include the area of sky monitored and the time (U.T. again) that
observations began and ended.

A second, more sophisticated approach is to record several facts
about each meteor seen, such as the date and time of the meteor’s



appearance, the magnitude of the meteor (to the nearest half-magni-
tude), and the duration and direction of travel of the meteor. The
AAVSO Star Atlas is an excellent source of comparison stars to use
in determining the magnitude and is also useful for plotting a meteor’s
extent of travel. :
The duration of a meteor’s passage, in tenths of a second, may

be estimated as follows: 0.1 to 0.2 for a very swift meteor, 0.3 to 0.6
for a meteor of average speed, and 0.6 or more for a slow meteo
such as a bolide. Include in your observations a description of a :
persisting smoke trail, noting both its duration and direction of drift,
For the observations to be of value, state the type of equipment used. :‘
the field of view in degrees, and the position in the sky (right ascensi o
and declination) at which your binoculars were aimed. ]
Table 4.2 lists the dates of the chief meteor showers that oc

each year, together with pertinent information about them.
The American Meteor Society welcomes amateurs who wish to
contribute to this little-known field. Standard report forms, as well
as a paper by Simmons titled “Telescopic Meteor Observation,” are
available_ from the American Meteor Society, Department of Ph,ysi cs,f
State University of New York, Geneseo, New York 14454.

«2 Major Annual Meteor Showers

Location Average
. of Radiant Hourly Associated
lr Shower Name R.A, Dec. Rate* Comet
. Que'ldrantids 15h28m +50° 40> ?
| Lyrids ] 18 16 +34 15 Thatcher
Eta Aquarids 22 24 0 20 Halley
Delta‘ Aquarids 22 36 ~17 20 ?
i Per'sel('h 03 04 +58 60> Swift-Tuttle
| Orionids : 06 20 +15 25 Halley
3 South Taurids 03 32 +14 <15 Encke
17 Leonfd.s 10 08 +22 1S Tempel
14 Gequmds 07 32 +32 50> ?
23 Ursids 14 28 +76 15 Tuttle

id eye meteors only.

————————————————

The Sun’

Most of us restrict our sky watching to the hours between
the end of evening twilight and dawn’s first light, for it is during these
dark hours that the stars, Moon, and planets are seen. But by doing
s0, we are ignoring the most important star in the sky—the Sun.

Before we begin our journey to the Sun, it is critically important
to exercise extreme care. Without proper precautions, you may suffer
permanent eye damage and even blindness. If you are unsure of how
to view the Sun, take a moment right now to review the section on
safety during solar observation further along in this chapter.

Many amateur astronomers €njoy monitoring the constantly
changing face of our star. For most, its principal attraction is the
fluctuating number of sunspots across the photosphere, or surface, of
the Sun. Sunspots (Figure 5.1) are transient features that apparently
result from tears in the photosphere. These rips are associated with
powerful magnetic fields that block some of the outward-pouring
radiation from the Sun’s core. The resulting temperature of the af-
fected region is about 3,000°F cooler than the surrounding photo-
sphere, causing the sunspot to appear darker by contrast. Each sun-
spot consists of a black central portion known as the umbra and an
encircling grayish ring called the penumbra. Sunspots may range in
size from hundreds to thousands of miles in diameter.

Typically, sunspots require some magnification to be seen, al-
though the largest may be spotted with the naked eye provided that
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Figure 5.1

The Sur_t‘s active photosphere alive with many sunspots. Brian Kennedy
took t'h1s photograph at the prime focus of an 8-inch /5 telescope,
exposing ISO 125 film for '2s50 second.

proper eye protection is used. How many sunspots are visible at
any one time depends on a number of factors. Naturally, higher
n?a.gmﬁcatlon will resolve smaller spots. However, the number of
visible sunspots also depends on where the Sun is in its current sunspot
cycle. Astronomers in the 19th century determined that sunspot num-
bers oscillate regularly over approximately an 1 I-year period. Toward
rhe maximum phase of the cycle, there might be a hundred or so
visible spots; at minimum, the solar disk will be nearly devoid of
rhem.. The most recent solar maximum occurred in early 1990; the
next is expected in about 2001. )

At Or near a sunspot cycle maximum, the frequency of solar
flares also increases. Solar flares are colossal eruptions associated with
larger sunspot groups. Usually, flares require advanced narrow-band
filters to be seen, although extremely rare “white-light” flares have
been observed.

While flares may not be readily observable, their effect may be
detected on Earth. As a flare erupts, charged particles are emitted
from deep within the Sun’s interior. Racing outward at harrowing

speeds of over 500 miles per second, these particles reach Earth’s
orbit in about two days. As they bombard the Earth, they are drawn
toward our planet’s magnetic poles to produce the beautiful auro-
rae—the northern lights in the northern hemisphere and the southern
lights in the southern hemisphere. Regardless of their intensity, auro-
rae are best viewed with just the unaided eye: the majesty of the event
will be completely lost in even the widest angle binoculars, which
have too restricted a field of view.

Observers using highgpower glasses will also be able to detect
faculae, brighter areas scéosc to major sunspots. Faculae give the
impression of being brighter than the surrounding photosphere, but
that is only because they lie a couple of hundred miles above the
visible surface. At that altitude, they are not as affected by the solar
atmosphere’s dimming effect as is the visible photosphere itself. Facu-
lae are most easily seen near the Sun’s limb. Here, the contrast between
faculae and photosphere is at its greatest, thanks to limb darkening,
the effect produced when we look toward the disk’s edge rather than
its central region and thus view the Sun diagonally through a deeper
area of its atmosphere. Observers should note that to spot faculae
requires at least 15X to 20% glasses.

Safety First!

Binoculars are fine instruments for monitoring the Sun’s fluctuating
sunspot activity. However, before looking at the Sun, take warning:

DO NOT LOOK DIRECTLY AT THE SUN, NOT EVEN FOR
AN INSTANT!

The Sun’s ultraviolet rays, the same rays that cause sunburn, will burn
the retinas of your eyes much faster than your skin. Without proper
safety precautions, permanent eye damage, and even blindness, can
result. .

There are several ways to look at the Sun safely. If you wish to
view the Sun directly through binoculars, special solar filters are
required. Do not use welder’s glass, smoked glass, or overexposed
film: they all can cause blindness. Proper filters are commonly made
of aluminized Mylar™ film or glass and must be securely mounted in
front of both objective lenses beforehand. In this way, the dangerously
intense solar rays are reduced to a safe level prior to entering the
binoculars and your eyes.



Never place the filters between the eyepieces and your eyes
Binoculars will magnify not only the Sun’s light, but its intense heat

as well. The concentrated solar heat can quickly crack glass filters or -

burn through thin Mylar film, allowing undiminished sunlight to bursg

into your unprotected eyes and possibly cause permanent blindness, -

Solar filters must be treated with great care, or they will quickly

become damaged and unsafe to use. Inspect the filters regularly (espe-

cially the Mylar type) for pinholes or irregularities in the coating by

holding the filter up to a bright light. If a pinhole develops, it need
not be cause to discard the filter: small holes may be sealed with a

tiny dot of flat black paint without compromising the image too
greatly. Using a cotton swab, dab just a bit of paint over the hole. If.
more serious damage than a pinhole is detected, then the filters must
be replaced immediately. :

The safest way to view the Sun is to use your binoculars to

project an image of the Sun onto a piece of smooth, clean, white

cardboard_ (Figure 5.2); any irregularities in the projection screen will
cause the image quality and amount of visible detail to suffer. First,

r's daughter, Helen, demonstrates the safest way of observing the Sun with
Note the cardboard sun shade. Photograph by the author.

mount the glasses on a tripod or other rigid support. Keep a dust cap
over one of the objective lenses to prevent two overlapping images.
Do not look through the binoculars at any time, not even to aim
them. You can align the glasses by adjusting the shadows they cast
until they are at their shortest.

Once the binoculars are centered on the Sun, focus the lens until
the image is sharp and clear. If the image is not bright enough to be
seen well, cut out a cardboard baffle that fits securely over the front
of the glasses’ barrels, as shpwn in the figure. In this way, unwanted
sunlight will be blocked #rom reaching the projection screen and
washing out the solar image.

This projection method lends itself very nicely to keeping a
permanent record of sunspot activity. Depending on the size of binoc-
ulars used, draw a circle three to four inches in diameter, in the center
of a piece of paper, and attach it to the projection screen. Adjust the
distance between the binoculars and the screen so that the projected
Sun fills the circle exactly. Once this is done, simply trace the exact
positions and sizes of sunspots. Be sure to note the four cardinal
directions on your observation sheet, and remember that over a period
of days, sunspots appear to travel from west to east across the Sun.

Another interesting activity is to draw the solar disk every second
or third day over a span of a month. With each successive sketch,
sunspots will be observed to form and change in size and shape (some
quite radically) as they travel across the solar disk. From this exercise,
you can directly estimate the Sun’s period of rotation in much the same
way as Galileo did over 350 years ago. By paying special attention to
the exact location of the visible spots relative to each other, it will
soon become clear that different latitudes on the Sun rotate at different
speeds. For instance, the Sun’s equator rotates once every 25 days,
while the polar regions take more than a month to complete one turn.

Solar Eclipses

Solar eclipses always attract a lot of attention from amateur astrono-
mers, as well as from the general public. Enthusiasts around the world
await eagerly their precious time in the shadow of the Moon.

A total solar eclipse (Figure 5.3) may be the most magnificent
celestial event of all. Solar eclipses occur as the Moon moves across
the face of the Sun, obscuring our view of the solar disk. Excitement
mounts when about 85% of the Sun is covered and the sky begins to
darken. The temperature falls, and winds may pick up. Animals are



Figure 5.3

A total eclipse of the Sun. Jack Newton took this hand-held Yso-second
exposure through the window of an airplane using a 200-mm /4 lens
and ISO 400 film. '

fooled into thinking that night is approaching, and birds may go to
roost. The brighter planets and stars become visible as the ever-
deepening twilight encroaches.

In the few seconds before totality, the Moon’s jagged edge breaks
up the last remaining rays of sunlight into brilliant luminous frag-
ments. T_hese were first described by Francis Baily, an English astrono-
mer, during an 1836 eclipse. He likened their appearance to a dazzling
necklace of beads, and so today we refer to the phenomenon as Baily’s
Beads. Frequently, one bead will outshine all others, creating the
diamond-ring effect.

At second contact, the Moon completely covers the Sun. It is
now safe to view the Sun without protection, since the dangerous rays
of the photosphere are blocked. As the last few beads of. sunlight
disappear, the beautiful corona, or outermost atmosphere, of the
Sun blossoms into view. Binoculars will reveal its pearly white glow
spreading out for several degrees from the Sun. The corona will
remain visible only during the period of totality.

I'l'hc chromosphere, or inner atmosphere, of the Sun will also
pop into view at second contact. Steadily mounted binoculars display
beautifully the reddish glow encircling the Moon’s blackened limb.
Within the chromosphere are the spectacular prominences, shooting
upwards into the corona, only to loop back if their velocity is not

Figure 5.4

The unusual annular-total solar eclipse of May 30, 1984, as
photographed by the author from Lake Norman, ! lorth Carolina.
Exposures were made at five-minute intervals (oops, missed one!) by
exposing ISO 64 film at "125 second with a 50-mm lens set at f/11 and
shielded with a neutral density 5 filter.

great enough to escape the Sun’s tremendous gravity. High-power
glasses are best to view these magnificent eruptions.

The minutes of totality will pass faster than any you may have
ever experienced. Third contact is reached when the Moon’s disk
slides off the Sun. Once again, the brilliant diamond-ring effect and
Baily’s Beads are visible.

Total eclipses occur because the Sun and Moon appear to be
almost exactly the same size in our sky. However, since neither the
Moon’s orbit around the Earth, nor the Earth’s orbit about the Sun,



TABLE 5.1 Solar Eclipses, 1990-2000

Date Type of

(U.T.) Eclipse Zone of Maximum Eclipse

22 July 1990 Total Finland, northernmost Soviet Uni(;:<
Aleutian Islands, northern Pacific i
Ocean

11 July 1991 Total Pacific Ocean, Hawaii, Baja

California, mainland Mexico,
Central America, Colombia, Brazil

4-5 January 1992 Annular Pacific Ocean

10 May 1994 Annular Pacific Ocean, northwestern
Mexico, North America (from
Texas through New England and
into Ontario and the Maritime

Provinces)

26 February 1998 Total Pacific Ocean, Colombia,
Venezuela, Atlantic Ocean

11 August 1999 Total Atlantic Ocean, England, France,

Germany, Austria, Hungary,
Romania, Turkey, Iran, Pakistan,
India

is exactly circular, the apparent size of the Moon and Sun can vary

slightly. When the Moon appears a little smaller than the Sun at the

time of a total solar eclipse, a bright ring, or annulus, of sunlight
remains visible during the maximum stage of the eclipse. Unlike
true total eclipses, annular eclipses (Figure 5.4) require constant eye
protection to be viewed safely, even at maximum phase. Likewise
ful! precautions must be exercised during all stages of a partial sola;
eclipse.

Table 5.1 lists contemporary annular and total solar eclipses
‘through 1999. If you plan on viewing one of these magnificent events,
you are urged to review the monthly and annual astronomical periodi-
cals well beforehand to learn the specific details.

——————_——__

Stellar H/appmings

Whether you use a pair of 7 X 35 binoculars or 25 x 105
giant glasses, the night sky will explode with treasures that remain
unsuspected to the naked eye. Some seemingly mundane stars burst
with color when viewed through binoculars. Numerous double stars
dot the heavens, beckoning us to take a peek. Variable stars mysteri-

_ ously fluctuate in brightness; at times, some may be seen with the

naked eye, while at other times, their dim light may barely register
through binoculars. The list seems almost endless, with so many fine
clusters of stars, huge interstellar clouds of gas and dust, and remote
galaxies to choose from.

Double and Multiple Stars

Nearly half of the stars we see at night are double or multiple star
systems (Figure 6.1). Of course, not all can be resolved through
binoculars, but of the hundreds that can, no two appear exactly the
same. Many display striking contrasts in magnitude, while others are
nearly equal in brightness. Some seem to shine pure white, while
others glimmer with distinctive colors. The separation between the
stars varies from resolvable with the naked eye to detectable by

~ spectral analysis only.
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to clarify this, each listing specifies the year in which the measurements
were made. The separation is listed in its own column, while the
position angle is specified under the “Comments” column. As an
example, consider Beta Cygni. The data table (page 137) lists a com-
ponent separation of 34" of arc, while the remarks for this entry read:
“54° (1967); 12540; Albireo.” This may be interpreted as indicating
a separation of Beta Cygni’s components of 34" with the secondary
star found at P.A. 54° as measured in 1967. The second number is
the star’s listing in AitkengNew General Catalogue of Double Stars,

Fi 6.1 : :
e while the final term is the star’s proper name, Albireo.

\Ibireo (Beta Cygni), a superb double star.
ograph by Lee Coombs at the prime focus
s 10-inch f/5 Newtonian reflector with an

exposure of 15 seconds on ISO 125 film.

Variable Stars

There are three types of double stars that are visible in binoculars,
Visual binaries are two or more stars that actually orbit each other
in space. The brightest star in such a binary system is typically referred"
to as A, while the fainter secondary member is labeled B. If there are.
other, still fainter components, they are specified as C, D, and so'
forth. Optical doubles are simply chance alignments of two or more.
stars that lie along the same line of sight from Earth, but are actua]ly‘

nowhere near each other in space. The third class of double star is

the eclipsing binary; we shall discuss this kind of system in the section

on variable stars.

~Double stars are always referred to by their separation and
position angle. A binary’s separation is simply the apparent angular
distance between the primary A star and the secondary B star and is
usually expressed in seconds of arc. Clearly, the tighter the stellar
pair, the higher the power and the larger the aperture needed to
resolve them. All of the double stars listed throughout Chapter 7 are
resolvable in 7X to 10Xx binoculars, unless otherwise noted.
_ The position angle, or P.A., is the angular measurement of an
imaginary line drawn from the primary to the secondary relative to
north. If the companion is due north of the primary, then the pair’s
P.A. is 0° If the companion is due cast, then the P.A. is 90°. Similarly,
a P.A. of 180° places the companion due south, while a P.A. of 270°
indicates that the companion is due west of the primary.

Keep in mind that a binary system’s separation and position
angle change over time as the stars complete their orbits, The values
for each double star listed in the next chapter are taken from modern
authorities, yet some may have changed since publication, In an effort

Variable stars [Figures 6.2(a) and (b)] are distant suns that appear to
fluctuate in brightness. Some do so rhythmically over a predictable
period of time, while others vary irregularly. Many variable stars
suddenly flare in a matter of minutes or hours. There are three major
classes of variables: eclipsing binaries, pulsating stars, and eruptive
variables.

Strictly by chance, some binary star systems are seen nearly edge
on from our earthbound vantage point. Called eclipsing binaries,
these stars alternately pass in front of each other, causing temporary
diminishings of their combined light. In general, a steep drop in
magnitude is seen when the smaller B companion transits in front of
the primary A sun, while only a slight fading occurs when the second-
ary is eclipsed by the main star.

One especially interesting eclipsing binary to view through bin-
oculars is Algol, in autumn’s Perseus. By comparing it to other stars
of known brightness, we find that, over a period of about three days,
Algol changes from 2nd to 3rd magnitude and back again. It was
because of this seemingly possessed behavior that, long before the
invention of the telescope, our ancestors named the star “Algol,” the
Arabic word for “demon.” )

Eight subgroups of variable stars are categorized as pulsating
stars. These stellar oddities actually experience physical expansion
and contraction as we watch them alternately brighten and fade. The
most common type is the long-period class of stars. Over a period of
weeks or months, these red giant suns are observed to fade and
brighten with precise regularity. Long-period variables are frequently
called Mira-type stars, after the star Mira, which was the first long-
period variable discovered. Located in the autumn constellation Cetus
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RR Lyrae-type stars, named after RR Lyrae, the first of the type
to be discovered, have very short, precise periods of one day or less.
Most are found in globular clusters and thus are also called cluster
variables.

Cepheid variables also experience brightening and fading over
short lengths of time, usually one to seven days. Named after their
prototype star Defta Cephei, Cepheids are intrinsically very bright
giant stars that are noted for their luminosity-versus-brightness rela-
tionship. It is well knnwﬁhat the length of a Cepheid’s variability
period is directly proportional to its absolute magnitude, a fact which
makes Cepheids quite valuable for determining distances in the uni-
verse.

RV Tauri stars are pulsating orange and yellow supergiant suns
that exhibit alternately shallow and deep minima. The length of time
between two primary minima is typically between about 30 to 150
days.

7 Andromedae variable stars (also known as symbiotic vari-
ables) are close binary systems whose spectra seem to suggest a cool
giant sun paired with a hot companion. The unpredictable periods of
variability of symbiotic stars probably result from a combination of
pulsations by the larger component and physical interaction between
the two stars.

S Doradus stars are among the most luminous known. These
young, massive blue stars undulate an average of three magnitudes
over either rhythmic or irregular periods. Analysis of their spectra
indicates these brightness deviations are caused by high-speed ejection
of the star’s atmosphere.

Eruptive variables form the third major class of variable stars
and, like pulsating stars, may be further broken up into several
branches based on unique characteristics.

Novae are white-hot dwarf stars that suddenly brighten by five
magnitudes or more in only a few days and then fade back to their
original luminosity over the next few months or years. Recurrent
novae are stars that have been observed to repeat the nova cycle two
Or more times. '

If a star is much more massive than the Sun, the end of its life
will be signaled by a tremendous explosion. During such a supernova
outburst, nearly all of the star’s mass is instantly converted into
energy. For a short while, the brilliant supernova may outshine all of
the billions of other stars in its home galaxy combined.

Supernovae are rare events. The last one seen within the Milky
Way occurred in 1604, only five years before the invention of the
telescope, and there hasn’t been another one since. The odds say that



we are long overdue. In the meantime, we will have to settle for
spotting supernovae in distant galaxies,
Much excitement was generated in Februa '
nova flared in the Large Mzﬁgel!anic Cloud, onergfliié[:stz?;aslzifg
to our Milky Way. The explosion gave astronomers the unprece-
dented opportunity to study a supernova from “only” 163,000 light
years away. At maximum, the supernova reached magnitude +3
which translates to an absolute magnitude of —15.5! :
U Geminorum or Dwarf Novae stars are similar to recurrent

novae, but flare repeatedly at roughly two-month intervals. These
suns burst forth suddenly in a day and subside to their normal bright-

ness within a week.

R Coronae Borealis stars are normally quite bright, but fade
away quickly at irregular intervals. Then they begin the slow ascent
back up to their original magnitude over the next few weeks or
months. These “celestial Cheshire cats” have been likened by many
authorities to novae in reverse.

Gamma Cassiopeiae stars are thought to be rapidly spinning
spectral type-B stellar infernos that exhibit random magnitude fluc-
tuations of up to about 12 magnitudes.

. Flare stars are red dwarfs that, without warning, burst forth and
rise s‘everal magnitudes in a minute’s time. Constant around-the-clock
monitoring is required to study the flaring of these most unusual suns.

'lusters and Associations

Scattered throughout the sky are loosely bound throngs of hot, new
stars of spectral classes O (blue) and B (white). These groups, 1'all of
whos§ stars formed from the same interstellar cloud, are called OB
assoctations. OB associations are fleeting stellar affiliations: the bond-
ing force ‘of gravity is usually sufficient to contain the group for only
a few million years, after which time the stars begin to go their
separate ways.

Whllc there are about 70 OB associations known, few are visu-
ally c.i!snnguishablc. With their constituents so loosely packed, it can
be difficult to tell visually which are true members and whi::h just
happeljl to lie in the same direction but are nearer or farther away.

Like OB associations, open clusters (Figure 6.3) are randomly
shaped collections of primarily young blue and white suns, but they
are more permanent heavenly fixtures. Also known as galactic clus-
ters, each may contain up to a few hundred individual points of light.
Some, such as the Hyades in Taurus or the Coma Berenices cluster,

Figure 6.3

M67 (NGC 2682) in Cancer, a stunning though often-ignored open
cluster seen in the spring. This photograph by George Viscome was taken
through a 500-mm lens with ISO 400 film exposed for ten minutes.

are loosely grouped, while others, such as M11 in Scutum, are
crowded into stellar traffic jams.

Many fine open clusters may be seen with binoculars. Some are
ablaze with colorful suns, while others appear as little more than hazy
smudges. Many clusters listed in the next chapter have apparent
diameters in excess of one degree, making them difficult to detect in
telescopes with narrow fields. Since most observational handbooks
cater to the telescopist, the existence of many of these clusters have
been almost totally ignored. Binoculars, on the other hand, are able
to distinguish them fairly readily from the starry background. It is
hoped that their mention here will alert observers to their existence.
Do not pass them by, as many are quite striking.

Surrounding the center of our galaxy, much as moths gather
around the flicker of a flame, are huge, spherical conglomerations
of stars—the magnificent globular clusters (Figure 6.4). Sir William
Herschel was the first astronomer to identify the true nature of these
massive global conglomerations. He coined the phrase “globular clus-
ter” for the first time in 1786, when he described some of the entries
in his catalogue.

Even at the vast distances at which they lie, globular clusters
appear surprisingly bright. Of the more than 100 known, nearly half



Figure 6.4
The magqiﬁcent globular cluster M13 (NGC 6205), seen in Hercules.
George Viscome took this photograph through a 14'4-inch Newtonian

reflector using a cold camera loaded with 1SO 400 film. Exposure time
was 30 minutes.

are \fisible in binoculars. Unfortunately, due to their tight stellar
packing, resolution of individual stars will prove impossible i:; most
cases. A noteworthy exception is Omega Centauri (NGC 5139), the
most magnificent of its kind. Found in the southern CtJnsteIle;tion

Centaurus, this breathtaking sphere of stars is partially resolvable in
7x glasses. '

Drifting amidst the vacuum of deep space are huge clouds of gas and
dusr called nebulae. Searching for these vaporous celestial phantoms
is both exciting and frustrating.

Stars are born from diffuse nebulae (Figure 6.5). These great
c[ouc‘is are found primarily in the outer regions of the Milky Way
and in similar galaxies. Diffuse nebulae are composed primarily of
h_ydrogen, helium, nitrogen, and oxygen. There are three types: csnis-
sion, reflection, and dark nebulae. e

Figure 6.5
M16 (NGC 6611), a fine example of a diffuse nebula, is found in the
summer constellation Serpens. Photograph by Kim Zussman.

As stars form within diffuse nebulae, the component gases enter
a state of high molecular excitation, causing the nebulae to glow,
much like the neon gas in a sign. These “star factories” are referred
to as emission nebulae. The Great Nebula in Orion (M42) is the finest
example of an emission nebula that is easily visible from the northern
hemisphere. Embedded within. its hot clouds are several stars that
have “turned on” only within the past 100,000 years or so.

Eventually, the mass of an emission nebula will be insufficient
to form additional suns. Now called reflection nebulae, they remain
visible only by reflecting light from the stars they surround. Over
time, the remaining clouds will totally dissipate due to radiation
pressure from those same stars, originally begotten from the clouds.
Winter’s M78 (NGC 2068), in Orion the Hunter, is a good example
of a reflection nebula.



The most elusive diffuse nebulae are actually invisible. Instead
of emitting or reflecting light like their brighter counterparts, these
dark nebulae (Figure 6.6) obscure light from the stars behind them,
They appear as starless holes silhouetted against a star-filled field.
The best known example of a dark nebula is the Horsehead Nebula
in Orion, although it is too small and faint to be visible in binoculars,
However, many other fine examples will show up.

Just as diffuse nebulae are associated primarily with stellar birth
other nebulae are associated with stellar death. Contrary to thei;
name, planetary nebulae (Figure 6.7) have no relationship to the Solar
System. They are thought to originate from the gases that are expelled
by novae. As these gases expand, bright spheres surrounding the
erupting stars are formed. The spherical shells of gas are composed
largely of ionized oxygen, causing most planetaries to glow green

Figure 6.6

E\'er_yunc's favorite dark nebula, Barnard 33 in Orion, is better known by
its nickname, the Horsehead Nebula. Photograph by Jack Newton.

Galaxies

Figure 6.7

NGC 1501 is an out-of-the-way planetary nebula in Camelopardalis that
is visible in binoculars as a starlike point. Photograph by Lee Coombs
through a 10-inch /S Newtonian. Exposure time was five minutes on
103a-E spectroscopic film.

or turquoise. The Dumbbell Nebula (M27), found in the summer
constellation Vulpecula, is the most distinctive planetary visible
through binoculars.

Supernova remnants (Figure 6.8) result from the deaths of the
most massive stars known. In the year 1054 A.p., Chinese astronomers
recorded the appearance of a “guest star” near the eastern horn of
Taurus the Bull. It became so bright that it was easily seen in the
daytime sky for several weeks. Finally, two years after it first became
visible, this mysterious star vanished. When today’s telescopes are
aimed in the same direction, all we find is an expanding cloud of
interstellar leftovers, with a rapidly spinning pulsar buried deep
within. We know it as the Crab Nebula (M1) because of its unusual
photographic resemblance to a crab.

A galaxy may be thought of as a continent in the infinite ocean of the
universe. Each is made up of hundreds of millions or even billions of
individual stars. The Milky Way is but one of millions of known
galaxies in the universe.



Figure 6.8

The most ‘famous supernova remnant is undoubtedly the Crab Nebula
M] (NGC 195;) in Taurus. Photograph by Martin Germano using an 8-
inch fx’lq Schmidt-Cassegrain telescope for this 75-minute exposure on
hypered Technical Pan 2415 film.

Until the application of telescopic photography, galaxies were
thought to be no more than nebulous patches. From extensive studies
of photographic plates taken in the early part of the 20th century, the
astronomer Edwin Hubble concluded that galaxies are actually ,vasr
:pd'cpendcnt stellar systems. He demonstrated further that all galaxies
fit into three major classes according to their physical shape.

~ Many galaxies resemble huge pinwheels and are thus termed
spiral galaxies (Figure 6.9). Each spiral galaxy consists of a bright
;entml nucleus, where older stars are found, and several arms unwind-
ing outward. Most spirals have two arms, where young stars, open
clusters, and diffuse nebulae are located. The Milky Way is ﬁnbwn
to be a spiral galaxy, with the Sun located about two-thirds of the
way out from the galactic center.
. Spiral galaxies may be broken down into five subclasses, accord-
Ing to how tightly the arms are wound around the nucleus. ‘G;l]axics
with the tightest arms are Sa spirals, those with moderately tight arms
such as the Milky Way, are Sb galaxies, and loosely coiled spirais‘;
are classified as Sc. Sd spirals are comparatively rare galaxies with

Figure 6.9
M81 (NGC 3031), in Ursa Major, is one of the most stunning spiral
galaxies in the entire sky. Photograph by Kim Zussman.

extremely wide arms. Just as unique are the S0 galaxies, which Hubble
suggested may be transitional objects between the spiral and elliptical
classifications.

Further study revealed that some spirals exhibit an odd, barlike
feature passing through the nucleus. The spiral arms of these barred
spirals begin to unwind from the ends of the bar, rather than from
the nucleus itself. Like normal spirals, barred spirals are classified
according to the tightness of the arms, with designations SBa, SBb,
and SBc¢ applying as above.



. Figure 6.10
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Figure 6.11

Photograph by Jfick Newton.

scholar Hipparchus first recorded two strange cloudy objects in the
sky that seemed to move with the stars. Today we know that Hippar-
chus saw the Beehive open cluster in Cancer and the Double Cluster
in Perseus.

When he compiled his monumental Almagest, the second-cen-
tury A.D. astronomer Ptolemy mentioned both the Double Cluster and
the Beehive, as well as many other “nebulae.” He also noted the
Coma Berenices star cluster, a misty patch near the tail of Scorpius
now known as open cluster “M7,” and several stellar asterismes.

Other pretelescopic catalogues include those by Al Sufi (AD.
964), Ulugh Begh (1437), and Tycho Brahe (1601). The most com-
plete naked-eye survey of the night sky was made by Bayer in 1603
and became part of his famed Uranometria star atlas.

A whole new universe greeted the telescope-aided astronomer.
Among the more extensive of the early telescopic catalogues were
those by Hodierna (1653), Kirch (1682), Hevelius (1690), Halley
(1715), De Cheseaux (1745-46), and Lacaille (1752). Even after the
telescope came into being (and well into the 20th century), most
deep sky objects were listed under the broad heading of “nebulae.”
Assigning this term to an object was actually more of a reflection on
the optical instrument used (or lack thereof) and the then-current
knowledge of the universe, rather than it was on the object’s true
nature. While some indeed proved to be interstellar clouds, most were
eventually resolved into star clusters and galaxies.

In 1758, a French astronomer and comet hunter named Charles
Messier began to compile what has become the most famous deep
sky object catalogue of all. His involvement in the project was quite
by accident. While searching for a comet, Messier came upon a hazy
object near Zeta Tauri, which marks the tip of Taurus’ easternmost
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of Class VI, “very compressed star clusters.” Such a classification
system was subjective at best and confusing in many cases.

The General Catalogue remained the authoritative source on
deep sky objects for only a short period of time. In 1888, John L. E.
Dreyer published his New General Catalogue of Nebulae and Clus-
ters, known as the NGC. Over 7,000 objects are included in the NGC,
accounting for nearly all of the sky’s brighter clusters, nebulae, and
galaxies. Most of the Messier objects are also cross-referenced in the
NGC. For instance, M1 is identified as NGC 1952 in Dreyer’s listing.

To alleviate some of the confusion generated by the Herschels’
complex classification system, Dreyer chose to catalogue the universe
in sequence according tg each object’s right ascension coordinate.
Beginning at right ascendion 00 hours, the catalogue numbers increase
moving eastward.

Subsequent discoveries were included in two Index Catalogues
(IC). The first was published in 1895 and included objects found
during the years 1889 to 1894, while the second was completed in
1908 and covered discoveries made from 1895 to 1907.

Many other catalogues have since been compiled, but nearly all
concentrate on one specific type of object. In 1927, Edward Emerson
Barnard compiled “A Catalogue of 349 Dark Objects in the Sky,”
published in Part I of A Photographic Atlas of Selected Regions of
the Milky Way. Specific entries are referred to by their “B” numbers.
For example, B33 identifies the famous Horsehead Nebula in Orion.

Most open clusters included in the Messier and NGC/IC listings
are relatively small in apparent diameter. As a result, many large
clusters were omitted from these classic references. Less well-known
catalogues, such as those by Melotte (Mel) and Collinder (Cr), include
many of these missed stellar aggregations. Among other works men-
tioned throughout Chapter 7 are those by Trumpler (Tr), Stock, and
Harvard (H).

Anyone who has observed the night sky through binoculars has
undoubtedly come upon interesting shapes and figures among the
stars. While not actually physical clusters of stars in close proximity,
these asterisms are nonetheless attractive to observe, frequently more
so than some true clusters. Scattered throughout Chapter 7 are a
dozen of these hitherto unlisted objects. This is my “Harrington”
catalogue, abbreviated “Hrr.” Rest assured that I am not trying to
compete with the likes of Messier or the Herschels. In fact | cannot
even claim to have discovered these objects; most were passed along

by friends and fellow amateurs. I just wanted to take this opportunity
to point out a few of the many interesting albeit unknown targets
across the sky. “My” catalogue is anything but exhaustive. Why not
add a few of your own?
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for the Amateur Astronomer

Searching for deep sky objects is enjoyed by an increasing number of
amateurs and is a great way to hone your observational talents. Begin
by iooking for some of the brighter “showpiece” objects, and then
slowly graduate to more difficult targets as your observational skills
develop.

One of the most interesting and satisfying projects that an ob-
server can engage in is finding as many Messier objects as possible.
Of the 109 entries listed by Messier, over 80 are visible in 7 X 50
binoculars under suburban skies. Many are quite striking, while oth-
ers are dim and barely ?ceptible. All will test your observational

skills.
Begin your Messier project with the easier objects, listed in Table

6.1 under “Skill Level 1.” All level-1 objects are visible through even
the most modest binoculars and may even be seen with the naked eye
under superior sky conditions.

Once the first tier has been conquered, move along to the “Skill
Level 27 collection. These objects are also quite bright, but are located
away from handy guide stars, so some hunting will be required. Again,
under dark skies, some may be visible without any optical assistance.

«Skill Level 3” objects are seen only dimly in binoculars. These
are easy to locate thanks to the presence of bright nearby guide stars,
but are hard to find due to the objects’ faintness.

Finally, “Skill Level 4” objects are seen as faint smudges of light
and are positioned far from any easily found stars. Finding them is
the ultimate test for an observer with binoculars and should only be
attempted on the darkest, clearest nights.

A certificate is offered by the Astronomical League to those
who find 70 Messier objects, to commemorate the triumph. (The
Astronomical League is a national confederation of astronomy clubs
across the United States.) To qualify for the award, you must either
belong to the League through an affiliated club or be a member-at-
large, and be able to produce a logbook noting which objects you
have found. For the name and address of the closest affiliated club to
you, contact the Astronomical League at 6235 Omie Circle, Pensa-
cola, FLL 32054.

Once a year, around the spring equinox, the Sun is positioned
in the sky in such manner that all but one of the Messier objects can
be observed in a single sunset-to-sunrise marathon. On that date, the
Sun is in Pisces, and only M30, a globular cluster in Capricornus, is
lost in the solar glare.



.1 Messier Objects Visible through Binoculars

~ TABLE 6.1 (continued)

SLolu HWWISB

el 1 Skill Level 2 Skill Level ' ; ’
; : 3 Skill Level 4 Sl Leve Skill Level 2 Skill Level 3 Skill Level 4
tellat ; ; el 1 5 Leve :
onstellation No.  Constellation No.  Constellation No.  Constellatios - ﬁf Legonsreﬂatfon, No. Constellation No. Constellation No. Constellation
Sco : Aqgr 1 Tau 9 e 88 Com
oo : CVn 20 Sgr 14 89 Vir
Sco 5 Ser 28 Sgr 19 90 Vir
56 > Oph 29 Cre 26 94 CVn
e L Sct 32 And 30 95 Leo
Peg 12 Oph 40 UMa 33 ol / 96 Leo
Ser 23 Sgr 51 CVn 49 99 Com
o8r 2 Vil 54 Sgr 52 100 Com
Sgr 34 Per 56 Lyr 53 104 Vir
58 i Cyg 57 Lyr 58 105 Leo
of oy i 65 Leo 59 106  CVn
Sgr 46 Pup 66 Leo 60 107 Oph
Ser 47 Pup 69 Sgr 61
Gem 50 Mon 77 Cet 63 The most hectic times during the marathon occur right after
Aur 55 Sor 8  sunset and immediately before sunrise. The evening “rush hour”
n & b Sco 64 objects set shortly after the Sun and therefore must be seen as soon
Aur 67 Cnc 101 UMa 68 as the sky is dark enough. These include M31, M32, and M110 in
Aur 78 Ori 103 C Andromeda; M33 in Triangulum; and M79 in Lepus. M74, in Pisces,
FMa 92 e 70 and M77, in Cetus, are also part of the early evening family, but they
' Her 110 And 72 are too faint for detection in binoculars. (M77 is visible in binoculars
Er' 93 Pup 73 in a dark sky but not when it is so close to evening twilight.) The
" morning “rush hour” begins around 3 A.m. and includes six members:
}au 75 M15 in Pegasus; M55 and M75 in Sagittarius; and M2, M72, and
79 M73 in Aquarius. All are visible at night through binoculars, but
81 M72, M73, and M75 may be lost ih the light of the growing morning
dawn. i
82 By planning well in advance, anyone can run the Messier mara-
83 thon. Pick a night close to the vernal equinox when the Moon is
absent and the sky is clear and dark. For more details on the art of
84 Messier marathoning, see the January 1985 issue of Sky and Tele-
85 scope.
86 Star clusters, nebulae, and galaxies all have one thing in com-
mon—they require clear, dark, moonless skies to be seen best. Urban

87

and suburban amateurs may find that local conditions do not readily
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permit their detection. Does this mean that deep sky observing jg
restricted to rural astronomers only? Not at all, because two grou
of objects may be viewed even through light and air pollution: dou ’
stars and variable stars. :

Many enjoyable hours may be spent in pursuit of double stars,
They challenge both the quality of your binoculars’ optics and the
acuity of your eyesight. Test yourself against the binary stars described
throughout the next chapter. Perhaps you will differ with the com-
ments listed. You may be able to resolve a binary that is mentio
as unresolvable in binoculars, or you may see color where none is
listed. No two people perceive the same object in the same way.

As observational skills develop, subtleties in celestial bodies be:
come more and more obvious. Coloration of double stars is a good
example of this. Many binaries will appear pure white when first
viewed, but may slowly transform into colorful pairings as experience
grows. A trick to help accent stars’ colors is to defocus their imag
slightly.

Try observing binaries under a variety of conditions. Like the
brighter planets, binaries are usually best seen through slightly hazy
skies, when the atmosphere is steadiest. You will undoubtedly find
that some of the stars listed are unresolvable under crystal clear, albeit
turbulent, sky conditions, but are easy to resolve on hazy, steady
nights. :
Amateur observations of variable stars constitute a very impor-
tant source of data contributing toward our understanding of the
universe. The American Association of Variable Star Observerﬁ
(AAVSO) is an international organization devoted to the study of
these stars. Through systematic monitoring, observers keep a careful
watch over variable star activity and report magnitude estimatesona
monthly basis to AAVSO headquarters in Cambridge, Massachusetts.
The AAVSO acts as liaison between amateur astronomers contribut- .
ing data and professional astronomers requesting data. Monthly re-
ports are combined to produce light curves of the stars’ activity over
the period. .

Visually estimating the magnitude of a variable star is not as
difficult as it may sound. The AAVSO has a wide variety of detailed
charts available for selected variables. Each chart shows the targeted
star and its surrounding neighborhood.

Figure 6.12 shows finder charts for four of the more interesting
variable stars visible in binoculars. Each star is described under its
respective constellation heading in Chapter 7. As an example of how
to use a finder chart, consider the chart for Mira (Omicron Ceti), a
classic long period variable. Notice that many of the nearby stars
have numbers next to them. Each number represents the apparent
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(Continued on next page)

F- . . . . 5
(;ig“ﬁ:l;:g period variable Mira (Omicron Ceti) is an ideal .sta;' fofr at::;r;:u&t:s::uvz;st
(b) R Leporis, a long period star, is one of winter’s ﬁ{les:hvea:;s:.li:nzss ],:); B
peri iable R Leonis is easy to spot in t g sky. (¢ o 5
i?mﬁ:rlzzfi:;:lr;so dB:.:Iiyrae and R Lyrae. The former is an eclipsing binary, while t €

latter is a bright semi-regular sun.
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Figure 6.12 (continued)
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magnitude, to the nearest tenth, of the indicated star. For example,
the star marked “55” is magnitude 5.5, and so on.

Amateurs can successfully estimate the magnitude of a variable
to an accuracy of 0.1 by comparing the variable to neighboring stars
of known brightness. I like to call this process visual interpolation.
Suppose that when you find Mira, it appears brighter than the nearby
magnitude 7.3 (labeled 73) star, but fainter than the magnitude 5.7
(57) star. Then, check it against the magnitude 6.7 (67) comparison
star to the south and perhaps with the magnitude 6.0 star to the
variable’s west. If Mira appears to be halfway between the two in
brightness, then your “gyesstimate” for its magnitude will be either
6.3 or 6.4. Now, double®check it against the 64 star to the east. If it
seems closer to the 60 star than to the 64 star, then revise your
estimate to perhaps 6.1 or 6.2. In essence, by comparing the variable
to two stars of known, fixed brightness, one brighter and one fainter,
an accurate reading may be made.

To note the precise time that an estimate of magnitude is made,
variable star observers use the Julian calendar. Unlike the Gregorian
calendar that we use in our everyday lives, the Julian calendar has no
weeks, no months, and no years. It is simply the continual counting
of days since its inception on January 1, 4713 B.c. One important
difference between our day-to-day Gregorian calendar and the Julian
calendar is that, while we begin our day at midnight, the Julian
calendar starts its day at 1200 (noon) Universal Time.

If you are interested in pursuing the observation of variable stars,
contact the AAVSO at 25 Birch Street, Cambridge, MA 02138. This
fine organization will gladly send you information, sample finder
charts, and Julian calendars.

Scanning the skies for new novae is a pastime pursued by rela-
tively few amateur astronomers, but one which binoculars lend them-
selves to nicely. Like comet hunting, searching for novae requires
great patience and determination on the part of the observer. Count-
less hours may be spent in vain searching for a never-before-seen
exploding star. But to the victor go the spoils, for the discoverer of a
nova is instantly catapulted to celebrity status in the astronomical
community,

There is no way of predicting exactly where the next nova will
flare; however, statistics show that most occur within 10° of the plane
of the Milky Way. Moreover, the frequency of novae has always been
greatest in the span between Cygnus and Sagittarius.

It would hardly seem practical to scan the entire galactic plane
for novae. Indeed, unless it is unusually bright, a nova may be passed
over on scanning too large an area. Instead, an observer should
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consult eth,er the Minor Planet Bulletin (see Chapter 4) or one lf h
astronomical periodicals or annuals listed in the appendix fo h
locations of asteroids visible at the time of sighting. Also
make sure th?t you have not “discovered” Uranus or Ne;;rune! 3
If the object still remains a mystery, review recent IAU Circular
for announcements of any newly detected novae. The Circulars
available through subscription (see Chapter 4) or at many |
university and public libraries. If you cannot get hold of recen{ c
Zz;l:l’ .il;); i:;fé sTﬁesgopz’s “Skyline” recorded telephone messagi:-
-497- ; ated a ing highlight
e ?;scoveries ; ]]:11 2t :} :ﬁft once a week, the recording highlig ht
I, after checking all of these sources dili I
o_b]ect’s ldenﬁ}'y remains uncertain, then it is rimc:gtf)nat:z;t tt}llmee “
tl;s. Just as with a newly discovered comet, all reports of new nov
; r;l:]!ld be_ addressed to t_he Center for Astronomical Telegrams at h
e %t;agAfgtxghy;wai OII:sderv;:tory in Cambridge, Massa hu
: y be reached through i i .
number, 710-320-6842 (answerback ASgTRgGWRiﬁrIEg;;?nI te
message, the following must be included: T

1. Your name, address, and telephone number.

2. Thed i i i !
of: d:;ti and time (in U.T.) of the observation, in decimals

3. The right ascension and declination of the suspected nova.
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?(f perseverance _and a little luck. Perhaps you will follow in the
5 otstel;])_s of British amateur astronomer G. E. D. Alcock. Alcock
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E ach season, the evening sky offers something different for
us to marvel at through binoculars. During the summer and winter
months, the night side of the Earth is aimed toward the plane of our
rifts of the Milky Way stretch across the sky,
providing spectacular views of rich star clouds and subtle nebulae.

Our pighttime window is turned away from the Milky Way in
spring and autumn. During those seasons, we are looking outward
toward the farthest reaches of the known universe. Distant galaxies,
each a megalopolis of billions of suns, are sprinkled across the starry
vault. While most are too faint to be seen through binoculars, there
are several striking examples of each galactic type to view. Some are
easily found, while others will test our skills as observers. When we
look toward the galaxies, our gaze is traveling across millions of light
years. alns
Seven-power glasses are all that are needed to see most of the
objects listed in this guide, while giant glasses are required to see the
“really faint stuff” (lower than 9th magnitude). Each target offers a
unique view; those of special interest are listed in boldface print and
described in detail.

For reasons of space, abbreviations for various types of deep sky
objects are employed throughout the data lists in this chapter. Table
7.1 lists these abbreviations and their meanings.



TABLE 7.1 Abbreviations for Types of Deep Sky Objects

Abbreviation Translation Abbreviation Translation
* Star DN Diffuse nebula
ik Double or multiple star Dk Dark nebula

Vr Variable star PN Planetary neb
oC Open (galactic) cluster Gx Galaxy

GC Globular cluster

Several deep sky object catalogues and lists are referred t
throughout this “constellation dissection” chapter. While you ma
be familiar with many of them, some will probably be new. Table 7.
may be used to translate the catalogues.

Each constellation table also lists each entry’s type, right ascej
sion-and declination coordinates for epoch 2000, visual magnit
(unless the value is followed by a “p,” for photographic magnitude)
apparent size, separation or period of variability as appropriate, an
any pertinent comments. A

Assigning magnitude to nonstellar objects is tricky, and it ¢
be even trickier to interpret. Just because an object is listed as relati
bright does not necessarily mean that it is easy to spot. Visibili
strongly dependent on many factors, including magnitude, appa
size, and atmospheric conditions. For instance, a 7th-magnitude ga
axy with an apparent diameter of, say, 5’ of arc may actually a
brighter than a 6th-magnitude galaxy with a 10’ span. This di
ancy is caused by the effective surface brightnesses of the gal
Remember that the magnitudes listed are the equivalent brightn
if each target could be shrunk to a stellar point. Expanding each
its measured diameter causes them to fade away, in some cases quit
rapidly. :

Another important consideration is just how the value of the
magnitude was obtained. If you look up the same object in severa
independent references, odds are that few will list the exact same
magnitude for the object. Some will list the object’s visual magnitu

while others will quote its photographic or blue magnitude. In general
(though not universally), an object’s photographic magnitude will be
about a full magnitude fainter than its visual magnitude. This i8
especially important to remember when searching for variable stars
at.or near their extreme values of magnitude.

The size of an extended object is also a topic of hot deb
especially in regard to how it was measured. Not surprisingly, m
deep sky objects will appear significantly larger in long-exposure
photographs taken at professional observatories than they

TABLE 7.2 Deep Sky Object Cross-Reference Listing

Designation

Object Type in Chapter Author andlor Catalogue

* ADS Aitken, New General
Catalogue of Double
Stars

Dk B Barnard, Catalogue of
349 Dark Objects in the
Sky

** E van den Bos

oC asel Basel

Dk Be Bernes

oC Berk Berkeley

ocC Biur Biurakan

oC Blanco Blanco

(o] Bochum Bochum

e BrsO Brisbane Observatory,
Australia

A B Burnham (5.W.)

OoC Cr Collinder

OC 4 Do Dolidze

0]® DoDz Dolidze-Dzimselejsvili

il A Dunlop

OC Fein Feinstein

4 h Herschel (John)

e H Herschel (William)

ocC Haffner Haffner

oC Harvard Harvard

* HD Draper, Henry Draper
Catalogue

ocC Hogg Hogg

OC,Dk Hrr Harrington

OC,DN IC Dreyer, Index Catalogue

oC Isk Iskudarian

Dk LDN Lynds

oC Lynga Lynga

OC,GC,DN, M Messier

PN,G

OC Mel Melotte

OC Mrk Markarian

OC,GC,DN, NGC Dreyer, New General

PN,G Catalogue of Nebulae
and Clusters of Stars

i (0} Struve (Otto), Pulkovo

Catalogue
(@nnued on next page)



TABLE 7.2 (continued)

. Designation
Object Type in Chapter Author and/or Catalog,
e (03 Struve (Otto), Pulkove
Catalogue Suppl, .
ocC Pismis Pismisg s
PN PK Perek and Kohoutek,
Clarafogue of Galactic
Planetary Nebula
ocC Roslund Roslum? ¥
9‘(3 Ru Ruprecht
% S South
SHJ South and Herschel
(John) :
Dk SL Sandgqvist and Lindroos
0oC St Stock j
RC Steph Stephenson :
D Struve (F.G.W.), Dorpa
Catalogue E
oC Tombaugh Tombaugh
8g Tr Trumpler
O Upgren Upgren
Wnc Winnecki

through binoculars. Keep this in mind when you are searching fo
some of the objects listed. You may stumble upon a nebula wf
i but through binoculars it appears lest
s Harrington P

necessarily, as the values quotgzi hecr;az); b):s):da;ﬁ );,)cl?:)rtsoe;.ap
measurements. In other words, don’t always blame me! 9

This same column is the place to find the period of variability
and the angular separation between

listed diameter of perhaps 30,
than half that size.

for all referenced variable stars
double stars.

there appropriate, | have tried to include data in the “Com-~
ments” column that will enhance the reader’s knowledge and enjoy=
ment of the objects observed. For instance, the comments following
all double-star entries list, in order, the stars’ position angle (P.A.'-
the year the position angle was measured, the stars’ number in Ait=
ken s New General Catalogue of Double Stars (ADS), and other
pertinent or interesting information. Comments on va,riable stars.
include each star’s type or class, as well as any popular proper names
and information for finding the star. y |

v\

- -, =

General remarks on the various nonstellar deep sky objects in-
clude their Messier catalogue entry (if appropriate), common nick-
names, hints for finding the object, and other little tidbits. Open
clusters are followed by the term “asterism” if the association between
members of the cluster is not physical, while galaxies are always
accompanied by their Hubble classification.

Each highlighted object impresses me as something special. Ac-
cordingly, rather than just blandly describe the appearance of each,
[ have tried to make the objects come alive. If you disagree with my
choices, keep in mind that much of observational astronomy is (dare
I say) subjective and t(i: beauty is, after all, in the eye of the beholder.

I must confess one fault up front. While I have gone to great
lengths to make this a “global” book, I remain a citizen of the north-
ern hemisphere. Throughout the descriptions to come, I will fre-
quently refer to a constellation’s or an object’s visibility according to
season. These are northern hemisphere seasons. Keep in mind that
the seasons below Earth’s equator are the reverse of those above it.
I hope southern hemisphere readers will forgive me!

There is a wealth of deep sky objects awaiting your scrutiny.
Enjoy the view as you tour the universe through your binoculars, but
in doing so, do yourself one favor. Perhaps as a sign of the times,
people always seem to be in a rush. No sooner do they finish one task,
and they are on to the next, never allowing themselves to bask in the
moment. As you move from one target to the next, pause for a bit.
Don’t just look at the universe . . . see the universe. Absorb the beauty
that the heavens hold for everyone.



meda (And)

R.A. Dec.
" (2000)  (2000) SizelSep/
I'yp b m = Mag. Period Comments
Vr 00240 +3835 5.8-149  409.33 days Long Period Variable
y Gx 00404 +4141 8.0 ¥ 4 E6 MI110
~ M31 companion
| Gx 0042.7 +4052 8.2 8 x 6 E2 M32
M31 companion
i Gx 0042.7 +4116 3.5 160" x 40" Sb M31
Andromeda Gal
seaLSe 2 431 5T 190" 300° (1928); 1534m
) OC 01578 +3741 5.7 50’
| Gx 02226 +4221 10.0 14° x 3' Sb; Edge on
2 PN 23259 +4233 89p 32" x 28"
OC 2330.2 +4908 5.6 15!

6

—

Andromeda, the mythological daughter of King Cepheus and Queen
Cassiopeia, is a prominent member of the northern hemisphere’s
“royal family” of autumn. Portrayed as a pair of arcing lines of stars
the Princess holds several deep sky objects of interest to observer;
with binoculars. It is especially famous as the home of our Milky
Way’s “sister galaxy.”

M31 (NGC ;24), the renowned Andromeda Galaxy (Figure 7.1), at |
2.2 million light years away, is the closest major galaxy to our own.

Seen by the naked eye as a dim smudge just northwest of Nu Andro-

medae, the Andromeda Galaxy has been spotted since at least the *

I‘Oth century, when it was first noted by Persian astronomers. The
German astronomer Simon Marius became the first person to view
M31 telescopically in 1611, although it was not recognized as a
separate galaxy for another 313 years.

Using binoculars under moderately dark skies, an observer may
trace the glow of M31 for about 3°. A pronounced central nucleus
highlights the galactic halo. Sharp-eyed observers peering through
large glasses might even be able to spot one of two dark dust lanes
that encircle the outer rim of M31.

M_32 (NGC 221) appears as a tiny circular glow just south of M31's
bright core. The brightest satellite galaxy of M31, M32 is a small E2
system that shines at 8th magnitude and spans 8’ x 6'. While it
may be spotted with 7x glasses, 10X or greater magnification i$
recommended for a better view.

Figure 7.1

The Andromeda Galaxy, M31 (NGC 224), framed by M32 (NGC 221)
below and M110 (NGC 205) above. Photograph by Johnny Horne using
an 8-inch f/1.5 Schmidt camera, hypered Technical Pan 2415 film, and a

five-minute exposure.

M110 (NGC 205) is a second satellite galaxy of M31. Although
catalogues list it as being slightly brighter than M32, M110 is far
more difficult to glimpse due to its low surface brightness. (For more
about surface brightness versus magnitude, see the discussion under
“M33” in Triangulum.) To spot M110, larger glasses are a must.
Look for a nondescript oval glow to the northwest of M31, at about
twice the distance as M32.

NGC 752 is a large, loosely structured open cluster. It may be found
near a small triangle of stars about 5° south-southwest of Gamma
Andromedae. Measuring about 50’ of arc across, NGC 752 holds
about 75 stars within its grasp, not all of which are resolvable through
binoculars.

NGC 7662 is a challenging planetary nebula that is bright enough to
be seen in 7 glasses, although its 30 arc-second disk will appear



stellar. Only its soft blue-
stars. The 13th-magn

green glow sets it apart from surround

itude central star of NGC 7662 is well

the threshold of visibility of binoculars.

ia (Ant)

E_ Antlllae is the easie§t variable in Antlia to find and follow wi

0;:n.ocu ars. Although its variation is only half a magnitude, its p
b ]

Just over 15 hours can allow an observer to follow the star fro

First portrayed in about 1752 by Lacaille

fa"l‘:’ Felescopic galaxies, but holds little to attract the bin
enthusiast. Only four variable stars are within range of most glas

R.A. Dec.

| i };2000) (2000) Size/Sep/
A yp m Mag. Period Comments

Vr 09323 -2838 6.4-6.9 0.648 d i

4-6. F ays  Eclipsi i

Vr 09338 -3637 8.9-9.8 5.90 daysy Czp[l:sel::lg o

Vr 0935.7 -3954 9.4-10.9p Irregular
§ Ve 10352 =3934 8.1-9.7p Irregular

Antlia, the Air Pump, lies in a star-poor region of the early spring

maximum to minimum in a single night.

T Antliae is a short-peri i t
: -period variable star classified as a Cepheid. [
Eagnlmdc fluctuates from 8.9 to 9.8 over a 5.90-day cyeclitl: ¢
inoculars should be able to follow it over its entire range .

(Aps)

, this constellation is rich ig

R.A. Dec.
i foo?,), (2000) SizelSep/
Mag. Period Comments
3: }Z (l)g; :—;f gg 6.4-8.6p 119 days Semi-Regular
Wi 1600 a78 43" Alzely il o VI
Vr -1631.7 -7459 9.0'--16.8p 267 days ll_zmggl}:?iod Variable |

Apus, the Bird of Paradise, lies far to the i |
o e A , south in the late-spri S
and is invisible from midnorthern latitudes. Though floe:t\:r:lli l:tr:)gcli

w \

with bright deep sky objects, it does present a spectacular double star
and a few interesting variables.

Theta Apodis is a semi-regular variable star. Over a period that aver-
ages 119 days, it may be seen to fluctuate from about visual magnitude
5 to almost 8. (Recall our discussion of visual versus photographic
magnitude at the beginning of the chapter.) The reddish tint of this
spectral type-M sun stands out in striking contrast against the starry

surroundings.

Delta'** Apodis consists of a wide pair of Sth-magnitude stars. Even
the smallest opera glassey/ill unveil the ruddy color of this striking
stellar duo. The two stadf are separated by 103" of arc and form a
small triangle with unrelated Gamma Apodis, a few degrees to the

east.

Aquarius (Aqr)

R.A. Dec.

(2000)  (2000) SizelSep/
Object Typ h m b Mag. Period Comments
v Vr 20468 +0226 7.6-9.4 244.0 days  Semi-Regular
18 Vr 20499 -0509 7.2-14.2 202.10 days Long Period Variable
NGC 6981 GC 20535 -1232 94 6 M72
NGC 6994 OC 20589 -1238 9.0 3 M?73; asterism
NGC 7009 PN 21042 -1122 84 26" Saturn Nebula
NGC 7089 GC 2133.5. —-0049 6.5 13/ M2
NGC 7293 PN 22296 -2048 6.5 900" x 720" Helix Nebula
) Vr 22571 -2021 7.6-15.0 279.27 days Long Period Variable
R Vr 23438 —1517 5.8-12.4  386.96 days Z And type

Aquarius, the Water Bearer, holds the 11th spot along the zodiac.
Representing a man pouring water from a jar, this star group traces
its origins to early Babylonian times. While it affords little for the
naked eye observer, Aquarius offers many interesting targets for those
with binoculars.

M72 (NGC 6981) is the faintest of the 29 globular clusters listed in
the Messier catalogue. Found about 3° south of Mu Aquarii, M72 was
discovered in August 1780 by Pierre Méchain. Rated 9th magnitude, it
is detectable as a slightly fuzzy point of light in 7x glasses. Giant
binoculars may make it a bit more obvious, but do little else to



improve the visual impressio i i i
o p n of this 60,000-light-year-dista

M73 (NCC 6994) is erroneously included as an open cluster in bogh
the I\(Icsswr and NGC catalogues. Now known to be merely a .
asterism of four faint stars about 1'4° east of M72, it was )licc Snc.llal
by Messier as a cluster with nebulosity. This cloud[ike effect i;)r

an illusion due to low power. Higher magnified telescopic view o
photographs fail to show any nebulous wisps. "3

NGC 7009 lies about 3° farther east of M73. Known as the Saturn
I\_Ic_bu]a_ because of its faint, almost ringlike extensions NGC 700;r‘n'
v151b]c in binoculars as a greenish point of light and‘is famou fl's
hawng one of the highest surface brightnesses of any planetar §1'h92
is due to unusually strong ultraviolet radiation emitted fromits ze 3
star, which is too faint to be detected through binoculars. The o

cast is caused by double-ionized oxygen. . e

M2 (NGC 7989) is the brightest nonstellar object in Aquarius and i

a true showpiece of the autumn sky. This easily seen globular clust(::
was ﬁrst glimpsed in 1746 by Maraldi and is visible through nearl

a!l binoculars as a not-quite-stellar “star.” Look for its 13'-diamete¥
disk about 9° west of Alpha Aquarii and 6° north of Beta Aquarii
Large glhasses will show that M2 is not perfectly round, but i?lsteaci
has_a sl:ghF]y oval disk. This effect is probably due to‘thc cluster’s
rapld‘rotatmn. Estimated to lie about 37,000 light years away, M2
contains no fewer than 100,000 stars. 0 i ¢

uNn(]};E 7293 (h{;urcl7.2), known pgpularly as the Helix Nebula, is
o e any other plalnctary nebula in the sky. While most appear as
Um;:or't t}jan sta'rllrkehpoutlts, the Hc]ix measures nearly 1/4° across! |
haz- pnfl:n con_d:tmm, this celestial smoke ring looks like a round,
subileptaet;m;f glm iray‘f light. Giant binoculars hint at the cloud’s
e surfacf:[ utjl: exaentral star will remain unconfirmed. Due to
i e i to)r!i.:kflltss.;I nd la rge expanse, NGC 7293 is frequently
g o pick out in the wider fields of binoculars than with
paratively narrow-field telescopes. When we look at the Helix
our gaze is traveling an estimated 450 light years, making NGC 72.93,
the closest planetary nebula to Earth. ‘ 3

Figure 7.2
The Helix Nebula (NGC 7293) in Aquarius, as

Germano. Exposure time was
stopped dow

photographed by Martin
45 minutes through a 135-mm lens
1 to f/4.8 on hypered Technical Pan 2415 film.

Aquila (Aql)

R.A. Dec.

(2000) (2000) SizelSep!
Object Typ b m A Mag. Period Comments
NGC 6709 OC 18 51.5 +1021 6.7 13’
NGC 6738 OC 19014 +1136 8.3p 15"
B132 Dk 19 04.1 —0428 16' x 8' 40’ NW of Lambda

Aql

b J Vr 19044 -0541 6.6-8.4 353 days Semi-Regular
15 *+  1905.0 -0402 5.5,72 38" 209°(1959);12007
B133 Dk 19 06.1 —0650 10’ x 3' 2° S of Lambda Agl
R Vr 19064 +0814 5.5-12.0 284.2 days  Long Period Variable
B135-6 Dk 19074 -0355 50’ x 30’
NGC 6755 OC 19078 +0414 75 My’
O3 178 ++ 19153 +1505 5.778 90" 268° (1925)
B137-8 Dk 19156 +0013 180" x 10
B142-3 Dk 19 40.7 +1057 80" x 50’ 3° NW of Altair

be found flying high along the mainstream of

Aquila, the Eagle, may
Highlighted by the brilliant

the Milky Way on warm summer nights.



stellar lighthouse Altair, this region is a beautiful one to just sit bacl Ara (continued)

and slowly scan with binoculars. Several noteworthy objects, as wel — RA Dec

as many interesting, though unnamed, asterisms and star patte _‘.; (2606) rZOO(}) SizelSep!

are found within Aquila. Bec: T b m o Mg, Period Chisimasts
NGC 6709 is a collection of about two dozen stars set within a 13! . NGC 6204 OC 16 46.5 —47 g; f;g g ’

area. Unfortunately, most of this open cluster’s suns are too faint for NGC 6250 OC lg 3?2 j:g 1 ; 15"

detection by binoculars. Instead, their dim light blurs together to form Ha"'"’f 13 82 :7 247 —4957 6.9 12/

a ghostly haze against the background sky. NGC 6709 may require ICG‘C(,56362 GC 17319 —6703 8.3 1

some searching before_it wil'l be captured, I_:Jut remember, the mark of :GC 6397 GC 17407 —-5340 5.6 26’

a successful observer is patience and persistence. U Vr 17536 —5141 7.‘:14.1 225.21 days  Long Period Variable
NGC 6738 may be described in a similar fashion to NGC 6709. Ong v\

located, it reveals only a few of its brighter stars, which are about 9¢
magnitude. Larger glasses should have little trouble yielding a glimps
of these stars, and even 7X binoculars show a few of them set withi
the glow cast by fainter luminaries.

Barnard 133 is a small dark nebula found about 2° south of Lambe¢
Aquilae. Look for a “hole” in the sky about one-third the size of th

should only be attempted on the clearest nights, far from all inte
sources of light pollution.

OXX 178 is a double star found near Zeta Aquilae in far northern
Aquila. Even the smallest field glasses should have no trouble resolvin
the inconspicuous pair, once found. Nearly 90" of arc separate these
faint yellow and white suns.

Barnard 142 and Barnard 143 collectively form a fairly conspicuous
dark patch located 1'4° west of Gamma Aquilae. Nicknamed the
“Fish on a Platter” Nebula, it is seen in larger binoculars as a 30
diameter cloud with two “horns” extending further west.

\ra)
R.A. Dec.
(2000)  (2000) SizelSep!

Iy 'h m A Mag. Period Comments

Vr 1639.7 -5700 6.0-6.9 4.425 days  Eclipsing Binary
3 DN 16405 -4847 20" x 12’
3 OC 16413 -4846 5.2 15°

OC 16442 —-4729 74 12’

OC 16495 5349 72 16’

Ara, the Altar, offers little to the naked eye, since its brightest stars
are only 3rd magnitude. Nonetheless, it is a splendid area for survey-
ing with binoculars.

NGC 6193 is a rich open cluster of 30 stars, although binoculars may
not show that many. The brightest cluster member is the quadruple
star h4876, first catalogued by John Herschel. The system’s primary
sun is a 6th-magnitude landmark to watch for when searching for the
cluster. Unfortunately, its companion stars are either too faint or too
close to it to be detectable in binoculars.

To the southwest of NGC 6193 is a large region of bright and
dark interstellar clouds spanning more than 3°. The central portion
of this nebula is catalogued as NGC 6188. It will prove extremely
difficult to spot visually, either through binoculars or a telescope,
even under optimum conditions.

NGC 6208 is an attractive little open cluster found north of Zeta
Arae. Here, observers will find a small 7th-magnitude glow represent-
ing about 60 cluster stars. The brightest of these shine at 9th magni-
tude, making them dimly perceptible through most binoculars.

NGC 6250 rides the Ara-Scorpius border. This is a poor harvest of
about 15 stars, with the brightest being about 8th magnitude. Large
binoculars should be used to positively identify this weak 8’ diameter
open cluster. A few individual points of light can be seen against the
glow of unresolved stellar members. While the cluster itself may not
prove too impressive, the surrounding region is stunning. There is
great beauty to be found in this area just by casually sweeping back
and forth across these overflowing star clouds of the Milky Way.

IC 4651 may be found just west of 3rd-magnitude Alpha Arae. Ob-
servers should find this open cluster a fairly easy catch. Its 70 stars



combine to 7th magnitude and are concentrated across 12’ of are
However, only the Ia:_'gcst glasses are able to resolve any of then
individually, as the brightest are only 11th magnitude.

NGC 6397 is believed to be the nearest globular cluster to the Sola
System. Lying only 8,200 light years away, it presents an attracﬁ'
face Fhrough binoculars. Although no separate stars are visible '.
definite “grainy” surface texture is seen through large glasses a;
ste!lar resolution were imminent. If it were visible from more nor;h
latitudes, NGC 6397 would be one of the better known globul

Dl{e to its far southern declination, however, it is destined to rem n
a little-observed beauty. I

(Ari)
R.A. Dec.
(2000)  (2000) SizelSepl
Ty b m & L Mag. Period Comments
** 01579 +2336 49,77 ar 46° (1933); 1563;
9 Ari :
Vr 02161 +2503 74-137  186.78 days Long Period Variable |
02370 +2439 6.6,74 39 274° (1937); 1982;
colorful
31- g;. 483 41731 - 75-11.3 316.6 days  Semi-Regular
r 1.0 +1448 72-15.2 371.13 days  Long Period Variable

Ms, the Ram, is a small, rather desolate autumn constellation that
is best known for being the first sign of the zodiac. The naked ey
sees the Ram as a lone 2nd-magnitude star and two 3rd-magnitud
suns set in a narrow triangle. Binoculars do only a little better. Most

‘]1-39mbd3 Arietis is the easier of the two double stars to glimpse. Its
0 - and 7.7-magnitude component suns are separated by about 37"
arc and shine pure white. Binoculars of less than 7x will find this

duo a challenge to resolve, b
, but more powerful
trouble splitting them. powerful glasses should have no

;0 Arietis'. is an equally challenging binary star system. Here, the
.4-rn‘agmtud? companion lies about 39" of arc away from the 6.6-
magnitude primary sun. The pair has been described as yellow and

pale lilac by some observers, although oth i
. gh others see no color t '
star. What do you see? >

Auriga (Aur)
5 R.A. Dec.
(2000)  (2000) SizelSep!

Object Typ b m o Mag. Period Comments
'NGC 1664 OC 04511 +4342 75 18’

AB Vr 04558 +3033 6.9-8.4 Irregular

NGC 1778 OC 0508.1 +3703 77 7' _ _

R Vr 05173 +5335 6.7-13.9 457.51 days Long.Penod Variable

Hrr 4 oC 0519 +33 75 Asterism

NGC 1857 OC 05 202 +3921 70 6' ; :

uv Vr 05218 +3231 7.‘;10.6 394.42 days Long Period Variable

Cr 62\ OC 05225 +4100 4. 28’

NGC 1893 OC 05 22.7 +3324 75 12’

NGC 1907 OC 0528.0 +3519 8.2 £y

NGC 1912 OC 0528.7 +3550 6.4 2 M38

NGC 1960 OC 0536.1 +3408 6.0 12’ M3é6

Stock 10 OC 05390 +3756 25’

NGC 2099 OC 05524 +3233 5.6 24 M37

RT Vr 0628.6 +3030 5.0-5.8 3,728 days  Cepheid

uu Vr 06365 +3827 7.8-10.0 234 days Semi-Regular

NGC 2281 OC 06493 +4104 5.4 15’

I always look forward to the appearance of Auriga, the Charioteer,
as it rises above the treetops on late autumn nights, for it signals the
arrival of the magnificent winter sky. Auriga’s brightest jewel, Capella
(Alpha Aurigae), is the first of the brilliant “Winter 8” circle of stars
to dawn_from midnorthern latitudes.

Auriga brings with it many splendid deep sky objects for the
binocularist’s enjoyment. Home to three of the finest open clusters in
the Messier catalogue, the Charioteer also holds many lustrous clus-
ters from the NGC and other lesser known catalogues.

Harrington 4, consisting of 16, 17, 18, 19, and IQ Aurigae, is the first
stop in our tour of Auriga. The naked eye can easily pick up the stars’
combined glow as an oblong haze near the constellation’s center.
Although it is not a true open cluster, binoculars yield a very pleasant,
star-rich view, especially through wide-angle glasses. In all, about 15
stars brighter than 9th magnitude fill the 75’ span of this asterism.

Collinder 62 is a little-observed group found about 5° south of Ca-
pella. With an apparent diameter equal to that of the Full Moon, this
open cluster’s overall brightness rating of 4th magnitude is a bit
misleading: although most of its stars are 8th magnitude or fainter,
a single Sth-magnitude sun boosts the group’s brightness to the listed



3

iew of the constellation Auriga featuring three fine winter open clusters: M38
12), M36 (NGC 1960), and M37 (NGC 2099), right to left, respectively. Right
is the asterism referred to here as Harrington 4. Photograph by Bernard Volz
35-mm /2.8 lens, ISO 1600 film, and a 17-minute exposure. .

value. Still, the cluster is evident in glasses and is certainly worth a
Visit.

M38 (NGC 1912), discovered in 1749 by LeGentil, is the western-
most of three Messier objects shown in Figure 7.3 and offers a pleasant
sight in binoculars. Most observers will see it as a circular glow
with a few faint stars scattered across. Many have commented that,
through giant glasses, the stars of M38 appear to be arranged in the
pattern of the Greek letter “pi.” Others say that they resemble a cross.
Do you see a pattern in the stars of M38, and if so, what does it look

like?

M36 (NGC 1960) is about half the size of M38 and contains about
five dozen 8th-magnitude and fainter stars. Of these, only about ten
may be seen through 7 x glasses. The remaining suns blur into a gentle
stellar fog. On exceptionally clear nights, M36 takes on an almost
three-dimensional effect against the background Milky Way field.

Stock 10 is another one of Auriga’s many unsung open clusters.
Though rather sparsely populated, this stellar aggregation stands out

surprisingly well, as over half of its 15 stars are 8th magnitude or
brighter. The cluster’s two brightest stars form a relatively close 6th-
magnitude binary system, which helps to further clarify the cluster’s
identity. Stock 10 can be found about 4° west-northwest of Theta
Aurigae and 4° north of M36.

M37 (NGC 2099) is the most striking open cluster in Auriga and a
joy to behold in nearly all instruments. Since its discovery in 1764 by
Messier, many observers have commented on its beauty. In his book
Celestial Objects for Cognmon Telescopes, the Reverend T.W. Webb
noted, “it is extremely ‘:auriful, one of the finest in its class,” while
others have likened it t0 a sprinkling of stardust. About 150 stars
belong to M37 and are swarmed together in a tight collection. A few
individual points of light may be resolved in low-power glasses, while
more powerful giant binoculars will show many stars strewn across
the glimmer of still fainter, unresolved suns.

Bootes (Boo)

R.A. Dec.

(2000)  (2000) SizelSep!
Object Typ b m R sl Mag. Period Comments
S 656 = 13504 +21 17 68,73 86" 208° (1923)
NGC 5466 GC 14 05.5 +2832 9.1 13
lota ** 14 16.2 +5122 49,75 39" 33° (1942); 9198
RX Vr 14242 +2542 8.6-11.3p 340 days Semi-Regular
R Vr 14372 +2644 6.2-13.1 223.40 days Long Period Variable
RV Vr 1439.3° 43232 7.9-9.9 137 days Semi-Regular
RW Vr 14412 +3134 8.0-9.5p 209 days Semi-Regular
Delta NEs ASEIS S A3 1R 358 105" 79° (1976); 9559
Mu ** 15245 +3723 4.3,6.5 108" 171° (1956); 9626

The arrival of Bootes, the Herdsman, in the eastern evening sky is a
welcome sight to many in the northern hemisphere, for it signals that
spring has arrived. Twentieth-century imaginations will find it easier
to trace out a kite or an ice cream cone in this region, rather than a
human form, as our ancestors did.

Alpha Boétis, better known as Arcturus, is the brightest star north
of the celestial equator. Shining at a dazzling magnitude —0.06, its
distinctive orangish hue is unmistakable through a telescope, binocu-
lars, or the naked eye. It is found only 37 light years away, making
Arcturus one of our Sun’s more impressive neighbors.



NGC 5466, found near the border shared with Canes Venatici, is
challenging globular cluster for the observer with giant binoa: '
With the cluster shining at only 9th magnitude, its detection is stron:
dependent on sky conditions, so wait for that special night be
searching it out. Even then, it appears as only a dim smudge of g
light just to the west of a 7th-magnitude star.

lota Bodtis, a double star of particular interest to binocular
found in the extreme northwest corner of the constellation. Separa
by 39" of arc, the magnitude 7.5 secondary sun is separable from
Sth-magnitude primary with 7x binoculars on nights of steady
Note the unrelated 6th-magnitude star to the pair’s east. It 1
mistakenly give the impression that lota is actually a triple star sys

Mu Boétis is another double star worthy of note. Discovered
G. W. Struve in 1835, Mu is easily seen as a binary in all glas
magnitude 6.5 secondary star lies 108" of arc away from the m
tude 4.3 primary. Both exhibit little color.

n (Cae)
R.A. Dec.
(2000)  (2000) SizelSep/
Typ b m £ o Mag. Period Comments
Vr 0440.5 -3814 6.7-13.7 390.95 days Long Period Vari

Caelum, the Chisel, is a small constellation wedged between Erid
and Horologium to the west and Columba to the east. Named
the 17th-century astronomer Lacaille, Caelum skims the south
!101"12011 from the northern hemisphere’s more temperate regions,
it attracts little attention, as its brightest stars are only 4th magnitu

R C:«.leli resides about three-fourths of the way from Alpha .to Beta
Caeli. Shining with a distinct reddish glint, this long-period variable
fluctuates between magnitudes 6.7 and 13.7 over a 391-day cycle.

R.A. Dec.
(2000)  (2000) SizelSep!
Object Typ b m L 4 Mag. Period Comments
m OC 03163 +60 02 15’
033 36 **  0340.0 +6352 6.8,8.6 46" 69° (1923); 2650
Tombaugh S OC 03478 +5903 84 17’
S 436 +» 03493 +5707 6.5,73 588 75° (1975)
Hrr 3 OC 0400  +63 '7 Asterism
NGC 1502 OC 0407.7 +6220 5 g
1 **  0506.1 +5858 5.4,6.5 180" 8° (1924)
Cr 4 OC 0522 +73 4.2 120’
s 105 *» (07266 +7305 7.1,7.8 " 82° (1935); 6028
NGC 2403 Gx 07369 +6536 8.4 17" x 100 Sc
03X 90 *+ 08025 +6305 6.0,8.4 49" 82° (1924)
NGC 2655 Gx 08556 +7813 10.1 5" % 4' SBa

Of all the northern circumpolar constellations, Camelopardalis is
certainly the least distinct. It was created by Jakob Bartsch in 1624
to represent a camel, but was later reidentified as a giraffe. With none
of its stars shining brighter than 4th magnitude, amateurs tend to shy
away from the wide variety of deep sky objects found within. How-
ever, by using binoculars as extensions of our eyes, we may star-hop
among the Giraffe’s faint stars to search out its treasures.

Stock 23 resides on the Camelopardalis-Cassiopeia border, not far
from the plane of the Milky Way. Of the 25 stars that comprise this
little-known open cluster, half a dozen shine between 7th and 9th
magnitude and are visible in 7 X glasses. Look for this small, rectangu-
lar stellar knot about 10° north-northwest of Alpha Persei.

Harrington 3 is a long string of stars measuring about 2° in extent
and found about 30° due east of Epsilon Cassiopeiae. Two dozen
stars ranging from Sth to 9th magnitude lie along its breadth. Toward
the southeastern end of this asterism is NGC 1502 (see next) and
UV Camelopardalis, a semiregular variable star that flickers between
magnitudes 7.5 and 8.1 with an average period of 294 days.

NGC 1502 is a bright, easy-to-see but hard-to-locate open cluster
adjacent to Harrington 3 in central Camelopardalis. Shimmering at
6th magnitude, it may be glimpsed on crystalline evenings as a hazy
glow about 15° east of Cassiopeia’s “W.” Binoculars reveal its rich-



ness as a misty circular patch of li i i or
i S p ight sprinkled with four 8th-magn

Coollmder 464 is a large, loosely packed open cluster found a
17° away from Polaris and 8° northeast of Alpha Camelopa Al
Although its stellar density is quite low, this attractive cluste[:- v
opt.surprISIngly well against its star-poor surroundings. It -
dlStlnCFly rectangular in shape, with approximately SOgn;a i
and fainter suns scattered across a 2° X 1° area. Few amagrr:ur:'ls

aware that the cluster exists. Tak i
: : e the time on the nex :
to discover it. fclear e

NGC 2403 is one of the brightest non-Messier galaxies found nortk
of the cel_est_lal equator. Located about 5° northwest of O i
U’rsal? Majoris (the Bear’s “nose”), it is revealed as a large ovnln
hlghl_lghted with a brighter central core set among a wide ;ect:n
asterism. Studies indicate that NGC 2403 resides 8 million light
away and is one of the closest major galaxies beyond the Local Gra

r (Cnc)
R.A. Dec.
i ;(?2000) (2000) Size/Sep/
yp m : Mag. Period Comments
vr gg ;g.g +1144 6.1-11.8  361.60 days Long Period Variable
9 +1933 69,72 45",93" 156°, 241° (1952);
b i - = bl 'II
! OC 08401 +1959 3.1 95’ Mﬁzli’eﬂﬂﬁ
** 0846.7 +2846 426 e _
2,6.6 31" ; i
gc 08504 +1149 6.9 30° ;»267; (et
V: gg gg; +17 14 5.6-7.5 195 days Semi-Regular
g 10‘6 +10 51 71-8.6 60 days Semi-Regular
[ 6 +3058 6.2-7.7p 120 days Semi-Regular

bC:::::;]ttlﬁcC;a‘l;hls a faint, unimpressive spring constellation nestled
b nj::_ld ter stars of Gemini and Leo. Consisting of 4th-
i g € stars, it is casily overlooked by casual stargazers,

pecially through brighter urban and suburban skies. Yet buried
within are a few of the season’s most notable binocula; objects.

R Cancri is one of four notabl '
: e variable stars in Cancer that 2
suitable for study through binoculars. Found about 3° north o? Beta

+\

Cancri, R is a classic long period variable that may be followed
through binoculars over nearly its entire cycle. Peaks in brightness,
averaging magnitude 6.1, arrive every 362 days, with minima of about
magnitude 11.8 occurring in between.

M44 (NGC 2632), popularly known as the Praesepe or Beehive Clus-
ter, is a huge open cluster that is visible to the unaided eye on clear,
dark nights. Recorded as early as the third century B.C. as mysterious
cloudy spot, this magnificent swarm of stars was still classified as a
nebula in Bayer’s Uranomegria star atlas of 1603. The true nature of
the Praesepe came to light jPst seven years later, when Galileo viewed
it through his first crude telescope. Today, even the smallest field
glasses will resolve many of its member stars spread across 95 of arc.
Over 200 stars are counted as belonging to M44, about 75 of which
are brighter than 10th magnitude.

One of the most interesting sights to look for within M44 is the
triple star Burnham 584 (8584). The three almost equally bright
points of light may be found forming a small triangle just south of
the cluster’s center. Separated by 45" and 93", respectively, all three
stars present little trouble for 7x glasses.

Jota Cancri is a challenging binary star for most binoculars. Its yellow-
ish magnitude 4.2 primary star is accompanied by a bluish magnitude
6.6 companion located about 31" away. Seven-power is probably the
lowest magnification that can separate the stars, while higher power
will reveal Iota to be one of the most striking binary stars in the
northern spring sky.

M67 (NGC 2682) is often overlooked in favor of the more spectacular
Bechive cluster. This is unfortunate, for M67 is a pleasing open
cluster in its own right. With their combined glow equivalent to 7th
magnitude, over 500 stars scattered across 30" of arc compose Mé67.
The brightest of these stars just reach 10th magnitude. Most glasses,
therefore, will see only the misty glow of stars too faint to resolve,
but giant binoculars should also display a few points of light buried
within. Astronomers now feel that this 2,500-light-year-distant collec-
tion is one of the oldest open clusters in the Milky Way, perhaps
second only to the ancient group NGC 188 in Cepheus. The age of
M67 is estimated to be about 10 billion years.



s Venatici (CVn)

R.A. Dec.
(2000) (2000) Size/Sep/
| Typ b m adts Mag. Period Comments
258 Gx 12190 44718 83 I8 8! Sb
: +
449 Gx 12282 +4406 9.4 5' x 4 Ir+ e I
1 OC 12350 +3618 15’
631 Gx 12421 +3232 93 i Kondok < i Se
Vr 1245.1 +45 26 7.4—10.0p 157 days Semi-
736 Gx 12509 +4107 8.2 11" % ;' S‘lf;:: ﬁ;g:lar k
pel gl i v | +38 30 6.0,6.2 84" :
)05 Gx 13109 +3703 9.8 e 2 i éz-r 2 S
)55 Gx 13158 +4202 8.6 2P Sbh+ Mé63
Ve 13195 #4832 6.5-8.6 191.9 days  Semi-Regular
94 Gx 13299 +4712 8.4 1§ bl on Sc¢ MS51;
95 Gx 13300 +4716 96 L 18" o0 1 P Whl;:?rommpl : :
72 GC 13422 +2823 6.4 16 M3 '

Canes Venatici, the Hunting Dogs, is another difficult-to-discern con

stellation of the northern spring sky. Lying just southeast of

Major, it is home to many challenging deep sky objects for the enthu

ast with binoculars.

M106_ (NGC 4258) is one of dozens of distant galaxies that call

Venatici home_. Readily found about 7° to the northwest of

Cianu;n Venaticorum, M106 appears as a relatively large ellip
\ glow ess than a degree west of a 6th-magnitude foreground star.

galaxy s nucleus appears decidedly nonstellar with higher magnific
‘ tions. In long-exposure photographs, M106 spans 18’ x 8, but:
| appears about half that size when viewed through binocular;.

[I—le gren 1is a brighr‘, coarse open cluster known to few amateurs.
ave you ever seen it? The odds are you probably haven’t, but I

gct you havF beep all around it if you have ever explored Ca
enatici. It is easily visible in binoculars, so you might have

bumped into it without realizing it was a cluster. Only ten stars

scatte_red across 15’ of arc and found about 5° southwest of
Caroli (Alpha Canum Venaticorum) belong to the group.

fainter suns. Larger binoculars add a few more dim points of light t¢

~ Seven-power ‘glasses reveal four magnitude 7 stars (three of
which are strung in a short, straight line), along with a couple of

e\

this 450 light-year-distant group. Although studies show it to be a
true cluster, Upgren 1 never really impresses me as much more than
a chance asterism. What do you think?

M94 (NGC 4736) is a tightly wound Sa spiral located northeast of
the halfway point between Alpha and Beta Canum Venaticorum.
Look for a nearly circular halo surrounding a fairly bright starlike
center. Though rated at 8th magnitude like M106 to its west, M9%4
appears noticeably brighter to most observers. This effect is due to
the comparative sizes of ffhe two galaxies. M94 exhibits a higher
surface brightness than it$'neighbor, since its light is spread across a
smaller 11’9’ area. These dimensions translate to a real diameter of
64,000 light years at the galaxy’s distance of 20 million light years

away.

M63 (NGC 5055) is found almost halfway between the stars Alkaid
(Eta Ursae Majoris, the end star in the handle of the Big Dipper) and
Cor Caroli (Alpha Canum Venaticorum). Discovered in 1779 by
Pierre Méchain, this 9th-magnitude Sb spiral looks like an ill-defined
smudge of light set close to an 8th-magnitude star. Giant glasses reveal
it as distinctly cigar shaped and absent of any bright central nucleus.

M51 (NGC 5194), the Whirlpool Galaxy, is a textbook example of
a spiral galaxy (Figure 7.4). Lord Rosse was the first to detect its
pinwheel-like structure in 1845 while viewing through his mammoth
72-inch reflector from Parsonstown, Ireland. Initially, astronomers
thought that such “spiral nebulae” were actually solar systems in
formation. It was not until the 1920s, when Edwin Hubble conceived
the true galactic organization of the universe, that they were recog-
nized as remote galaxies.

Most binoculars readily show M51. It dwells among the 6th-
and 7th-magnitude stars of a small stellar trapezoid a few degrees
southwest of Alkaid (Eta Ursae Majoris). Look for a round 8th-
magnitude glow punctuated by a conspicuous stellar nucleus.

NGC 5195 is a small irregular satellite galaxy of M5 1. Long-exposure
photographs reveal that the two galaxies are physically bound to one
another by a bridge of stars and nebulosity. Unfortunately, NGC
5195 glows weakly at nearly 10th magnitude and is not likely to be
seen in anything less than 11 x 80’s. It may require even larger glasses
to be seen. Look for a subtle protrusion on the northern edge of M5 1.

M3 (NGC 5272) is one of the brightest globular clusters in the entire
sky. Discovered in 1764 by Charles Messier, it is seen through binocu-
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R.A. Dec.
(2000) (2000) SizelSep!
Typ b m L Mag. Period Comments
OoC 07 188 =2457 4.1 8’ Tau CMa Cluster
Ve 07195 -1624 5.7-63 1.136 days Eclipsing Binary
OC 07201 =2156 79 3251
OC 07232 —13:L7 11’
OoC 07239 =3212 35 42’
oC 07240 -1316 8.0 ' 19
=* 07247 -3149 5.5,76 99¢ 342° (1922)
OC 07248 -2056 84 6'
0C . 07251, =21.02:: 74 2:5!

Figure 7.4
M51 (NGC 5194) and NGC 5195 in Canes Venatici
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lars as a round, 6th-magnitude nebulous “star” some 16’ in diameter

Although individual stars in the cluster require at least a four-incl; i
tglcscopc to be seen, a “grainy” appearance may be noted in giant
blq()culars, as if some of the stars are very close to resolution Modeml '
estimates show that over half a million stars populate M3 r.nakin it
one of the largest members of the Milky Way’s family (;f globu%ar |
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RA Dec. —
4 !(.ZUUU,; (2000) Size/Sep/
Y b om ; Mag. Period Comments
OC 06470 -2044 4.6
: ¢ 38’ M41

OC 06 542 -2438 26 507 Omicron CMa

_! Cl
Vr‘ 07081 -1155 64-79 Irre, Eﬁir
OC 07083 -1310 77 12 ~
OC 07178 -1537 7.2 13/

Standing obediently by Orion’s side, Canis Major, the Large Dog,
appears ready to help its master do battle with Taurus the Bull in our
winter sky. For amateurs, the only battle to be waged within Canis
Major is deciding which deep sky object among its wide array to look
at first.

Signaling the arrival of Canis Major in our winter sky is brilliant
Sirius (Alpha Canis Majoris), nicknamed the Dog Star. Its name may
come from the Greek word seirios, which means “scorching.” Other
sources claim the term has Egyptian or Celtic roots.

Sirius dazzles us at apparent magnitude —1.4, the brightest of
any star in our night sky. However, it shines at absolute magnitude
+1.5, which is far from the intrinsically brightest star known. Classi-
fied as a hot type-A white star, Sirius is a little over twice the mass of
the Sun and lies only 8.7 light years away. A small white dwarf known
as Sirius B, or the “Pup,” orbits Sirius A once every half-century.
Seeing Sirius B is one of the greatest challenges to astronomers with
telescopes.

M41 (NGC 2287), shown in Figure 7.5, was first recorded by Aris-
totle in 325 B.c. as a “cloudy spot™ about 4° south of Sirius. Today’s
observers can easily duplicate Aristotle’s discovery, as M41 stands
out clearly without optical aid if viewed far from city lights.

M41 is one of the most satisfying clusters visible through binocu-
lars, as even 7X glasses are able to pick out up to two dozen of its
stars. All sparkle like sapphires against black velvet. Many appear as
double or multiple stellar combinations. When fully resolved, M41 is
found to hold about 80 stars within its gravitational grip.

Collinder 121 is found 4° farther south of M41. While its northern
neighbor is easy to identify, this 2,300-light-year-distant horde is



Figure 7.5
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Set within thg brilliant winter sky is the small, rather bland constella-
tion Canis Minor, the Small Dog. Except for the brilliant star Procyon,
Canis Minor holds little to draw observers away from the more
spectacular constellations of the season. Only a pair of long period
variables and a weak open cluster are visible within.

Dolidze 26 is found about 7° northwest of Procyon, near the border
shared with Gemini. Binoculars disclose only two individual stars (the
brighter being 6 Canis Minoris), as well as the dimmest hint of the

cluster’s few, unresolvable stars.

Capricornus (Cap)

R.A. Dec.
(2000)  (2000) SizelSep/
Typ . b.. > i s Mag. Period Comments
** 20181 '"~12'33 3.64.2 378" 291° (1924); 13645;
optical
** 20210, —-1447 3.46.2 205" 267° (1922)
NGC 7099 GC 21404 -2311 75 i’ M30

GC 2362, astronomers believe
clusters. However, the studies
u Canis Majoris. Is it a true

ter’s estimated dj

stance of 5,000
han 50,000 time ol

s brighter than the Sun!

corner. About 30 starg ranging

a triangular pattern
IN6X to 9x glasses,
he group even more.

Capricornus is described as a “sea-goat,” a curious mythological crea-
ture that has the head and torso of a goat and the tail of a fish.
Marking the tenth constellation along the ecliptic, Capricornus is
framed by a large, crooked triangle of many faint naked eye stars and
holds few deep sky objects for binoculars. Only a pair of wide double
stars and a lone globular cluster will be visible.

Alpha'*? Capricorni is a broad optical binary star that marks the
northwest corner of Capricornus’ triangle. Keen-sighted naked-eye
observers can easily distinguish the two stars, separated by better than
6’ of arc. Binoculars add a pale yellow tint to each of the suns. Both
Alpha', at magnitude 3.6, and Alpha?, at magnitude 4.2, are type-G
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to find this globular ¢
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1 (Car)
R.A. Dec,
Top };2000) (2000) Size/Sep!
m & ’
- Mag. Period
5 OC 07583 —6052 33 30" i
ol gg 570 -5914 51638 40" g
OC 09120 -g452 63 W 75% (1917)
Ve 09322 :23 33 37‘?,“5;35'; . 875days RV Tauri type
Wi 6007 45" " o871 days - Long Period Variable
4 6133 4.5 1
‘?N ig 217_1 ~57 55 T ;;?'49 days Long Period Variable
r Aol
Ul i :
9 -5756 76 2 regular; S Dor type
\(?c 10274 5738 43 8
40983 ol 5907 0.
B
ocC 1,0 S o a e e 9.1 ‘1‘%.’163 days Cepheid
88/ ;g gg.s -6008 6.3
3
DN 5838 6.7 6’
OC 10421 —-6506 g i

(Oominued)
R.A. Dec.
. (2000)  (2000) SizelSepl!
Object Typ h m Mag. Period Comments
C 10422 =5909 6.2

577 0.5 10430 “6001 44 15’ On NGC 3372
Cr 2602 OC 1043.2 -6424 19 50’ Theta Car cluster
’CGZC 3372 DN 10 43.8 -5952 5.0 120’ Eta Carinae Nebula
¥r 14 OC 10439 =5934 55 5 On NGC 3372

A 99 =+ 10 44.3 7052 6.3,6.5 63" 75 (1?17)

VY Vr 10 44.6 57 34 6.9-8.1 18.990 days Cepheid |

Tr 15 OC 10448 -5922 70 3 On NGfJ 3372
Tr 16 0OC 10451 -5943 5.0 10’ Eta Carina Nebula

v\ cluster

Bochum 11 OC 10473 -6006 7.9 On NGC 3372
X Vr 10504 -—5959 9.0-10.0p 400 days Semi-Regular
i Vr 10541 —-6203 8.9-10.8p 97 days Semi-Regular

AG Vr 10562 -86027 71-9.0p Irregular; S Dor type
Cr 236 0C 10579 =61 02 "77p 8

U Vr 10578 -—5944 5.7-7.0 38.768 days Cepheid

NGC 3496 OC 10598 -6020 8.2 i

XZ Vr 11042 -6059 8.1-91 16.650 days Cepheid

Fein 1 OC 11060 -=5949 4.7

NGC 3532 OC 11064 -5840 3.0 8§

NGC 3572 OC 11104 -6014 6.6 20’

Hogg 10 OC 11307 ' —60/22 6.9 3

Cr 240 Q€ 11112 | =6017 3.9 25"

Tr 18 .OC 11114 -6040 6.9 12’

NGC 3590. OC 11129 -6047 8.2 4’

Stock 13 OC 1L 133 3855 70 &

IC 2714 OC 11179 ° =6242 8p 12’

Carina is the southernmost of the four modern constellations formed

from the archaic star group Argo Navis (the others are Puppis, Pyxis,
and Vela). Carina is only partially seen from North America and
Europe. Its brightest star is brilliant Canopus (Alpha Carinae), an FO
giant and the second brightest star in the night sky at magnitude
—0.72. Though normally considered a far southern target, Canopus
can be seen from as far north as +30° latitude given a good southerly
view. All of Carina is a celestial bonanza for amateur astronomers,
with some of the finest deep sky objects located within its borders.
Many enjoyable hours may be spent in search of its riches.

NGC 2516 is a striking open cluster in western Carina. Spanning "/2°
across, it is visible to the naked eye as a hazy patch between Alpha
Pictoris and Epsilon Carinae. Fully one-third of its 100 stellar compo-
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Figure 7.6
The Eta Carinae Nebula (NGC 3372)
southern sky. Photograph by Jack Newton.

. one of the showpieces of the far

nearly a full degree. At about 490 light years away, 1C 2602 is one

of the closest open clusters to us.
A sometimes unnoticed faint elliptical blur just to the south of

IC 2602 is Melotte 101. Nearly 15 times farther away from Earth
than its neighbor, Melotte 101 contains about 50 dim stars, with

none brighter than 10th magnitude.

NGC 3372 (Figure 7.6) is the finest example of a diffuse nebula found
anywhere in our skies. The amazing Eta Carinae Nebula, NGC 3372,
is a monstrous glowing cloud seemingly blossoming forth like a huge
ghostly orchard. Measuring two full degrees across, the nebula’s many
dark rifts divide it into several distinct regions, each with many stars
embedded within. Even the smallest binoculars reveal some of the
complexities of this marvelous object, and it grows into an indescrib-
ably beautiful sight through 11x glasses.
The larger, teardrop-shaped nebulous patch contains the open
cluster Trumpler 16 and the star Eta Carinae itself. Eta is a remarkable
novalike star, first noted by Edmund Halley in 1677. At the time,
Halley estimated its brightness at 4th magnitude. By 1730, it had



increased to 2nd magnitude, but it fell back to 4th magnitude ¢
the next half-century. Eta continued to fluctuate with a general
ward trend until April 1843, when it reached magnitude —0.8 (slig
brighter than neighboring Canopus). Since that time, it has contir
to vary, but has never achieved the same intense magnitude. Preseng]
Eta is about 6th magnitude. Its spectrum shows the star to be
ten solar masses. The presence of heavy elements in large amony;
has led some astronomers to conclude that Eta Carinae is an old
and a leading candidate for the next Milky Way supernova!
Along with Eta Carinae, Trumpler 16 contains about ten st
tightly packed into the center of NGC 3372. No fewer than
additional open clusters—Trumpler 14 and 15, Bochum 10 3
and Collinder 228—are also seen superimposed onto the neb
appear as tight clumps of few stars.

Feinstein 1 is usually passed over by most observers. Found abou
due east of Eta Carinae, it appears as a miniaturized version of C
Borealis, with a half-circle of eight magnitude 7 stars and a
twice as many fainter suns scattered throughout. Feinstein

charming object, made even more attractive by the rich star fiel
within which it is set.

NGC 3532 stands out as something extra special among the

superb open clusters within Carina. Herschel wrote that this
most brilliant cluster he had ever seen, a sentiment echoed by
other observers as well. About 400 stars populate NGC 3532,
over 60 bright enough to be seen in 7 X 50 binoculars. An exten
study carried out in 1930 by Harlow Shapley determined that
90% of the cluster members are brilliant, hot type-A stars. Ci
estimates place the group at 1,300 light years away and about 25
light years across.

)
NGC 3572 is a small but easily found galactic cluster. The brightes
of its 35 suns are 7th magnitude, the faintest barely 14th. Bin
show a small, faint nebulous glow of unresolved stars peppered
a few of the brighter stellar images.

Collinder 240 is a bright knot of five stars seen immediately to
southeast of NGC 3572. Binoculars readily resolve an additional

or seven stars within the cluster’s 25’ extent. In all, about 30 stars
belong to Collinder 240.

Trumpler 18 is located less than :° south of the NGC 3572—Col-
linder 240 pair. The least interesting group of the three, it appears
little more than a3 nebilous wicn around fotir 9thomaomirinda crreil

(cassiopeia (Cas)

R.A. Dec. :
0 SizelSep!
Typ EJZOO?:: (2"00 2 Mag. Period Comments
. y . . .
o 3 days  Eclipsing Binary
908 7.2-8.2 1.813 day : _
v :;r gg g;;. IgS 48 6.9-13.0 444.83 days Long Period Variable
r ; r
3 14 6.5 21
C 00299 +60 /
gg gg gC 00434 6147 7.0 g b
NGC 281 oC/ 0052.8 637 74p
o Irregular; Gamma
Bre Vi 00567 +6043 16-3.0 e
v 4 13’
NGC 457 OC 01 19.1 +5820 (_”:;4 o b ti
NGC 581 OC 0133.2 +60 42 7. .
NGC 654 OC 01 44.1 +61 53 6.5 4
NGC 659 OC 01442 +60 42 79 b
NGC 663 OC 01460 +61 s Liodry | 16|
Cr 463 OC 01484 +7157 5.7 35’
Stock 5 OoC 02045 +64 %2 b éO' A0 Lt
Stock 2 OC 02150 +59 ¥ e
. 033 26 == 02197 +6002 6.9,74 63"' 200° (1925)
Mrk 6 OoC 02296 +6039 71 4.5,
IC 1805 OC/ 02 32.7 +6127 6.5 22
Bc 6133 6.7 20"

427" '+ . A _
rl:gc 2 ?’:: gi 489 +6938 6.2-77 1.195 days Eclipsing Binary
IC 1848 OC/ 02512 +6026 6.5 12

. DN ; '
Cr 33 OC 02593 +6024 59p 40|
Cr 34 OC 03009 +6025 (;gp ig

1.8 +6315 7.0p ‘ _
'\I';" 3 8:: gg 1.7 +5942 6.9-134 228.83 days Long Period }fanablc
NGC 7635 DN 2320.7 +61 12 15*r x 8’ iubb!e Nebula
Hrr 12 OC 2320 +62 30 60' N:;eznsm
NGC 7654 OC 23242 +6135 6.9 ;?j
Stock 1 OC 23372 +5226 _

Rl(:; : Vr 23544 +5730 4.1-6.2 320 days Semi-Regular

0 +5644 6.7 16’ : )
:GC e Sl'c gi §;4 +5124 4.7-13.5 © 430.46 days Long Period Variable
NGC 7790 OC 23584 +6113 8.5 7




With its distinctive “W* shape found high overhead during the
tumn months, Cassiopeia, the Queen, is usually one of the first cons
lations learned by astronomers in mid-northern latitudes. Tha il
the Milky Way passing directly through, Cassiopeia is further glogif
with an abundance of deep sky objects. :

NGC 129 is a large, bright open cluster. Most binoculars reveal
half a dozen to a dozen suns nestled among the collective glc "
numerous other stars too faint to resolve. About 35 luminaries b
to this 5,200-light-year distant swarm, including the Cepheid v

DL Cassiopeiae. DL fluctuates between magnitudes 8.6 and 9.3 oy
the course of eight days and is located near the cluster’s centet
north of a pair of 9th-magnitude stars. "

Gamma Cassiopeiae, the central star in Cassiopeia’s “W,” is the
totype for a class of irregular variable stars. Gamma Cass,iopei
are thought to be rapidly spinning spectral type-B stellar infernos
exhibit random magnitude fluctuations of up to about 1% magnitud
Gamma itself flickers between magnitudes 1.6 and 3.0.

NGC 457 resides just northwest of Sth-magnitude Phi Cassi
a_nd 7th-magnitude HD 7902. Easily resolvable into many po
light, this fine open cluster consists of two southward-arcing rov
stars along with a smattering of fainter suns. Although Phi and Hi
7902 are unrelated foreground suns, their presence certainly a ds t
the clpstcr’s elegance. The brightest star in the cluster itself sh
magnitude 8.6 and is clearly orangish in color.

M103 (NGC 581) is a fairly compact open cluster seen to the ne rt
east of Delta Cassiopeiae. Pierre Méchain is credited with the discov
ery oflthe group in 1781. Consisting of about 25 magnitude
and fainter stars, M103 spans only 6’ of arc and remains m
unresolvabl_c in less than 15x glasses. All binoculars, however, wil
reveal a string of four stars immediately to the cluster’s southea

While thought to be unrelated to M103, these suns greatly add to its
scenic beauty. 3

Stock 2 is one of my favorite “unsung” deep sky objects. While ma
observers have no doubt seen it, few ever realize that they have,
this fine open cluster lies only 2° north of the famous Double Clu
in Perseus. While it cannot hope to compete with that magnifi
sight, Stock 2 is still striking in nearly all glasses. Spanning a full
degree across, the group consists of 50 stars shining at 8th magnim.-

.\

or fainter. Seven-power binoculars unveil many cluster members
sprayed onto the glow of fainter suns. Take a long look at the stars
of Stock 2. As a friend mentioned to me not long ago, the brighter
stars almost look like a headless stick man flexing his muscles. On
the next clear autumn night, before you immediately go to the Double
Cluster, pause first for a look at Stock 2. He's been there all along!

NGC 1027 isanattractive opencluster found about4'2° east-southeast
of Epsilon Gassiopeiae. Through giant glasses, many of the group’s
brighter sta(‘ are plainly evident, while smaller binoculars lend the
cluster a hazy appearance. In all, 40 magnitude 9 and fainter stars
belong to this 3,300-light-year-distant starry flock.

M52 (NGC 7654) is one of the richest open clusters north of the
celestial equator. Discovered by Messier in September 1774, M52
contains about 100 stars crammed into a relatively small 13" area.
Several individual suns are resolvable in binoculars, but the rest blur
into a nebulous mass, which is exactly how Messier first described
the group.

Just to the north of M52 is Harrington 12, a wide triangular
asterism of about a dozen Sth- to 9th-magnitude stars. While not
designated as a true open cluster, it is a very attractive group in low-
power binoculars.

NGC 7789 is another unusually rich open cluster. Caroline Herschel
is credited with its discovery. Estimates indicate that at least 300 stars
" make up the cluster, yet they remain unseen through most binoculars,
as none of these stars is brighter than magnitude 10.7. Instead, we
see a gentle collective blur floating amidst a field strewn with stardust.

Centaurus (Cen)

Object

R.A. Dec.
(2000)  (2000)
Typ b m R T Mag.

SizelSep/

Period Comments

NGC 3680

Omicron

NGC 3766 OC

IC 2944
IC 2948
Stock 14

NGC 3909 OC

OC: 257 "—4315 1.6 12"

ol | i1 bl i Y i f P 264"
1136.1 -6137 53 et

OC 11366 —-6302 4.5 15

DN 11383 -6322 7511501
OC 11440 -6230 6.3 4'

11 49.5 —48 16 30°

Optical

Lambda Cen cluster
Around Lambda Cen

(Continued on next page)



inued)
R.A. Dec.
(2000)  (2000) SizelSep/
Typ b m EAUE Mag. Period Comments
B PN 11503 -5711 B8.4p 12" -
Vr 11550 -=-5915 7.6-13.7 201.6 days  Long Period Variabl
** 12084 -5043 35,6 269",217" 325°; 227° (1913) '_"
Ve 121249 ' Z3538 7.8-10.7 290.7 days  Long Period Variable
Vr 12335 -5440 7.0-14.0 220.28 days Long Period Varia
2E0CW1300.170=59:36/98:9p 114 A
5 Gx: 13054 —4928 9 20" x 4 SBc
2 132260 =60591.54:6.5 60" 343° (1879)
B GRin13:25.9, =43 007 18" x 14’ SOp Centaurus A
) GC 13268 =4729 3.7 36’ Omega Centauri
LR B e TR L € R 8’
OC 13324 -5829 7.5 12 ‘
Vr 13375 -5629 7.0-10.8 446.0 days  Long Period Variable
Vr 13418 -3336 5.5-9.0 90.4 days Semi-Regular
6°GC 13464 —5122 76 9'
1 OC 13466 -6254 5.9 i
9 OC 13503 -5952 30’
PRIV =3 40" 6.3.8:5 67" 4° (1959)
Dk 13576 —4000 20" x 8§’
Vr 13577 -3104 8.8->12.6p 269.27 days Long Period V:
D OC 14076 -4819 5.6 25’
Vr 14166 -5955 5.3-11.8 546.2 days  Long Period V:
| OC 14240 -6124 6.4 12*
[ OC 14298 -6043 6.3 10’
| Vr 14310 -3006 8.9-10.0p 180 days Semi-Regular
OC 14312 -6110 79 A
Vr 14325 -5653 6.4-72 5.49 days Cepheid
QC "1435.2 —5633 5.5 12’
** 14396 -6050 0.0,11.0 131’

Alpha and Proxima

Centauri

Centaurus is one of two celestial centaurs found among the stars (tht
other is Sagittarius, in the summer sky). From mid-northern latitudes;
this centaur is seen to just skirt the southern horizon. From a more
southerly vantage point, Centaurus presents many hidden glories.

as a nebulous glow with only a few of its brighter stellar u'f.i-
sprinkled against it. In all, about 100 magnitude 8 to magnitud

stars populate the attractive group. The area surrounding NGC 3

e\

offers a breathtaking stellar panorama through binoculars. A slow
scan across the 4° space between Omicron and Lambda Centauri
displays dozens of unrelated suns that collectively putona spectacular

show.

IC 2944 is nestled among a string of four stars just south of Lambda
Centauri. Two dozen stars litter this cluster’s 1° diameter, with about
half shining lt 9th magnitude or brighter. Surrounding Lambda itself
is the soft glBw of IC 2948, a diffuse nebula. Giant binoculars fitted
with twin nebula filters stand the best chance of revealing this faint

cloud.

NGC 3909 is a large, scattered collection of 9th- to 13th-magnitude
suns. Although measuring 2° side to side, this open cluster proves
difficult to identify due to a low stellar concentration. Your best
chance of capturing NGC 3909 begins by first finding the naked eye
star Delta Centauri. Scan 6° to its northwest, until you come upon an
asterism of six stars. The three brightest stars are labeled ¢', ¢’, and
¢’ Centauri, and NGC 3909 lies nearby.

Incidentally, Delta is itself an interesting triple star system for
binocular users. The magnitude 2.8 primary star is accompanied by
a magnitude 4.7 “B” star and a magnitude 6.4 “C” star. Their wide
separation allows easy resolution of all three orbs through all binoc-
ulars.

NGC 3918 is one of those rare planetary nebulae that may be identi-
fied through binoculars. Observers should not expect to see much
more than a point of light, as its disk is only 12" of arc in diameter.
Nonetheless, there is something about the appearance of NGC 3918
that makes it different from the neighboring stars. Perhaps it is its
distinctive blue color, or it might be the slightly blurred impression
we get when the other stars look crisp. Whatever the reason, try your
luck with it at your next opportunity. And a special note to giant-
binocular users: do you see a bright centralized point of light in the
nebula? If so, congratulations, you have spotted the 11th-magnitude
central star. It should be identifiable only under the clearest skies, so
wait for that special evening before attempting to find it.

NGC 5128 (Figure 7.7) is a most unusual galaxy. At first glance, it
would appear to be a typical elliptical galaxy, measuring 18’ x 14'.
However, closer examination reveals it to be curiously bisected by a
wide obscuring dark lane—anything but typical! Astronomers have
determined that NGC 5128 is actually a type SO peculiar galaxy,



Figure 7.7

Centaurus A (NGC 5128), as photographed by Martin Germano. He
used an 8-inch /10 Schmidt-Cassegrain telescope and 103a-F
spectroscopic film for this 45-minute exposure.

but the dark absorption band remains a mystery. Adding to their
puzzlement is the unusually strong radio noise emitted from NGC
5128, dubbed Centaurus A by radio astronomers. Studies indicate
that the radio waves flow from two large, optically invisible lobes
located to either side of the visible galaxy.

Seven-power glasses show NGC 5128 as a fuzzy 7th-magnitude
“star.” Giant binoculars are capable of resolving the dark lane under
good sky conditions. NGC 5128 is estimated to be about 14 million
light years away, making its true diameter about 180,000 light years.
The strange black lane has an average width of 6,000 light years.

NGC 5139 (Figure 7.8) is the finest globular cluster in the entire sky.
Better known as Omega Centauri, it is easily visible with the naked
eye as a “fuzzy” star. For ages, it was indeed thought to be just a star.
Ptolemy catalogued it as such in his catalogue of 140 A.p., as did
Bayer in his Uranometria atlas of 1603, where it was first assigned
the Greek letter Omega. In 1677, Halley was the first to discover the
true nature of Omega Centauri.

Astronomers estimate that Omega Centauri is 17,000 light years
from Earth, making it one of the closest globular clusters. Visuallyy
it subtends 36’ and appears noticeably oblate.

Some of the estimated one million stars that comprise Omega .

Centauri are actually resolvable in 11x80 binoculars, while a not=

Figure 7.8
The finest globular cluster of all: Omega Centauri (NGC 5139).
Photograph by Australia’s Jim Barclay, F.R.A.S.

quite-resolved “grainy” appearance is evident in 7x50s. Regardless
of the instrument used, an observer’s first encounter with Omega
Centauri will be remembered for a lifetime. Incidentally, Omega 1s
theoretically visible from as far north as the latitude of New York
City (40° north), but its image will suffer greatly owing to atmospheric
interference.

T Centauri is a semiregular variable star that breaks the naked eye
barrier about every three months, when it is close to magnitude 5.5.
In between, its starlight falls off to 10th magnitude, and is just visible
through 10X glasses. Look for the reddish gleam of T Centauri to the
west of a stellar triangle formed by i, g, and k Centauri.

Also in the area is TW Centauri. This long period variable
changes in brightness from about visual magnitude 7.5 to 13 over a
269-day period.

NGC 5281 is a dense 6th-magnitude concentration of 40 stars gath-
ered within a small 5’ of arc diameter. The astronomer Lacaille was
the first to set eyes on this 4,200-light-year-distant cluster back in
1752. A magnitude 6.6 star dominates the field of magnitude 9 and



fainter luminaries. Larger glasses will also display two curving a
of stars across the cluster’s center. 3

NGC 5299 is a bright stellar collection found about 2° west of Had
(Beta Centauri). It spans nearly 1° and stands out nicely against ¢
surroundings. Recent theories indicate that NGC 5299 may no |

o

an open cluster after all, but simply a rich Milky Way field. Regardles
it is well worth a visit. 3

NGC 5460 displays the largest apparent diameter of any open cluste
in Centaurus. A keen-eyed observer might be able to spot this co
tion of two dozen stars without any optical aid at all on an extren
transparent night. With the aid of binoculars, the cluster unfolds

a misty patch of light punctuated by its brightest starry member, a
8th-magnitude orb. 5 2

R Centauri attains a greater brilliance than any other of the doz
binocular variables in Centaurus. If you faithfully monitor R over i
unusually long 546-day cycle, you will find that it experiences
one, but two, maxima and minima. The minima regularly alter
between magnitudes 9 and 11 and occasionally dip as low as m

tude 13. The maxima typically register between magnitude 5.3
magnitude 5.6.

Alpha Centauri (Rigel Kentaurus) is the brightest star within Cen
taurus and the third brightest star in the entire sky. Looking lil
brilliant blue-white sapphire suspended in midair, Alpha Centau:
famous for being the closest star to our own.

Actually, when we look at Alpha Centauri, we are seeing a tr
star system. The largest and most brilliant member of this s
f:_im.lly is a spectral type-G star of magnitude —0.04. This sun is 3
smula.r in both size and nature to our own. The “B” star shines
magnitude +1.17 and orbits the “A” star once in 80 years. The
apparent separation varies from a mere 2" to 22" of arc over
qrbltal period. The third star in the system is Proxima Centauri,
tiny red dwarf. Collectively, the three stars lie 4.34 light years away,
with Proxima slightly closer than the other two.

A clean separation of the “A” and “B” stars is possible thro
10?< and greater binoculars, but only at or near greatest separatior
This last occurred in 1981. Each year since, and thereafter, the sta
appear to draw closer together until their next closest approach
periastron, in 2035. Proxima is seen as a dim magnitude 10.7 sp
about 2° southwest of the brighter pair. This is too faint to be visible
through most glasses.

iy

R.A. Dec.
4 : (2000)  (2000) SizelSep!
"~ Object Typ b m i Mag. Period Comments‘
53 1 ++  0014.0 +7602 76,79 76" 103° (1923); optical
g(;(; 188 OC 00444 +8520 8.1 15’ 44 : !
U ve 01023 +8153 6.7-9.2 2.493 days  Eclipsing Binary
6939 OC 20314 +60 % 78 8
:% 2946 Gx 20348 +60 8.9 11" x ll?' Sc
B150 Dk 20506 +60 18 60; X3 '
NGC 7023 DN 21 01.8 +6812 6.8 18’ x 18 ‘ ’
Ve 21095 +6829 5.2-11.3 388.14 days Long Period Variable
B152e.~ Dk 21145 +6145 157 X3! 1° SW of. Alpha pep
S Vr 21352 +7837 7.4-12.9 486.84 days Long Period Variable;
carbon star
IC 1396 OC/ 21391 +5730 3.5 50°
DN
B161 Dk 21403 +5749 135 % 3" near IC 1396
Mu Vr 21435 +5847 3.4-5.1 730 days Semi-Regular;
“Garnet star”
Hrr 11 OC 2148 +61 600’ x 300" Includes Cep OB2
Association
' NGC 7160 OC 21 53.7 +6236 6.1 7
B169-71 Dk 21589 +5845 80’ 3° NE of IC 1396
B173—4 Dk 22074 +5910 40’ NE of B169
238 OC ' 22126 +5717 7.7 4’
NGC 7261 OC 22204 +5805 8.4 6'
NGC 7281 OC 22247 +5750
Delta Vr 22292 45825 3.5-44 5.366 days  Cepheid prototype
W Vr 22365 +5826 7.0-9.2 Semi-Regular
NGC 7510 OC 23115 +6034 7.9 4'

According to mythology, Cepheus was once the mighty king of Ethio-
pia. After his reign ended, he was placed in the sky, along with his
queen Cassiopeia and princess Andromeda, where we find them to
this day. Both Cassiopeia and Andromeda are quite conspicuous in the
northern hemisphere’s autumn sky, but Cepheus can prove difficult to
pick out. Though faint to the naked eye, Cepheus blossoms forth with
over 20 deep sky objects when examined through binoculars.

NGC 188 has the dual distinction of being both the northernmost
and the oldest open cluster visible from Earth. Located only 4° from
Polaris, NGC 188 consists of about 120 stars ranging from 12th to
18th magnitude. Together, they merge into an 8th-magnitude glow



spanning 15'. While some eagle-eyed observers have detected the ¢
presence of NGC 188 in 7 binoculars on extremely clear nigh
cluster’s low surface brightness usually makes it a difficult find e
in 11 x 80 glasses. '

Studies indicate that NGC 188 is the most ancient of the know
open clusters. Most of this breed are quite young on a cosmic s
scale and contain many instrinsically brilliant blue giant stars, | ;
cluster ages, these short-lived suns consume their fuel rapidly. Q
clusters, such as NGC 188, are nearly devoid of blue giants. The
estimates place the age of NGC 188 at 5 billion years, as comp
with 190 million years for M41 in Canis Major and only 4 mil);
years for the Double Cluster in nearby Perseus.

NGC 6939 and NGC 6946 are both tucked just inside the Cep
border, about 3° southwest of Eta Cephei. The former is a £
bright but small open cluster that defies resolution through binc
Though their light combines to an overall 8th-magnitude, non
this cluster’s 80 stars shine brighter than 12th magnitude. Wit
many stars crammed into a tiny 8'-of-arc diameter, NGC 6939 is
of the richest clusters in the northern autumn sky.

While NGC 6939 lies about 4,000 light years away, its “ne
bor” is over 16 million light years from Earth. A magnificent fac
Sc spiral galaxy, NGC 6946 is one of Cepheus’ most challen
objects to find. It is likely to remain invisible through most gla
and even giant binoculars will show an exceedingly faint,
circular grayish patch of light highlighted by an ever-so-slig
brighter central core.

!C 1.396 is a huge region of emission nebulosity measuring nearly
in diameter. Due to its wide expanse, few amateur telescopes
brqad t?nough field to take it all in. Binoculars, however, thank
their wider view, are capable of revealing this delicate cloud. Sigh
of IC 1396 have been reported in 7 X 50 glasses equipped
contrast-enhancing nebula filters, while in 15X binoculars the ¢l
appears as a broken, irregular wreath of grayish light embedded

several centrally located stars. Without the aid of nebula filters,
1396 will remain unseen.

Mu Cephei is located on the northeastern edge of IC 1396. Kn
as Herschel’s Garnet Star, Mu is one of the reddest stars in the en
sky that is visible through binoculars. It shines like a striking deef
orange or red beacon amidst an infinite sea of stars. |

A further enticement for observers to visit Mu often is in it§
semi-regular light fluctuations. Over a period of approximately 73¢
days, Mu varies between magnitudes 3.4 and 5.1. Studies indicat

l/

secondary oscillations with periods ranging from 100 to 4,500 days.
Mu is classified as a type-M pulsating red giant, similar to Betelgeuse
in Orion, with an intrinsic luminosity perhaps 12,000 times greater

than our sun!

Harrington 11 appears as a conspicuous bright band of starlight that
breaks off from ghe mainstream of the Cygnus Milky Way and veers
northward into i.e southwestern portion of Cepheus. To the unaided
eye, it measures about 10° X 5° and looks like a perfectly straight,
detached section of our galaxy. Formed in part by the Cepheus OB2
stellar association, Harrington 11 resolves into a myriad of separate
stars through binoculars. Held within its somewhat jagged borders
are several deep sky objects, including Mu Cephei, IC 1396, NGC
7160, and NGC 7235. Together with Harrington 10, a parallel dark
band that crosses the Milky Way about 8° to the south in Cygnus,
they form a unique pair of easy, though little noticed, objects.

Delta Cephei is the prototype sun of a family of yellow giant variable
stars that has contributed to our present understanding of the size
and distances in the universe more than any other single type of star.
Cepheid variables exhibit well-documented relationships between
their periods of magnitude modulation and intrinsic brightness (abso-
lute magnitude). By comparing a star’s absolute magnitude with its
observed apparent magnitude, astronomers can calculate the star’s
distance. Cepheids, being giant stars, have also been observed in
several nearby galaxies, thereby permitting precise distance calcula-
- tions to these galactic systems as well.

The variability of Delta Cephei was first noted by British astrono-
mer John Goodricke in 1784. Since then, Delta has been monitored
almost continuously. Its brightness varies from magnitude 3.5 to 4.4
and has a measured period of 5 days, 8 hours, and 47 minutes.

Cetus (Cet)

Object

R.A. Dec.
(2000)  (2000)
Typ b m v Mag.

SizelSep/

Period Comments

W
T

NGC 246
NGC 247
37

uv

S G144

351.31 days
158.9 days
240" x 210"
180 5" S-
331° (1931); 1003
Irregular
(Continued on next page)

Long Period Variable
Semi-Regular

Vr 00021 -1441 7.1-14.8
Vr 00218 -2003 5.0-6.9
PN 00470 -1153 8.5p
Gx 00471 -2046 8.9
0755 52.8.7 50"

Vr 01388 —1758 6.8-13.0



wed)
R.A. Dec.
(2000)  (2000) SizelSep/
| Typ b m e Mag. Period Comments
Vr 02193 -0259 2.0-10.1 331.96 days Long Period Variak
“Mira” [
Vr 02260 -0011 7.2-14 166.24 days Long Period Variable
Vr 0233.7 -1309 6.8-134 234.76 days Long Period Variable
Gx 02427 -0001 8.9 6 x5’ Sbp M77; Seyfert
galaxy

Cetus, the Whale, spans a wide region of our autumn sky from Aq
ius and Pisces in the west to Taurus in the east. To those familiar y
the ancient Greek legend of Andromeda and Perseus, Cetus is the
monster sent by Poseidon to devour Andromeda. In the end. s
saved just in time by Perseus. .

The astronomical Cetus is best known as the home of the f
long period variable Mira, but it also holds several other varia
double star, a planetary nebula, and two galaxies all within range
binoculars. r

It typically cycles from 3rd to 10th magnitude over a 332_—day period,
but has been known to approach 2nd magnitude on occasion. Chapter
6 gives a finder chart and further description of Mira.

M77 (NGC 1068) is the brightest of several galaxies found near Delta
Ceti and the only gne likely to be seen through binoculars. Look for its
small, rather faingflisk about halfway between Delta and an isosceles
triangle of 8th-magnitude stars 1'%° to the southeast. Binoculars re-
veal the bright central core of the galaxy, but its face-on spiral arms
can be seen in relatively large telescopes only.

Although indexed as an Sb spiral galaxy, M77 is also known to
be a Seyfert galaxy. Seyfert galaxies, named for their discoverer,
American astronomer Carl Seyfert, exhibit unusually intense and
variable emissions at ultraviolet wavelengths.

| M77 also carries its own footnote in astronomical history books
as being one of the first galaxies in which a large redshift was detected.
This 1913 discovery by Vesto Slipher led to the expanding universe
theory that remains popular to this day.

| Chamaeleon (Cha)

NGC 246 is one of the largest planetaries in the sky, but its loy
‘surface bnghmess_makes it one of the most difficult to spot. Wei
in at photographic magnitude 8.5, its ghostly 4’-diameter shell

Object Ty b m

R.A. Dec.
(2000)  (2000) SizelSep!
HeN Mag. Period Comments

just detectable in large nebula-filtered binoculars as. a slightly

glimmer. Photographs show that NGC 246 has an irregular ri =

Delta'*?

Vr, 0821.8 -7621 7.5-14.2 334.58 days Long Period Variable

10453 -—-8028 4.5,5.5 360" Optical

structure around a 12th-magnitude central star and three unrelatec
dim suns. |

NGC 247 rides close to the southern border of Cetus, about 3° sout]
of Beta Ceti. Belonging to the nearby Sculptor Galaxy Group,
247 is marginally visible in 10 X 70 and larger glasses as a cig
shapeq smudge with a condensed central nucleus. Although classified
. asaspiral, this galaxy reveals a unique, mottled appearance in photo-
graphs that is seen in few other galaxies. B

Omicron Ceti, better known as “Mira” (“the Wonderful”), is the
prototype of the “long period variable” family of stars. Long period
variables are symmetry in motion, as they slowly and predictabl
fluctuate between maximum and minimum brightnesses. All
thought to be ancient red giant stars that actually pulsate over ti
due to internal changes. :

First detected as a variable in 1596 by German astronomer David
Fabricius, Mira is an ideal star for first-time variable star observers.

Chamaeleon, the Chameleon, is a small, unimpressive constellation
that lies too far south to be seen from the United States or any
European country. Only when situated below 10° north latitude will
observers readily be able to find its few naked eye stars. Even then,
its location far from the plane of our galaxy provides few sights of
interest.

R Chamaeleonis is a long-period variable found a degree north of
Alpha Chamaeleonis. It varies from magnitude 7.5 to magnitude 14.2
over a 334-day cycle and is set very near a 7th-magnitude star of fixed
brightness. Be sure not to confuse the fixed star with the variable,
especially when the latter is below the visibility threshold of binoc-
ulars.

" Delta' and Delta’ Chamaeleonis form an easily split pair of Sth-

magnitude stars. Though not actually close to each other in space,



their chance alignment as seen from Earth provides a pleasant targ
for even the smallest opera glasses. Delta’ appears pure white, w}

fainter Delta® exhibits a yellowish glint.

us (Cir)
R.A. Dec.
(2000)  (2000) Size/Sep/
Ty b m s Mag. Period Comments
il $2 482 ~53 36., 6,2.76 68" 106°
3 OC 15057 ~-5536 79 10’ o
OC 15154 -5904 78 it
.. B 2Wa "~5919 453 180" Optical

Circinus, the Compasses, is a small constellation found to the
and east of the bright stars Alpha and Beta Centauri. First nam
1752 by Lacaille, it is immersed in the hazy band of our g
plane, yet holds few targets of interest to observers with binoc

NGC 5823 lies just within the northern border of Circinus. It is
open clluster embodying some 100 stars shining at 10th magn
and fainter and spanning 10’ of arc. Current estimates place

5823 at about 2,300 light years away.

»Gamrfm Circini forms an attractive and colorful pair with an
magmtutlie orb found about 3’ to its northeast. Gamma shines
a yellowish glint, while the faint “B” star appears reddish

large glasses. Although these two stars are not actually related to
other, Gamma itself is a true binary system, with a Sth-magnitudk :

companion located only 1” of arc away.

\a (Col)
R.A. Dec.
7 (2000)  (2000) SizelSep/
Y b m B Mag. Period Comments
GC 05141 -4003 7.3 n
# X-ray source

y: 05193 -3342 6.6-12.7 225.84 days Long Period Variable:
L. 06 19.8 -3929 6.7,8.3 40" 53° (1950) .
\ 06240 -3642 5.76.9 64" 72° (1960)

v
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Columba, the Dove, is a faint southern constellation wedged between
the far more brilliant regions of Canis Major and Puppis. Its origin
dates back to 1603, when it was first depicted on Bayer’s star charts
as a dove near the mighty ship Argo Navis. While the monstrous
constellation Arge has since been sliced into separate constellations,
little Columba linains untouched. Only four deep sky objects are
found with binoculars inside its diminutive borders.

NGC 1851 is the only nonstellar deep sky object found in Columba
through binoculars. Due to its isolation from any bright stars, observ-
ers should be prepared to search for a while. Once spotted, however,
this magnitude 7.3 globular cluster stands out quite well as a small,
circular patch of fuzzy light. Take a careful look at its core; astrono-
mers have detected intense X rays coming from within, indicating
that there must be more there than meets the eye.

Coma Berenices (Com)

R.A. Dec.
_ (2000)  (2000) SizelSep/
Object Typ b m = At Mag. Period Comments
R Vr 12040 +1849 7.1-14.6 362.8 days  Long Period Variable
NGC 4254 Gx 12188 +1425 98 5 Sc M99
NGC 4321 Gx 12229 +1549 94 i i Sc M100
Mel 111 0C 1225 +26 1.8 2/5" Coma star cluster
NGC 4382 Gx 12254 +1811 9.2 7% 5" Ep M85
Ly wHLTTE2289 " "#25'S8° 53,66 145" 251° (1928); 8568 (in
: Mel 111)
NGC 4501 Gx 12320 +1425 95 7' x 4 Sb+ MS88
NGC 4559 Gx 1236.0 +2758 9.9 107X 5 Sc
NGC 4565 Gx 12363 +2559 9.6 16’ x 3' Sbh
NGC 4725 Gx 12504 +2530 9.2 1 x8 SBb
32+33 ** 12522 +1704 6.3,6.7 95" 49° (1922)
NGC 4826 Gx 1256.7 +2141 8.5 9’ x §' Sb- M64; Black-Eye
galaxy
NGCs024 GC 13129 +1810 77 13 M53

Ptolemy I1I ruled ancient Egypt in the middle of the third century B.c.
According to legend, his queen, Berenice, was well known for her
long, beautiful hair. One day, as her husband rode off into battle,

“Berenice vowed to the goddess Aphrodite that she would sacrifice her

flowing locks if her husband was permitted to come back to her safely.
Upon his return, she kept her promise by cutting off her hair and



presenting it to the gods. But the hair mysteriously disappeared
Conon, the court astronomer, pointed to the night sky, toward wh

is now our constellation Coma Berenices, and assured the king and
queen that Aphrodite had placed the queen’s hair among the stars fop
all the world to see. -

M99 (NGC 4254) is a difficult galaxy to catch through binocularg
Glowing dimly at 10th magnitude, its round disk is located ﬂbou;-
7'4° due east of Denebola (Beta Leonis). Look for a row of three Sth-
magnitude stars, and then drop south about '4°, where M99 resides I
next to a 7th-magnitude star. If you successfully capture M99, then
try your luck with an even more elusive galaxy. Located nearb
M100 (NGC 4321) is a half-magnitude brighter than M99, whid;'
might lead an observer into expecting it to be an easier target. How- |
ever, due to its larger apparent diameter, the surface brightness of this"
Sc spiral is quite low, making it the more difficult of the pair to"
discern. Both of these galaxies will undoubtedly require giant glasses
to confirm their presence.

M99 and M 100 are two of the many galaxies in this region that
belong to the Virgo Realm of Galaxies. The Realm of Galaxies is the
closest galaxy cluster to the Milky Way and claims hundreds of
galactic associates. Large binoculars can reveal a few of the brighter
ones, but the majority remain strictly telescopic objects.

Melotte 111 (Figure 7.9), popularly known as the Coma Berenices |
Star Cluster, is what Conon saw as his queen’s heavenly tresses. In
reality, this is an impressive collection of 80 5th- and 6th-magnitude
stars spanning almost 5° of sky. Collectively, the group is some 260
light years away and is estimated to be about 400 million years old.
Due to the large expanse of sky covered by the cluster, low-power,
wide-field binoculars are the best instruments for viewing Melotte
1 l_l. Hig_hly magnified, narrow-field instruments only cause the cluss
tering effect to be lost.

While there are several double stars within Melotte 111, the only
one easily resolvable in binoculars is 17 Comae Berenices. Found a
bit to the east of the cluster’s center, 17 consists of two type-A suns.
Watch for the 6th-magnitude “B” star about 24’ west-southwest of
the Sth-magnitude primary.

M85 (NGC 4382) is one of the Realm’s brighter galaxies. Méchain
was the first to come upon its magnitude 9.2 glow in 1781. Though
only faintly visible through 7 x 50 glasses on dark nights, it is a fairly
easy target to snare in 11 X 80 binoculars, even from light-polluted

Figure 7.9

The Coma Berenices Star Cluster (Melotte 111), as photographed by Lee
Coombs. He used a 50-mm lens stopped down to f/2 for this two-minute
exposure on I1SO 64 film.

suburban skies. A brighter stellar nucleus is seen surrounded by a
fainter halo.

M88 (NGC 4501) is another galaxy that is not too difficult to spot.
Unfortunately, guide stars in its immediate vicinity are few and far
between. Once you zero in on M88, you will be looking at an Sb+
spiral galaxy whose profile is tilted 30° to our line of sight. Binoculars
reveal a moderately bright core engulfed by the spiral arms’ faint
glow. Overall, M88 spans about 7' x4’ of arc.

NGC 4565 is one of the most impressive examples of an edge-on
spiral galaxy found anywhere in the visible universe. Through 10X



and larger glasses, it appears as a fine spi i '

e spindle of light floating again,
a starry backdrop. The bulge of its central hub, so striking ;,g, .+
graphs, is just discernible in 20x binoculars. ;-

_MG:I ( NGC 4826), nicknamed the Black-Eye Galaxy, is Coma P
ices bnghfcst galaxy by far. It was discovered in 177,5 by ] E |
who described it as a “small, nebulous star.” Shining a’: m :
8.5, it may be glimpsed with 7x as an oval patch of ligal-ngrn
a brighter center. Experienced observers have reported spo ;

mysterious “black eye” d :
T dike ye” dust lane through 11 x 80's on clear, moon

M53 (NGC 501.’4), a globular cluster also discovered by R
1775, seems a bit out of place this far from the Milky W: ’s

Binoculars display a round, nebulous disk drawing to ayb P
center. Look for M53 as a 13'-diameter puff set in an attrau:tifrl

field. None of the cluster’s 100.000 sl
sees through hinolics. ;000 or so stars is bright enough

v/

NGC 6726 is the brightest tip of a huge cloud of nebulosity that
covers much of northeastern Corona Australis. It may be found sur-
rounding an 8th-magnitude star just west of Gamma Coronae Austra-
lis. Nebula hunters will find it a difficult test even through giant
glasses, as the light from Gamma tends to flood the field and obliterate

the delicate cloui.

Bernes 157 is a large, irregularly shaped dark cloud that bridges
the 1° gap between NGC 6726 and Gamma Coronae Australis. Its
silhouette is apparent through binoculars due to a total absence of
any detectable foreground stars. Sandgqvist and Lindroos 42, a second
dark cloud, lies a degree to the east of Gamma, but is less conspicuous
due to its much smaller apparent size.

Corona Borealis (CrB)

R.A. Dec.
(2000)  (2000) SizelSep!
: Allstraﬁs (CrA) Object Typ b m iyt Mag. Period Comments
Bt b U Vr 15182 +3139 7.7-8.8 3.452 days  Eclipsing Binary
(20000 (2 o%cb) ’ S Vr 15214 +3132 5.8-141  360.26 days Long Period Variable
R A SizelSep/ SW Vr 1540.8 +3843 7.8-8.5 100 days Semi-Regular
Mag. Period Commients RR Vr 15414 +3833 8.4-10.1  60.8days  Semi-Regular
sc }g 2;3.0 =43 42 6.6 Y R Vi+ 1548.6 +2809 5.7-14.8 Irregular; R CrB
r & e =3729 . 8.6-12.7 187.5 d : prototype
| g:l g g;J -36 53 A~ o Ao Semi-Regular , Es Ve 1549.5 +3934 6.9-12.6  357.63 days Long Period Variable
9 =3708 55" % 18’ _ Vr 15585 +3601 8.7-11.6p 332.2days Semi-Regular
\Dk 19103 -3708 12’ x a? SE of NGC 6726 - Vr 1559.5 +2555 2.0-10.8 29,000 Recurrent nova
HV38 ** 16229 +3220 6.38.8 35" 19° (1914); 10031

E:);c;ré?atA;lstrahs, the Southern Crown, is seen as an arc of sta .

4 aepeian eerﬁ ;/c;_ltlile south of the Sagittarius teapot. Positioned along
st g ilky Way, Corona Australis offers many attractive star
wisy ’ cruising binocularist to pause, as well as a bright globular

er and a selection of challenging bright and dark nebulae. J

To the east of Bootes is an attractive semicircle of stars known as
Corona Borealis, the Northern Crown. Ptolemy is credited with devis-
ing this constellation, although it had been previously known for
some time as a wreath. The only objects within the Northern Crown
“that are of interest to viewers with binoculars are a few variable and

E;gw-:('l (The other, NGC 6496, is not readily visible in binoculars.)
e :[st ambllc(!; 2(1311 :;tracnve stellar setting just south of a Sth-magni "

=y 41 appears as a not-quite-stell : - s
through 7 x glasses. Giant binocul quite-stellar point of ligtey
: ; » arsrevealad : .
tion of its stars is impossible. istinct disk, bu_t resolu-

to large telescopes.

S Coronae Borealis is found to the west of Theta Coronae Borealis,
the westernmost star in the crown’s arc. A 7th-magnitude sun lies just
to the variable’s northeast and helps observers pinpoint the exact



location of this 360-day long-period star. At maximum inte
Coronae Borealis outshines this fixed-brightness star by about a §
magnitude, but it fades to 14th magnitude at minimum int o
The eclipsing binary U Coronae Borealis lies about a degree f
north“fest of $ Coronae Borealis. Over its 3.452-day cycle, U .
Borealis fluctuates from magnitude 7.7 to magnitude 8.5’3.

R Corongc _Borealis is @ most intriguing variable star indeed. “
Bor‘,” as it is affectionately called by ardent variable star oi) :
typically remains about 6th magnitude, but will suddenly plu

toward 14th magnitude in just a few weeks. Most of theis)e i
nounced descents in brightness last for several months, although
havg continued for years on end. Then, as unpredict;bly as it
R will ascend from the depths of obscurity back to its usual bri
This odd behavior has been likened to a nova in reverse and appa
E] call:ised’ byra large obscuring carbon cloud emitted i‘rol:rlp
ityoie ur:f nlsts ight. As the cloud dissipates, the star’s apparent luming

T Coronae Borealis is another odd variable found within the Nor
ern Crown: For the most part, this star leads an unspectacular
I.Oth magmtude. All this has changed abruptly on at least two

sions in the past, as T has erupted to about 2nd or 3rd magnit
On May 12, 1866, it peaked at magnitude 2.0. The star then

magmrude 9.5 in less than a month, and settled back to 10th
tude in about 250 days. Eighty years later, it flared again
magnitude. Soon, it again faded to 10th magnitude, and it has
mained there ever since. When it will burst again, no Ol;c really

H V 38, included in most astronomical lists as 23 Herculis, wa
g::gmglly assigned to Hercules, but now finds itself with C(;
~ r1;3%1]15. Large g!ass_es are suggested for the best view, although.
; ponents of th1§ bmar)‘r system may be separated using small bi
ulars under superior seeing conditions. Look for a magnitude
secondary star adjacent to the 6th-magnitude primary sun. They
separated by only 35" of arc, with each shining pearly wl;ite.

"f",‘—-——__ R.A. Dec.
(2000)  (2000) SizelSep!
- Object Ty b m N ad Mag. Period Comments
¥ r—__ Ve 12196 -—1%15 6.7-144  317.03 days Long Period Variable
NGC 4361 PN 12245 -1 48 10.3p 45" Giant glasses only
e —
Legend tells us that Corvus, the Crow, once belonged to mighty
Apollo. Today, we find Corvus represented by a trapezoid of 3rd-
“ magnitude stars set in an empty region of the southern spring sky.
Using binoculars, most sky enthusiasts will find only a lone target
within.
R Corvi is found nearly centralized in the trapezoid. It is easily spotted
as one of three orbs that form a tight stellar triangle. Over the course
of its 317-day cycle, R will outshine the other two stars when it is
near its maximum magnitude of 6.7, only to disappear from view as
it heads toward a minimum magnitude of 14.4.
Crater (Crt)
R.A. Dec.
. (20000  (2000) SizelSep!
Object Typ b m Bk nins Mag. Period Comments
RU Ve 11511 -1112 8.5-9.5p Irregular

Crater, the Cup, is found alongside Corvus in the spring sky, riding
on the back of Hydra. Its form and identity originated in Ptolemy’s
Almagest and has been associated with several mythological gods and
heroes. Observers with binoculars will find little of interest within
Crater; a single variable star is all that attracts our attention. Many
galaxies also dot the area, but are far below binocular visibility.

RU Crateris is found just above the “rim” of the Cup marked by
Theta and Eta Crateris. Observers will have to look long and hard to
detect this irregular variable, as it never shines above photographic
magnitude 8.5. However, since it also never dips below magnitude
9.5, it may be continually monitored through 10x and larger instru-

ments.



(Cru)
R.A. Dec.
(2000)  (2000) SizelSep/
Typ h m e Mag. Period Comments
OC 11580 -6429 70 10’
52 OC 12019 -6312 8.8p 8’ i
3 OC 12067 -6115 7.4p 7'
Vr ‘12163 =5617 72100 axtdays 'L '
Vr 12178 -6337 8.5-10.0p ( lr(::ggu?::md Ve
Vr 12236 -6138 6.4-72 5.83days  Cepheid
37 OC 12239 -5808 8.9 4
19 OC 12245 —6154 74 16’ “
** 12266 6306 ' L449 90" o
9 OC 12284 —-6006 8.4 4 A
OC 12287 -5628 22’
5 OC 12290 -6046 7.1 6
so 9 30 ' tag" 12w 11" °
7 OC 12397 —6036 8 el
9 OC 12423 -6258 6.9 5
Dk 1259 =3 400" x
300’
5 ?*C 12536 -6020 4.2 10’ Jewel Box
L 12546 -5711 4353 35" 17° (1952)

What a marvelous constellation Crux is! Although it is the s
_of the 88 constellations, the Southern Cross (asitis popularly
is one of the richest stellar fields anywhere in the heavens, Visil
some of the heaven’s finest open cl
ula visible from Earth are located wi

only from southern latitudes,
as well as the largest dark neb
its borders.

Ruprecht 98 is found in the extreme southwestern corner of Crux.
about a degree west of 4th-magnitude Eta Crucis. Although Rupre
38 was pgsse_d over in the New General Catalogue, binoculars can

iscern this tiny open cluster as a 7th-magnitude glow buried among
the stars of the southern Milky Way. Larger glasses will disclose so me

of the more illustrious of its 50 stars.

NGC 4052 is situated in an enchantin
west of the bright optical double,

g star-filled region just north=
Theta' and Theta® Crucis. Though

not as prominent as some of the other clusters in Crux. i e

: ' _ ux, it may be
jspo_ttcd as a fairly bright object engulfed in a starry setting. Estimates
mdu:atc? that 80 suns belong to NGC 4052 and that they lie about
6,200 light years from the Solar System. A

NGC 4103 is a highly concentrated swarm of 45 stars located just
south of a pair of 6th-magnitude suns. Ten-power and greater binocu-
lars can pick out a few 9th-magnitude points of light amidst the
cluster’s hazy mass. The region is perfect for a leisurely stellar stroll

with any pair of quality binoculars.

R Crucis is an calily observable Cepheid-type variable star. Fluctuat-
ing between maghitudes 6.4 and 7.2 over a period slightly less than

six days, it is a perfect variable for study through binoculars.

' NGC 4349 is a dense galactic cluster situated between R Crucis and

a2 small asterism of 6th- and 7th-magnitude suns. With a visual magni-
tude of 7.4, NGC 4349 is readily detectable in most glasses as a misty
patch of stardust along the plane of our galaxy. Resolution of the
cluster stars is all but impossible through binoculars, since the bright-

est are only 11th magnitude.

Alpha Crucis is the southernmost of the four stars forming the South-
ern Cross. Acrux, as it is popularly known, looks like a brilliant blue
sapphire encircled by a myriad of faint stellar jewels.

Telescopes reveal Acrux to be a striking binary star, with a
magnitude 1.4 primary sun paired with a 2nd-magnitude companion.
Unfortunately, the pair is separated by only 4.4" of arc, which is too
close to resolve through binoculars. However, Alpha Crucis C, a third
member of the system, is clearly visible as a Sth-magnitude star about
90" from the brighter pair. Like the two brighter components of

" Acrux, Alpha C is a searing type-B star.

Gamma Crucis marks the top of the Southern Cross and is another
striking beacon of the southern sky. Gamma, with a distinctly orange
tint, forms an apparent pair with whitish, magnitude 6.7 Gamma B
to its southeast. Nearly 2’ of arc separate this colorful duo.

NGC 4609 is a small but pleasing galactic cluster. Consisting of about
40 magnitude 9 and fainter stars, NGC 4609 stands out well against
the almost starless backdrop of the famous Coalsack. Only an adja-
cent Sth-magnitude point of light is visible.

The Coalsack (Figure 7.10) is the most famous naked-eye dark nebula
in the entire sky. Covering an area approximately 5° X 7°, it looks
like a huge dark hole in the radiant star clouds of the Milky Way just
east of Acrux. It more than fills the field of most binoculars. While
most amateurs see the Coalsack as a homogeneous black patch, intri-
cate filamentary detail may be spotted throughout by sharp-eyed



Jewel Box’s magnificence. Recent estimates place NGC 4755 at a
distance of 7,600 light years away, although this figure may be inaccu-
rate due to heavy obscuration from the Coalsack.

o4

2000)  (2000) SizelSep!
Object Typ b m LA Mag. Period Comments
CH Vr 19245 +5014 6.4-8.7 97 days Z And type
Os2482 ** 19268 +5009 7385 73" 300° (1956); 12470
AF Ve 19302 +4609 7.4-9.4p 94.1 days Semi-Regular
Beta *+ 19 30.7 +2758 3.15.1 34" 54° (1967); 12540;
Albireo
V1125 Vr 19318 +3152 9.0-9.9p Irregular
PK 64+5.1 PN 19348 +3031 9.6p 8" Campbell’s Star
R Vr 19368 +5012 6.1-14.2 426.44 days Long Period Variable
NGC 6811 OC 19 38.2 +46 34 6.8 13
NGC 6819 OC 19 41.3 +40 11 73 L
RT Vr 19436 +4847 6.4-12.7 190.28 days Long Period Variable
NGC 6826 PN 19448 +5031 9.8p 30" x 140"  Blinking Planetary
Figure 7.10 Chi Vr 19506 +3255 3.3-14.2 406.93 days Long Period Variable
The Coalsack domi PR - NGC 6834 OC 19522 +2925 78 X
Photograph by JaTinﬁ;:i:(]::'. view of Crux and the southern Milky Way; i D 22 3 s 180, Fisll\x]—(;n-lthc-l’laucr
¢bula
observers. Howeve Z Vr 20014 +5003 74-14.7 263.69 days Long Period Variable
Bblidare feattlresew?[rl'rg:c ]m}L:st wait for a dark night before these B145 Dk 20028 +3740 35" x 6
about 550 light years ":’1 themselves. At a distance estimated to be NGC 6866 OC 2003.7 +4400 76 7'
lieved to be the closes a“ba)’, the 60-light-year-wide Coalsack is be-" NGC 6871 OC 20059 +3547 5.2 20
t obscuring nebulosity to Earth. : ge}scl 6 OC 20068 +3821 77 14’
L T | | iur 2 OC 20092 +3529 6.3 13’
. Rt S arhir s : | Roslund 5 OC 20 10.0 +33 46 45’
:}crﬁlr’ftf oalsack. Referred to by many as thif‘i‘;“ ﬂ;‘é‘ orthern edge | NGC 6888 DN 20 12.0 +38 21 20" x 10'  Crescent Nebula
most eminent constituent, NGC e gl Cluster RS Ve 20134 +3844 6.5-93 41739 days Semi-Regular
Jewel Box Cluster for its gemlik ! 4755 is best known as the B343 Dk 20135 +4016 10' x §'
of the finest clusters in the sk ike quality. The Jewel Box ranks as one Omicron' ** 2013.6 +4644 4,75 107" 338" 173°, 338° (1926);
at first by its small sizet bo.-),/[’ .afltf;f)ugh many amateurs are surprised o4 " 13-5514 : :
unparalleled beauty of l\}(‘C 275[. of arc across. Nonetheless, the IC 4996 OC 20165 +3738 73 6'
girth, 3 55 more than makes up for its tiny p\ Vr 20178 +3802 3.0-6.0 — S Dor type
NGC 4755's stars are set in : (:N Vr 20179 +5948 7.3-14.0 198.48 days Long Period Variable
with the three brighreg.;t A .sedt In a pattern resembling an arrowhead, Cr 419 OC 2018.1 +4043 S5.4p 5
southwest. Katiok Cisscie Unh lr‘1 a row stretching from northeast to g : Vr 20 19.6 +47 54 5.9-12.1 462.40 days Long Period Variable
beacon. Another half-dozer r‘ e muthwcstcrn star, is an orange-red ocxﬂi- = 95' L Mgl A g
tude 10 may be identiﬁede?hbrtg:;s ;ﬁf;ilng from magnitude 6 to magni- NEZ 2;,{;710 0C ig ‘;{i‘: i:ﬁ 32’ gf,S.S 3% o o
contrasting tints of color, whih nesside b e Many exhibifly NGC 6913 OC 20239 +3822 6.6 7 M29

which provide further testimony to the

(Continued on next page)



ntinued)
R.A. Dec.
% ;(?2000) (2000) Size/Sep/
p yp m § Mag. Period Comments
.6 11))11: 20 24.8 +40 10 90" x 20’ '
| 20 40 +42
OC 20418 +3533 50’ orthern Codliacg
Vr 20434 +3535 599
.9-6. 16.39 da i
by ¥s  Cepheid
N 20457 +30 43 70" x 6’ Filfme]ntary Ncbulg-;-'l. s
Dk 20491 +45 53 3 i o :
DN 20 50.8 +44 21 i Z
.92 gllj gO 56.4 +3143 23' : ;? {’]::;C;In?‘?bula
. e
0568 +43 52 150" x 40’ Betwecnl;\;:)rth
American and "
0 'Sfi; 20571 +45 54 20" x 10’ P Nebul
20 58.8 +44 20 120" x 100’ North American !
TR Nebula
+55 600" x 180’ Dark lane across
RC 51 03.2 +44 25 8.7p 14’ gt i '
s 2; {1)169 +38 45 5.2,6.0 321" 195° (1976)- .
2 +4539 76 25’ 7o
OC 121 12:4 +47 44 6.8 4’ II
Dk 21129 +47 22 17
gl(': 21228 +4056 6.7-77 Semi
212312 +4¢g 23 8.3 7 iAo
Dk 21240 +50 10 Il 8§
R OC 2190 +36 30 70 8’
DCL21 294 147 05 70 5]
OC 21 30.5 +3135 8.4 L
‘(/)C ;i ;!2.2 +48 26 4.6 32" M39
I 6.
Ve 2d0s lsig gasl 12626dus SemiRepu
://: .27.;1 ;l;? +35 31 5.6—-7.d g o 5 Isri:]ijl{aegmar
i r
Db MG +4546 5.9-71 35 days Sem%—Re ul
Dk 453 53.2 +51 04 12F x5! g
. +47 12 100" x 10’ Cocoon Nebula at
DN/ 21 535 4 sandl o
o : 47 16 127 % 12¢ Cocoon Nebula
Flying high overhead i i
in north i 1 I
1 iy i s ern hemisphere skies during the months

the Swan. With the s

mber is the spectacular conste]
ummer Milky Way passing through, Cygnus

lation Cygnus,

contains a great variety of deep sky splendors to entice the observer.
Regardless of the type and size of your binoculars, Cygnus holds

something of interest.

Albireo (Beta Cygni), marking the swan’s beak, is one of the summer
sky’s most radiang stellar jewels. Through low-power binoculars or
gweyed observers are able to discern that it is not a

finderscopes, sh : .
single star at all, but rather a pair of distant suns set against a glorious
Milky Way field. These two stars are famous for their outstanding

color contrast. Albireo A, a type-K star, is a gleaming yellow 3rd-
magnitude gem that shines with the golden radiance of a fiery ember.
Its Sth-magnitude companion, Albireo B, is a type-B star and glows
a dazzling azure, much as a sapphire does when it catches a single ray
of light. The colors appear even more vivid if you first softly defocus

the stellar images.

R Cygni, when at or near maximum brightness, is one of the most
strikingly colorful variables through binoculars. Located just a few
minutes of arc to the east of Theta Cygni, R fluctuates between
magnitudes 6.1 and 14.2 across a 426-day period. The deep ruddy
color of this spectral type-S variable contrasts beautifully with Theta,
a type-F white star that takes on a bluish tint when compared to R.

NGC 6826, found just west of 16 Cygni, is a relatively easy planetary
nebula to identify through binoculars. Known popularly as the
. “Blinking Planetary,” it shines at about 9th magnitude with a bluish
glint. Giant glasses may even reach the 11th-magnitude central star.
The unusual nickname comes from the nebula’s visual appearance:
when viewed directly, the nebula seemingly disappears, only to reap-
pear when it is glimpsed out of the corner of your eye. Averted vision

reveals NGC 6826 as a tiny circular glow.

Chi Cygni is a long period variable star noted for its broad range of
magnitudes. Binoculars are the instrument of choice to follow this
star as it approaches maximum. At greatest light, Chi may reach
magnitude 3.3 and become visible to the naked eye. Its light then
fades at a fairly constant rate until, some 200 days later, it bottoms
out at about 14th magnitude. Then it begins to cycle back toward
another maximum. Look for Chi along the swan’s neck, approxi-
mately one-fourth of the way from Eta Cygni to Albireo.

NGC 6871 is an attractive open cluster that is easily visible in even
the smallest instruments as a brighter patch of Milky Way between
Gamma and Eta Cygni. Most 7X and larger binoculars reveal about



ntinued)
R.A. Dec.
e }(;2000) (2000 SizelSep/
s yp m Mag. Period Comments
:6 lI))ll(c 20248 +40 10 90" x 20’ '
2040  +42 '
OC 20418 +3533 50’ Norhern Corl
Vr 20434 +3535 $59.g9
.9-6. 16.39 da i
b ys  Cepheid
N 20457 +3043 70" x 6’ Fil:melntary Nebula
Dk 20491 +45 53 F! 5 i |
DN 20508 +44 21 g !
?2 gkN ;0 56.4 +3143 g({]}' : ;P S:EC;IH ??b“la
. e
056.8 +43 52 150" x 40’ Betweenlll\::)rth
American and '
0 g}:; 20571 +45 54 20" x 10’ Pelican NebilS
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contains a great variety of deep sky splendors to entice the observer.
Regardless of the type and size of your binoculars, Cygnus holds

something of interest.

Albireo (Beta Cygni), marking the swan’s beak, is one of the summer
sky’s most radiang stellar jewels. Through low-power binoculars or
ga-eyed observers are able to discern that it is not a

finderscopes, sh : (
single star at all, but rather a pair of distant suns set against a glorious
Milky Way field. These two stars are famous for their outstanding

color contrast. Albireo A, a type-K star, is a gleaming yellow 3rd-
magnitude gem that shines with the golden radiance of a fiery ember.
Its Sth-magnitude companion, Albireo B, is a type-B star and glows
a dazzling azure, much as a sapphire does when it catches a single ray
of light. The colors appear even more vivid if you first softly defocus

the stellar images.

R Cygni, when at or near maximum brightness, is one of the most
strikingly colorful variables through binoculars. Located just a few
minutes of arc to the east of Theta Cygni, R fluctuates between
magnitudes 6.1 and 14.2 across a 426-day period. The deep ruddy
color of this spectral type-S variable contrasts beautifully with Theta,
a type-F white star that takes on a bluish tint when compared to R.

NGC 6826, found just west of 16 Cygni, is a relatively easy planetary
nebula to identify through binoculars. Known popularly as the
. “Blinking Planetary,” it shines at about 9th magnitude with a bluish
glint. Giant glasses may even reach the 11th-magnitude central star.
The unusual nickname comes from the nebula’s visual appearance:
when viewed directly, the nebula seemingly disappears, only to reap-
pear when it is glimpsed out of the corner of your eye. Averted vision

reveals NGC 6826 as a tiny circular glow.

Chi Cygni is a long period variable star noted for its broad range of
magnitudes. Binoculars are the instrument of choice to follow this
star as it approaches maximum. At greatest light, Chi may reach
magnitude 3.3 and become visible to the naked eye. Its light then
fades at a fairly constant rate until, some 200 days later, it bottoms
out at about 14th magnitude. Then it begins to cycle back toward
another maximum. Look for Chi along the swan’s neck, approxi-
mately one-fourth of the way from Eta Cygni to Albireo.

NGC 6871 is an attractive open cluster that is easily visible in even
the smallest instruments as a brighter patch of Milky Way between
Gamma and Eta Cygni. Most 7X and larger binoculars reveal about
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mer sky. Believed to be the fragmented remnant of an ancient super-
nova, the Veil is always a difficult object to see through binoculars
and telescopes alike. NGC 6992 measures about a degree in length
and appears as a thin crescent of grayish light through 7X and larger
glasses. Binoculars are unlikely to reveal much of the delicate texture

that is so prominent in photographs.

NGC 7000, seen in Figgre 7.11, is a paradoxical object. More com-
monly called the North" American Nebula after its resemblance to the
earthly continent, it is known to most amateurs, yet few have actually
seen it. Due to the cloud’s large expanse (measuring nearly four Full-
Moon diameters across), it is often difficult to distinguish against the
rich backdrop of the Cygnus Milky Way.

I have always found NGC 7000 much more difficult to spot
through a wide-field telescope than with a pair of 7 X 50 binoculars
or even with the unaided eye. If one knows what to look for, the
North American Nebula is most easily seen without any optical aid at
all. A hint for spotting this celestial continent is to look for “Mexico,”
“Florida,” and the “Gulf of Mexico.” Collectively, they appear as a
slightly brighter, detached portion of the Milky Way just east of

Deneb.

IC 5067/70 is nicknamed the Pelican Nebula and is situated off the
“east coast” of NGC 7000. Although the Pelican is not prominent
directly through binoculars, many observers can detect its outline as
contrasted against the large, more easily seen dark nebula Lynds 935.
Keep in mind that the contrast between IC 5067 and Lynds 935 is
very low, so clear, dark skies and clean optics are a must. For those
who have tried to find IC 5067 without success, a good rule of thumb
is set by neighboring NGC 7000: if the North American Nebula is
easily visible to the naked eye, then the sky should be clear enough to
see the Pelican with giant binoculars.

Harrington 10 is a patch of dark nebulosity found about 7° north-
northeast of Deneb. It is easily seen with the naked eye whenever the
milky band of our galaxy is visible. Look for a perfectly straight, dark
line running perpendicular to the Milky Way. Seven-power glasses
serve to heighten its detectability, while 11X and larger glasses begin
to show some of the irregularities along the lane’s edges that are
apparent in wide-field photographs of the region.

61 Cygni is a challenging double star through binoculars. This binary
system consists of two brilliant magnitude 5.2 and 6.0 orange type-
K suns separated by about 29" of arc. While 61 Cygni is difficult



to resolve using only 7x, larger glasses should be capable of just
distinguishing the two stars.

Astronomical history was made in 1838. After intensely studying
61 Cygni for years, German astronomer Friedrich Bessel observed
that it exhibited a parallax of 0.3” of arc. Using simple trigonometry,

he determined that the distance to the star was approximately 10.3
time that an estimate of a star’s distance

light years. This was the ﬁl
had been made relatively accurately. Our modern reckoning shows

that 61 Cygni is 11.2 light years distant, a difference of less than 10%
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Figure 7.12
Open cluster M39 (NGC 7092) in Cygnus. Photographed by George Viscome through a

500-mm lens.
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IC 5146, better known as the Cocoon Nebula, is a difficult ch
at bes:t for all observers, regardless of equipment, sky clau-'a
experience. Even through giant glasses outfitted with,contrast-lry’
ing nebula filters, the Cocoon appears as little more than a

phous glow surrounding a pair of 9th-magnitude stars. In all nh

of abqut 2.0 faint suns illuminate the cloud, but most. of th:at
detec_tlon in binoculars. Deep photographs show the nebulasietsal
lﬁetl:lslcc_teds by' dar_k la[r}cs} in a manner similar to the famous T;

ula in Sagittarius. Un is li '
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inus (Del)
R.A. Dec.

! J{;2000) (2000) Size/Sep!

yp m ; Mag. Period Comments
Y:‘ _3_3 ;{4)3 :?g gg 22—7138 284.88 days Long Period Var

5 .6,7. 106" 14 s
GC 20342 +0724 89 6’ : il
OC 2038 +13 30 Asterism (Theta
Delphini

Vr 20455 +1805 7.6-8.9p 110 days Semi-geg!:l)ar

;l;}l;c cgnstell?tmn of Delphinus, the Dolphin, is marked by a ki
. I;j g;:ten_sm of five stars. Though these distant suns are far from
it ti:st in our sky, the Dolphin’s distinctive shape always beck-
ity ofenthn of naked-eyc_ stargazers. Many amateurs make the
s passing over Delphinus, thinking it holds little of interest.

ying to the east of the Milky Way’s plane, the Dolphin is inde
noticeably absent of open clusters and vast expanses of nebulosity

However, in thei

’ eir places are some challengin ; o
objects

ardent deep sky observer. g objects awaiting

NGC 6934 lies 4° due south of the Dolphin’s tai
T phin’s tail star, Epsi Del-
phini, and about '4° north of a pair of 6th—magnituJe stl:’;;{o: 9¢k

magnitude globular cluster, NGC 6934 is a difficult catch through
low-power glasses. Even through 11 X 80 binoculars, it appears as
little more than a small glow with but a lone star superimposed on
the disk. This star is not a member of NGC 6934, but rather just a

chance alignment of two widely separated objects.

Harrington 9 is a pleasant little asterism that surrounds and includes
6th-magnitude Theta Delphini. Theta itself is at the end of a curve of
five stars that bends towgrd the northwest, while just east of Theta is
a tight equilateral triaﬁe— of 7th-magnitude suns. In all, two dozen
9th-magnitude and brighter stars are found here.

a
U Delphini is a bright semi-regular variable star that is ideal for
study through binoculars. Typically alternating between about visual
magnitudes 6 and 8, it has a period of approximately 110 days.
Look for this star about 2° north of the diamond’s northeastern star,
Gamma Delphini, which is also a fine telescopic double star.
Dorado (Dor)
R.A. Dec.
(2000)  (2000) SizelSep/
Object Ty b m L Mag. Period Comments
NGC 1714 PN 04 52.1 —66 56 In LMC
NGC 1743 PN 04 54.0 -69 12 In LMC
NGC 1755 OC 04550 -6811 10 2 In LMC
NGC 1763 DN 04 56.8 —66 24 25’ In LMC
NGC 1818 OC 05042 -6624 9.8 3t In LMC
NGC 1850 OC 0508.5 —-6846 9.3 o In LMC
NGC 1866 OC 0513.5 —6528 9.8 Hid In LMC
NGC 1910 OC 0518.1 -6913 1 In LMC
s Vr 05182 —-6915 8.6-11.7p Irregular; S Dor type;
in LMC
NGC 1929 DN 0522.0 -6758 300 % 15"
LMC Gx 05236 -6945 0.1 650’ x 550’ SBm or Ir Large
Magellanic Cloud
NGC 1966 DN 0526.8 —6849 13’ In LMC
NGC 1978 - GC 0528.6 —6614 9.9 3 In LMC
NGC 2004 OC 0530.6 -6717 9.8 In LMC
Beta Vr 0533.6 -6229 3.5-4.1 9.842 days  Cepheid
NGC 2070 DN 0538.7 =-69 06 40’ Tarantula Nebula;
in LMC
NGC 2074 DN 0539.6 —6927 16’ x 10’  In LMC; part of
NGC 2070

(Continued on next page)
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R.A. Dec.
(2000) (2000) SizelSep/
Typ b m Py Mag. Period Comments
77 DN 05404 -—69 38 In LMC
00 OC 05420 -6914 9.6 2 In LMC

The far southern constellation of Dorado, the Swordfish, was firss
listed in Bayer’s Uranometria in 1603. Created from a crooked line
of stars that stretches from Caelum in the north to Mensa in the south®
Dorado is never well seen north of the equator. This is a great loss
northern hemisphere amateurs and professionals alike, for Dorg
plays host to one of the closest galaxies to our own.

The Large Magellanic Cloud (Figure 7.13), or Nubecula Major, as it
is also known, is a spectacular neighboring galaxy of the Milky Wa
It lies a “mere” 163,000 light years from the Milky Way, less t

into adjacent Mensa.

At least 30 billion stars are thought to compose the Large Magel=
lanic Cloud, along with over 400 planetary nebulae, 700 open clus=
ters, 50 diffuse nebulae, and 60 globular clusters.

NGC 1763 is the largest and brightest member of a clump of nebulos=
ity along the northeastern border of the Large Magellanic Cloud:s
Peering through 7 x glasses, a sharp eye might detect a mottled tex
to the cloud, as well as the faint shimmer of some of the other nebulous
tufts in the area, which include NGC 1760, 1761, 1769, and 1773

NGC 1910 is the northernmost member of a cluster of 16 opéeRl
clusters at the center of the Large Magellanic Cloud. Though quit€=
rich, NGC 1910 remains unresolvable in binoculars—that is, except
for one notable star. .
The star is S Doradus, one of the most luminous stars knows
and the prototype sun for a class of variable stars. Reaching absolute ;
visual magnitude —10 at peak brightness, this young, massive blué
star undulates three magnitudes over an irregular period. Analysis
the star’s spectrum indicates that these large deviations in magnitud
are caused by high-speed ejection of the star’s atmosphere. Back
Earth, this is seen as an apparent range from 8th to 11th magnitu

Figure 7.13

C 2070) on the

edge. Photograph by Dennis diCicco of Sky and Telescope, using an

8-inch /1.5 Schmidt camera and 1SO 400 film.

 §

llanic Cloud. Note the amazing Tarantula Nebula (NC

's eastern

The Large Mage

galaxy



which makes S Doradus one of the most distant single stars visil
through binoculars. 3

NGC 2070 is one of the finest diffuse nebulae found anywhere in ¢k
sky, yet it is not even in our galaxy! Nicknamed the Tarantula Neby
for its many complex appendages, this glorious cloud defies de:
tion. It is so bright that it may even be seen with the unaided e
a bright patch on the eastern edge of the Large Magellanic Cle
Binoculars reveal a great network of intertwined rifts swirling
themselves. At the center of NGC 2070, powering the nebula

cluster of over 100 supergiant stars.

From its %3° apparent diameter, astronomers conclude that ¢
Tarantula Nebula must span close to 1,000 light years, making
largest known emission nebula in the universe. Estimates indicat
if it were at the same distance from Earth as the Orion Nebula -.(;'
1,600 light years), NGC 2070 would span 30°! !

Many smaller nebulous knots are faintly visible around the
antula: NGC 2048, 2050, 2055, 2074, and 2077 through 20%
among others. All appear as small, dim cloudy puffs. @

(Dra)
R.A. Dec.
(2000)  (2000) Size/Sep/
Ty b m 1 Mag. Period Comments
SRS L $7328 768.1 36" 102° (1940); 8100
| Gx 12081 +6511 938 5% 3 ESp ;.
** 13271 +6444 6.770 69" 147° (1924)
- Vr 16017  +6648 8.8-11.8p Z And type
Vi 1632.7 +6645 6.7-13.0 245.47 days Long Period
Vr 16350 +6028 7.9-10.2p 78 days Semi-Regular
** 16362 +5255 5.4,5.5 90" 194° (1956); 10129
Vr 1640.7 +7240 8.0-8.9p Irregular
Vr 16483 45749 8.5-93p  158days  Semi-Regular
| Vi 16563 +5242 71-8.1 1.199 days  Eclipsing Binary
[F** 17322 45511 4949 62" 312° (1955); 10628
** 17419 +7209 4.96.1 30" 15° (1958); 10759
Vr 17564 +5813 72-13.5 421.22 days Long Period Variable
Vr 17575 45440 7.0-8.0 Irregular B
PN 1758.6 +6638 8.8p 18"
** 18029 +5626 78,9,10 37",34",201" 26°, 35°, 191° (1949);
11035 [
** 18239 +5848 5.0,74 89" 21° (1956); 11336
** 18512 +5923 4878 34" 326° (1949); 11779
Vr 19216 +7634 5.9-71 168 days  Semi-Regular

a’

Winding its way through the northern circumpolar skies of late spring
and summer, Draco, the Dragon, holds a fine selection of double
stars, variable stars, and even a bright planetary nebula for binocular
observers. The region is also littered with hundreds of galaxies, but
sadly, all are too faint to be easily glimpsed through common binoc-

ulars.

AG Draconis is foungut in the “boondocks” of northwestern Draco
and will probably require some searching before it is found. Look
about 5° northwest of Eta Draconis, near a wide triangle of 6th- and
7th-magnitude stars. AG, a Z Andromedae or symbiotic variable, is
located just to the triangle’s south. Over an irregular period, it may
be seen to fluctuate from about visual magnitude 8.0 to 10.5 and may
therefore be followed in giant glasses throughout its cycle.

R Draconis, a long period variable, varies like clockwork from magni-
tude 6.7 to magnitude 13.0 in just under 246 days. Observers should
take care not to confuse the variable with a fixed-brightness 9th-
magnitude star just to its east.

16 and 17 Draconis form a wide, easily resolved pair of stars in south-
central Draco. Both shine pure white, with 17 the northernmost and
slightly brighter of the two. Both also exhibit a common proper
motion, which implies that they must be physically associated with
each other. Measurements show that 16 orbits 17 in approximately

56 years.

Nu Draconis is another wide double star that can be split in all
binoculars. The faintest of the four stars in the Dragon’s “head,” Nu
is composed of two nearly identical Sth-magnitude type-A white
stellar jewels. In his classic book Celestial Objects for Common Tele-
scopes, the renowned 19th-century deep sky observer Reverend T.W.
Webb called these stars “grand,” an accurate portrait through modern
binoculars as well. Studies indicate that Nu Draconis is a true binary
system located nearly 120 light years away. At this distance, the stars’
apparent separation of 62 arc-seconds indicates a real separation of
about 2,280 astronomical units.

NGC 6543 is one of the sky’s ten most distinctive planetary nebulae.
Shining with the light of an 8th-magnitude star, it readily reveals its
presence in 7X glasses. Although it measures no more than 18” of
arc in diameter, its lucid blue tint, a characteristic shared by many

- planetaries, separates NGC 6543 from neighboring stars. Larger bin-

oculars will also disclose the nebula’s magnitude 9.5 central star,



eus (Equ)

one of few such stars detectable in binoculars. Additionally, g
magmt_ude field star just to the west joins the nebula to fom;
that might at first be mistaken for a binary star. E

R.A. Dec.

(2000) (2000 SizelSep/
Typ b m F D Mag. Period Comments
Vr 20572 +0505 8.0-10.8  3436days Eclipsing Binary .
** 21103 +1008 4.75.9 353" i ke

153° (1922); 14702

Equuleus, the Colt, is marked by a tiny trapezoid of four fai
preceding Pegasus in the early autumn sky. With its brightest
only of 4th magnitude, there is little wonder why most observers ¢
not even know the constellation exists. Occupying an 8° x 10° a
the Colt presents only two binocular objects. k

Galpma Equulei marks the northwestern corner of the Equuleus
ezoid. Here, we find two easily resolvable stars spaced nea-rlf—-'
arc apart. Both stars look white to most people, although Gamma
a type-F star, may show the slightest hint of yellow. '

s (Eri)
R.A. Deec.
' (2000)  (2000) SizelSep/
Ty h m Ll Mag. Period Comments
Vr 02479 -1228 70-8.6 80 days i- -.
Vr 02522 -0816 7.4-8.5g 97 da;s ﬁiﬁiﬁﬂii
Gx 03098 -2035 9.9 70’ X 5.5' Sc
Gx 03173 -4108 9.0 1’ SBa
Gx 03263 -2120 103 3 x 1 E7
: y:' 03552 -2402 74-132 252.24 days Long Period Variable
03586 —0239 758.5 56" 93° (1913); 2909
Vr 04115 -2508 75-14.5  376.63 days Long Period Variable
04 12.5 -3609 7.1,8.0 50" 50° (1933) |
PN 04142 -1244 93p 20" x 17 i
;* g: gg -0739 44,95 83" 104° (1970); 3093
r 8 -1041 7.8-8.7 . ipsing Bi !
** 04564 —0510 5.5,9.1 23"282 s 5;11?:';1183? g

Flowing across more than 50° of our sky, Eridanus, the River, follows
a long, narrow path through late autumn’s southern sky. One of
the oldest constellations, Eridanus has been associated with many
waterways, including the Nile of ancient Egypt.

The heavenly river begins near the celestial equator just south of
Taurus and winds southward past many smaller star groups, such as
Orion and Lepus to its east and Fornax and Phoenix to its west. Along
the path, binoculars show several interesting variable and double
stars, a lone planetary nebula, and the brightest three of the constella-
tion’s many galaxies. Eridanus ends at the brilliant star Achernar
(Alpha Eridani). A magnitude 0.53 blue-white giant, Achernar is
unknown to most amateurs, as it lies nearly 55° south of the celestial

equator.

NGC 1291 is found about 4° southeast of Theta Eridani, near a slim
triangle of three 7th-magnitude stars. Through binoculars, this barred
spiral galaxy appears as a soft, slightly oval glow featuring a brighter
core. Smaller glasses may have a bit of trouble revealing NGC 1291
at first, but giant binoculars should show it plainly.

NGC 1535 is one of the brighter planetaries in the sky, yet few
amateurs take the time to find it within the sparse surrounding star
field. Shining at 9th magnitude, it appears stellar in binoculars. Only
its pale blue color gives it away as a nebula. The 10th-magnitude
central star rates a “difficult to impossible” through all binoculars,

" no doubt because of the cloud’s high surface brightness.

Omicron® Eridani is a double star that is challenging to resolve in
most binoculars. The primary star, Omicron® Eridani A, shines at 4th
magnitude, while Omicron® Eridani B appears as a 9th-magnitude
speck to the southeast. What makes this system so interesting is
that Omicron® B is the brightest white dwarf star seen from Earth.
Measurements indicate that it has a mass equal to the Sun, yet this
amazing star is believed to be only 17,000 miles across. Nearly 38
billion miles separate these two stellar companions! In addition Omi-
cron” has a third stellar component, a red dwarf star believed to have
only one-fifth the mass of the Sun.



x (For)

R.A. Dec.
(2000)  (2000) SizelSep/
Typ b m oLy Mag. Period Comments
Ve 02293 -2606 7.5-13.0 387.85 days Long Period Variabj
7Gx, 02 4634 73017, ,9.3 AT 5] SBb
6 Gx 03227 -3712 89 4" x 3' SBOp Radio so
OC 0327 =35 6,6,6 30" x 30' Chi'**** asterism
0 PN 03333 -2551 390"
55 Gx 0333.6 -3608 95 9" x 4’ SB
)8 Gx 0338.9 -2620 9.7 6 x5 SBb

Vr 0346.2 -2424 5.6-8.5 Flared in March,

1899

Carved by Lacaille in 1752 out of stars originally contained in
nus, the faint constellation Fornax, the Furnace, appears to the |
eye as a nearly starless void in the southern autumn sky. Many
galaxies populate the region, most belonging to the Fornax G
Cluster. Unfortunately, all but two are too dim for binoculars.
is, however, an interesting stellar asterism in the region, along
a few double and variable stars and a surprising planetary

NGC 1316 is the brightest galaxy in the Fornax cluster. Con
over its exact classification has always reigned over this 10th-m
tude galaxy. Some sources list it as a probable SO spiral, while
refer to it as an elliptical. Whatever its true nature, NGC 1316
' the target of an intense investigation. Long-exposure photograj
reveal loops of material swirling out from it and engulfing NGC 13
a faint nearby system. Some theorize that NGC 1317 will even
be absorbed into its neighbor. The phenomenon of a larger
devouring a smaller object is appropriately called galactic cannii
and results in the strong emission of radio noise.

light, highlighted with a brighter central core. Sadly, the features

make this galaxy so unique are visually unobservable due to
subtlety.

Harrington 2 is formed from the stellar triangle Chi', Chi*, and Chi

Forll'nacis, as well as a number of other stars in their immediate vici

Chi’, the westernmost member of the Chi triangle, is an easy opt
binary, with the 6th-magnitude secondary star found to the pri
south.

Actually, this asterism appears more like a diamond, than

\ an additional 6th-magnitude star to the Chi triplets’ east. In all, ni

stars from Sth to 9th magnitude scattered across about '4° compose
Harrington 2. Adding to the scene is a semicircle of seven 9th-magni-
tude stars just to the north of Chi’.

NGC 1360 is &ally ignored by northern hemisphere observers, as
it lies in an empty area of the sky that is difficult to pinpoint. It
rewards those who persevere, however, with a faint, though distinct
grayish disk of light. Most observers see NGC 1360 as noticeably
elliptical, with photographs indicating an apparent diameter of more
than 6’ of arc. A faint star may also be seen near the cloud’s center
through the largest binoculars, although it is not known for certain
whether the star fis directly associated with the nebula.

NGC 1365 is one of most impressive examples of a barred spiral
found south of the celestial equator. Overall, it measures 8’ X 3’ and
10th magnitude. Visual observers will see this galaxy as an oval
nebulous patch growing steadily brighter toward its center. The gal-
axy’s characteristic central bar, seen clearly only in photographs, is
believed to span some 45,000 light years.

Gemini (Gem) .

Binoculars reveal NGC 1316 as a fairly large, bright disk ©

R.A. Dec.
(2000)  (2000) Size/Sep/
Object Typ b m Rt Mag. Period Comments
NGC 2129 OC 06 01.0 +2318 6.7 7
NGC 2158 OC 06 075 +2406 8.6 5’ SW of M35
NGC 2168 OC 06089 +2420 5.3 28" M35
BU Vr 06123 +2254 5.7-7.5 - Irregular
Eta Vr 06149 +2230 3.2-3.9 232.9 days  Semi-Regular
Cr 89 OC 0618.0 +2338 5.7p 35’
Nu ** 06290 +2013 4.2,8.7 113" 329° (1924); 5103
X Vr 06471 43017 7.5-13.6  263.72 days Long Period Variable
Zeta ** 07041 +2034 3.8,8.0 96" 350° (1925); 5742;
A = var (3.6-4.2)
NGC 2331 OC 07072 +2721 9 18"
R Vi 07074 +2242 6.0-14.0  369.81 days Long Period Variable
NGC OC 07169 +1347 10p 9’
2355-6
Vr 07232 +1306 7.8-14.9 275.07 days Long Period Variable
2 1090 *+ 07265 +1831 7382 61" 97° (1921); 6073
NGC 2395 OC 07271 +1335 8.0 12
NGC 2392 PN 07292 +2055 83 13" Eskimo Nebula
Ipha *+ 07346 +3153 19,88 73" 164° (1955); 6175;

Castor
(Continued on next page)



ntinued)

R.A. Dec.

2000) (2000 SizelSep/
| Iyp b m Al Mag. Period Comments
20 OC 07 38.5 +2134 8.3 10’

Vr 07551 +2200 8.2-14.9 103 days? Irregular; U Gem

prototype

Apparently standing on the northern perimeter of the Milky Way js

Gemml, the Twins. Marked by the bright stars Castor (an interestj
blpary star itself) and Pollux, Gemini is one of the best known of t
winter constellations. Within its borders for observers with bino

are many fine examples of double and variable stars, open clusters.

and even a planetary nebula.

M35 (NGC 2168), shown in Figure 7.14, is one of the premier open

clusters of the northern winter sky. Located at the foot of the
Cgstor, M35 is a marvelous sight in binoculars and may even be
with the unaided eye on crystal clear nights. Low-power glasses revi

Figure 7.14

Thf: fine open cluster M35 (NGC 2168) in Gemini. Note the rich cluster:
NFJC 215.8 on the lower right-hand edge of M35. George Viscome made
this 12-minute exposure on 1SO 400 film through a 500-mm lens.

the brightest half-dozen or so cluster stars against the strong glow
from an additional 200 fainter orbs that constitute this magnificent
stellar gathering. These brightest members are brilliant indeed and
average abouﬂo times the luminosity of our Sun. Estimates place
M35 at about 23800 light years away and some 40 light years across.

Just southwest of M35 is the very rich and very distant open
cluster NGC 2158. Although it is listed between magnitude 8 and 9
in many observing handbooks (including this one), I have always felt
this to be a bit optimistic. Try as I might, I have never been able to
see NGC 2158 in 7 x50 binoculars, although it should be visible if it
is actually that bright. Instead, I find it requires at least 11 X 80’s to
be seen, and eved then, it is seen as a dim glow against a striking star
field. When we look toward NGC 2158, we are seeing an object
nearly 16,000 light years away, close to the outer fringes of our
galaxy.

BU Geminorum is an intriguing irregular variable star that is well
suited for study through binoculars. This red sun wanders between
magnitudes 5.7 and 7.5 across an unpredictable time interval. Interest-
ingly, some believe that BU Geminorum is actually a binary star and
may exhibit a 32-year cycle. Further study of the star’s behavior is
required before this question can be answered.

Collinder 89 resides amidst a line of stars located about midway
between M35 and Mu Geminorum. Studies identify 15 stars within
this open cluster, although only about half a dozen can be seen
clearly in binoculars. Marking the boundaries of Collinder 89 are 6th-
magnitude 9 Geminorum on its western edge and 10 Geminorum at
the eastern limit. While these suns help point the way to this rather
obscure open cluster, the lack of any stellar concentration still makes
it a difficult object to identify positively.

NGC 2392, popularly known as the Eskimo Nebula, is one of the
brightest planetary nebulae in the winter sky. It shines at 8th magni-
tude and spans nearly 13" of arc across, a winning combination for
binoculars. Actually, through low-power glasses, NGC 2392 can be
mistaken for the southern half of a double star, as it is found just
south of an unrelated 9th-magnitude field star. What gives the plane-
tary away is its tiny, vibrant blue disk, which is far more colorful
than any of the surrounding stars. Larger glasses will also reveal the
nebula’s central star, which blazes away at 10th magnitude.
Photographs of NGC 2392 reveal two rings of nebulosity sepa-
rated by a dark zone. The inner ring has a mottled appearance that



loosely resembles a human face, while the dim outer ring encircle

like the fur-lined hood of a jacket—ergo, the name “Eskimo” Ne

c}asses of variable stars known. Normally, this cataclysmic varig
I1e§ at about 15th magnitude. Every 100 days or so how
brightness rockets up to between magnitudes 8 and 9’in a pen
less than one day. Astronomers believe that these amazing no
ﬂar'es are the result of interplay between a red dwarf paired
white dwarf and encircled by a ring of cascading gaseous mate

(Gru)
R.A. Dec.
(2000)  (2000) SizelSep/
Typ b m frdiiy Mag. Period Comments
=y a2l 483, —47.18 5787 55" 356°
Roh. 8 56° (1931

Vr 21485 —-4655 74-14.9 331.89 days Long Perioc)i Var
Vr 22227 -4557 54-6.7  150days  Semi-Regular I
e T2223.1 4556 6.6.5.8 365" Optical
Vr 22257 -3734 78-12.3p 136.53 days Long Period V
Y: 22261 —4826 6.0-15.0 401.37 days Long Period V.

22298 -—-4345 4.19.0 61" 212° (1953)

Situated just south of the bright autumn star Fomalhaut is the
constellgtion Grus, the Crane. Introduced in 1603 by Bayer

th.rce brightest stars form an almost-right triangle, with a s ri
fainter stars set along its hypotenuse. Since the constellation is
from the galactic plane, there are neither clusters nor nebulae
attract our attention, and all of the galaxies within are too |
for binocular detection. Still, the Crane contains several inter

double and variable stars that are visible in binoculars.

Pl'”' Gruis combine to form a fine optical binary star. The form
a striking orange-red semi-regular variable star that may be seen &
ﬂu_lctuatc between magnitudes 5.4 and 6.7 over 150 days. The latte
glistens with a nicely contrasting yellowish glint and shines stead
at magnitude 6.6. With over 4’ of arc between them, even the lo
power pair of binoculars will have no trouble detecting both

While they are not actually related to each other, both Pi' and Pi

true binary systems. Sadly, their respective companion suns require
telescopes to be resolved.

Delta'** Gruis form another wide, unrelated pair of stars. Found in
central Grus, both of these 4th-magnitude suns may be spotted with
the unaided eye and are easily seen through 6 x glasses. Seven-power
and larger bingeulars will also faintly reveal the real 9th-magnitude
companion of elta’, set about 1' of arc away. Care must be taken
to see Delta® B successfully, as the glare from Delta® A and Delta' can
easily overwhelm an observer’s eyes.

.}_{_grLaLfeS (Her)

R 37

R.A. Det.

(2000)  (2000) SizelSep!
Object 5T e T A Mag. Period Comments
ST Ve 15508 +4829 8.8-10.3p 148.0 days  Semi-Regular
b4 Vr 1602.7 +47 14 7.5-8.6p 95.0 days Semi-Regular
X Vr 16075 +2455 8.6-10.9p 102.90 days Semi-Regular
RU Vr 16102 +2504 6.8-14.3 485.49 days Long Period Variable
Hrr 7 OC 1618 +13 100" x.15"  Asterism
] Vr 16258 +1854 6.5-134 406.05 days Long Period Variable
g Vr 1628.6 +4153 5.7-7.2p 70 days Semi-Regular
: 30 Herculis

*+ 16 40.6 +0413 5.8,7.0 70" 230° (1932); 10149

NGC 6205 GC 16417 +3628 5.9 16’ M13
NGC 6210 PN 16445 +2349 93p >14"
NGC 6229 GC 16470 +4732 94 5
S Vr 16519 +1456 6.4-13.8 307.44 days Long Period Variable
Uw Vr 17144 +3622 8.6-9.5p 100 days Semi-Regular
Alpha Vr 17146 +1423 3.1-3.9 90 days Semi-Regular
NGCe6341 GC 17171 +4308 6.5 11’ M92
RS, Vr 17217 42255 7.0-13.0 219.65 days Long Period Variable
Z Vr 17581 +1508 7.3-8.1p  3.993days Eclipsing Binary
DoDz 9 OC 1808.8 +3132 34
T Vr 18091 +3101 6.8-13.9  165.01 days Long Period Variable
AC +2152 74-9.7p  75.462 days RV Tauri type

Vr 18 30.3

Passing nearly overhead during the summer months in mid-northern
latitudes, Hercules, the Giant, is a rather difficult constellation to
trace with the unaided eye. Its brightest stars are only of the 3rd
magnitude and appear rather randomly patterned. Only the four stars
in the Hercules Keystone can be quickly identified. Hercules holds
some spectacular deep sky objects, including a pair of magnificent
globular clusters, a bright planetary nebula, and a host of others.



Harrington 7 might be called the Zigzag Cluster (though it is op
asterism), as it is composed of 17 magnitude 7 to magnitude""
w:_ndu!g across a little over 1'%° of sky. Using giant glasses, lool
this faint group about 6° directly south of Gamma Herculis,
M13 (NGC 6205) is considered by most amateurs to be the ‘
globular cluster in northern skies. Shining at 6th magnimcb::p
be seen with the naked eye as a dim blur one-third of the w;
Eta Herculis to Zeta Herculis along the western edge of the K
Its fuzzy globe measures 16’ of arc across and is set bctwee;y
of 7th-magnitude field stars.

The discovery of the Great Hercules Cluster is credited to
}.vho first spotted it in 1714. A half-century later, Messier d
it as merely a starless nebula. While Messier’s description
au_::curately portray the globular’s true nature, it does fit the mod
view through low-power binoculars. Not until we view M13 th
20x and larger glasses do a few of the hundreds of thousands o
that belong to this 23,000-light-year-distant object come :

NGC 6210 is bright enough to be seen through most bino
thg small size of this planetary nebula can make it difficult to
guish from the surrounding stars. On the other hand, the

characteristic bluish color enables it to stand out in a,crow
ﬁcld.. Unfortunately, the magnitude 12.5 central star remains a t
scopic target only. B

a

Alpha Herculis, properly named Rasalgethi, was first discove
be a variable star in 1795 by William Herschel. An ideal semi-
star fqr study through binoculars, this red giant rallies from a |
magnitude 3.9 to a peak of magnitude 3.1 over a widely va
period that averages 90 days.

Alpha is also an attractive telescopic double star, with the var
able Alpha A accompanied by a magnitude 5.4 blue-green compani |
lUnfortgnately, while this is a striking binary star in telescopes, it
lff;ii)siltg;at(j\ Tesolve in binoculars, as Alpha B lies less than 5" a

b

M92 (NGC 6341) is Hercules’ oft-forgotten second Messier object.
Were it not for its more glamorous neighbor to the south, M92 wo d
undoubtedly be a better known showpiece. Discovereci by Bode in
_1 777, M92 is easily located about 6° north of Pi Herculis, the no th-
west corner star in the Keystone. Itis unlikely that common’ binoculars
}V]ll show M92 as more than a misty glow; partial resolution
its approximately 100,000 stars is reserved for 4-inch and ',,d-i"

telescopes. Wide-angle glasses just squeeze M92 and M13 into the
same 10° field, permitting the observer to make a direct comparison

between the two.

Dolidze-Dzimshjsvili 9 is a large, little-known open cluster found in
southeastern Hercules less than a degree west of the star 104 Herculis.

Binoculars reveal about two-thirds of this group’s 15 stellar affiliates
loosely scattered across half a degree of sky.

/
Horologium (Hor)

R.A. Dec.
(2000) (2000) SizelSep!
Object Typ b m <o g Mag. Period Comments
3 == 02397 -5934 7275 37" 96° (1953)
R Vr 02539 -4953 4.7-143 403.97 days Long Period Variable
NGC 1261 GC 03 12.3 —-5513 8.4 7 y
Horologium, the Clock, is a long, thin constellation that runs parallel

to Eridanus in the late-autumn southern sky. First contrived by La-
caille in 1752, this stellar timepiece is usually missed by naked eye
skywatchers unless they have a dark, unobstructed view and sharp
eyes. Even with the aid of binoculars, the selection of viewable objects

is limited.

R Horologii is a fine long period variable for study with binoculars.
When near maximum brightness, an event occurring every 404 days,
R may even be seen with the unaided eye. At minimum, however, this
reddish sun drops nearly ten full magnitudes, which places it well out
of binocular range. Look for R about 10° south of Theta Eridani and
about 1° north of an easily-split optical binary star.

NGC 1261, an 8th-magnitude globular cluster, lies some 6° southeast
of R Horologii. There, binoculars find a small, ghostly ball of celestial
cotton, condensing to a brighter core. A faint foreground star close
to its northeastern edge will help observers zero in on this 44,000-

light-year-distant swarm.



fra (Hya)

R.A. Deec.
-z A l()zoow (2000) SizelSep/
~ yp m g Mag. Period
2548 OC 08 13.8 —0548 5.8 55 M48
V P
”r 888 ;Zg; 06 19 7.0-11.0 253 days Semi-Repu]
N ~06 48 6.8,9.1 61" 202° (19g11§ W,
s 20.; 5 gg ;5 8.7-10.0p 116 days Semi-Regultrﬁ'"
Vi 09511 —23 of . '2161'3 0 ;29” 211° (1923); 733
1242 PN 10248 18 38 N gfiﬂi? e
5 s S
v: 18 ;;g _S éf 70-9.2p 450 days semi-Rzgl{tar 8
b 51.6 R 8.2-10.3p 85 days Semi-Regular
: 6.5-12 533 days Semi-Regular
Vr 11132 -2628 75 e S
Vi ; 5-9.5p 6.953 da ipsing Binary
" 1417 -3230 5384 bt o f:llpsmg C
‘(X}C 12395 -2645 8.2 12 M68( ’
£ 1329.7 -3317 3.0-i10
236 3:( g 320, 2983 3¢ ff’gf fg'y : sL: nﬁg 1
V; ¥ ‘;]92 :gg g_ ;.7—11.6p 397.4 days Semi-Regular
2—14.3 333.19 days Long Period V:
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2548,

Due to their wider fields of view, binoculars win over telescopes
with “normal” focal lengths as the instruments of choice for viewing
the full-degree spread of M48. Over a dozen of this cluster’s 80
stars may be segn through 7x and larger glasses, with an especially
noticeable, tight¥riangular asterism at its center. The remaining clus-
ter stars blend into a homogeneous glow that stands out well against

the surrounding sky.

27 Hydrae is a wide, easily split double star about 2° southwest of
Alphard (Alpha'Hydrae), the brightest star in the constellation. The
Sth-magnitude, spectral type-G primary star exhibits the species’ char-
acteristic yellowish tint, especially if its image is just nudged out of
focus. The accompanying 7th-magnitude secondary sun, separated
from the primary by nearly 4’ of arc, shines pure white and is easily
visible even with the lowest power opera glass. The pair has an
observed common proper motion, indicative of a true binary.

NGC 3242 is the brightest planetary nebula visible in the spring
sky from the northern hemisphere. Found about 2° south of 4th-
magnitude Mu Hydrae, NGC 3242 will easily show its tiny 8th-
magnitude blue disk in 7 X 50 binoculars. A pronounced bulge is
evident through higher power glasses, but the 11th-magnitude central
star will probably remain out of range. This 2,600-light-year-distant
planetary has been nicknamed the Ghost of Jupiter for its similar
appearance to our largest planet. Large telescopes and photographs,
however, show a strong resemblance to a human eye, with a fainter
outer shell of gas surrounding the brighter core.

Mé68 (NGC 4590) is a relatively small, faint globular cluster found
about 4° south of the Corvus trapezoid. Assessed at 8th magnitude,
it remains only a dim ball of fluff when viewed through binoculars.
Modern estimates place M68 at just over 30,000 light years away
and approaching us at about 117 kilometers per second (78 miles per

second).

R Hydrae is one of the easiest long period variable stars for amateur
astronomers to observe. Sharp-eyed observers have been known to
spot it without any optical aid at all as it rises to 4th magnitude or
even brighter every 390 days. Binoculars display it as a dazzling red
beacon when near its peak. Cycling downward, R bottoms out at
11th magnitude, which still might be within range of large binoculars

if one knows exactly where to look.
Since the discovery of R Hydrae in 1704, its period has shortened
from 500 days to the present 390. Astronomers are not sure what is



going on within this red giant star, but i i .
; on ut it certainl
scrutiny in the future. : e

M83 (NGC 5236) is a frequently neglected : 3 R.A. Dec. 7
§0uthem spripg sky. It was disco{rere‘tgi] in 17;2%‘;?;?;;[)12] A \ (20005 (200002 Ma b;fe/Seg J Coinant
it as only an ill-defined nebula. Photographs reveal its true s et y b m g. ~ Perio mmen
a classic Sc spiral galaxy with three widespread arms - Ve 20564 -5419 79-170p 399.95 days Long Period Variable
Riding the Hydra-Centaurus border, M83 is bri.ght en .Sr vr 21202 -4501 7.7-9.4p 320 days Semi-Regular
B

be seen thlrough nearly all binoculars. Look for a bright stellar
engulfed in the_soft glow of the spiral arms. Set among an atg
star field, M83 is sure to become one of your favorite seasonal

ts (Hyi)
R.A. Dec.
(2000)  (2000) SizelSep/
| Tyy b m AU Mag. Period Comments
. DN 01296 -7333 In SMC?
** 02142 -6750 5.6,5.7 900" Optical

The far southern constellation Hydrus was first depicted by
1603. Representing a Water Snake, its stars wind their way south
from near {&rchcmar in Eridanus toward the south celestial po e.
from the Milky Way plane, this constellation reveals but a lone i
star and a single nebula through binoculars.

NGCf602 is a small patch of diffuse nebulosity that seems cu ol
glur of place in this constellation so far from the plane of our gala
owever, with the Small Magellanic Cloud only a few degrees

Lacerta

/ Indus, the Indian, was one of several new constellations that first
appeared in Bayer’s Uranometria. With borders stretching from Mi-
croscopium in the north to Octans in the south, Indus bridges a large
gap in the far southern autumn sky. Unfortunately, while populated
with many faint galaxies, the region holds only a pair of variable stars
for the observer with binoculars.

$ Indi may be found about 1%2° northwest of Sth-magnitude Mu Indi.
Over the course of approximately 13 months, S varies between a
maximum visual magnitude of about 6.5 and a minimum magnitude
of 15.5. Many observers should detect the characteristic reddish color
of this long period variable when it is near its brightest light.

T Indi rides close to the Indian’s extreme northern border. Varying
between about visual magnitudes 6.5 and 8.5, it remains visible
through most glasses over its entire 320-day cycle and is therefore
ideal for systematic study by southern observers.

(Lac)

in nei i

h ctl:,e;]g]hb[:"img Tucana, many astronomers believe that NGC 6

e y! e]1 ong to that galactic system. Dark, clear skies are n
cal this nebula through binoculars. Large glasses show it

R.A. Dec.
‘ (2000)  (2000) SizelSepl
gﬁled Typ b m 8oy Mag. Period Comments
NGC 7209 OC 22052 +4630 6.7 25
NGC 7243 OC 22153 +4953 64 2
§ Vr 22290 +4019 7.6-13.9  241.80 days Long Period Variable

142 T I
gl Hyslln lies ?bout halfway between Alpha and Gamma Hydri
teparate by 15" of arc, this pair of 6th-magnitude stars is an
arget for all binoculars. Color-sensitive observers will also i

ately notice that bot] i i i i
i h of these distant suns shine with a red-ora

Hevelius devised the constellation Lacerta, the Lizard, in 1687 from
a set of faint stars wedged between Cygnus and Pegasus. Although
the plane of the Milky Way skims through Lacerta’s northern border,
we find only a pair of open clusters and a single variable star suitable
for viewing with binoculars.



NGC 7209 lies less than a degree in from the Cygnus border 5
set in a rich field of stars. The brightest suns of this open cluster:
break 9th magnitude, while most of its 25 members shine be
10th and 11th magnitude. Through most glasses, this transla

cluster into a nebulous glow with only a couple of stellar poil
within.

NGC 7243 is a bit more satisfying than NGC 7209 in bine
Floating among a fine Milky Way field, this cluster holds 40 stz
which eight are bright enough to be seen in glasses. Once ag

remaining cluster suns pool their light into a cloudy, circular

.e0)

R.A. Deec.

(2000)  (2000) SizelSep/ ;
| Typ b m Sl Mag. Period Comments
3 Gx 109322 42130 9.0 15 Sb+

*09359 +1423 6.2,10.0 41"
Vr 09476 +1126 4.4-11.3

80° (1946); 7448
312.4 days  Long Period Vi

** 10084 +1158 1.4,7.7 177" 307° (1924); 7
R

Gx 10440 +1142 9.7 T 5 SBbeguhfl‘;SS

Gx 10468 +1149 9.2 XN Sbp M96

Gx 10478 +1235 9.3 5" x4 E1 M105

Gx 11058 -0002 8.9 105 % 57 Sb+

Gx 11189 +1305 9.3 10" x 3’ Sb  Meé5

Gx 11202 +1259 9.0 9" x 4 Sb+ Mé6

Gx 11203 +1336 9.5 15’ x 4’ Sb

AL 27 40251 5180 91" 176° (1932)

D (L - e L R - M e T

- under skies free of interference from light pollution.

After perhaps only Ursa Major, Leo, the Lion, is the most ea
recognizable constellation of the northern spring sky. The celest
king of the beasts is marked by a distinctive curve of stars resembli
a backwards question mark or a farmer’s sickle and a large triar
of stars to its east. Leo is well known to deep sky observers for
many galaxies, both dim and bright. Eight are visible in binocul

NGC ?903 is a !arge, relatively faint spiral galaxy found to the
of Epsilon Leonis at the tip of Leo’s sickle. Binoculars display it as
nebulous 5’ x 3’ patch highlighted by a brighter central core. Lon

exposure photographs more than double the galaxy’s extent, as well
as reveal the jumbled texture of its spiral arms.

R Leonis is spring’s selected variable star for those viewing through
binoculars (a finder chart is found in Chapter 6). Its location is easily

“pinpointed about 6° due west of Regulus and just to the south of 19

Leonis. Over the course of 312 days, this long period variable is seen
to fluctuate between about magnitudes 4.4 and 11.3. Thanks to this
broad magnitude range and the strong reddish glow of R Leonis, it
is a seasonal favorite of many.

Alpha Leonis, known to most as Regulus, marks the handle of the
Lion’s sickle. Copernicus is credited with dubbing this star Regulus,
meaning “Little King” in Latin, although he was not the first to refer
to it as kinglike. Many ancient cultures, including the Arabians, the
Babylonians, and the Akkadians of Mesopotamia, also viewed this
star as celestial royalty.

Accompanying Regulus is a small 8th-magnitude star that is easy
to spot in binoculars. It may be found nearly 3’ of arc from the
brilliant primary sun. A third companion of Regulus has also been
detected, but its visibility is restricted to large telescopes. There is
little doubt that these comprise a true multiple system, as all three
stars exhibit the same proper motion.

M95 (NGC 3351), M96 (NGC 3368), and M105 (NGC 3379) form
a triangle of faint galaxies in central Leo. All three, along with several
even fainter surrounding galaxies, are believed to be about 29 million
light years from the Milky Way.

M96 is the brightest of the three galaxies. Classified as an Sb
spiral, M96 is seen as a slightly oval glow that brightens toward the
center. M95, a barred spiral, is smaller and about half a magnitude
fainter. When we view M95 and M96, we are seeing only their
brighter central cores; the surrounding spiral arms are too faint for
detection through binoculars. Scanning a scant %° to the north of
M9S5 and M96 brings M105 into view. This elliptical galaxy shows
little more than a faint oval disk devoid of any central nucleus.

M65 (NGC 3623), M66 (NGC 3627), and NGC 3628 (all shown in
Figure 7.15) may be found below the triangular hindquarters of Leo.
Studies indicate that all three lie about 31.6 million light years away
and appear to belong to the Leo Galaxy Group, just like M95, M96,
and M105.

Mé66 is the easiest of the three to pick out. A highly-inclined Sb
spiral, its wide elliptical disk and brighter oval center can be clearly



Figure 7.15

A fine galactic trio in Leo: NGC 3 ;

r €0: NGC 3628, M65 (NGC 3623), 2
{}I‘\J(JC 3627) (T‘lnckwisc from the top. Photograph o
t’ rough an 8-inch /5 Newtonian reflector usi
2415 film and a 45-minute exposure.

by Martin Germano

_made_ out in 10x glasses. Alrhoughl
identical to M66 in both visual

discovered in 1780 by Méchain. Iappvaranw and form. Beu

: t is ironic to note that sev
earlier, on ; : at seven years
R r s rhl‘:iowcmbtr 1, 1773, a comet discovered by Messier passed

se two galaxies, yet Messier failed to detect them. It has

Neither Messier nor Méch
north. NGC 3628 is larger an
Photographs show it to be an
lane of obscuring nebulosity.
the visibility of this galaxy

ain spotted a third galaxy to the pair’s
d fainter than both M65 and Mé6.
edge-on spiral highlighted by a thin
Unless viewed under superb conditionsy
will be restricted to giant binoculars.

ng hypered Technical Pan

slightly fainter, M65 is nearly

R.A. Dec.

2000)  (2000) SizelSep!

[ 3 ™ b m Rt Mag. Period Comments
b'ec \ . -
E‘L”% 0945.6 43431 6.3-13.2 37193 days Long Period Variable
B OC 1010  +3130 45’ Sailboat Cluster
Hir
...--'"'"-.———-—_

Leo Minor occupies a small, rather desolate region of the northern
spring sky between Ursa Major and Leo. Although it is strewn with
many galaxies, all are far below the reach of most glasses. Indeed, for
observers using binoculars, within Leo Minor are a lone variable star
and a unique asterism.

R Leonis Minoris is a fine variable star to follow through binoculars.
Over the course of 372 days, this crimson sun fluctuates between a
maximum magnitude of 6.3 to a minimum light of magnitude 13.2.
Therefore, observers viewing through giant glasses should be able to
monitor the star’s activity across about three-fourths of its cycle.
Unfortunately, finding R Leonis Minoris is much easier said than
done. It may be spotted about 10° north of the sickle of Leo and about
5° east of 3rd-magnitude Alpha Lyncis.

Harrington 6 was first brought to the world’s attention in Deep Sky
magazine (No. 23, Summer 1988) by Daniel Hudak of Youngstown,
Ohio. He dubbed it the celestial “Sailboat™ for its unique shape.
Through binoculars, the Sailboat seems to have capsized, as its mast
points toward the south. The ship’s bow is marked by 7th-magnitude
22 Leonis Minoris, the group’s brightest star. Eight additional stars
complete the asterism.

Lepus (Lep)

R.A. Dec.
_ (2000)  (2000) SizelSep!
Object Typ b m L) Mag. Period Comments
B 314 ** 04590 -1623 5.9,8.2 53% 34° (1914); 3588
R Vr 04596 —-1448 5.5-11.7  432.13 days Long Period Variable;
Red!
T Vr 05048 —-2154 74-13.5  368.13 days Long Period Variable
RX Ve 05114 ‘-11'S% '5.0-70 Irregular
S 476 “* 05193 -1831 6.2,6.4 39" 18° (1952); 3910
NGC 1904 GC 05245 -2433 84 3’ M79
h 3780 ** 05393 -1751 6,988 89”,76",129" 136°, 7°, 299° (1916);

4254
(Continued on next page)



ntinued)

1 (Lib)

R.A. Dec.
; . =" R.A. Dec.
ik ;,200?, (%000? - S;fe:‘:?ep! 4 "« (2000)  (2000) SizelSep/
T g. eriod Omme “ v b m o Mag. Period Comments
394 -1751 - ‘Object
o+ 05445 —2227 3763 oer 4 .—1;9"? 14255 -1958 64,76 35" 296° (1955); 9258
Vr 06058 -2412 71-8.9 90 d oy ¥ Mb B i 18402, 16,02, . 2805 R gl
R Y8 Semi-Regular Alpha vr 15010 —0831 4.9-5.9 2.327 days  Eclipsing Binary
: ll?)dtam e+ 15122 -1947 5.194 58" 111° (1919); 9532
Lept;ls, Lhc Hare,. bounds across the southern winter sky di; SH]J 195 s+ 15 :‘;j ‘;t: gf ;'1,:8'1 i‘; L
Efl?;h l:'l:r:;:;f:;:l'l::nutsng)n;l:e”auoﬁ OrlO:. Perhaps BES ki 3? g 24-.3 =22 55 7..0—13.0 217.65 days Long Period Variable
ghbor to the north, amateurs tend oo 15333 —1520 72-142  316.56 days Long Period Variable

the many fine objects in Lepus. For those willing to del
deeper, the Hare holds many fine deep sky “c arrogts.”

R Leporis, a classic long period star for observers with bi
our featured winter variable (a finder chart is in Chapter 6).
a magpnificent red hue, R varies between magnitudes 5.5
across a 432-day cycle. Discovered in 1845 by the English
J.R. 'Hind, the star displays such an intense ruddy color
maximum that it has been christened the “Crimson Star.”

Spectral analysis indicates R Leporis to be a rare car
Carbon stars are low-temperature red giants whose spectr
strong presence of carbon compounds. Other noted
visible in binoculars are V Hydrae and S Cephei.

M79 (NGC 1904) is the only winter globular cluster visible thro
north.ern hemisphere binoculars. Méchain was first to spot th
magmtqde object in October 1845. He recorded it as simply'a
lous object, an apt description of its appearance through binocu
as well since resolution is not possible in anything less than modera
large amateur instruments. M79 may most easily be found by
animaginary line from Alpha Leporis to Beta Leporis and continui
it an equal distance to the latter’s south.

NGC 2017 is a small, weak clump of stars set about 1'%° east
Alpha i:eporis. Binoculars reveal only four suns of 6th to 9th mags
tude, with colors ranging from yellow and orange to blue. All belos
to the multiple star h 3780 and are resolvable in 7x glasses.

Gamm? Leporis is a splendid double star awash in vivid color.
-system’s 3rd-rpaglilmde primary sun is a striking yellow orb, wh
lt‘hg; 6tsh-magm;ut¢,ie secondary star appears as an orangish point
1ght. Separated by 96" of arc, they form one of the finest bi .
in the binocular sky. e finest binary st

Libra, the Balance Scales, occupies the dim space along the ecliptic
between the brighter constellations Virgo and Scorpius. Libra is a
relatively recent addition to the zodiac. In his Almagest of 150 Ap.,
Prolemy assigned its siars to the claws of Scorpius. This origin is still
evident today by the names of Libra’s two brightest stars, Zuben El
Genubi and Zuben Eschamali, which are Arabic for “north claw”
and “south claw,” respectively. It was not until the reign of Julius
Caesar that a separate identity was given to the stars of Libra.

With the naked eye, we can just make out the diamond pattern
of 3rd- and 4th-magnitude stars that form the main figure of Libra.
Apart from a faint globular cluster and a few double and variable
stars, there are few objects within its borders of interest to amateur
observers.

Alpha'*? Librae, distinctively named Zuben El Genubi, is a widely
separated binary star that may easily be resolved with only the slight-
est optical aid. Alpha', also a spectroscopic binary, shines at magni-
tude 2.8, while Alpha’® is magnitude 5.2. Nearly 4’ of arc separate the
two in our sky. Studies indicate that they form a true physical pair
and that they lie about 65 light years away. If this is indeed the case,
then the stars of Alpha''? Librae are separated by about 48,000
astronomical units.

Iota Librae proves to be a challenging binary in binoculars, not so
much because of the stars’ closeness, but because of their disparity in
brightness. The Sth-magnitude primary sun is paired with an elusive
magnitude 9.4 companion separated by nearly a minute of arc to its
southeast. Since their positions were first measured in 1782 by Wil-
liam Herschel, both stars have demonstrated a common proper mo-
tion, indicating that they form a true physical pair. In addition, as
recently as 1940, lota Librae A was detected to have a companion



nearly equal in ma
parate.d from the A star by only 0.2" of arc lota
-n.lagmtudc_e component is now known, has a co

gnitude to itself, with about 2" of arc between t’i‘;

C, as the 9th
of equal ma

NGC 5897 is a difficult gl
_ globular cluster to see thro
g}l’asscs. Look for its ill-defined smudge of grayish Tﬁ:h:‘;e;othe
the southeast of Iota Librae. Perhaps aiding in detection j b
;hreeI 8th-magnitude stars just to the cluster’s northwest S(;n
e cluster’s unusually weak concentration it an
of stars, it ‘

about half as large as the photographically recorded’ diaz:ﬁgfe? :

implies. Estimates place NGC 589 3 :
from the Solar System. 7 at a little over 39,000 light

' (Lup)

gnitude to it. At its discovery, the magn

R.A. Dec.

" ;(72000) (2000) Size/Sep/ |
i m Mag. Period Comments |
3 10C, 14258 —5449 99 8’ i

L4261 =45 13 46,5

4 .6,5.0 i ° i
4 GC 15040 -3304 90 ?6 s e
2 CZC i.g 052 -5421 6.5p 40’

1 11.9 —4844 3958

o LS 2 144°

il ;lg 21-%33 -i{Z) gg 3.4,7:0 T2 249° Eigg;§

} — .2,6. 4 i
F GC 15280 =50 40 8.3’6 1 i’?’o i
- Dk 15455 —34 24 240" x 20’
E;#C Illg :6.1 =37 47 74 10’
7.1 i i il
gk O8N B i ig' sidovb skt g
k 16018 —41 52 160" x 10'

Lupus, the Wolf, is a litt]e-

be A
tween Centaurus and Scorpius. With the plane of our galaxy skirt-

ing its ea '
g stern border, Lupus hosts a nice collection of open clusters,

globular clusters, and double stars for binoculars.

Tau'*? Lupi forms a wi i '.
. wide optical double that is eas in all

; ¢

binoculars. Look for this unrelated pair about 3° norZhegs:F:;tﬁlph#

X

g e known constellation to the residents of the
phere. Its faint stars are found to the south of Libra,

Lupi. Tau' glows at 5th magnitude, while Tau® shines a full magnitude
brighter. Both appear perfectly white. Sharp-eyed observers with 7x
and larger glasses might also detect a 9th-magnitude star between
Tau' and Tau’, giving the impression that Tau is a triple star system.
In reality, this tiny star is gravitationally bound to Tau', but neither

it nor Tau' is linked to Tau’.

NGC 5822 is a large, attractive open cluster found along the Wolf’s
southern border. With an apparent diameter exceeding that of the
Full Moon, this is an ideal open cluster for binoculars. Through 11
x 80 glasses, I recorded it as a “very large, moderately dense collection
of many magnitude 9 and magnitude 10 stars.” NGC 5822 is about
1,800 light years distant.

As you look toward NGC 5822, you will undoubtedly notice a
second open cluster to the south. This is NGC 5823, described under

its home constellation, Circinus.

Barnard 228 is a long, thin band of dark nebulosity that stretches for
4° diagonally from northwest to southeast across Lupus. Due to its
broad expanse, Barnard 228 is more easily seen through lower power,
wide-field glasses. Look for it about halfway along and running per-
pendicular to a line connecting Psi Lupi and Chi Lupi.

NGC 5986 is the largest of four globular clusters visible in binoculars
within Lupus. Its circular disk is found to the west of Eta Lupi, nestled
within a triangle of 6th- and 7th-magnitude stars. I found it plainly

evident through 7X glasses.

Lynx (Lyn)

R.A. Dec.
; (2000)  (2000) SizelSepl!
gfﬂecr Ty b m By’ Mag. Period Comments
3 W 00268 #3815 5379 96" 272° (1924); 5036
R ‘Vr 07013 45520 72->14.5 378.66 days Long Period Variable
SV Vr 08037 +3621 8.2-9.1p 70 days Semi-Regular
NGC2683 Gx 08527 +3325 9.7 8 x 1’ Sb

Lynx occupies a rather bare portion of the early spring northern sky
beyond Gemini. This cat is faint, with its brightest stars shining at no
more than 4th magnitude. While many deep sky objects are found
within the constellation, most are galaxies too feeble to be visible



Lyr)

thrgugh most glasses. .Fc_tr binocular observers who take the
wade through the “missing” Lynx, four deep sky objects awais

5 Lyncis is a binary star found near the constellation’s northeen It
As seen th;ough most glasses, the Sth-magnitude A star is joi:
8th-magmt.ude partner (not the B star; see shortly). With a seps
measuring in excess of 1’ of arc, both suns shine forth cle ol
l'n reality, 5 Lyncis is a triple star system: § Lyncis B
magnitude 9.8 and is placed about a half arc-minute awa ;

primary sun. This combination makes it a di e
P it a difficult catch through e

NGC 2683 is the only galaxy in Lynx that is faintly visible
7x glasses. To find this Sb spiral, move to the southeastern s
Lynx, _and I_ook about 2° north-northwest of a pleasaﬁt little :
involving Sigma' and Sigma® Cancri. Inclined nearly edge on
lm_e of sight, NGC 2683 presents a long, thin disk punctuated
brighter oblong nucleus. Visually, this galaxy spans about 6

1;><ut1 !argc-telescope photographs increase its dimensions to abou

R.A. Dec.
" LZGOO) (2000) Size/Sep/
yp m d Mag. Period Comments
Vi 18149 +3640 73-13.0
33 196.54 d i i
| Vi 18323 43700 7.8-9.6 A ler:ggu:;ern 1
18443 43940 5.0,5.2 208" 173° (1955); 1163
2 18448 +3736 4 " o 1955y, 1
OC 1848  +37 i 150° (1955); S,
! 1850.1 43322 33v86 46 149° (1955); 11745;
A= 4
g\({: ig gg; +3655 3.8 20’ Delta L::afl:r:: .
WA o +3302 9.7 70" x 150" MS57 Ring Nebula
e 18 54.5 +3654 5.64.5 630" Optical '
9, 13 24.9 +33 58 6.0,7.7 45" 350° (1935); 11834
v 50k 83 574 3950l ol idans .. SeomtiReiias
GC 19166 +3011 82 7’ Mos
19201 42639 76,74 58" 3° (1923
OC 1920.7 +3751 9.5 16’ :
| Vr 19255 44247 71-8.1 0.567 day

RR Lyrae prototype

With its origin dating back to the time of Homer, the constellation
Lyra rides near the zenith on warm summer nights in the northern
hemisphere. Lyra represents a lyre—a small, harplike instrument.
Four faint stars set in a parallelogram frame the harp’s body, while
illiant Vega (a type-A star and fifth brightest in the sky) marks a
portion of the handle.
Although the constellation is rather small, a wide variety. of
objects are packed within. Some we have all heard of, while others

are known to few amateurs.

Epsilon'** Lyrae, better known as the Double-Double, is one of the
most popular double stars in the summer sky. Epsilon’s duality is
evident with only the slightest optical aid and may even be faintly
glimpsed with the unaided eye just northeast of dazzling Vega. The
stars are separated by 208" of arc, which is near the naked eye
resolution limit for most people. The northernmost of the pair is
labeled Epsilon', while the other is called Epsilon”.

The reason for the name “Double-Double” becomes self-evident
in 3-inch and larger telescopes at about 100X. If the seeing is good,
Epsilon' and Epsilon® should be further resolved into two tight pairs.
Epsilon' consists of a 6th-magnitude secondary star orbiting a Sth-
magnitude primary star, while Epsilon® is formed from a magnitude
5.3 secondary star found nearly due east of the brighter, magnitude
5.1 primary. Astronomers have classified all four as spectral type-A
stars, with Epsilon' A also thought to be a spectroscopic binary.

Zeta Lyrae pinpoints the parallelogram’s northwestern corner. This
wide double star is composed of magnitude 4.5 and 5.6 suns separated
by about 44" of arc, with the fainter companion found due south of
the primary. Observations made across the years indicate that both
are gravitationally bound to each other and form a true binary system.

Beta Lyrae lies at the southwestern corner of the Harp’s body and is
truly a star for all observers. On the one hand, Beta is a challenging
double star, with magnitude 3.3 and 8.9 white components severed
by about 46" of arc. On the other hand, Beta A itself is an eclipsing
binary, with an unseen third star causing the light of Beta A to
fluctuate from magnitude 3.3 to 4.3 across a 12.940-day period. The
Beta Lyrae family of stars does not stop here either. Although too
faint to be seen through binoculars, four additional stars belong to
this system. Beta Lyrae is, at the very least, a septuple star! You will
find a chart for Beta Lyrae in Chapter 6.



Stephenson 1 is a wide, rather scantily packed open cluster of abe
15 stars. It would probably pass unnoticed were it not for its bri
member, 4th-magnitude Delta Lyrae''*, the northeastern star j
Lyra parallelogram. Binoculars aimed at the cluster easily reveal
blue-white Delta' and orangish Delta’, shining at magnitudes 5.§
4.5, respectively. The two are separated by better than 10’ of arc
are surrounded by eight to ten fainter cluster members scattered a
20" toward the west. The view is especially nice through 10x
larger glasses, whose greater light-gathering ability allows mo
the fainter stars to be seen. The distance to both Delta Lyrae

Stephenson 1 is believed to be about 1,050 light years.

M57 (NGC 6720), the Ring Nebula, visible in binoculars? You b
Of course, we cannot expect to see the Ring as we might in a tel
since binoculars simply do not have the magnification requi
resolve its classic smoke-ring shape. However, even through
polluted suburban skies, it is visible in 7 x 35 glasses as a faint,
so-s'lightly fuzzy “star.” Increasing the magnification to about
begins to clearly show that this is no ordinary “star,” while tk
25x to 30X “giant giants,” the smoke-ring shape just begins
reveal itself. This is a much better view than Messier ever had of
catalogue’s 57th entry. He suspected that it was composed of
fal.nt stars, although they could not be distinguished. It was not
William Herschel observed M57 that its true nebulous nature b
to come to light. Herschel reported it as “one of the curiosities o
heavens,” an apt description indeed.
We now know that the Ring is a planetary nebula, the rem
of a long-ago nova. The star that produced the Ring is still visib|
a!though pnly faintly, through the largest backyard telescopes.
binocularists, however, the thrill is simply in seeing M57. Look for
about two-fifths of the way from Beta Lyrae to Gamma Lyrae, 2
the southern side of the Lyra parallelogram.

R Lyrae is a great variable star for study through low-power binocu-
lars. (;lassiﬁcd as a type-M red semi-regular star, it fluctuates between
magnitudes 3.9 and 5.0 with a period of about 46 days. Look for R
Lyrae in the northern part of the constellation, about 6° northeast of
Vega (see the chart for Beta Lyrae in Chapter 6).

M56 (NGC 6779), discovered by Messier in 1779, is set among a

well-populated field of stars about halfway between Beta Cygni (Al-
bireo) and Gamma Lyrae. Binoculars disclose it as a fuzzy 8th-mag i
tude point featuring a brighter core. Resolution of the cluster’s stz
does not begin through instruments with less than an 8-inch ape

RR Lyrae is another variable suitable for binoculars. With great preci-
sion, this star rises to magnitude 7.1, falls to magnitude 8.1, and then
rises back up againsin a 13-hour, 36-minute time period. RR Lyrae
heads up a class of ancient variable stars known as cluster variables,

called because many are found within globular clusters. All RR
&e stars have approximately the same absolute magnitude (about
+0.5). By knowing both the absolute and apparent magnitudes, the
distance to the star (and therefore to its home globular cluster) is

easily derived.

Mensa (Men)

Object

Typ b m

Dec.
(2000)

R.A.

(2000) SizelSep/

Period Comments

Mag.

Rt

Vr
Vr

Semi-Regular
Eclipsing Binary

407 days
8.569 days

—-8151 8.0-10.9p
-84 47 6.2-6.9p

04 09.6
05 30.2

TZ

Mensa, the Table, lies in the far southern skies of autumn and is seen
well only from points below Earth’s equator. Lacaille devised this
obscure, little constellation in 1752, naming it after Table Mountain
near Cape Town, South Africa.

Our attention is drawn to Mensa mainly because the southern
perimeter of the Large Megallanic Cloud invades its northern border.
However, while the portion of the Large Magellanic Cloud found in
neighboring Dorado is rich in deep sky objects, the small wedge
within Mensa yields no one particular object that is outstanding in
binoculars. Instead, we can sit back and marvel at the overall wonder
of the Large Magellanic Cloud. This does not mean that the rest of
Mensa is totally without interest to binocularists. Far south of the
Large Magellanic Cloud is a pair of “local” variable stars suitable for

binocular study.

TZ Mensae is the brighter and more southern of the above-mentioned
two variables. Tucked just inside the far southern border of Mensa,
TZ, an eclipsing binary, fluctuates between about 6th and 7th magni-
tude over 8% days.



copium (Mic)

R.A. Dec.
: R.A. Dec.
" I(,zom) (2000) SizelSep! . ¢ (2000)  (2000) / SizelSepl
yp m Mag. Period Comments ; bb,feﬂ Ty b m 8, = Mag. Period Comments
Vr 20279 -2816 77-9.6p  344days  Semi-Regular <GC 2215 OC 08210 —0717 8.6 1’
i 2048.5 =-4359 5.1,70 180" Optical Igr 91 OC 06217 +0222 é6.4p 17"
it g} 02.2 -4300 6.5,6.9 37 73° (1951) : v Vr 06227 -0212 6.0-13.7 333.80 days Long Period Variable
r 21267 -2951 78-143  208.93 days Long Period Variab| Cr 92 OC 06229 +0507 8.6p 1’
T Vr 06252 +0705 5.6-6.6 27.021 days  Cepheid
With its brightest stars only of the 5th magnitude, Microscopium, ¢ P 322 gg gg ggg :g:i ;3 ?;g ;0
Microscope, appears as little more than empty space to the unaic NG;:s OC 06303 +02 52 73 8
eye. The celestial microscope’s location is easy to pinpoint tho g. 95 OC 0630.5 +09 56 : 19
;he Capricornus “arrowhfead” is gimcd directly at it.s center. Cr 97 OC 0631.3 +0555 54 21
ew scattered deep sky objects entice the observer with bing NGC 2237 DN 06323 +05 03 80" x 60" Rosette Nebula
explore the region. NGC 2244 OC 06324 +0452 438 24 Rosette Nebula
: cluster
T Microscopii is tucked just inside Microscopium’s northwestern ¢ - NGC2251 OC 06347 +0822 73 10
ner. Larger glasses have little trouble revealing its presence aci c 2252 OC 06350 +0523 3.0p 8-
enm-e‘344-da'y period during which it fluctuates between ph i 106 OC 4l ant 400 5/, 400 45:
grat;l)lhlc mr:hgmtfudes 7.7 and 9.6. Look for this long period variz CH:g7 % gg i;” +g; i 3?: Asteri
to the north of a crooked rect f hal -magnitt i Ak
g angle of half a dozen 6th-magnit C1ll  OC 06387 +0654 7.0p 4
- NGC2261 DN 06392 +0844 100 2 Hubble’s Variable
: : . ‘ 1 Nebula
ﬁta M:croscopu_ appears through most gl:{sses as a tight asteri NGC 2264 OC 06 41.1 +0953 3.9 20" Christmas Tree
three stars. lota is formed from a Sth-magnitude primary sun cluster
with a 7th-magmrud; companion separated by 3’ of arc. The Do 25 OC 0645.1 +0018 7.6 24
star in the system shines at magnitude 6.5 and lies about 13’ to NGC 2286 OC 06476 ~—0310 7.5 15'
south. All three stand out well against the stark surroundings. NGC 2301 OC 06 51.8 +0028 5.8 12’
# NGC 2302 OC 06 51.9 -0704 89 3
Dunlop (A) 236 is the central and brightest of three stars locat )1& L Vr 06572 -0904 6.9-10.0 155.70 days Semi-Regular
about halfway between lota and Eta Microscopii. Even the Ng{cj 2310, N 08I0/ -0 46 g%
po_werful g[asst should have little trouble resolving both members NGC i;éi DG nog0%s, 70820, 5.2 lf' e
this stelljllrbpalr, a;s th;:: shine at 6th and 7th magnitude and are NGC 2335 8% g; (0}22 +(1)(1) g; g; ?2»
separate nearly a full minut : - . e o .
y nearly minute of arc RY Vr 07069 -0733 77-9.2  466days  Semi-Regular
NGC 2343 OC 07083 -1039 6.7 e
NGC2353 OC 07146 -1018 7.1 20’
u Vr 07308 -0947 61-8.1p  92.26days RV Tauri type
UX Vr 07593 -0730 8.0-8.9 5.905 days  Eclipsing Binary
NGC 2506 OC 08002 -1047 7.6 7
Zeta ** 0808.6 —0259 43,78 67" 245° (1936); 6617




One of the regions most abundant in deep sky objects in the
is located within the large triangular void framed by the brilliant
Sirius, Betelgeuse, and Procyon. This seemingly empty portion 0' ;
seasonal sky is actually the constellation Monoceros, the Unice
With its brightest star shining at only a poor 4th magnity,
Monoceros commands very little attention from naked eye skywa
ers. The constellation’s origins are traceable to 16th-century Pe
although the Unicorn was not widely recognized until German mars :
matician Jakob Bartsch included it on his star charts of 1624, -
ever Monoceros lacks in naked eye glory it more than makes u
in its many beautiful treasures buried within. f 3

Collinder 91 just makes it into the Unicorn’s western border witl 1:'
Orion. Twenty stars fall within its 17’ diameter, giving the cluster ‘.:%
overall magnitude of 6.4. Only four of its suns are bright enough .
be seen separately through binoculars. This poor concentration
led some astronomers to conclude that this diamond-shaped ste
array is actually nothing more than a chance asterism.

NGC 2232 mysteriously remained unplotted on many star atlases
years, although it is easily seen in binoculars and may even be spo ed
with the unaided eye. The brightest star found within this open cluster
is 10 Monocerotis, at Sth magnitude. Most of its other 20 suns ra
chween 8th and 10th magnitude and are set in a triangular pattern.
With an apparent diameter equal to that of the Full Moon, NG i
2232 is actually seen better through binoculars than through most
telescopes.

Collinder 96 is another little-observed member of the Collinder family
of_open clusters. With an overall magnitude of 7.3, the cluster’s
brlgh‘test stars are no greater than magnitude 8.8. This can make =
spotting it through 7x binoculars a bit tentative. Through 11 X 80 =
glasses, it impresses me as a weak semicircular harvest of stars measur=
ing about 8’ across.

Collinder 97 proves to be a rather poorly defined group. Fifteen stars
are thought to belong to this open cluster, but only four or five aré
bnght enough to be easily seen through binoculars. The brightest staf
in Collinder 97 is AX Monocerotis, an odd type-B star that fluctuates
from magnitude 6.6 to 6.9 with a 232-day period. AX is unique i
that it does not seem to fit into any established category of variable
stars. Clearly, more study is required.

Figure 7.16
The bright open cluster NGC 2244 surrounded by the Rosette Nebula,

NGC 2237, in Monoceros. This photograph was taken by Johnny Horne
using an 8-inch /1.5 Schmidt camera, hypered Technical Pan 2415 film,
and a six-minute exposure.

NGC 2244 is one of the most attractive open clusters in the winter
sky. Binoculars reveal half a dozen 6th- and 7th-magnitude stars set
in a distinctly rectangular pattern and highlighted by the yellowish
glint of 6th-magnitude 12 Monocerotis. In all, about 40 suns are
affiliated with this 2,445-light-year-distant group.

Under crystalline skies, steadily held binoculars might reveal a
faint haze encircling NGC 2244. This dim, irregular glow is all that
may be captured visually of the famous Rosette Nebula (Figure 7.16).
Most deep sky catalogues list the Rosette as NGC 2237, but it was
originally recorded as four separate entries: NGCs 2237,2238,2239,
and 2246. These refer to the four brightest portions of this huge cloud.
Collectively, they form a wreathlike cloud spanning more than a
degree across.

My best view of the Rosette complex came on one especially
clear winter night a few years ago. Using my 11x80 binoculars, |



;c;t;l;i ;c}eba soft, broken ring surrounding the cluster stars of
: - Nebula filters are recommended to see the Rosette at its
ut are not absolutely necessary if skies are extremely clear

Collinder 106 is a widespread stellar group found about 2° northg
of.the Rosette. Twenty stars populate its %° area and combine t i
this c')l:tlcct an overall magnitude of 4.6. About a dozen of the i
are visible through binoculars, with the three brightest formi -
triangle along the cluster’s southern edge. T

Collinder 107, positioned to the Rosette’s east, appears as a b
tr:an!g)ular pattern of six stars amidst the faint glow of dimmer cl
members. Binoculars are used to best advantage for viewin

group, as it spans over half a degree. “3

Harrington 5 is one of “my” deep sky obj ike
pass along for readers’ inspectionl.) Th’ifs ar:zc\:rsh::?itslh: ‘::lld }
of half a dozen 8th-magnitude stars may be found along [t)he ::’S e
border of Monqccros, about 3° southeast of Beta Mono
Though not officially labeled an open cluster, it stands out in la
glasses nicely against the rich surroundings.

{\'(l;C 2261isa strange and marvelous celestial specter known popu
arly as Hul?bles Variable Nebula. This is the brightest tuft
monstrous diffuse cloud that spans over 12 square degrees. The |
of NGC 2261 will remind observers of a comet, with a b;'oad “t
%:](tcn‘dlng to the north from a bright “coma,:’ where the clo
;\I Enémanng_star, ‘R Monocerotis, is located. Although quite sma
o 2261 is easily seen in 7x glasses thanks to its high intri
rightness. i

R Monocerotis is an irregular variable star that typi i

' ica

;:':uniil cI!0th magnitude, but has been seen to dip tt):)]:'no:'a"r)lry,rs1
: g}n; 1::1 e at times. Due to the brightness of the surrounding nebul 05
ty, onocerotis remains a difficult star to study and observe.

:iC(;iCoeszsg; Ecz anhm'the same huge patch of diffuse nebulosity
oy 61. N:cknar_ncd the Christmas Tree Cluster for its
s allsb": ar pattern, tl‘!ls large, brilliant open cluster is easﬂf
. mocula'rs. Its brightest star, Sth-magnitude 15 Monocerk

s, may be seen with the unaided eye, while nearly all of its other

20 suns are visible in 10x glasses. All fall into a cone-like shape

reminiscent of a seasonal evergreen.

NGC 2301 is a striking open cluster of 80 stars. Binoculars immedi-
ately reveal a north-south string of six 8th- and 9th-magnitude stars
marked at midspan by a hazy triangular clump of many stars too faint

v

\ to resolve. I find this peculiar shape strongly reminiscent of a bird in
flidgt, and like to refer to this as the “Great Bird of the Galaxy”
cluster. The bird’s two wings are represented by the string of stars
extending from the three-sided body. Anyone care to take an ink blot
test?
M50 (NGC 2323) is the only member of the famous Messier cata-
logue located within Monoceros. Cassini was first to set eyes upon
this lovely open cluster in about 1711, while Messier stumbled upon
it independently 63 years later. To find M50, take aim about one-
third of the way from Sirius to Procyon. Although it appears to be
located in the middle of nowhere, M50 is surprisingly easy to find in
7% binoculars and may even reach naked eye visibility on dark eve-
nings. Of the 80 stars within, only about five or six are bright enough
for viewing with binoculars, while the remainder blend into a pleasant
background glow. A striking red cluster star prominently set amidst
an ocean of blue-white suns highlights the scene.

Musca (Mus)

R.A. Dec.
(2000)  (2000) SizelSep/

Object Typ b m FAR & Mag. Period Comments

S Vi 12128 -7009 5.9-6.4 9.66 days Cepheid

NGC 4372 GC 12258 -7240 78 19’

NGC 4463 OC 12300 —6448 7.2 5!

BO Vr 12349 -6745 6.0-6.7 Irregular

Harvard6 OC 12379 -6828 10.7p

R Vr 12421 -6924 5.9-6.7 7.477 days  Cepheid

NGC 4815 OC 1258.0 —6457 8.6 3/

NGC 4833 GC 12596 -7053 74 14’

Harvard8 -OC 1318.8 —-6712 95 4'

EEC 5189 PN 1333.5 -6559 103p 153"

Musca, the Fly, lies in the southern circumpolar sky immediately
south of Crux. When first represented on Bayer’s charts of 1603, the
area was shown as Apis, the Bee. By the time Lacaille drew his charts
in 1763, the region had assumed its present identity as a fly. With the



galactic equator passing just to i .
ts north, Musca offi L
fields for amateurs to scan. 4 SRSt ¢

NGC 4372 may be found to the southwest

7th-magnitude yellowish field star lying just t(:) Ehfirg?:ﬁ -
globular cluster will aid in its location. Shining with the b‘“'Irest
an 8th-magnitude star, NGC 4372 is displayed through b'ngh 4
a nebulous disk with a brighter core. If, however, a tllfl'l

present, the star’s yellow light m
‘ ay scatter en
cluster from being detected. 2uEh o e

NGC 4463 is casier to observe than its si i |
: an its size might indi 0
o}foen cluster lies on the southwestern shore of thgrallt1 g:'l;atcl‘?!;e::k'
the Cdci)alsack. Thljough 7% glasses, NGC 4463 is disn'nguishab.:
as a dim spot of light. Increasing to 11x will reveal the dustcr

brightest member
s, surrounded by th
stars. y the haze of other, unre

NGC 48 15 is angther open cluster that is not as difficult to
its sma,ll size implies. Positioned directly in front of the Coals
guster s stars blend into a tiny, cloudlike haze. So feeble iz th
: om these dzst.jmt luminaries that individual points of light
e made out without larger telescopic equipment. |

NGC 4833 is a large, moderately faint ;
thlim a deg}'ce northwest of 4th-rynagnitugle0tl,)l§lz:: {l:\l/?:;z;efo ai
:vm ;l lﬁ;:ti :tlscf)overeg_l:hisd cluster in 1752, described it as res;:m
. met. This description holds true for the group’s ap
Elfgut;lhr:ugh modern binoculars as well. Resolution ;8: pol;sil;c o
o I;mch and larg_er telescopes, although a lone 9th-magn
_may be seen superimposed on the cluster’s northern edge. Th
projected distance to NGC 4833 is 18,000 light years o

?4(35(2: }f::; lisf ;r mogeratelz» bright, easy-to-spot nebula in eas
e v itulc: aﬁo;g 5° northeast of Beta Muscae and just no
el prog;lma’ ed teld star. ‘EJpon first spotting it in 1835, Jo
SO o tll:ne it to be a very strange object.” This is still the
st el z';mt e true nature of this little cloud has been the subject
Py gr:s\;e;sz ;)e\:;];he )};eiiars.diome authorities believe NGC
, while o iti
nebula. After extensive analysis, the latil; iﬁﬁe;l;;;:'slstz Elaavr:: e-

vailed. The dist latter
light years. ance to NGC 5189 is estimated to be about 2,600

a

tint to

Binoculars show the nebula as a slightly oval disk immersed in

strikjng star field. Some keen-eyed observers can distinguish a bluish
nebula, bat the 14th-magnitude central star is well below

v
' binoculars’ threshold of visibility.
Norma (Nor)

R.A. Dec.
(2000)  (2000) SizelSep/

Object Typ b m 3 1k t Mag. Period Comments
NGC 5925 OC 15277 -5431 8.4p 15 ] :
R Ve 15360 -4930 6.5-13.9 492.74 days Long Period Variable
T Vr 15441 -—5459 6.2-13.6 242.56 days Long Period Variable
Cr292 OC 15507 5740 7.9 16’
Ru 113 OoC 15572 -5928 45’
NGC 6067 OC 16 13.2 -5413 5.6 13’
SL 8 Dk 16142 -—4404 28RS’
Cr 299 OC 16184 ~-5507 6.9p 20’
NGC 6087 OC 16 18.9 —-5754 5.4 12'
S Vr 16189 -5754 6.1-6.8 9.754 days  Cepheid
Harvard 10 OC 16 19.9 —54 59 30’

~ Rullé OC 16236 —5200 5
NGC 6134 OC 16277 -—4909 7.2 £
NGC 6152 OC 16 32.7 -5237 8.1p 30’
NGC 6169 OC 16 34.1 —4403 6.6p 7 Mu Normae cluster
NGC 6167 OC 16344 -4936 6.7 b 8

Norma, the Carpenter’s Square, was devised by Lacaille in 1752 and
spans the zone between Scorpius and Triangulum Australis. Although
even its brightest stars are inconspicuous to the naked eye, Norma
possesses a number of deep sky objects for the backyard astronomer

to marvel at.

Ruprecht 113 is a large, somewhat ill-defined open cluster in southern
Norma. Spanning a diameter larger than the Full Moon, this group
displays some 15 magnitude 8 and 9 suns. Look for this little-observed
stellar family about 1° north of a distinctive four-star asterism which,
in turn, is about 3° north of Beta Trianguli Australis.

NGC 6067 lies just north of Sth-magnitude Kappa Normae. Most
binoculars reveal this open cluster as a distinct, though small, circular
glow with two or three faint points of light set within. Giant glasses
may resolve a few more individual stars, but most of the cluster’s 100



lun?inaries f.'.all below the limit of detection. Set within a s i
sprmkl’ed with stardust, NGC 6067 proves to be one of the
showpieces of the southern summer sky.

NGC 6087 also falls into that class of little-known-but-still-s;
open cluste'rs. With 8 of its 40 suns shining at 9th ma itud
bn‘ghtell', this group is easily isolated with its rich environsgl}[lh
ter’s brightest star is catalogued as S Normae, a Cephei'd v

H.arvard 10 is known to few amateurs, yet it is detectable
b:noculax:s. About one-third of its 30 stars are visible in most g
the remainder blending together to form a nebulous backsg
glow.
) Superimposed on the southwest corner of is
linder 299, a second open cluster. Although a coI:;lr:?)}ditsl.g
rcs9lvable in binoculars, I have never actually gotten the feelin
seeing an open cluster when Ilook its way. Perhaps you will do v

NGCGISZ_ isa coarse open cluster spanningabout ¥2° across. Al
itis comprised of some 70 individual stars, only a faint g!o;v $ ;
with half a dozen stellar specks will generally be seen through g '
lars. N?C 6152 is most easily found by first locating Epsilon® a
Epsilon® Arae and then scanning about 4° to their west.ps

|

(Oct)

R.A. Dec.
- ’(72000) (2000) SizelSep!
L yp m Mag. Period Comments
* 0010 -82 5,6,5 ?
16, 60 Opti

b £ ptical

44 13 %2; 36 23 6.4-13.2 405.57 days Long Period Variable
Ty 421 87-12.7p 205 days  Semi-Regular L
P, -8413 71-141  302.57 Long Period Variable
R ais gﬁ ; —ga 14 5.75.7 18 Optical '

A —86 48 7.3-14. i [
4 g(} o rmbias 5-3P14 0 _;;23?.94 days Long Period Variable
= 108.7 -
88 57 5.5 — Southern pole star

Home of the so'uth celestial pole, the constellation Octans, the Octant,
was first mentloped by Lacaille in 1752. While northc;n observert;; i
zrl;}oy an-magmtu;le Polaris at the north celestial pole, southemll
Ears::}:;:rers must strain to see their stellar complement. Presently, the
s south pole is most closely aimed toward Sigma Octant’is a

weak magnitude 5.5 type-A star. Thus, unless skies are crystal clear,

the sky’gother pole appears barren to the naked eye.

Lil%ﬂrsa Minor Octans holds primarily double stars and vari-
able stars for amateurs to view, but unlike its northern counterpart,
the Octant also contains an errant open cluster.

Pi' and Pi* Octantis combine into a wide optical double star for far
southern observers. Though actually unrelated in space, both stars
shine at an identical magnitude 5.7. Just north of Pi* (the northern-
most of the pair) is a small triangle of 8th-magnitude suns, adding a
bit of “accent” to the scene.

Melotte 227 is the southernmost open cluster visible from Earth.
Spanning 50" of arc, 40 stars have been identified as members of this
congregation, but only one in five is bright enough to be seen in
binoculars. The remainder fall below 10th magnitude. Look for Mel-
otte 227 about 3° southwest of Alpha Octantis.

Ophiuchus (Oph)

R.A. Dec.
N (2000)  (2000) SizelSep!
Object Typ b m & WL Mag. Period Comments
Rho +*+ 16256 —2327 58,7 151",156" 0°, 253° (1925);
10049
v Vr 16267 -—1226 7.3-11.6 297.99 days Long Period Variable
Chi Vr 16270 -1827 4.2-5.0 Irregular; Gamma
Cas type
NGC 6171 GC 16325 -1303 8.1 10’ M107
NGC 6218 GC 16472 —0157 6.6 : b M12
NGC 6254 GC 16571 —0406 6.6 i M10
NGC 6266 GC 17012 -3007 6.6 14 Mé62
NGC 6273 GC 17026 -2616 71 14’ M19
NGC 6284 GC 17045 -2446 9.0 6'
NGC 6287 GC 17052 -2242 92 5
BF Vr 17061 —2635 6.9-7.6 4,068 days  Cepheid
R Vr 17078 -1606 7.0-13.8 302.57 days Long Period Variable
B244 Dk 17 10.1 -—2824 30" x 20
NGC6293 GC 17102 -2635 8.2 8’
NGC 6304 GC 17145 -2928 84 6'
36 »* 17153 -2636 5,68 732",208" ~280°, 315° (1905);
10417
U Vr 17165 +0113 5.9-6.6 1.677 days  Eclipsing Binary
NGC 6316 GC 17166 —2808 9.0 i
B64 Dk 17172 =-1832 20'
(Continued on next page)



(continued)
R.A. Dec.
(2000)  (2000) SizelSep/
I'c: Ty b m sV 1 Mag. Period
16333 GC 17192 -1831 79 9’ M9
65-7 Pk 17N ~27 300" x 160" Stem of Pipe Nehe
Dk 17235 -2328 30’ Snake
16356 GC 17236 -1749 84 7"
6355GC 17240 426 21" 96 5
DkiLa7ag o w2 200’ x 140’ Bowl of P; 1
** 17346 +0935 5.88.5 41" 191° (1949?10
6402 GC 17376 -0315 76 12/ Mi4 T
65 OC 17463 +0543 42 41’
0 OC 1748.1 +0118 6.1p 45’ 1
Vr 17502 -0643 5.3-12.3p ~ Recurrent nova
1967
;' };;2.1 +01 07 6.9,7.1 82" 23(7" (19)23)
v 31 -0235 8.3-93 32 i-
L p days Semi-Regular
r s 879 ' w0424 9%
8 OC 1801 +03 3.0p 240
6572 PN 18121 +06 51 9.0p 8
Vr 18166 +0342 75-13.8  150.53 d i
6633 OC 18277 40634 4.6 27' T
Vr 18383 +0850 5.9-9.2 334.39 days Long Period V.

Standing along the stream of the summer Milky Way is the |
boxy constellation of Ophiuchus, the Serpent Bearer. Acco
mythology, Ophiuchus was the physician who accompanied J;
and the Argonauts in their quest for the golden fleece. Appropria
he is depicted in the sky as holding a serpent. The serpent has
been associated with wisdom and healing and, even today, is seen
the sym-bol of the American Medical Association. I
A51d‘e from his serpent, Ophiuchus bears a veritable fortune it
dcgp_ sky jewels. When we look toward this constellation, our gaze is
s_klrtmg along the edge of our galaxy. Not surprisingly, the area
llt_tcrcd with several patches of dark nebulosity, as well as ma
glimmering globular clusters. Indeed, many fine examples of nez
every type of deep sky object are hidden within.

~ near Antares, is a nice triple star for larger binoculars. Here, we fi

Rho Ophiuchi, lying just inside the constellation’s southwest bo -._..f;'

a Sth-magnirude primary star set in a tight triangle with 7th- a
8th-magnitude companions. All burn with white light. Two other

members of the system remain unseen in binoculars, but raise Rho
Ophiuchi to a quintuple star. ’
Rho is alsd surrounded by very colorful, but extremely faint,
clouds of bright and dark nebulosity. The bright clouds are collectively
catalogued as IC 4604, while the dark nebula is listed as Barnard 42.
Although they record vividly in photographs, I do not know of any

visual sightings of either.

M107 (NGC 6171) is a frequently ignored globular cluster loca'ted
south of Zeta Ophiuchi. Rated magnitude 8.1, it appears as alfamt,
diffuse glow with a noticeably brighter core. Although M_107 is one
of the sky’s more loosely packed globular clusters, there is no hope
of resolving any of its dim suns through binoculars. Studies indicate

the cluster is about 19,000 light years away.

M10 (NGC 6254) and M12 (NGC 6218) tie as two qf the tl:nree
brightest globulars found in Ophiuchus. (The third, M62, is dest:rlbed
later.) Both are in the same binocular field, centrally placed in t}m
hexagonal body of Ophiuchus. Messier discovered them, along with
M9, M14, and M19, during the spring of 1764. He described M10
and M12 as starless nebulae.

Although their visual magnitudes are the same, the structures of
M10 and M12 are quite dissimilar. On the 12-point scale used to rate
the density of globulars, M10 rates Class VI, indicating moderate
stellar condensation. The view through binoculars closely rnatches
Messier’s description, with a nebulous glow highlighted by an PI.WP
ously brighter core. Resolution of the cluster stars, first achieved
by William Herschel, is out of the question through binoculars. By
contrast, M12 is classified as Class IX, indicating a looser fon_n. In
most glasses, its likeness to M10 is made different by a less evident

core.

M62 (NGC 6266) rides the Ophiuchus-Scorpius border about §°
southwest of Theta Ophiuchi. This magnificent globular cluster Is
easily seen through binoculars as a small, fuzzy blotch of light set in
an absolutely stunning star field. Long-exposure photographs trace
the diameter of M62 to about 14’ of arc, but visual observers
find it only about half that size.

While most globulars appear to hover around the galactic center,
M62 seems to be actually immersed in the Milky Way. Perhaps this
is a clue to the cluster’s irregular shape, which is much more evident
in photographs than it is visually. Studies completed in 1973 indicate
89 variable stars within M62, an unusually high quantity. Most are
short-period RR Lyrae stars.



nMo:?h é;::}ocf ﬁz:;) i‘svlhqtl:ated less than one binocular field ¢
. tle most globular cluster
round, M19 is noticeably ob ewed 0
> D y oblate, even when viewed
}:u::we;1 binoculars. One study conducted earlier th;:ecer:?ur ough
ow S ap’sley cpncludcd that perhaps twice as many stars liryl ]
globular’s major axis as along its minor length. None of :h: .

M19 are resolvable th : .
e e through binoculars, as the brightest are only

fhi :g':,l;i:;fhi is formed from a fine trio of stars. Binoculars show |
ese orange suns set in a pleasant little tri j '

: ( ang|
:s por:tllclm qf _(tihe ll:rpe Nebula complex. The orangi ehjll::; e
pecially vivid when their images are thr li £
and compared to the myri i

yriad of surrounding white s

. tars.
uhnseen thrqugh_bmoculars, a fourth and fifth sun are aliZoAflth '
the 36 Ophiuchi system. All five orbs are beliey .
quintuple star clan.

ed to compose a
;/llzo(ll:)(ftch 6.;3}:;) (l)s lgcatf]d about3'2°southeast of Theta Ophiu

_ ot Xi Ophiuchi. Coming in at 8th magnitude. thi ;

is seen as a rather small, bright obj s brineer

_ ) | ject sporting a bright

Extending about 20’ to the west of the globulag::se;dc;er?‘ p

Zl:gcent-shaped dark nebula Barnard 64. Like all of its kind. B o

‘ is seen well only under the darkest conditions, when its, n
gainst the background sky is greatest. Through 11 x 80%, I

seen it as a somewhat irr i i
€ '
. gular dark rift arcing 180° from east |

The Pi .
o sozlt[;lir:legu:: is a huge darlf nebula that extends for over 7
promisieatl Pltuchus. Even with the unaided eye, it stands 3
$8004 sainl y against the surrounding star-studded region. In his fa
e seas ogue of dark nebulae, E.E. Barnard assigned this formation
3ppea:; a;’:‘l;le_n':ntrides. The bowl of the pipe, designated Barnard
el T Jagged rectangular formation spanning over nine squa
grees. The pipe’s stem is formed from Barnard 59, 65, 66, and pe

and extends for over §°
: er 5° to the west fro
the unaided eye, the stem m the base of the bowl. With

skies are especially clear.

B 5
thaen;:r:kZi;sba small §-shaped dark cloud. It has been nicknamed
g e cof-n ula :01['] 1t; thin, curved form that extends from the
) er of the Pipe Nebula’s bowl. Barnard 72 1

:::;t tiO of arc, making it look more like a tiny worcr:r:lf:nfo:' ‘I
e through 7x glasses. Eleven-power and greater binoculars am'lj

preferred, as theygncrease both the cloud’s size and its contrast against
the adjacent star Nelds. For best viewing, Barnard 72 requires dark,
rural skies regardless’of the instrument used.

M14 (NGC 6402) is the easternmost of the Ophiuchus globulars
visible in binoculars. Planted in a rather empty area of eastern Ophiu-
chus, it is often passed over in favor of more easily found targets.
What a shame, as M14 is a bright object that stands out well. Like
Messier’s telescope, binoculars reveal the cluster asa nebulous smudge
without stars. As with so many other globular clusters, M14 was
first resolved into separate points of light by William Herschel. The
brightest of M14's stars are no greater than 15th magnitude.

IC 4665 is a large, striking open cluster just northeast of Beta Ophiu-
chi. On dark, clear nights, and with no optical aid at all, this cluster
may be seen as a hazy spot measured nearly two Full Moons across.
Binoculars quickly resolve IC 4665 into a fine collection of about 30
magnitude 6 and fainter blue-white constituents. Though its stellar
density is not very high, 1C 4665 stands out well thanks to the
sparseness of its environment. A small triangle of three suns highlights

the cluster’s center.

Collinder 350 is a second large open cluster found near Beta Ophiu-
chi. Begin your search for this oft-overlooked group by scanning
southward from Beta and Gamma Ophiuchi. There, about 2° south
of Gamma, lies our quarry. Unlike IC 4665, however, Collinder 350
is a poor collection of only about 20 faint stars that show little sign
of forming a cluster. All that distinguishes this from a random field
is a north-south arc of four 8th-magnitude stars aimed at an east-west
arc of three 8th-magnitude points of light. Not exactly a striking
object, but still a nice addition to your “life list” of conquered deep

sky objects.

Barnard’s Star, famous as the second closest star to our Solar System,
is found about 3%° east of Beta Ophiuchi. Appearing as a reddish
magnitude 9.5 point of light, it was discovered in 1916 by E.E.
Barnard. Comparing photographs taken 12 years apart, Barnard no-
ticed a faint star that seemingly exhibited an unusually large proper
motion against the backdrop of more distant stars. It is now known
that Barnard’s Star, a type-M red dwarf, is moving almost due north
at a rate of 10.29 arc-seconds per year, the fastest proper motion of

any known star.

Melotte 186 has one of the largest apparent diameters of any open
cluster in our sky survey. Ironically, it is also one of the most difficult



clusters to sight and confi J i ' ¥
oo 67 Ot o e s ety G oo \
fnakeF Melotte 186 so difficult to identify is determiﬂinra : ; R4 Decw 4
in thls. vast region belong to it and which do not ugr;hw ich ; v (2000)  (2000) SizelSep/
f:ollectwely in very low-power opera glasses, the area t.ransfen C.) piect Typ b m ot Mag. Period Comments
into an attractwe_sight set apart from the surroundings bo. —0 OoC 0536 -01 0.4 150’ Belt stars
4th- to 8th-magnitude suns. Y ig chC ,024 DN 05407 —0227 30° X 30’
may be found ver : ] DN 05 46.7 + "% 6
The Sth-magnitude shimmer o)i‘ ntht:iasr];l:ee?,phlucrus'sef pens O Ngg iggf DN 05472 +0018 4' x 3 NE of M78
the naked eye, given good sk | FEEOpEIlichincer “f‘bléi Dk 0549.7 +07 31 120
8 y conditions. Binoculars beautify] B36 .
play most of the 30 magnitude 8 stars in a rich 27"-d; utifull NGC 2112 OC 05 53.9 +0024 8.6 1 :
Ehcse stars shine with a blue-white luster :;ainst-: ’zg;)etfr . Alpha Ve ST SUE N 041D v SCIIT;;RICEUIM
TO ulous gl elgeuse
to l‘;‘;ti]:lesfc;::“l“gggﬁglhiefi;eft unresovad._ NGC §633 is estimay U Vr 05558 +2010 4.8-12.6  372.40 days Long Period Variable
starry path of the Milk years away and is well isolated from | V352 Vr 06018 —0221 8.5-10.0p Irregular
DRy Wy, NGC 2169 OC 06084 +1357 5.9 7
NGC 2175 OC 06 09.8 +2019 6.7 18’
NGC 2194 OC 06 13.8 +1248 8.5 10’
. *% " o,
1 (OTI) 75 06171 +0957 5485 117 159°; 4890
RA. Dec. Dominating the winter night is Orion, the Hunter. This most impres-
Typ ;(,200{2 (20006? Size/Sep/ 1 sive constellation blazes forth with an unparalleled array of dazzling
— Mag. Period Comments stars seemingly suspended in an ocean of black ink. Within and
62 SC g‘; ggS +10 56 6.4 20 - surrounding the four bright stars that frame Orion’s torso—Betel-
r 4. +01.11  B.6-11.1 2 g geuse, Bellatrix, Rigel, and Saiph—are many of the finest deep sky
88 RN 05 06.9 -03 21 p g?zxd?S Semi-Regular objects found anywhere in the heavens.
| ocC 3§ zzzé's e el 22 28° (1934); 3962
L Ve 05 *16 3.0p 220’ \ b Collinder 65 is a large, bright open cluster found in extreme northern
| Dk 29.0 -0442 7.5-13.5 419.20 days L : riall Orion. While the cluster’s center is located in Orion, man of its stars
05298 +1232 y i ong Period Variable . y . s EOSRY i
’ 80" x 55 3° NW of Lambda bleed over into adjacent Taurus. Due to its full 2° diameter, wide-
"t 05320 -0018 2263 53" Orionis { angle glagses are best suitcd_ for taking in the entire cluster: Most of
‘ ** 05350 —0600 4.8’5:7 <o 359: (1932); 4134 the stars in Collinder 65 shine between 6th and 8th magnitude and
| OC 0535.1 +0956 2.8p 65’ Eii b(;:g)j 4182 are set within a diamond-shaped pattern.
rionis
. Vr 05351 -0444 6.9-8.1p " Cluster Delta Orionis (Mintaka) is a wide, bright double star that seems tailor
1 RC 05352 -0426 4.6 25" Eoesplar made for binoculars. Viewing the westernmost belt star through most
b 05354 -0450 4.75.3 6 glasses will unveil a 2nd-magnitude primary paired with a 6th-magni-
05354 -0525 4950 135" 314° (1926); 4188; tude companion. Both are type-B stellar infernos and shine perfectly
(Theta' > b white. The companion is found nearly a full minute of arc to the
“+ 05354 -0525 $2 g = Trapezium) primary’s northeast. Given_the estimatfed distance of about 1,500 light
R i . 2.9,6.5 52' ! 92° (1937); 4188 years from Earth3 the physical separation between the two stars must
| DN 05355 —0452 46 gg, : 60’ M42  Orion Nebula be nearly half a light year. Although binoculars do not show them, a
! DN 05356 —-0516 6.9 20" x :2. ) third and fourth star belong to the system: Delta C is a 13th-magni-
; M43; tude point of light to the southwest of Delta A, while the fourth star

| NW part of M42 is a spectroscopic companion to Delta B.



Collinder 69 encircles 3rd-magnitude Lambda Orionis, the northes
most star in the Hunter’s triangular “head.” Joining Lambda
fainter stars ranging from 5th to 9th magnitude. Especially notewe:
thy is a chain of three suns that stretch from Lambda southyy
toward unrelated Psi' Orionis.
NGC 1981 is a coarse open cluster found just north of the top star :
Orion’s sword. Seven-power binoculars have little trouble identifyi
eight or nine stars within the 25'-of-arc boundaries of NGC 198
while the remaining dozen or so fainter cluster members blend
light to form a soft background glow.

M42 (NGC 1976), the Great Nebula in Orion, dominates Figure 7,17
and is one of the finest objects found anywhere in the sky. To ¢
naked eye, the nebula is detectable as a hazy patch surrounding The
Orionis, the middle star in the sword. With binoculars, this a
unfolds into a glowing cloud of great intricacy. The Orion Nebula,
massive HII emission region, glows with a distinctively turquoise ¢
and may remind you of a cupped hand reaching toward the ma
stars that glow hotly within. Words and drawings fail to do justicet
this magnificent sight, nor can the finest photographs convey the sami
thrill as viewing M42 firsthand. Even as an observer gains experience
over the years, there will always be some aspect of M42 that has not
been noticed before, adding to the experience of seeing the Orion
Nebula.

Theta' and Theta® Orionis are found embedded within the great®
glowing cloud M42. Even the lowest power opera glass should haves
little trouble resolving them, as they shine at magnitudes 4.9 and 5.0;8
respectively, and are separated by better than 2’ of arc. Theta' is theSSS
famous Trapezium quadruple star. Although bright enough to be seef =8
through binoculars, the close proximity of these stars to one anothef
prevents their individual resolution in less than 11X glasses. Theta’y,
on the other hand, is an easily-split double star, with its magnitudeSs
5.2 and 6.5 elements severed by almost 1’ of arc. )

Appearing as a detached portion of the Great Nebula is the
comparatively small nebulous puff known as M43 (NGC 1982):
Although separable from M42 in 7x glasses, many observers never
distinguish the 15’ x 20’ patch of M43 as an individual object. INUSS
fact, while M42 was telescopically discovered in 1610, M43 was not
recognized until 1731.

The M42-M43 complex is but the brightest tip of a huge network
of nebulosity that litters not just the sword, but indeed the entir€
constellation of Orion. North of M42, at the top of the sword,

Figure 7.17 _

The wondrous Orion Nebula, . Rk
Shlight the sword of the Hunter. Also VISIDIC » @

H:!t-‘il::;t 1r:chlt:'lac NGC 1973-77-79 and the open cluster NGC 1981.

M42 (NGC 1976), and M43 (NGC 1982)
, above M42, are the

Photograph by George Viscome, who used a 3-inch /6.6 refractor, 15O

400 film, and a 12-minute exposure.



are three separately catalogued members of Dreyer’s New Genep,
Catalogue: NGC 1973, 1975, and 1977. Of these, only NGC 1993
is seen clearly through binoculars. Look for its warm, irregular fopm
engulfing four stars, including the wide double, 42 and 45 Orionjg!

Collinder 70 (Figure 7.18) is an open cluster that all of us have seen’
but few are aware that it is a cluster. This is because Collinder 70";'
surrounds and includes all three stars in Orion’s Belt. In all, 100 sum i
spanning 3° belong to this wide group. Most are brighter than 10gh
magnitude and are therefore visible in 7x50's. Although its large
expanse precludes detection in the narrow fields of most tL‘lCSCOpes,_
Collinder 70 is a delightful stellar family through low-power, wide-"
angle binoculars.

M78 (NGC 2068) is found within a spray of nebulosity about 3%4° east *

of Mintaka along the celestial equator. Discovered by Méchain in %
1780, M78 is strongly reminiscent of a faint comet. Two 10th-magni=*
tude stars located within the “head” of this false comet give the®
impression of twin nuclei, while the nebula’s “tail” fans out toward ™
the southeast.

Alpha Orionis, better known as Betelgeuse, is one of the most striking
stars visible in the night sky. Classified a type-M supergiant, Betel-*
geuse is seen as a distinctly orange or red 1st-magnitude beacon
marking the right shoulder of Orion. With an estimated diameter
equal to about 500 million miles (greater than the orbital diameter of*
Mars), it is probably the largest star visible to the unaided eye.
For visual observers, Betelgeuse is also noteworthy as the bright=
est star in the sky that is noticeably variable. Across a semi-regular =
2,110-day cycle, its output fluctuates between magnitudes 0.4 and

1.3. This change corresponds to an actual drop in light emission of
about 46%.

NGC 2169 is quite easily found to the southeast of the midpoint
between Nu Orionis and Xi Orionis in the Hunter’s raised right arm.
This is a small, bright open cluster, consisting of about 30 stars
ranging from magnitude 8 to magnitude 10. Binoculars reveal the
four brightest cluster members buried in a faint, misty glow. And
while you are in the area, be sure to scan the richness of the surround-
ing Milky Way fields.

Figure 7.18 : .
TI?:: three belt stars of Orion are the brightest members of th.c Imlc-

nder 70. Below is Orion’s sword, i_ughhp,hted h]l'
Coombs using a 150-mm lens at /5.6, 1SO 125

known open cluster Colli
M42. Photograph by Lee
film, and a 15-minute exposure.



 (Pav)

R.A. Dec.
s A e )
1 Vr 18522 -6211 3.4-44 Irregular;
Vr 18569 -6714 39-48 9.088 days  Cepheid; W Vi
52 gé i0s 595 54
" <
T B e e

Pavo, the Peacock, is another of the rathe i ]

» r nondescript
of the deep south that was added by Bayer in his Uf':mc;l;te
of 1603. Lying away from the Milky Way plane, Pavo cont

six deep sky objects of interest to bi l :
Sliet itehin dtecil nocular observers. Happily, ¢

Lambda Pz?vouis is one of the brightest irregular variables in the e
sky. f:lass:ﬁcd as a Gamma Cassiopeiae type of star, it un.
erratic ﬂucrqations between magnitudes 3.4 and 4 4 that m
followed easily through all glasses and even with the unaided

Kappa Pavonis may also be studied wi i A
: / also with or without optical aid.
longing to the W Virginis, or Type II, subclass of Ccphl:aid varia

this star changes wit!) great precision between about 4th and ¢
magnitude across a nine-day period. I

?:‘(j(é 6744 is one of the southern hemisphere’s finest galaxies. Lying
NGCeég;zis cast of a pleasant little asterism containing Theta Pave
gl appears through most glasses as a gentle glow highligh
ek esr coge. Most published estimates place its visual magni
A and 9.0, wh1c_h means that it will probably remain un
i ‘rough smaller binoculars, except on crystal clear nigh
elescopic photographs reveal NGC 6744 to be a magnificent, m

le- . :
fhroa::;}ﬁi t-barred spiral with an abundance of detail visible

gGC 3752 is one of the premium globular clusters in the sky, yet il
l_1':fms oomed to anonymity because of its southern declination. Foi
those fortunate enough to have a good view of Pavo, NGC 6752 m

4

S

eyed observers

urely be a favagite object. In fact, given good sky conditions, keen-
(lSve little trouble discerning it without any optical aid

at all as a dim smudge of light about 2° due east of 4th-magnitude
Omega Pavonis. Through binoculars, NGC 6752 appears as a bright,
perhaps slightly yellowish globe measuring about 5’ across. (Photo-
graphs increase its extent by a factor of four.) Resolution of the cluster

must remain with the telescope only,

as none of the approximately

100,000 member stars shine at greater than about 12th magnitude.
Studies indicate this swarm to be about 14,000 light years away,
making it one of the closer globular clusters to Earth.

gggasus (Peg)

R.A. Dec.

_ (2000)  (2000) Size/Sep!
Object Typ b m St Mag. Period Comments
85 *% (00022 +2705 5886 76" 330° (1932); 17175
NGC 7078 GC 21300 +1210 6.4 12’ M15
3 *+ 21377 +0637 6.0,8.3 39" 349° (1934); 15147
Epsilon ** 21442 +0952 2484 143" 320° (1913); 15268;
: Enif

~ AG Ve 21510 +1238 6.0-9.4 830.14 days Z And type
™ Vr 22040 +2821 7.0-9.2 956.4 days  Semi-Regular
NGC 7217 Gx 22079 +3122 10.2 3 x 2 Sh
NGC 7331 Gx 22371 +3425 9.1 10’ x 4' Sb
R Vr 23066 +1033 6.9-13.8 378.02 days Long Period Variable
w Vr 23198 +2617 79-13.0 344.92 days Long Period Variable
S Vr 2320.6 +0855 7.1-13.8 319.22 days Long Period Variable
3 3007 *+ 23 228 +2034 6.6,8.9 88" 311° (1956); 16713

Dominating the northern hemisphere’s autumn sky is the Great
Square of Pegasus. In mythology, Pegasus was the mighty flying horse
ridden by Perseus when he rescued Princess Andromeda from the
clutches of Cetus the Sea Monster. In the sky, we see only the front
half of Pegasus, with the horse’s body marked by the four stars
forming the square. Throughout Pegasus are several fine sights to
behold with binoculars, both within the Milky Way and beyond.

M15 (NGC 7078) is easily found about 4° northwest of Enif (Epsilon
Pegasi), the star at the tip of Pegasus’ nose. The 18th-century observer
Maraldi was the first to happen upon this globular cluster, in 1746,
with Messier rediscovering it in 1764.



Shining at magnitude 6.4, M15 may be seen with the una
eye on clear nights and is considered one of the showpiece object
the autumn sky. Most binoculars reveal it as a nebulous patch
of stars, although some stellar resolution is barely discernible in 2:
to 30X glasses if the observer uses averted vision.

M15 is unique among globular clusters in that it is the only
known to contain a planetary nebula. Called Pease 1 and discoy
in 1927 by astronomers at Mount Wilson Observatory, it |
weakly at photographic magnitude 13.8 and measures onl;' i
(certainly not a binocular object!). M15 is also famous as an

source, which may suggest that one or more supernova remnant
buried deep within.

AG Pegasi may also be found by first centering on Enif. The v
is located a scant 3'4° to the northeast. AG has long been a
autumn variable of mine. Across an erratic period, it varies fro © Beta
magnitude 6.0 to magnitude 9.4, which is bright enough to |
most binocular users to follow the star’s progress throughout its

Studies conclude that AG Pegasi is a member of the Z An
medae, or symbiotic family of variable stars. Symbiotic stars a
binary systems made up of relatively cool giant suns paired with
hot companions. The variations in magnitude result from p

of the cc')ol star along with some material exchange between the t
companions. X

Mel 20
IC 348

NGC 7331, a fine Sb spiral, is the brightest galaxy in Pegasus. Fout
, about 4° north-northwest of Eta Pegasi and just south of a
. double star of equal magnitude, NGC 7331 appears much

miniaturized version of the Andromeda Galaxy. Actually, it is
bit as large as M31, but lies about 66 million light years away. ’

- (mnﬁnucd)

'NGC 1245

NGC 1342

© NGC 1444
NGC 1499
NGC 1491
NGC 1513
NGC 1528
NGC 1545
NGC 1579
NGC 1582

R.A. Dec.i y
(2000)  (2000) Size/Sep!

Typ b m R Mag. Period Comments

OC 0219.0 +5709 43 30’ Double Cluster
(h Per)

OC 02224 +5707 44 30’ Double Cluster (Chi
Per)

Vr 02229 +5835 7.9-115 Semi-Regular

OC 02336 +5732 76 1’

OC 01373 | +5559 59 20"

Gx 02404 +3904 9.5 Ll < i E7p; lens-shaped
galaxy

OC 02420 +4247 5.5 35’ M34

Vr 03052 +3850 3.3-4.0 50 days Semi-Regular

Vr 03082 44057 2.1-34 2.867 days  Eclipsing Binary;
Algol

OC 03147 +4715 8.4 10’

OC 0322 +49 1.2 185’ Alpha Persei Cluster

OC 03316 +3720 6.7 15

OC/ 03445 +3217 73 10’ Around Omicron Per

DN

OC 03494 +5240 6.6 4’

DN 04 00.7 +3637 145’ x 40’ California Nebula

DN 04034 +5119 3’ ;

OC 04100 +4931 8.4 9'

OC 04154 +5114 64 251

OC 04209 +5015 6.2 18’

DN 0430.2 +3516 12/

OC 04320 +4351 7p 37"

** 04334 +4304 6.16.8 116" 198° (1913)

is comparatively close at 2.2 million light years.) Binoculars sl
I\{GC 7331 as an oval, 9th-magnitude sg:luc]l{ge of) grayish light t
diffuses rapidly away from a brighter core. k.
Surrounding NGC 7331 are many smaller galaxies, includi
the famous Stephan’s Quintet. All are much too faint for binocu

i (Per)
R.A. Deec,
(2000)  (2000) SizelSep/
Ty b m iy Mag. Period Comments
| Vr 01321 +5401 7.8-9.0 3.688 da Eclipsi i
| OC 01584 +5529 79 " i i i . ety B
Vr 02103 +5634 6.6-78 Irregular

Perseus is another member of autumn’s “royal family of the north,”
which also includes Andromeda, Cassiopeia, and Cepheus. According
to the popular legend, Perseus rescued Andromeda just as she was
about to fall victim to Cetus, the sea monster. For his valor, Perseus
was placed among the stars for eternity.

Sky watchers in the northern hemisphere see Perseus standing
high in the autumn sky. With the Milky Way’s plane passing through,
Perseus is a hero to amateur observers as well, with many fine clusters
and nebulae lying within the constellation’s borders.

NGC 869 and NGC 884 (Figure 7.19) are better known to most of
us as the “Double Cluster,” a striking pair of open clusters. Both may
be observed with the unaided eye as a faint, elongated smudge of light
situated about halfway between the “W?” of Cassiopeia and the “tp”



Figure 7.19 '
The magnificent Double Cluster (NGC 869 and NGC 884) in Perseus.
George Viscome used a 500-mm lens for this photograph.

of Perseus. In fact, their combined brightness attracted the eyes of
stargazers as long ago as 150 B.c., when Hipparchus first noted them,
The clusters were later assigned the alter egos of h Persei and Chi'
Persei by early celestial cartographers. 4

Through binoculars, both clusters erupt into vast collections of
stars set against a strikingly beautiful field. NGC 869 (the western-"
most cluster) consists of about 200 suns, while NGC 884 holds about
150 stars. Both are composed primarily of hot type-A and type-B
supergiant, superluminous suns, with many colorful red supergiant
stars also strewn across the region.

Studies indicate that the two clusters are not physically linked
to one another, nor do they appear to have had a common origin. -
NGC 869 is estimated to lie about 7,100 light years away and is
thought to be about 5.6 million years old. NGC 884 is a bit farther
away from us at 7,500 light years and a bit younger, with an estimated
age of 3.2 million years. Each is about 70 light y€ears across. '

Trumpler 2 is a pleasant open cluster found about 2° west of Eta
Persei at the constellation’s northern “tip.” Twenty blue and white
stars of 7th magnitude and fainter populate the group, with about
half bright enough to be seen through 7 glasses. Most of the stars are

gathered near the cluster’s southern perimeter and set in a rectangular
pattern.

M34 (NGC 1039) is an outstanding open cluster easily spotted along
Perseus’ western border. Credited with its discovery in August 1764,
Messier described it as “a cluster of small stars a little below the
parallel of Gamma Andromedae.”

M34 stretches across better than half a degree and holds 60
stars within its gravitational grip. Most shine between 7th and 13th
magnitudglnd twinkle with pure white glows. A tight central knot
of stars hfghlights the group, while other stellar members disperse
outward toward its edges. All appear bathed in the misty glow of
fainter, unresolved stars. M34 lies about 1,400 light years from Earth
and is indeed a grand target for binoculars.

Beta Persei, better known as Algol, is the premier eclipsing binary
star of the northern sky. With precise regularity, it fluctuates between
magnitudes 2.1 and 3.4 with a 2.867-day period. During its cycle,
this binary’s type-B primary star is alternately covered and exposed
by a fainter type-G companion, causing the overall dimming and
brightening effect that we witness here on Earth. The fading lasts for
about 10 hours as the companion passes behind the primary along
our line of sight. As the companion moves off the primary, Algol
returns to peak brightness. A second, minor dip in brightness occurs
as the companion passes in front of the primary.

The apparent brightness of Algol keeps it well within the range
of observation of both the naked eye and binoculars across its entire
cycle, thereby making it an ideal star for fledgling variable star observ-
ers to follow. To track Algol, compare it periodically with stars of
known brightness in its immediate surroundings.

Melotte 20 (Figure 7.20) is not an open cluster in the truest sense of
the term, but rather a loosely-bound stellar association. Also known
as the Perseus OB—3 or the Alpha Persei Association, this group covers
a 3° zone of sky and contains about 70 stars down to 10th magnitude,
including 3rd-magnitude Mirfak (Alpha Persei). Estimates indicate
that these stars are mere stellar infants, with an average age of about
51 million years. All lie 550 light years away.

Through binoculars, this magnificent region literally explodes
with beauty. Many stunning blue-white starry jewels are scattered
throughout the region in numerous small clumps and asterisms.
Against the backdrop of the rich star clouds of the Milky Way, Melotte
20 is truly the stellar diamond mine of the northern autumn sky.



0.20

20 embraces a ﬁpe array of stars, including Alpha Persei to the right of center.
aph by George Viscome using a 135-mm lens, ISO 400 film, and a 15-minute

| 8

NGC 1499, the California Nebula, seen in Figure 7.21, is a paradoxi-
cal object. At times, it can be glimpsed with the unaided eye, while at
others it is invisible through large amateur telescopes. The difficulty
in finding the California Nebula stems from its large surface area,
which spans 145’ x 40'. While its combined light may equal 6th
magnitude, the corresponding surface brightness drops to nearly 14th
magnitude due to the cloud’s vast extent. Still, given ideal conditions,
several keen-eyed observers have noted NGC 1499 using only a neb-
ula filter.

Although I have never seen it without some optical aid, I have
clearly noted the entire “state” in 7%50 binoculars equipped with

nebula filters. Increasing to 11x80 binoculars (still with the filters in

Figure 7.21

The elusive California Nebula (NGC 1499) in Perseus. Photograph by
Martin Germano using a 135-mm lens at f/3.25 and a 25A filter, hypered
Technical Pan 2415 film, and a 50-minute exposure.

place), some of the cloud’s delicate texture could also be discerned.
Without the filters, it should be noted, NGC 1499 vanished.

NGC 1528 and NGC 1545 form a pair of open clusters in northeast-
ern Perseus. The former consists of about 40 stars, although only one
or two are bright enough to be resolved through most common
binoculars. The remainder form a hazy glow measuring 25’ of arc
against the background sky.

NGC 1545 is somewhat smaller than NGC 1528, although I feel
it is a bit more impressive through binoculars. A collection of 20 stars
is held within an 18’ region, with about half a dozen stars brighter
than 10th magnitude. Once again, the unresolved cluster stars blend
into a faint, distant glow.



ix (Phie)

R.A. Dec.
(2000)  (2000) SizelSep!
Typ b m e Mag. Period Comments

Vr 01084 —5515 3.9-4.4 1.670 days  Eclipsing Binary
Vr 01199 -5555 8.1-14.4 331.20 days  Long Period Varia}
Vr 23565 —-4917 7.5-144  267.86 days Long Period Vs
Vr 23591 -5635 8.6-10.6p 141 days Semi-Regular

Phoenix, devised by Bayer in 1603 and named for the mytho !
bird, occupies a barren portion of the southern autumn sky
north and west of the bright star Achernar in Eridanus. Althoy
region is peppered with galaxies, all are very faint and lie bel
limits of binoculars. Instead, we find only a handful of closer-to
objects to view. -

Zeta Phoenicis, an eclipsing binary, is the brightest of the four
stars visible with binoculars within this constellation. Zet
rapidly between magnitude 3.9 and 4.4 as the speedy, unseen
ary races around the primary to complete an orbit in just 40 |
Its quick cycle permits observers to see the star’s brightness

over the course of a single night. Newcomers to variable star ob
tion should note that, because of the subtle fluctuation in mag
it can be difficult to measure Zeta’s change in brightness accu
Slow, methodical comparison with neighboring stars of known, f

brightness is the key to success. Look for Zeta about 5° northw
Achernar in Eridanus.

Pic)

R.A. Dec.
(2000)  (2000) SizelSep! :
_TJ’P h m A Mag. Period Comments

Vr 04462 -4915 6.7-100 164.2days Semi-Regular | N
Vr 05110 -4830 6.5-14.0  426.61 days Long Period Variable

:: 05248 -5219 6.8,6.8 38” 287° (1938)
! 05572 =5326 6575 36" 304° (1938)
* 06163 -5913 6.4,8.0 40" 229° (1950)

b+ o - e -

Lacaille carved Pictor, the Artist’s Easel, from a region of stars sand-
wiched between brilliant Canopus and the constellation Dorado. The
Easel is never well seen by northern hemisphere residents due to both
its far southern location and the faintness of its stars. Pictor’s brightest
sun, Alpha Pictoris, is situated in the constellation’s extreme southern
tip and shines at a conservative magnitude 3.7. It is visible only from
latitudes below +20°. Pictor offers only a sprinkling of double and
variable stars suitable as targets for binoculars.

R Pictory‘esidcs about 3° west of a weak asterism of about 10 stars
surrounding and including Eta' and Eta’ Pictoris. R is known to be
a red semi-regular variable with a period that averages approximately
23Y> weeks. During that time, it changes from magnitude 6.7 to 10.0.
This means that observers with 10X and larger glasses should be able
to follow it through its entire cycle, while it will probably become lost
toward minimum light through smaller binoculars.

Theta Pictoris lies in a fairly rich star field in central Pictor, about 15°
directly west of brilliant Canopus. Through 7Xx and larger glasses,
two of the three stars in this system are visible as identical 7th-
magnitude points of white light. (The third star is also 7th magnitude,
but lies less than 0.5" from Theta A.) Lower power binoculars will
find clean resolution quite challenging because of the stars’ closeness.
It is always an interesting test of an observer’s talent, sky steadiness,
and instrument quality to see just “how low you can go” and still be
able to split a double star like Theta Pictoris. Why not try your luck
on the next clear evening? ‘

Pisces (Psc)
R.A. Dec.
(2000)  (2000) SizelSep/
Object Typ b m e Mag. Period Comments
Psi' . 01056, +2128 5.6.5.8 30" 159° (1832); 899
77 01058 . +0455 6.8.7.6 330 83° (1833); 903
RT Vr 0113.8 +2708 8.2-104p 70 days Semi-Regular
z Vr 0116.1 +2546 8.8-10.1p 144 days Semi-Regular
R Vr - 0130.6 +0253 71-14.8 344.04 days Long Period Variable

Swimming among the faint stars of the barren autumn equatorial sky
is the zodiacal star group Pisces, the Fishes. This constellation, which
contains no stars brighter than 4th magnitude, copies a large, V-



shaped wedge between Pegasus and Cetus. Although it is not obyj

gravitational influence on the other at that distance, but it has been
to the naked eye, Pisces is among the oldest constellations in t

suggested that at some time in the past, both were members of a

with its origins tracing back to ancient Babylon.

Pisces offers only a handful of double and variable stars
for binoculars. A quick glance at a detailed star atlas will show
the constellation is teeming with galaxies, but sadly, all are too faj
to be resolved in binoculars.

Psi' Pisciu_m is a challenging double star consisting, of approxim: (‘;2030) rg)egb) SizelSep/
ﬁth-rpagmtudle suns lying east of the northern fish’s figure. Th biect Ty b & i Mag. Period Comments
in this true binary system are separated by only 30" of arc, 9_1“ ;
them resolvable, although with difficulty, through tripod-mou NGC 2298 GC 0649.0 —3600 9.4 7 _
7% binoculars. (Without a steady support, resolution is all but im 5 N MR i oR, 2.6-02 14(.}°42 v ol
sible.) Glasses of 11x or greater will more readily show both type Cr 135 O _ig ‘512 ‘;J ig
suns, with Psi'B located to the southeast of Psi'A. - %‘; 66 gg g; gg; :24 02 7.9 5
NGC 2396 OC 0728.1 -—1144 74p 10’
1 Bochum 5 OC 07309 -1704 70
Austrinus (PsA) Bochum4 OC 07310 -1657 7.3
R.A. Dec. = Vr 07326 -2040 72-14.6 4?9.67 days Long Period Variable
(2000)  (2000) SizelSepl NGC 2414 OC 07333 ~-1527 79 4
g e T i bl Comminl NGC 2421 OC 07363 —2037 83 10’
) - NGC 2422 OC 07366 -1430 4.5 30 M47
o 22315, —32.21, .4.4.7.9 30" 172° (1952) NGC 2423 OC 07371 -1352 6.9 20’
*> 22366 -3140 5.8,76 90" 31° (1918) j Mel 71 OC, 07378 .. =12.04. .71 o
a2 397 . =2820, 63,73 87" 160° (1951); 16149 Bochum 15 OC 07401 -3333 6.3 .
% 22876 =2937 1265 7200" Fomalhaut Haffner 13 OC 07 40.5 -=3007 1%
‘NGC 2439 OC 07408 -3139 6.9 10’
Piscis Austrinus swims through the southern skies of autumn. :gg ;ﬁ; 8?; g; :};% _;‘; ;3 g ; Z' ﬁ;g
northern cousin Pisces, the Southern Fish consists mostly of fain NGC 2451 OC 0745 :4 -37 58 2.8 45’
that are difficult to detect with the naked eye. While the fish’s NGC 2453 OC 07478 -2714 8.3 5
is somewhat ambiguous, its presence is easily detected by the con NGC 2477 OC 07523 -3833 5.7 27
lation’s brightest star, Fomalhaut. NGC 2467 OC/ 07 52.6 -2623 71p 16'
DN
Fomalhaut (Alpha Piscis Austrini), listed as the 18th brightest star T NGC 2482 OC 07549 -2418 73 12
f the sky at magnitude 1.2, is made even more conspicuous by the Ir9 OC 0755.3 -25 56 8.7 6’
total absence of any nearby bright stars. Although the spectrum of EGC 2483 "0, 07 53,9 ., 27,36 , 76 i
Fomalhaut reveals it to be a white type-A star, many observers at AIE; <2489 06 A nad s O 02 . :
mid-northern latitudes comment on its apparent reddish tinge, un- Ru 44 b AL L1 _gg (3)7 7';_7'8 §1084 RAIR . Sheic
doubtedly an atmospheric effect. Cr 173 8(C: g; 32.0 _46 ; %6 :
: k . 3 = -6p 370
Although Fomalhaut is usually not listed as a true binary star. NGC 2527 OC 0805.3 -2810 6.5 22
studies have identified a magnitude 6.5 red dwarf (catalogued as G NGC 2533 OC 08070 ~-2954 7.6 4’
. 31978) lying about 2° to the south that seems to share Fomalhaut NGC 2539 OC 08 10.7 -1250 6.5 21!
| proper motion through space. With Fomalhaut considered to be abe Ru 55 OC; 083231 ~32:36 78 17'
23 light years away, the two stars must be separated by close NGC 2546 OC 08 124 -3738 6.3 41’ g

one light year! Certainly neither sun could exert any appreci

sparse open cluster that has since dissipated.

(Continued bn next page)



inued)

R.A. Dec.
(2000) (2000) SizelSep/
Typ b m gt i Mag. Period Comments
OC 08 12.6 —40 28 42’
Ve 08131 -3435 6.5-76 41.388 days Cepheid 5
Vr 08135 -2357 8.0-109p 2.192days Eclipsing Binary
700, 08 I%6  —3038 74 10’ ;
1 OC 08189 =2944 70 13’
.0C 08 211 . =3611 75 10’
GC 08225 - —3610" 7.8 Gt

Many readers may be familiar with the tale of the mythological |
Argo and how it was built by Argos for Jason. Jason then
along with a crew of 50 Argonauts in search of the golden
When their voyage was over, Athena placed the ship in the

Although it never rose much above the southern horizon
mid-northern latitudes, the constellation Argo Navis contained
800 naked eye stars within its huge borders. Due to its vast e
the constellation was divided into four component constellatio
astronomers of the late 19th century. Today, these smaller co
tions are known as Puppis, the Stern; Pyxis, the Compass; Vel

Sails; and Carina, the Keel.

L* Puppis is a bright variable star found about 12° northeast of
liant Canopus. Classified as semi-regular, L? is a vivid red typ
sun.that flickers between magnitudes 2.6 and 6.2. Its remarkal
brightness across this entire range makes L* an ideal star for s
through binoculars, or even with the naked eye. Observers sha
note that the listed period of 140 days is merely an average; the a
time span between maxima or minima can vary greatly.

Collinder 135 lies just south of the Canis Major border. A coa
open cluster, it spans nearly a full degree and contains many brigh
stars, including 3rd-magnitude Pi Puppis. Binoculars also revea
double star v' and v* Puppis, an easily resolved 4th-magnitude p
of luminaries. A single Sth-magnitude star combines with Pi and
v'-v* duo to give the cluster a distinctive triangular shape. Scatter
throughout are at least a dozen fainter stars that contribute to t
i overall charm of this little-observed group.

For dwellers of the northern hemisphere, Puppis is the
familiar part of the fragmented archaic constellation Argo N:
lies east of Canis Major, in an area notably absent of any bright stz
Although it lacks naked eye luster, Puppis is rich in deep sky treasut

e o= - g o

M47 (NGC 2422) is one of the brightest and most appealing clusters
in Puppis. Its 30 stellar members range in brightness from 6th to 12.th
magnitude, with more than half visible in 7X glasses. All shine with
the sparkle of blue-white stellar sapphires against a velvet-black back-
ground. Surrounding M47 is a grand star-filled field highlighted by
the striking orange star KQ Puppis to the cluster’s west.

NGC 2423 lies just to the north of M47. Seven-power glasses resolve
a lone 9th-magnitude point against the blur from the light of 40
fainter spfrs. Overall, NGC 2423 shines at 7th magnitude and extends
across 20’ of arc. Estimates place it about 2,800 light years away,
nearly twice the distance to M47.

Haffner 13 appears as a small knot of stars in western Puppis. Fifteen
suns are believed to belong to this group, but only seven are bright
enough to be seen clearly through binoculars. Unfortunately, the star
fields that enclose Haffner 13 are almost as rich as the cluster itself,
making positive identification difficult. As an aid, look about 1° south-
west of 3 Puppis for a close-set pair of 8th-magnitude stars, with a
lone 7th-magnitude point of light just to their southwest. All three of
these stars are located within the cluster.

NGC 2439 islocated about 1'4° due south of Haffner 13. Studies show
that 80 stars join to form this 10-arc-minute-diameter open cluster,
although most of the cluster’s constituents are too faint to be seen
in binoculars. Through most glasses, NGC 2439 appears as a 7th-
magnitude glow peppered with a single bright star and a few fainter
points. The brightest star in the cluster is golden R Puppis. Though
known to be a semi-regular variable, it fluctuates with great subtlety
between magnitudes 6.56 and 6.87.

M46 (NGC 2437) lies only 1° east of M47. Both open clusters were
discovered by Messier in February 1771. M46 is a rich congregation
of about 100 stars ranging from magnitude 9 to magnitude 13. Smaller
binoculars will show only a hazy glow, while giant glasses are capable
of achieving partial resolution.

Invisible in binoculars, a tiny planetary nebula lies on the clus-
ter’s northern edge. This is NGC 2438, glowing softly at 11th magni-
tude and measuring 65” of arc across. Once believed to be physically
associated, the cluster and nebula have since been shown to be sepa-
rate entities. M46 is thought to be 5,400 light years away, while NGC
2438 is about 3,000 light years distant.



M93 (NGC 2447) lies about 1'2° northwest of 3rd-magnitude
Puppis and directly along the galactic equator. Messier was first
chance upon this fine open cluster back in March 1781, when
described it as a “cluster of small stars ... between Ca,nis v
and the prow of (Argo) Navis.”

M93 is a pretty sight in binoculars. Of the 80 stars that compgi
this 3,586-light-year-distant flock, only about one in ten are by
e?ough to be evident in 7x50's. The rest mix into a dim, triangy|
glow. 3

NGC 2451 is a striking, but often ignored, open cluster in the s
ern part of the constellation. Of its 40 member stars, 30 shine y
range of binoculars, with the remainder creating a vague back
shimmer. Highlighting the scene is ¢ Puppis, the cluster’s b
star. This red beacon stands out well amid a bevy of blue-whit
jewels. With an apparent diameter of 45 arc-minutes, NGC 24
too broad to cram into a telescope’s field, but it is ideal for the
field of binoculars.

NGC 2477 is found about 1° southeast of neighboring NGC
and just north of 4th-magnitude b Puppis. Pale in comparison to
2451, it is still worthy of mention. With 7X, it appears as a s
smudge of grayish light about the size of the Full Moon. In
to 11X or higher may just begin to reveal the brightest of the clus
160 stars. None of the stars shine at brighter than 10th magnituc
and all require exceptionally clear nights for easy detection. i

NGC 2527 is located about 4° south of Rho Puppis. Forty suns, 1
of 9th magnitude or below and scattered across 22 of arc, pop ila
the open cluster. Look for a soft glow surrounding eight or ni
th’e brighter cluster components, including an 8th-magnitude sta
lying on the group’s eastern edge. "

NGC 2539 is another open cluster that is easy to glimpse throug
nearly all binoculars. The light of its 50 suns combines to magnitu
6.5, which makes it visible even without optical aid. Seven-po
glasses show it as an ill-defined blotch of light apparently touchi
the unrelated Sth-magnitude star 19 Puppis. By switching to higl
power, some of the cluster’s true magnitude 9 to 11 stars suddel
appear throughout.

NGC 2546 is a loose grouping of about 40 stars ranging from ma
tude 6 to magnitude 11 and strewn across 41’ of arc. In large
binoculars, look for a collection of about 20 9th-magnitude stars set

within a soft glow and framed by an isosceles triangle of three 7th-
and 8th-magnitude suns. That “glow” is NGC 2546. As is true with
nearly all large-diameter open clusters, NGC 2546 is better seen
i through giant binoculars than with nagrow-field telescopes of “nor-

mal” focal length.

Ruprecht 56 hugs the southern border of Puppis. Earth-based observ-
ers see this open cluster as a relatively loose gathering of 40 stars of 8th
magnitude and fainter spread across nearly %°. Although the dimmest
cluster stfs are undetectable in binoculars, 15 suns shine forth in 7x
glasses #f the cluster is high enough above the horizon. Helping to
pinpoint the exact location of Ruprecht 56 is 3rd-magnitude h’
Puppis, superimposed on the cluster’s eastern border. Apparently the
association is not physical, as the star seems to be only a chance

foreground object.

NGC 2571 is a collection of about two dozen magnitude 9 suns lying
near the eastern edge of Puppis. The combined light of this open
cluster’s stars equals 7th magnitude, but resolution of individual stars
seems reserved for 10x and larger instruments. Look for NGC 2571
within a triangle of 7th-magnitude stars.

Pyxis (Pyx)

R.A. Dec.
) (2000)  (2000) SizelSep/
Object Typ b m R Mag. Period Comments
NGC 2627 ©OC 08373 =2957 84 11"
T Vr 09047 -=3223 6.4-14.0 7,000 days? Recurrent nova
NGC 2818 OC 09 16.0 -3637 8.2 L

Pyxis is the smallest of the four constellations formed from the archaic
constellation Argo Navis. Commemorating that ship’s navigational
compass, Pyxis lies in the southern sky of early spring, just east of
our galaxy’s plane. Its brightest stars, of the 3rd and 4th magnitude,
can easily be overlooked by naked eye skywatchers. Still, the region
is a pleasant one to scan with wide-angle binoculars, although few
objects of interest are to be found.

T Pyxidis drew the astronomical world’s attention to tiny Pyxis in

May 1902. That month, from seemingly out of nowhere, this 14th-

magnitude sun suddenly brightened to a peak magnitude of 7.3. Over
AT



brightness for comparison and estimation of R’s magnitude. R fades
completely from view through binoculars as it heads for the 14th-
magnitude minimum, but returns in about four months on its way

< toward the next peak. , 4

the next seven months, it dropped back to its original lum .
Further investigation found that the star had experienced a
novalike flare 12 years earlier in 1890, but the outburst
unnoticed at the time.

Another flare of T Pyxidis occurred in 1920, when ¢
reached magnitude 6.3. This event led astronomers to
Pyxidis the first recurrent nova, a rare and new breed of variable
Since then, T Pyxidis has burst forth twice more, in 1944 and
in 1966. A 19-year cycle has been suggested, which, if true
that we are now overdue for the next flare. Observers would’
to make it a point to check this most unusual star regularly

. itta (Sge)
| sﬂ g R.Aj} Dec.

activity. (2000)  (2000) SizelSep!
 Object Typ b m L Mag. Period Comments
U Vr 19188 +1937 6.6-9.2 3.381 days  Eclipsing Binary
(um ( Ret) Epsilon *» 19373 +1628 S5.78.0 89" 81° (1949); 12693
3 Harvard20 OC 19531 +1820 77 7
R.A. Dec. " NGC 6838 GC 19538 +1847 8.3 4 M71
(2000)  (2000) SizelSeb/ S Vr 19560 +1638 5.3-6.0 8.382 days  Cepheid
B el sstrieaers i Shes i aa Wz Vr 20076 +1742 70-155p 11,900 Recurrent sova
s g. Period Comments 1 days? (1978)
* 03182 -6230 5255 310 216° (1952) Theta ++ 2009.9 +2055 6.5,74 84" 223° (1949); 13442;
** 03382 -5947 71,89 58" 271° (1916) optical
Vr 04335 -6302 6.5-14.0  278.28 days Long Period V:
** 04336 -6249 5992 32" 99° (1917); test for

Sagitta, the Arrow, is one of the smallest constellations in the summer
sky. Composed of a tiny triangle of three stars aimed toward a fourth,

giant binoculars
: the celestial Arrow has been associated with several mythological

Wedggd between Hydrus, Horologium, and Dorado in the far sout
ern winter sky is the small constellation Reticulum, the Net. Wit
principal stars set in a diamond pattern, this constellation lies to
northwest .of the Large Magellanic Cloud and stands out quite
Bn dark skies. ln_ fact, a portion of the constellation (from Alph

elta) offers an interesting field of isolated bright stars when vie
through low-power binoculars.

Ze.ta l,leticu]i is a wide double star of great beauty set near the constel-
lation’s western border. Both stars have a common proper mo
and are spectral type-G, the same as our own Sun. Their Sth-magr
tude golden glints, separated by about 5’ of arc, are quite evi '

through all binoculars. They shine i .
. 3 y shine in stark cont
rounding black abyss. contrast against the sur:

R Reticuli is a fine example of a classic long period variable s
for study through binoculars. Toward maximum brightness, whi
occurs every 278 days, R shines at close to magnitude 6.5 ’with
strong reddish tint. Surrounding it is a good selection of stars of fixed

arrows of ancient times. One of the most popular myths describes
Sagitta as the weapon used by Apollo to slay the Cyclops. Other
stories hold it to be an errant arrow shot by Sagittarius, the Archer.

The entire constellation crosses a fine star field for binocularists
to just sit back and slowly scan. Throughout are many pleasant little
asterisms to be seen by the inventive eye, as well as the seven deep
sky objects listed here.

U Sagittae lies to the west of the Arrow, near Collinder 399 in neigh-
boring Vulpecula. U is a fine eclipsing binary for study with binocu-
lars. Over the course of about 34 days, it changes from magnitude 6.6
to 9.2 and back again as the blue-white primary star is partially
covered and uncovered by a smaller, unresolvable yellow companion.

Harvard 20 is found to the south of the four brightest stars in the
Arrow. It consists of about 20 dim suns, making positive identification
difficult due to the stellar richness of the surroundings. Most glasses
simply reveal only two 9th-magnitude cluster members engulfed in a
soft smudge of light. i

pram——




M71 (NGC 6838) is an unusual object—a rich, greatly compp,

cluster consisting of 12th-magnitude and fainter stars. Since its dj i
ery in 1775, M71 has been a difficult object to classify. Many v ;{030 (2)856) Size"Sepf
_rcferences still designate it as a very dense open cluster similar g £ o, T L ,,)3 ol Mag. - Period Comments
in Scutum, but most modern authorities hold that it is a glg Object P :
cluster. Regardless of its true nature, binoculars disclose only a sub —T;E;__ OC 1809.6 -2359 64p "
glow set within a glittering star field. ) NGC 6568 OC 18128 -2136 8.6p 13’ _
T B nnc mo o i o
agittae is of the rare breed of stars known as recurrent noy B92 RS :
Usually seen only dimly if at all, recurrent novae suddenly ﬂl;tre- 4 M24 OC 18 ;6' r: ig ?3‘ ;g ??, Small Sgr Star Cloud
many as ten magnitudes in a matter of hours, remain at peak b NGC 6595 8(: ig 1;6 Tl OE6 9 2416 days  Eclipsing Binary
Ec_ss for a short period, and then subside to their original, pre ;}ISGC 6603 OrC 18 18.4 ~18 25 1‘1.1p. 5 In M24
nghgne?'ls.' h i i ; NGC 6613 OC 18 19.9 -17 08 6.9 i Mi18
uch is the case with WZ Sagittae. In 1913, and again in NGC 6618 DN 18208 -1611 7 46’ x 37 M17 Omega
and 1978, this strange star rose from about 16th magnitude to Nebula
7th .magmtlnde. In Fach instance, it took the star less than a Y Vr 18214 -—1852 5.4-6.1 5.773 days  Cepheid
attain maximum brightness and between 40 and 60 days to settle NGC 6624 GC 1823.7 -3022 8.3 6'
to 16th magnitude. Astronomers have concluded from spectrose NGC 6626 GC 18245 -2452 6.9 1’ M28
studies that WZ is a white dwarf star that normally shines with RV Ve 18279 -3319 72-14.8 317.51 days  Long Period Variable
V2 Of the Sur_l’s intrinsic luminosity. At peak, however, it blazes NGC 6638 GC 18309 -2530 9.2 5 :
30 times bngbrer than our star. A period of 11,900 days has NGC 6637 GC 18314 -3221 77 . ' R
Sﬁig;:zs(t)eldd which means that WZ Sagittae may flare again aro {? gres (3:: }g ;ig :g ;1)“; :,'g_n 22745 days Edi’shdd (in M25)
! NGC 6642 GC 18319 -2329 8.3 5 :
arius V1017 Vr 18321 -2924 6.2-14.7p Z And type?
(Sgr) NGC 6652 GC 1835.8 -3259 8.9° 4’
R.A. Deec. NGC 6656 GC 18 36.4 —2354 5 24’ M22
(2000)  (2000) SizelSep/ NGC 6681 GC 18432 -3218 8.1 8’ M70
Typ b m {hnl) Mag. Peviod Commenti IR V350 Vr 18453 -2039 71-78 5.154 days  Cepheid
Dk 17465 -2011 ; - - - V356 Vr 18479 -2016 7.0-79p 8.896 days  Eclipsing Binary
o sty R NSO e bl PO Oph 2 Vr 18495 -1643 70-78  9.553days  Cepheid
B R e 8, - 19:08 0005 s 7.012 days  Cepheid 1 Rul45  OC 18505 —1805 35’
N i 60 2100 s 27" 7 SRR BB Vr 18510 -2018 6.7-7.3  6.637 days Cepheid
ey 29' x 27" M20 Trifid Nebul Cr394  OC 18535 =-2023 6.3p 22’
Boc. 8034 . 3754 75 o NGC 6716 OC 18546 ~—1953 6.9 7
e R el 6 NGC 6715 GC 18551 -3029 7.7 . 9" M54
ST 5 i NGC 6723 GC 1859.6 —3638 7.3 1
[ DN 18038 -2423 58 , _ Regions in M8 ST Vr 19015 -1246 7.6-16.0  395.12days Long Period Variable
| Dk 18 04'3 oo & 90, X 40 M8 I’..agoon Nebula RY Ve 19165 -3331 6.0->15.0 Irregular; R CrB type
P oc! de it 'eas A 12’ Parrot’s Head Nebula NGC 6774 OC 19166 -—1616 30’ :
b 00 10 gisis i daaia0r. ¢ 13 M21 R Vi 19167 -1918 6.7-12.8  268.81 days Long Period Variable
do e Sidiastios 15 MS cluster NGC 6809 GC 1940.0 -3058 70 19’ M55 ;
’ Vr 18 05'0 -29 35 4'3 5.1 ; y 54 **  1940.7 -1618 5.4,8.9 46" 42° (1932); 1276
8% ik -3-5. -5?5 days  Cepheid NGC 6822 Gx 19449 -1448 9.2 10’ Ir+ Barnard’s
C 118.:07.2 2320 8.0 13 Galaxy
SC }3 3;3 e byl 9! V505 Ve 19531 -1436 6.5-7.5 1.183 days  Eclipsing Binary
. 1 -2213 6.5-12.5 732days  Semi-Regular RR 19559 —2911 5.6-14.0  334.58 days Long Period Variable

Vr

___(Continued on next page)



nued)

R.A. Dec.
(2000)  (2000) SizelSep!
Typ b m i S Mag. Period Comments
Vi 19587 —4151 6.0-13.8  240.31days Long Period Variable
§ GC 20061 -2155 86 6’ M75
Vr 20069 -2713 9.0-11.0p Irregular 1
Ve 20177 —3907 6.0-141  305.31days Long Period Variable 18

Sagittarius is where the action is! In mythology, he was a centaur
known for his skills as an archer. Our ancestors saw him keeping a
watchful vigil over Scorpius to make certain that the scorpion did not
misbehave. In today’s sky, Sagittarius serves to mark the direction
toward the center of our stellar megalopolis, the Milky Way. B

To the unaided eye, Sagittarius bears little resemblance to a
centaur, but is frequently likened to a teapot in profile. Observers in
the northern hemisphere need a clear view to the south to see Sagitta-
rius as it skims the southern horizon on warm summer nights. For
amateurs close to and south of the Earth’s equator, he blazes near the
zenith, permitting an even more spectacular view of the treasures:
within (Figure 7.22). Indeed, there are so many wonderful deep sky =
objects scattered among the stars of the Archer that a whole book =
could be written just on them alone. Here, we highlight some of the
more striking examples, as well as some of the lesser known sights.

en cluster M23 (NGC 6494) at the
lower right. Photograph by Martin
let filter, hypered Technical Pan

M23 (NGC 6494) leads off our tour. Discovered by Messier in 1764, =
this is a rich open cluster of about 120 stars compressed into an area
as large as the Full Moon. Most binoculars reveal a grainy texture,
with a few of M23's brightest stars just breaking through a cloud of

fainter suns. An unrelated 6th-magnitude star lies just beyond the
cluster’s northwest corner.

S-mm lens at f/4 and a minus vio

nake Nebula (Barnard 72) at the
2415 film, and a 30-minute exposure.

hiuchus border, highlighted by op

M20 (NGC 6514) is seen through most binoculars as a small, rela- 8hn D
tively faint puff of nebulosity about 4° north of the teapot’s spout. Qf
These diffuse clouds can be rather difficult to discern through small 3 e g
instruments on hazy summer nights. Perhaps those were the cond_i- N g; E
tions experienced by Messier when he first spotted M20. From his ~ B g
description, it seems that Messier may have never actually seen the E i E, z
tenuous interstellar clouds, but rather only the nebula’s associated FE 25
open cluster. William Herschel was the first to note that the nebulosity '

is cut into thirds by dark lanes. These apparent divisions have led to
M20 being nicknamed the Trifid Nebula.

M8 (NGC 6523) is considered by most observers to be the premier

217
diffuse nebula of the summer sky. On dark, moonless nights, it is



visible to the unaided eye as a hazy “island” amidst the “riv
our galaxy. Binoculars display a glowing cloud of great ing
sliced in half by a dark lane, or “lagoon,” of obscuring dust

Messier described M8 as “a cluster which looks like a ne'- '
an ordinary telescope . . . but in a good instrument one observes
a large number of small stars.” His account is especially inte
since the open cluster NGC 6530 lies in the foreground of M§.
6530 is loosely comprised of about two dozen 7th- to 9th-ma e
stars and is a striking complement to the surrounding clouds, B: '-
separately catalogued the regions of dark nebulae within the Lag :
}\Ie_bula as Barnard 88, 89, and 296 in his famous list of darl
osity.

M21 (NGC 6531) is another large, bright open cluster that is
standing in binoculars. Found less than a degree northeast o
Trifid Nebula, it claims three dozen stars shining between magni
8 and 12 within a span of 13’ of arc. If it were situated alone i
sky, M21 would still be a fine showpiece object. However, the a
beauty of its magnificent surroundings moves this open cluster
ranks to a “true stellar gem.”

M24 is an unusual member of the Messier catalogue in many v
For years, many deep sky object references identified it as NGC
a small, tight open cluster in Sagittarius. However, this identifi
would seem to be in conflict with Messier’s own description,
reads,‘ “a large nebulosity in which there are many stars of di
magnitudes . . . diameter 1° 30".” It was first suggested by [
Glyn Jones of the British Astronomical Association that M24 is
ally'a lal"ger region encompassing NGC 6603 and known as th
Sagittarius Star Cloud. M24 is therefore easily visible to the n
eye whenever the summer Milky Way is present. Look for a brigh
region along the mainstream of our galaxy south of the more p:
nent Scutum Star Cloud. Binoculars reveal a myriad of stars stre
throughout the region, just as Messier described. E
- NGC 6603 must now be considered a separate object; In 7%
binoculars, it is just visible as a dim, unresolved glow slightly northeast
of M24's center. With stars no brighter than about 10th magni
NGC 6603 must be viewed through the largest binoculars befo
resolution can be achieved. :
Located on the northwest corner of M24 is the dark nebt
Barnard 92. Set against a magnificent field of distant suns, this clo
may be glimpsed with 7x and grows quite apparent witil 11X a
above. Look for a black “hole” (not a real black hole!) meas
about one-fifth of our Moon’s diameter across.

M18 (NGC 6613) is one of the less impressive Messier objects. Con-
sisting of about 18 loosely packed stars, it appears in binoculars as a
fairly obvious stellar arrangement. The/four brightest stars in this
open cluster are set in a triangular pattern and may just be glimpsed
in 10x glasses. The rest of its stars blend into a faint haze.

M17 (NGC 6618) is found north of M18 along the summer Milky
Way. The Swiss astronomer De Cheseaux discovered this stunning
region of bright nebulosity in the sprin§ of 1764, beating Messier by
only a few months. Messier later described it as “a train of light
without stars . .. in the shape of a spindle.” The famed observer
William Herschel was the first to liken this nebula’s form to the Greek
letter omega; ergo its modern name, the Omega Nebula.

The Omega Nebula is a spectacular sight through nearly all
binoculars. Giant glasses reveal an intricate cloud in the shape of an
extended number “2.” In fact, the cloud’s long, curved “neck” has
led some to dub it the Swan Nebula. Adding a nebula filter creates an
interstellar spectacle whose magic cannot be conveyed in words or

pictures.

M28 (NGC 6626) was first discovered in 1764 by Messier, who
identified it as a “nebula containing no star.” Through today’s binocu-
lars, M28 is also seen as only a small smudge of faint light just
northwest of Lambda Sagittarii. Although its true nature remains a
mystery through low-power glasses, M28 is famous as a fine globular
cluster. The brightest of its 100,000 stars only reach about 12th
magnitude, well below the limit of conventional binoculars. The dis-
tance to M28 is believed to be 20,000 light years.

M69 (NGC 6637) is the westernmost of three Messier globulars that
reside along the “bottom” of the teapot (the others are M70 and
M54). Of 8th magnitude, it is found about 2%2° northeast of Epsilon
Sagittarii, and directly adjacent to an 8th-magnitude field star. Lacaille
discovered M69 in 1752. When Messier saw it eight years later, he
described it as “a nebula without a star ... near a star.” This is
an accurate, though somewhat sterile, description of the object’s
appearance in binoculars. The stars of M69 require a moderately
large telescope to be seen, as none shine brighter than about 14th
magnitude.

M2S5 (IC 4725) is a bright open cluster that is easily found through
binoculars about 6° north of the teapot’s lid. From our earthly vantage
point, the group subtends %2° and is thought to lie about 1,900 light
years away.



M25 hosts 30 stars in all, half of which are bright enough tg §

seen individually through 7x glasses. The cluster is unique into
respects. First, it is the only Messier object to be cross-listed i
Index Catalogue (IC). Second, it is one of a handful of open c:lurl ‘
known to contain a Cepheid-type variable star: U Sagittarii ﬂucn:
between magnitudes 6.3 and 7.1 over a period of about 6 da ]

hoprs. Although the variations are quite subtle, a trained cyy:, 1--
estimate the star’s period and apparent luminosity quite aCCura

M22 (NGC 6656) is one of the most spectacular globular cluste :
the heavens, as evidenced in Figure 7.23. Under ideal conditi y:
v‘i.sible to the unaided eye as a hazy spot northeast of Lambda Sagitrac
rii. Seven-power binoculars readily show its nebulous disk &l ile
giant glasses are just able to resolve a couple of individual stars;
a grainy surface.

Were it not for its low altitude from the northern hemispher:
M22 might be the standard by which all other globulars :::ljs:fd :
rather than better known M 13 in Hercules. In fact, photographs sh,
that M22 spans 24’ of arc, about 50% more than the Hercules clus
spans. Apparently, the reason for this is M22's closer distance
Earth. As studies indicate, it probably contains less than half as many

ons, it is.

Figure 7.23

M22 (NGC 6656) in Sagittarius. Photograph by Lee Coombs using a 10+

inch f/5 Newtonian reflector and a 15-minute i
spectroscopic film. exposure on 103a-E

~

stars as the Hercules cluster. M22, believed to be about 10,000 light
years from Earth, has a real diameter ofjabout 50 light years, while
M13 is about 24,000 light years away and some 170 light years
across.

M70 (NGC 6681) is the second of three Messier globular clusters
found between Epsilon and Zeta Sagittarii. In many ways, M70 and
M69 are twin objects. Both are within 2%2° of each other, shine at close
to 8th magnitude, and appear about 8 arc-minutes across. Recently
completed investigations conclude that the two even lie relatively
close to each other in space, with M70 about 35,000 light years from
Earth and Mé9 approximately 33,500 light years away.

BB Sagittarii is a bright Cepheid variable seen to the cast of 29
Sagittarii. Looking like a golden ember, it varies only slightly between
magnitudes 6.7 and 7.3 with a period of just over 6.5 days. BB forms
a bright optical double star with an unrelated 6th-magnitude star to
its east.

Just to the northeast of BB Sagittarii lie the weak open clusters
Collinder 394 and NGC 6716. Collinder 394 is a feeble spray of stars
placed just east of the variable. Look for a small, ill-defined asterism
of five magnitude 9 suns. Just to its northeast, and well within the
same binocular field, is NGC 6716. This group is composed of 20
stars, although only four are as bright as 10th magnitude. The remain-
ing stars are faintly held within the cluster’s 7'-of-arc boundaries.
Observers should note that a number of brighter suns surround NGC
6716 and tend to obscure exactly where the cluster begins and ends.

M54 (NGC 6715) is the easternmost of the three Messier globulars
along the bottom of the teapot. Binoculars reveal its 8th-magnitude
disk set among a field rich in stars about 2° west of Zeta Sagittarii.
On the 12-point globular cluster concentration scale (with I indicating
the highest concentration) set up by Harlow Shapley and Helen Hogg
in 1927, densely packed M54 rates a IIl. This makes it one of the
densest objects of its kind in the Messier catalogue. At a projected
distance of 70,000 light years, M54 is also the most distant globular
cluster in the Messier catalogue.

NGC 6774 is a weak open cluster positioned about 12° west of Sth-
magnitude Nu Sagittarii. Many observing handbooks pass by NGC
6774 in favor of other objects in Sagittarius, perhaps becduse the
cluster’s 2° extent makes it difficult to identify through télescopes.
Binoculars, however, readily display about 20 scattered stars; look
for a triangular asterism of 7th-magnitude stars with many fainter
suns set within,



M55 (NGC 6809) is the most spectacular deep sky object in eag
Sagittarius. Lacaille discovered this giant globe of stars in 1752
observing from the Cape of Good Hope. Messier saw it for t]
time 26 years later, when he described it as “a nebula whi
whitish spot; extending for 6’ around, the light is even and does
appear to contain a star.” Through 7 X binoculars, we see that
was mistaken: M55 does contain a star—one, to be exact!
9th-magnitude sun is the brightest of the cluster’s bevy of st
the only one seen in 10X glasses. With 15X, several points o
are tentatively visible within MSS5, but averted vision will pro
be needed to confirm their existence. The actual number of

within this loosely structured globular cluster is probably betw
75,000 and 100,000.

54 Sagittarii is an easily separable double star through binc
The colorful pair collectively forms the southwestern member
curved stellar asterism of three Sth-magnitude stars found
due west of Beta Capricorni. The components of 54 Sagitta
magnitudes 5.4 and 8.9 and have a separation of about 46" of 2
spectral classes of the two stars are type-K and type-F, respec

forming a colorful contrast between the orangish primary and wi
secondary.

NGC 6822 is a challenging object for observers even with the
binoculars. Most amateurs know it as “Barnard’s Galaxy,” 2
1884 discoverer, E. E. Barnard. Due to the galaxy’s large ap
diameter, the resulting low surface brightness effectively mask
existence among the stars of eastern Sagittarius. It is most
located by first zeroing in on previously mentioned 54 Sagittarii
then sliding just a bit northeast to 55 Sagittarii. Once at 55, m
note the span between it and another magnitude 5 star to the ne
cast. NGC 6822 lies northeast of this anonymous sun by the
distance that 55 lies to its southwest. Look for an irregular, oval g
with a major axis running north to south. Photographs reveal v
is suspected visually—an irregular galaxy similar in appearance to th
Magellanic Clouds. At an estimated distance of about 1.7 milliol
light years, NGC 6822 is well within the limits of the Local Group 0!

galaxies, which also includes the Milky Way, the Andromeda Galaxy
and M33 in Triangulum.

M?75 (NGC 6864), at an estimated distance of 59,000 light years, i
second only to M54 as the most remote globular cluster catalogue
by Messier. Visually, it is a bright, compact object appearing as
perfectly round glow surroundw brighter nucleus. With an appar

»

ent

diameter of only 6’ of arc, M75-may require some searching

before it is found, especially through lower power glasses.

- R.A. Dec. Bt
2000 1ze
Typ ;9200(2 (" g Mag. Period Comments
ject - .

E— *+ 16120 -1928 43,64 41" iigo(wsn, 9951
Nu ; 9’
NGC 6093 GC 16 17.0 -ig 23 7.2 o
B41,43 Dk 1622 - 2 iy

GC 16236 -—2632 6.0
NGC 6121 %
NGC 6124 OC 16256 —4040 5.8 :
NGC 6178 OC 16357 —45 33 Z%& :s'

: +41°48 ' 2. \
NGC 6231 OC 16 54.0 lf e
B1833 +* 16540 -4148 5.6,73 '

Cr 316 OC 1655.5 —4050 3.‘:p ;95'

16 55.6 —3930 6. _ :
ik (\?:: 16 55.6 —4506 6.2-13.0 320.06 days Long Pcrfod Var?able
l;; Vr 1656.6 -3035 5.0-124 279.42 days Loir_lg !’em]);c.l Varla_ble
' - 6.1-6.7 7.848 days  Eclipsing Binary; mn
V861 Vr 16 56.6 —4049 Agslo
Tr 24 OC 16570 —4040 s.gpi 29'

NGC 6249 OC 1657.6 —4447 8. _

RV Vr 16583 -3337 6.6-735 6.061 days  Cepheid ‘ .

RT Vr 17035 -3655 7.0-16.0 449.04 days Long Period Variable
HD 153919 * 17039 =3751 6.6 ' X-ray source

NGC 6281 OC 17048 -3754 5.4 8 _ 1

AH Vr 17113 -3230 8.1-12.0p 713.6days Semi-Regular

NGC 6322 OC 1718.5 —4257 6.0 10’ _

V636 Vr 17228 -4537 6.0-6.9 6.797 days  Cepheid

Harvard 16 OC 17 31.4 —36 51 15°

NGC 6383 OC 17348 -3234 5.5 5'

Tr 27 OC 17362 -3329 67 4

NGC 6388 GC 17363 —4444 6.9 y

Tr 28 OC 17368 -—3229 77 35'

Cr 338 OC 17382 -3734 8.0p

NGC 6405 OC 1740.1 -3213 42 ;s' M6, Butterfly Cluster
NGC 6400 OC 17 40.8 -3657 8.8p ! : '

BM Vr 17410 -3213 68-87p 850days  Semi-Regular; in M6
Tr29 17 41.6 —4006 7.5p 9’ : :
RrUz (V):: 17424 -—4345 78-13.7 369.20 days Long Period Variable
NGC 6416 OC 17444 -3221 5.7 1§'

NGC 6441 GC 17502 =3703 74 8

(Continued on next page)
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R.A. Dec.
(2000)  (2000) Size/Sep/
Typ ' b m b Mag. Period Comments J
Vr 17509 -3342 75-8.4 20.316 days  Cepheid
3 GEL 17509 . =34.36 99 4’
'S5 OC 17539 =3449 33 80’ M7

G 17 52.0% =44 16 9.2 7

With its long, winding body deeply immersed in the plane of ¢
galaxy, Scorpius, the Scorpion, is a veritable playground for the b
ularist. Within its borders is a bountiful selection of beautiful
sky objects strewn across some of the finest heavenly star fields,
of my favorite ways to spend a warm, clear summer eveni
simply sit back and casually scan the Scorpion’s crooked body fr
head to toe. Along the way are many elegant asterisms, clusters, 2
nebulae that provide hours of fascinating sky watching.

MB80 (NGC 6093) is a bright globular cluster found about halfy
between brilliant Antares (Alpha Scorpii) and Graffias (Beta
History is not clear as to who discovered M80, for its first
\lv;ss made almost simultaneously by Messier and Méchain in Janu:
. 3

~ Binoculars readily detect the 7th-magnitude disk of M80 spi
ning 9’ of arc. Set in a striking star field, it presents itself as a
glowing, round blur highlighted by a more intense center. Res
of.the stars in M80 requires at least an 8- to 10-inch telescope, 2
brightest stellar elements are 14th magnitude.
MB80 has the distinction of being one of the few globular clust

ever to spawn a nova. The event was seen in May 1860, wi
anonymous star suddenly flared to 7th magnitude. Now known 2

Scorpii, the star slowly faded back into obscurity in about the
months. _

M4 (NGC 6121) is an exciting globular cluster to view through ju
about all optical instruments. Some sharp-eyed observers have
ported seeing this 6th-magnitude object without any optical aid. B
oculars make it plainly visible as a large, amorphous globe only
west of Antares. Visual observers typically note M4 as only abo
half as large as its 26-arc-second photographic extent. 3

The brightest stars in this distant horde just crack the 11t
magnitude barrier. Their brightness, combined with the cluster’s fail

~

loose structure, makes partial resolution possible in 15 x glasses under
ideal sky conditions. Perhaps even easier to see is a bright “bar”
of light slicing across the cluster’s center. This unusual feature is
unmistakable in giant glasses and even perceptible in steadily held
7%50’s. At nearly 7,000 light years away, M4 is considered by some
authorities to be the closest globular cluster to Earth. (Others believe

that NGC 6397 in Ara is slightly closer.)

NGC 6124 is a fine open cluster lying close to the Scorpius-Norma-
Lupus border. Binoculars display a rich group of about two dozen
9th-magnitude points of light covering an area equal to the Moon’s.
A distinguishing chain of seven stars runs along the cluster’s southern
edge, while a closely packed group of five luminaries highlights its
center.

NGC 6231 lies between Mu' ** Scorpii and Zeta'"* Scorpii, one of the
most remarkable regions in the entire sky. The cluster itself is a
tight knot of about 120 stars crushed into 15" of arc. Many of its
intrinsically brilliant, hot type-O and type-B suns shine between 6th
and 8th magnitude and are easily seen in all binoculars.

NGC 6231 is thought to be about 5,900 light years away. If we
could reduce that distance to about 400 light years (the same distance
as the Pleiades), then the brightest stars of NGC 6231 would rival
Sirius in appearance! One of the cluster’s brightest members is the
binary star van den Bos 1833 (B1833), which pairs a magnitude 5.6
principal star with a magnitude 7.3 companion.

The entire region between and around Mu and Zeta Scorpii is
a dazzling tract of sky. Stars of all colors and contrasts against an
inky black sky are strewn across a binoculars’ field of view. Many of
us have become so accustomed to looking for specific objects that we
tend to ignore the larger scene. But not here. Pause for a moment, scan
slowly through wide-field glasses, and absorb the awesome beauty of
the heavens. After all, that is why we are amateur astronomers.

Collinder 316 and Trumpler 24 contain many of the stars between
Zeta and Mu Scorpii. The former open cluster is a large, rich stellar
accumulation that spreads across nearly 2°. Its many stars range from
6th to less than 9th magnitude and offer a scenic view through 7x
glasses. (
Trumpler 24, also identified as Harvard 12 in some referénces,
is partially superimposed on the eastern edge of Collinder 316. Trum-
pler 24 is only about half as large as its intruding neighbor and is
characterized by an arc of three 6th-magnitude stars extending north-



south. The southernmost of these stars is the eclipsing binary V§
Scorpii. The unseen companion of V861 orbits the primary in 7,
days, causing an apparent shift in brightness between magnitudes ¢ ¢
and 6.7. '

NGC 6242 lies between Collinder 316 and Mu Scorpii. Binoculapg®
resolve a lone 6th-magnitude sun attended by four or five 9th-magnis¥
tude points of light and the subtle glow of fainter, invisible clustegt
members. In all, approximately 45 stars down to 11th magnitude™
compose NGC 6242. |
3
NGC 6281 may be found about one-third of the way between My
Scorpii and Nu Scorpii, the Scorpion’s stinger. Here, 7X glasses find*
about half a dozen stars between magnitudes 7 and 9 set in a crooked”
cruciform.
Just beyond the western edge of NGC 6281 is an innocent"
looking 6th-magnitude star that has been identified as an X-ray
source. Catalogued as HD 153919, it emits about 800 times the X
radiation as our Sun and is thought to be an eclipsing binary stellag
system. i

NGC 6322 lies between Eta and Theta Scorpii along the southernmo
part of the Scorpion’s tail. Binoculars show only about five stars, a8
well as a faintly perceptible glow from the combined light of an}
additional 25 suns that belong to this open cluster.

M6 (NGC 6405) is one of two large, bright open clusters found north®
of the Scorpion’s tail. (The other, M7, is discussed shortly.) The naked 1
eye is all that is needed to detect M6 as a dim smudge of light against ==
the glow of the Milky Way’s galactic plane. Through binoculars, M6
lives up to its Butterfly Cluster nickname, as two “wings” of stafs
spread out from the cluster’s more densely packed center (Figuré S
7.24). Seven-power glasses resolve about 30 stars across the 15'-0f= 58
arc face of M6, with 11x binoculars revealing an additional dozen
faint points of light. In all, 80 stars belong to this cluster.

The brightest star in M6 is an orange stellar ember found east
of the cluster’s center. This star is BM Scorpii, a semi-regular variable
whose brightness fluctuates between magnitudes 6.8 and 8.7. It takes
850 days, on average, for the star to complete one cycle.

&

M7 (NGC 6475) is the brightest, and one of the most dazzling, opeft
clusters in all of Scorpius. It is easily visible to the unaided eye as a
misty glow about 4° northeast of Lambda Scorpii, the star marking

’a

Figure 7.24 . i m
Portions of Sagittarius, Scorpius, and Ophiuchus contribute te this \J\_r.’lqt’-
field view aimed toward the center of the Milky Way. Note Mé (NGC
6405) and M7 (NGC 6475) to the lower right and M8 (NGC 6523)
above center. Photograph by Jim Barclay, F.R.A.S.



ot (Scl)

the Scorpion’s stinger. Records show that M7 was known long befe,
the invention of the telescope: the second-century astronomer Ptole
cited it as a nebulous patch in his monumental work, the Almage

When viewed with even a pair of modest field glasses, M7 by
into an exceptionally beautiful array of stars spanning 80 arc-minyg
Of the 80 stars identified as cluster members, more than 30 ;
brighter than 10th magnitude and are visible in binoculars, Thl!‘ 1
brightest star of M7, a type-G sun of 6th magnitude, gleams cloge to
the group’s center. Many fainter cluster stars also shine with a yellow;f
ish cast, while others appear blue-white. Measurements indicate l'haﬁ
M?7 is approximately 260 billion years old, which is nearly twice a@f -'
old as many other youthful open clusters, including neighboring MG{

R.A. Dec.
(2000)  (2000) Size/Sep/
Typ b m gl Mag. Period Comments
OC 00043 -2956 4.5 90’ Zeta Scl cluster
Gx 00149 -3911 8p 32" x 6 SBm
Vr 00154 —3203 5.5-13.6  365.32days Long Period Variable *
G476  —-2517 71 22' x 6 Scp 7
GC 00528 -2635 8.1 14’
Vr 23091 -3008 8.7-10.3p Semi-Regular
G 23 578 =3225 9. 9 %7 Sdm

Sculptor, devised by Lacaille to represent a sculptor’s studio, is formed
_from a set of faint stars to the east of the bright autumn star Fomalhaut
in Piscis Austrinus and south of Beta Ceti in Cetus. Sculptor is best
known as the home of a group of galaxies called the “Sculptor
Qroup.“ At about 12 million light years away, this galactic gathering
is one of the closest collections to the Milky Way’s Local Group.

Blanco 1, an ill-defined open cluster in central Sculptor, is much closer
to home than the galaxies for which the constellation is famous. Even
though the 30 stars in this cluster are set against an empty region
close to the south galactic pole, they give little indication of forming =
an open cluster. Binoculars show about a dozen stars brighter than
8th magnitude, as well as a smattering of fainter suns, all within the =
group’s 90'-of-arc span. Highlighting Blanco 1 and acting as a beacon -
to show us the way is Sth-magnitude Z?a Sculptoris. |

Figure 7.25

The spectacular spiral galaxy NGC 253 in Sculptor. Photograph by Lee
Coombs using a 10-inch f/5 Newtonian reflector and a 15-minute
exposure on 103a-O spectroscopic film.

NGC 55 is a large, edge-on barred spiral in extreme southern Sculp-
tor. Unfortunately, the galaxy’s southern location causes most observ-
ers in the mid-northern hemisphere to miss out on its true splendor.
From a southern vantage point, NGC 55’s long, needle-thin disk
shines with a uniform gray light through 7X glasses, while giant
binoculars begin to suggest a grainy texture to its surface. Photographs
reveal this unusual mottled appearance stretching across the full 72°
extent of NGC 55.

NGC 253 (Figure 7.25) is said by many observers to be the finest
spiral galaxy found south of the celestial equator. Nestled gently
within an asterism of half a dozen 7th-magnitude suns about 7° due
south of Beta Ceti, NGC 253 is a long, cigar-shaped splinter set off
by a bright central core. Under extraordinary sky conditions, a hint
of surface texture can be glimpsed through 11x80 and larger instru-
ments. Both NGC 55 and NGC 253 are members of the Sculptor
Group of galaxies. i

NGC 288 lies about 2° southeast of NGC 253. Shining at 8th magni-
tude and spanning 14’ of arc, this globular cluster is seen in binoculars



as a hazy ball of cotton framed by several faint field stars. NGC 28
is famous for its loose stellar structure. Large-aperture 20X glage
just begin to reach some of the myriad of stars that constitute ¢

distant horde.

n (Sct)
R.A. Dec. o
(2000) (2000) SizelSep!
Typ b m g Mag. Period Comments
Dk 18256 —1145 30’ 2.6° NE of M16
Vr 18266 —0912 73-8.8 15.190 days  Eclipsing Binary a9
Dk 1829.1 —09 56 50’ 1° NW of NGC 6649
Dk 18309 -—1508 100" x 30 2.5° E of M17 '
OC 18314 —06 38 18’ Asterism?
Dk 18327 " —0908 40" x 15§’ 1.4° N of NGC 6649
OC 18329 —0s02 18’ Asterism?
§ OC 18 36.7 -0813 78 16’
Pk 18377 —-09 37 35" X:25' 1° NE of NGC 6649
Dk 18 39.2 =06 37 40’ NW of Sct Star Cld
) OC 18416 -044e6 Star field
D€ 18422 -—0617 9:5p 11 Star field
$ OC 18452 -0924 8.0 15" M6
Dk 18 47.3 -04 32 163 1 20" N Beta Sct
Vr 18475 -0542 4.5-8.2 140.05 days RV Tauri type
Dk 18496 —-0619 3 0.5° W of M11
Dk 18 49.7 —-06 24 90’ x 2' S of M11
Dk 1851 -05 120’ x 120' Two crescents N of
M1l
i OC 18511 -0616 5.8 14’ M11; Wild Duck
Cluster
Dk 18512 -0640 20’ S of M11
GC 1853.1 -0842 8.2 7
Dk 1853.2 -0706 SO RS SE of M11

Scutum, the Shield, is one of the most recently appointed constella=
tions of the summer sky, having been created by Hevelius in 1690

Scutum is said to represent the shield of John Sobrieski III of Poland,
who successfully resisted the Turkish advance on Vienna in 1683.

The brightest stars of Scutum are only 3rd magnitude and aré
easily lost in the glory of the Scutum Star Cloud (Figure 7.26). This
region is among the most beautiful to scan with binoculars. Innumera=
ble stars are sprinkled throughout Scutum with a richness that i$
unsurpassed in the northern hemisphere. ?E. Barnard referred to the

Figure 7.26

hed by George Viscome. Exposure time was 30

minutes on ISO 400 film through a 135-mm lens.

The Scutum Star Cloud, as photograp

231



Scutum Star Cloud as “the gem of the Milky Way,” a title that o
begins to convey the magnificence of this part of the summer ¢

Barnard 103 is one of many patches of dark nebulosity within
tum. The irregular boundaries of this obscuring cloud cover 4
arc and appear almost amoeba-shaped in photographs. Nary N
can be seen across its face through binoculars. :

M26 (NGC 6694), located less than a degree southeast of Sth-ma
tude Delta Scuti, is a small, condensed open cluster. Its 30 stars,
of which shines brighter than magnitude 10.3, combine to prod
an 8th-magnitude misty glow spanning 15’ of arc. '
R Scuti, easily found 1° due south of Beta Scuti, exhibits chara
tics of the unusual RV Tauri family of variable stars. Across a vai
period that averages 140 days, this yellowish star flickers betweer
and 6th magnitude, although it can reach magnitude 4.5 and dro
less than 8th. A much longer secondary cycle of about 1,300 days
also been detected.

M11 (NGC 6705), famous for its high density, as seen in Figure 7
lies between Earth and the northern boundary of the Scutum
Cloud. Discoverer Gottfried Kirch noted in 1681 that M11 s
like “a small, obscure spot with a star shining through.” The fai
18th-century observer Admiral Smyth noted that M11 resembles *

Figure 7.27

The Wild Duck cluster, M11 (NGC 6705), as photographed by George
Viscome. He used a 3-inch £/6.6 refracting telescope for this 20-minuté
exposure on ISO 400 film.

flight of wild éucks.” With this, M11’s nickname of the Wild Duck
Cluster was born.

Through binoculars, M11 looks more like an unresolved globu-
lar cluster than an open cluster, although it is definitely the latter. Its
hundreds of stars all shine between 11th and 14th magnitude, except
for Kirch’s lone 8th-magnitude maverick. Though the “ducks” are a
bit too “wild” to be resolved through most glasses, the cluster’s
characteristic arrowhead shape may be inferred.

Of the many dark nebulae that surround M11, Barnard 111 and
Barnard 119a are the most obvious. Visually, both appear as large,
kidney-shaped patches that almost touch each other at their southern
tips. Although they visually impress me as being nearly identical in
size, Barnard 111 proves to be about twice as large as Barnard 119a
in photographs. Adding to the area’s attractiveness is a “peninsula”
of about half a dozen magnitude 8 to magnitude 10 stars wedged
between the nebulae.

Binoculars reveal Barnard 318 as a pencil-thin black cloud
stretching east to west just south of M11. A bit farther south is
Barnard 112, an egg-shaped dark nebula measuring about 20’ across.
As with all dark nebulae, transparent skies and sharp eyes are needed
to spot these elusive objects.

auda and Serpens Caput (Ser)

Serpens C

R.A. Dec.
(2000)  (2000) SizelSep!
Object Ty b m SR Mag. Period Comments
NGC 5904 GC 1518.6 +0205 5.8 17’ M5
S Ve 15217 +1419 7.0-14.1 368.59 days Long Period Variable
Tau® Vr 1536.5 +1506 7.5-8.9 Irregular
R Vr 15507 +1508 5.2-14.4 356.41 days Long Period Variable
Y Vr 16073 +09 56 7.8-14.7 23785 days Long Period Variable
Nu "o 1 97 2081251 "'4383 46" 28° (1959); 10481
NGC 6539 GC 18 04.8 -0735 9.6 7'
NGC 6605 OC 18171 —1458 6.0p
NGC6604 OC 1818.1 -1214 6.5 2
NGC 6611 DN/ 1818.8 —1347 6.0 35’ M16, Eagle Nebula
ocC
359 Vr 18272 +0012 4.9-5.9 Unknown type
IC4756 OC 1839.0 +0527 5.4p 52 -
eta ** 18562 +0412 45,8 22",414" 104° (1973), 56°
(1927); 11853




Serpens, the Serpent, has the unique characteristic of being the
constellation broken in half by a second star pattern (Ophiuchus
the west is Serpens Caput, the head. This is a sparse area highlig
by a fine globular cluster and several variable stars within rang
binoculars. East of Ophiuchus is Serpens Cauda, the tail. Even
the galactic plane passing through, eastern Serpens contains su
ingly few deep sky objects. But what is lacking in quantity is mg
than made up for in quality.

MS5 (NGC 5904) is a highlight of Serpens Caput and one of the |
globular clusters located north of the celestial equator. It
spied by Kirch and later added to Messier’s famous list of com
alikes. Believed to contain over half a million stars, MS$ is by
enough to be seen without any optical aid on dark, clear nights.
readily apparent as a nebulous globe through just about all binoei
Giant glasses show the disk rapidly brightening toward the ce
with perhaps the slightest hint of a mottled surface. With
seeing, the first few individual stars are just suspectible in 25 X to
binoculars. A

M16 (NGC 6611), in Serpens Cauda, has come to be known to vis
observers as a fine open cluster of about five dozen suns scatte
across half a degree of sky. Seven-power binoculars show the 01
brightest suns, along with the unmistakable glow of fainte
Deep photographs discover a great complex of beautiful neb
threaded among the cluster stars. Until recently, the nebula, k
popularly as the Eagle Nebula, was considered a difficult visual
lenge. However, thanks to the widespread use of contrast-enhar
nebula filters, the Eagle may now be seen to soar where it never
been seen before. Through 11x80 binoculars paired with
filters, M16 is a bright smattering of stars engulfed in wonderft
bright and dark clouds.

IC 4756, with an apparent diameter of nearly 1°, is a bright group ©
stars found in Serpens Cauda. Eighty luminaries of magnitude 7 1
fgmter are nestled within this open cluster and form an impres
sight against the brilliant backdrop of the summer Milky Way. Note
that as magnification increases, the dramatic clustering effect |
quickly lost. Therefore, 7 to 9% glasses prove to be the best instrut
ments for viewing a cluster like IC 4756.

/

fetans (Se)

R.A. Dec.
| (2000)  (2000) SizelSep/
Object Typ b m o Mag. Period Comments
NGC3115s Gx 10052 —0743 9. 8 x 3’ E6 Spindle Galaxy
RT ve 10123 -1019 8.0-8.5 96 days Semi-Regular
N —
Sextans was created by the 17th-century astronomer Hevelius to
honor the instruments that he used to measure the positions of the
stars. The celestial Sextant is home to many galaxies, but all fall below
binocular visibility save one. To hold our interest a bit longer, there
is also a semi-regular variable star within binocular range.
NGC 3115, nicknamed the Spindle Galaxy for its distinctive lens
shape, is an outstanding example of an E6 galaxy. Through 7x
glasses, it appears as an amorphous, ill-defined cloud, while 11x
binoculars begin to hint at its unique shape.

While NGC 3115 is well known to deep sky aficionados, few
casual observers take the time to locate this superb object due to its
rather bleak surroundings. The easiest way to find NGC 3115 is to
locate Alpha Hydrae (Alphard) first. Then scan about 11° due east
until you come upon the wide optical double star 17 and 18 Sextanis.
The galaxy lies about 1%° to the northeast of this duo.

Taurus (Tau)
R.A. Dec.
. (2000)  (2000) SizelSep/
Object C A R Mag. Period Comments
21 +22  ** 03461 +2432 56,64 168" Asterope
NGC 1435 DN 03 46.1 +2347 30’ x 30°  Temple’s Nebula
(Merope)
M4s OC 03470 +2407 12 110’ Pleiades
Eta ** 03475 +2406 3,888 117",181",191" 289°, 312°, 295°
s (1903); Alcyone
+ BU **  0349.2 42403 3.75.0 300" 180°; Atlas & Pleione
BU Vr 03492 +2408 4.8-5.5 Irregular; Pleione
H _VI 98 ** 04155 +0611 63,70 66" 315° (1937); 3085
Phi ** 04204 +2721 5.0,84 LY 250° {1925); 3137
Kappa ** 04254 +2218 4.4,5.4 340" 173° (1923)
Mel 25 OC 0427 +16 0.5 330' Hyades
Theta'*>  ** 04287 +1552 3.8,34 337" 346° (1921)
(Continued on next page)



inued)

R.A. Dec.
(2000)  (2000) SizelSep! Y
Typ b m =l Mag. Period Comments
** 04357 +1010 4.3,8.4 70" 299° (1920); 3317
Vr 04383 +2041 5.9-6.7 2.056 days  Eclipsing Binary
7 OC 04460 +1904 6.3 45’
» OC 05036 +2349 6.0 45’
7 OC 0510.7 +1632 7.0 17
DE 08 1210 %1642 LT 157
Vi 05175 +2008 73-79 3.435 days  Eclipsing Binary
0C! 0533.7 +2629 157
). DN 05345 +2201 8.2 6' x 4 M1 Crab nebula
(SNR)
OC 105359 +2527 28’
“* 05484 +2052 6.1,8.6 76" 161° (1933); 4392

Standing proudly among the stars of the northern hemisphere’s winter
sky is the fiery celestial Bull, Taurus. Most artists depict him as daris
nearby Orion, the Hunter, into action. The many fine deep sky obj
within the Bull also dare amateurs into action even on the col
winter nights. Taurus embraces many eye-catching double and vari=
able stars, some striking binocular open clusters, and even a 6,000-
year-old stellar corpse.

M45 (Figure 7.28), better known as the Pleiades or Seven Sisters, I
one of the sky’s premier open clusters. Most naked-eye stargazers
count six or seven stars here set in the shape of a tiny dipper, although
many more are visible under superior sky conditions. The modera™
record was set by veteran deep sky observer Walter Scott Houston
from Tucson, Arizona, in 1935, when he glimpsed 18 Pleiads!

The Pleiades cluster is composed of at least 100 stars scattered”
across 110’ of arc—nearly four times the size of the Full Moon. While:
this is too large to fit comfortably into most telescopic fields of views
binoculars provide a spectacular scene. I can recall the outstanding
view I had of the Pleiades on a recent frigid but crystalline night;
through a pair of 11x80 glasses, the scene nearly left me breathless!
Across the field were strewn dozens of stellar diamonds and sapphires.

Several striking pairs of double and multiple stars highlight M43« =
Atlas (27 Tauri) and Pleione (28 Tauri) form a wide, optical binary"
system. Atlas shines at magnitude 3.7, while five arc-minutes aways'
Pleione (also known as BU Tauri) varies irregularly between magni=
tudes 4.8 and 5.5. Together, they form the eastern-pointing “handle”
of the Pleiades’ “bowl.” i

Other double stars within the Pleﬁdes that are detectable

Figure 7.28

The dazzling open cluster M45 (the Seven Sisters) in Taurus. Photograph
by Johnny Horne using an 8-inch /1.5 Schmidt camera, hypered
Technical Pan 2415, film, and a six-minute exposure.

through binoculars include Asterope (21 and 22 Tauri), a wide pair
of stars shining at magnitude 5.6 and 6.4 and separated by nearly 3’
of arc. Alcyone (Eta Tauri), the brightest Pleiad, is an easily resolvable
quadruple star system: the brilliant magnitude 2.9 primary is attended
by a trio of 8th-magnitude points of light.

If you have an exceptionally clear evening, look closely and you
just might glimpse soft gossamer wisps surrounding some of the
brighter cluster stars. These gentle clouds are all that remain of a
once-mammoth nebula from which the Pleiades were formed about
78 million years ago. The brightest portion of the Pleiades nebulosity
is NGC 1435, found around Merope, the southeastern star in the
Pleiades’ “bowl.” W. Tempel discovered this comet-shaped cloud in
October 1859. He described its tenuous nature as resembling “a
breath on a mirror.” Incidentally, the stars of the Pleiades appear so
bright through binoculars that many amateurs mistake the glow of
scattered starlight for the cluster’s nebulosity. While scatter can never
be completely eliminated, it is greatly reduced if all optical surfaces
are clean and free of contamination. Otherwise, with dirty optics,
clouds will be seen around every star in the sky!



Melotte 25 is the catalogue entry for another old friend, the Hy:
star cluster. The Hyades are well known as the V-shaped groﬁ' "
naked eye stars that make up the head of Taurus, but there is m
more to this cluster than meets the eye. Hundreds of stars are
tained within the group’s 5%2° span, with 132 of them brighter than
magnitude and, therefore, visible in binoculars. In low-power, wi
field glasses, the Hyades ranks as another of the northern winte,r s
best clusters.
The brightest star in the Hyades is Theta® Tauri, at magni

3.4. It teams with magnitude 3.8 Theta' Tauri to form a wide nake
eye double star easily seen just south of brilliant Aldebaran (Al ;
Tauri). Aldebaran, a type-K orange giant star, is not a true m
of the Hyades, but simply superimposed in front of the cluster.
the Hyades cluster is believed to be about 150 light years
(making it the closest open cluster to Earth after the Ursa
Edovlingfluster), Aldebaran lies at less than half that distance fi

oy

NGC 1647 is found about 3° northeast of Aldebaran. Of the :
stars that belong in this 1,800-light-year-distant swarm, only 15
bright enough to be detected readily through 7x binoculars

remainder meld together into a faint, misty background glow. All
the stars are loosely gathered across a wide 45’ sky zone.

NGC 1746, another large open cluster, is bright enough to be wit
naked eye range on the clearest nights. Twenty stars are identified
true associates of the cluster, with many visible in binoculars. A
clump of faint stars within NGC 1746 has been identified separa
in the New General Catalogue as NGC 1750, while a portion of th
cIus?er’s eastern edge is referred to as NGC 1758. In reality, all thre
entries pertain to a single cluster. j

NGC 1807 and NGC 1817 lie near the border shared with Orion..
The iiorn-_zer consists of about 20 stars and has an apparent diameter
of 17'. Giant binoculars may just be able to discern the brighter cluster
stars set in a cruciform. 1
: NGC 1817 is a less distinct object than its neighbor, even though&’.
it .ha.s about three times as many stars. The brightest stars found
within only reach 10th magnitude and typically are lost in a faint
glow when viewed through binoculars. A

M1 (NGC 1?52}, nicknamed the Crab Nebula for its many spin A
ncb'ulous projections visible in photographs, is one of the most fa
nating and mysterious objects found anyvfhere in the heavens.

though M1 was discovered in 1731 by London physician John Bevis,
its true nature has only recently come to light. Studies show that the
Crab Nebula isall that remains of a very massive star that detonated
in a tremendous supernova cataclysm visible from Earth in A.D. 1054.

Buried deep within the Crab is the rapidly beating heart of that
ancient star: the Crab Nebula pulsar. The Crab pulsar rotates 30
times each second, sweeping a beam of energy across the Earth with
every pass, and remains one of the most swiftly rotating objects of its
kind known.

Through 7x binoculars, sharp-eyed observers can spot the faint
glimmer of M1 as an 8th-magnitude oval disk of uniform intensity
near Zeta Tauri. Larger binoculars add a bit of definition to its
amorphous shape, but only hint at the cloud’s complex structure.

Dolidze-Dzimselejsvili 4 is a bright open cluster that was apparently
missed by Messier, the Herschels, and other great deep sky observers
of the past. It is found about 4° east-northeast of the Crab Nebula,
where binoculars display about ten luminaries set in a rectangular
pattern. In all, Dolidze-Dzimselejsvili 4 hosts about two dozen stars
from 6th to less than 10th magnitude.

Telescopium (Tel)

R.A. Dec.
, (2000)  (2000) SizelSep!

Object Typ b m A Mag. Period Comments

NGC 6584 GC 1818.6 -—5213 9.2 8’

Hrr 8 OC 18304 —4608 15’ “X-Marks-the-Spot”
Cluster

Delta'*>  ** 18318 -4555 5.0,5.1 9’ Optical

BL Vr 19066 —5125 77-98p  778.1days Eclipsing Binary

RX Vr 19070 —4558 8.9-104p 349.6 days Semi-Regular

h 5114 ** 19278 —5420 5.784 70" 248° (1940)

HO - Ve 19520 -4652 7.9-84p 1.613 days  Eclipsing Binary

RR Vr 20042 —5543 6.5-16.5p Z And typesflared to
m6.5 in 1944

R Vr 20147 -4658 7.6-14.8 461.88 days Long Period Variable

i

Introduced by Lacaille in 1752, Telescopium occupies a large, indis-
tinct section of the southern summer sky along the eastern shore of
the Milky Way. Admittedly, it is a bit difficult to pick out a heavenly



wlwm (Tri)

telescope among its stars since the th i

; _ ree brightest appear to f :

right triangle. Perhaps the telescope’s tube is bent! o -
Among the dcc;:_» sky objects in Telescopium, we find a dj

globular cluster, a pair of wide double stars, and several variables,

Delta™** Telescopii form an easily seen pair of Sth-magnitude suns ijn
northcast'ern Telescopium. Separated by 9' of arc, both shine Witl::;-,
the dazzling blue-white radiance of type-B suns. In reality, they are

far from each other and are only ali
y aligned by ch
based vantage point. 5 y chance from our Earth.

Harr:ngton 8 is a curious little asterism of 9th-magnitude stars seen
just south of Delta'. A more appropriate name might be the X-Marg‘
the-Spot cluster, as the seven stars in it form the letter “X.” Take a
look for it through 10x70 or larger glasses. T

h 5114 is a second double star in Telescopium that is separable
thfough .blnoculars. The primary sun, a magnitude 5.7 ty ePK star,
shmps with an orange twinkle, while its magnitude §.4 rypl:.'-G co:'lr:
panion glows a dim yellow. The two may be found about %° due east
of Eta Telescopii, with the B star seen to the A star’s southwest |

R.A. Dec.
(2000)  (2000) SizelSepl
zyp h  m v Mag. Period Comments
x 01339 ) !
Boeirniaes 13048 O R
| \?:: g; .2(7)'3 1?5‘7; :5 8.2p 6’ Putter Cluster
SR ;”:5 +~;4 3(15 ;;—;276 266.48 days Long Period Variable
34 : .5-9.7p 108 days

Semi-Regular

(Ij\ier?[ed to t!w s‘outh (_)f And.romeda in our autumn evening sky is the I
inutive constellation Triangulum. Although it contains no bright
stars, the celestial Triangle is easy to pick out thanks to its simple
shape qnd stark surroundings. Within are many galaxies too faintpto
spot with a pair of common binoculars . . . that is, except for one
One galaxy stands out in this otherwise barren rcgzon. ; ‘

?«133 (NGC 598) is that galaxy. Located about one-third of the way
rom Alpha Trianguli to Beta Andromedagd this is one of the finest

Figure 7.29
The Pinwheel Galaxy M33 (NGC 598) in Triangulum, as photographed

by George Viscome through a 3-inch /6.6 refractor. Exposure time was
21 minutes on 1SO 400 film.

examples of a face-on Sc spiral found anywhere in our sky. Photo-
graphs (Figure 7.29) display graceful arms stretching out from the
galactic core. M33 is famous as a member of the Local Group of
galaxies to which our Milky Way belongs. Its distance is projected to
be 2.3 million light years.

While its beauty is undeniable, M33 has also earned the reputa-
tion of being notoriously difficult to find. Its brightness of magnitude
6.3 can be very misleading since that figure is the galaxy’s equivalent
brightness if it could be reduced down to a stellar point. However,
M33 spreads over almost a full degree, causing the brightness per unit
area to be exceedingly low.

In the case of low-surface-brightness objects like M33, wide-
field binoculars have a great advantage over narrow-field telescopes.
Instead of viewing only a small portion of a large target, binoculars
view the entire object in a single field. This ability permits much easier
isolation of the object against the sky. I can recall many less-than-
perfect nights when M33 was all but invisible through my 8-inch
telescope, yet it was clearly seen through 7x50 binoculars.



uhum Australe (TrA)
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NGC 604 is the largest of over two dozen diffuse nebulae identifie,
within M33. While M33 is infamous for its low surface brightne:

NGC 604 stands out surprisingly well. In fact, under slightly 8
skies, the nebula may actually be visible while the galaxy its
nowhere to be found! Visible in 7x binoculars as a small, slig
fuzzy “star” 10’ of arc northeast of M33's core, NGC 604 is esti -
to be over 1,000 times the size of M42, the Orion Nebula. Powerine

this mammoth HII region is a cluster of scorching blue-white s
visible only as specks through the largest telescopes.

Collinder 21 is a pleasant little cluster of 8th- and 9th-magnitude
found about 2%2° southwest of Alpha Trianguli, the Triangle’s tip.
friend introduced Collinder 21 to me as the “Putter Cluster” due
its unusual resemblance to a golf putter. Seven-power glasses sk J
only the group’s four brightest stars, while 11x and larger
continue to fill out the pattern a bit. In all, 20 stars make up
Putter. Anyone want to play through?

R.A. Deec.
(2000)  (2000) SizelSep/
| Typ h m L Mag. Period Comments
. Vr 15143 -7005 8.1-9.1p Irregular
Vr 15198 -6630 6.4-6.9 3.389 days  Cepheid
Vr 16012 -6347 6.1-6.8 6.323 days  Cepheid
OC 1603.7 -6030 5.1 12’
¥e" 16073 —6255'75-83 2.568 days  Cepheid

Far down in the southern summer sky, below Ara and Norma
east qf Circinus, is a bright equilateral triangle of 2nd- and 3rd:
magnitude stars. This is Triangulum Australe, or the Southern Trian-
glc. First introduced in Bayer’s Uranometria star atlas, the constella-
tion resides almost wholly along the southern boundary of the summer
Milky Way. While the area is a fine one for a casual scan throug
wide-field binoculars, there are surprisingly few deep sky objects that
are suitable for binoculars.

S Trianguli Australis is one of three bright Cepheid variables with
the Southern Triangle. Located about '2° southeast of Beta Triang

Australis, it is readily observable across its 6.3-day cycle in even tl
smallest opera glasses. Glowing with a diffinctive deep red hue,

type-M star undulates between a peak of magnitude 6.1 and a mini-
mum of magnitude 6.8.

NGC 6025 is a marvelous splash of stars that bridges the Triangulum
Australe—~Norma border, but remains affiliated with the former. Bin-
oculars reveal a rich throng of about two dozen 9th-magnitude stars
highlighted by a single 7th-magnitude beacon. Encompassing all of
them is a small nebulous pool of light created by about 35 fainter
cluster stars. Look for NGC 6025 about 1° east of a small triangular
asterism of four magnitude 6 suns.

Tucana (Tuc)
R.A. Dec.
(2000)  (2000) SizelSep!
Object Typ b m Ak Mag. Period Comments
NGC104 GC 00241 -7205 4.5 31 47 Tucanae
Beta'"? "y L0031 Y —62 58 4445 27 169° (1952)
NGC292 Gx 00527 -7250 23 280" x 160" SBMp; Small
' Magellanic Cloud
NGC346 OC 00591 -7211 5 In SMC
NGC362 GC 01032 -7051 6.6 13/
NGC371 OC 01033 -7205 8’ In SMC
i) Vr 22406 —6133 77-13.8 250.76 days Long Period Variable
A 247 **+  2318.0 -6100 6.7,7.8 47" 291° (1959) Yellow-

white

Tucana, the Toucan, is a far southern constellation that is best seen
from September through November. First introduced by Bayer in
1603, its placement not far from the south celestial pole never permits
the Toucan to fly over much of the northern hemisphere. Still, most
readers have undoubtedly heard of some of the deep sky masterpieces
that lie within—objects such as the Small Magellanic Cloud and the
bright globular cluster 47 Tucanae. For observers situated below the
Earth’s equator, Tucana is a wondrous place to visit.

NGC 104, better known as 47 Tucanae, lies close to the northwestern
edge of the Small Magellanic Cloud. This extraordinary globular
cluster is regarded by most who have seen it as perhaps the second
finest of its kind, surpassed only by dazzling Omega Centauri. Visible
to the unaided eye as a dim, blurry “star,” it looks like a large ball -
of fluff through most binoculars. Eleven-power and larger instruments



add a bit of graininess to its surface, implying that resolution of som,
of its multitude of stars is imminent. The brightest stars in NGC 104
are about magnitude 11.5, which will probably restrict their detectig

to 4-inch and larger telescopes. The distance to 47 Tucanae is thoug}

to be about 15,000 light years, which is a bit closer than its rival
Centaurus.

NGC 292 (Figure 7.30), the Small Magellanic Cloud or Nubeculg

Minor, is one of the closest members of the Local Group of galaxies

to the Milky Way. It is visible to the naked eye as a hazy cloud abg
4°x3° across and forms an intriguing pair of objects with the La
Magellanic Cloud in Dorado, some 22° to its east. This corresponds
to an actual separation of about 80,000 light years. ]
Some observers using binoculars have likened the curved shap
of Nubecula Minor to a fishhook or a comma, with a broader, brighty
portion of the Cloud extending toward the south. Through mo:
glasses, we find mostly a featureless surface marked by only four @
five faint nebulosities toward the northern edge. Of these, NGC 34
is the most obvious, lying about 1° northeast of the galaxy’s centes
Although binoculars fail to identify NGC 346's true nature, we kno

it to be a cluster of intrinsically very bright stars intertwined wi
patches of bright nebulosity. Another open cluster visible in giant
glasses is NGC 371, which lies a bit north and east of NGC 346

Once again, binoculars are not likely to resolve any of the massive
giant stars that make up this distant group. '

NGC 362 is appreciated by few observers. Were it visible frorn the
northern hemisphere, it would be well known as one of the premiet
globular clusters. Unfortunately, given its far southern declination as
well as the tough competition from both the Small Magellanic Cloud =
and 47 Tucanae, NGC 362 is destined to remain an unsung show=
piece.

Binoculars easily unveil NGC 362 as a 6th-magnitude smudge
of light just off the northern edge of the Small Magellanic Cloud.
Photographically, it spans 13’ of arc, but to the observer with binocu=

lars, it appears only about half that size. A brighter central core
highlights the cluster’s fainter surrounding disk. i

aph by Sky and

lusters 4
ra and 1SO 400 film.

with the dramatic globular ¢
north. Photogr

(left),

and NGC 362 to the

2
8-inch /1.5 Schmidt came

gellanic Cloud NGC 29

Tucanae (NGC 104) lying to it's west
Telescope’s Dennis diCicco, using an

The Small Ma

Figure 7.30
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Major (UMa)
R.A. Dec.
e (2000)  (2000) Size/Sep/
| Yy b m 3 Mag. Period Comments
1 S}:c 09220 +5058 9.3 8 x4 Sb
. 09 28.7 +4536 5.5,8,10 77",84" 162° (1924)
. Gr 0943.8 +5557 79-8.6 0.334 days  Eclipsing Bina
x 09473 +6755 10.2 5 x 3 S n i
1 Gx 09556 +6904 70 26" x 14’ SEP Ms81
4 Gx 09558 +6941 84 117 x5! P Ms82
4 ‘(/Fx 10183 +4125 9.8 7, S 0 Sc
r 10446 +6847 6.7-13.4 301.68 d
Vr 10451 +6725 5.9-6.5 i i\r‘:-egula:

Vr 10453 +4534 71-8.8 3.0
1-8. .063 days  Eclipsing Bi
Vr 10590 +6959 6.9-77 125 days Sem;i’-Reggul::'ary

6 Gx 1 1.5  +5540 101 '
. 8 x 3’ S¢ M1
x: ﬁ i;.s +4511 77-9.5 81 days Semi-Regzlar
ik 55.;5 +35 54 8.3-9.2p 50.4 days Semi-Regular y
1 +4629 6765 63" . 114° (1969); 8347

Vel 11868 457 52 7.9-10.8p 196 days Semi-Regular

OC 1203 +58 0.4 1,400" UMa Moving Cluste

Vr 12205 +6119 6.7-8.5
\ . 7-8. 311d i-

* 12224 +5805 9.09.3 s ;Tt; T
xr 12364 +5929 6.6-13.4 25624 days M

r 12439 +6106 7.0-124  226.02days M

%
13239 45456 2340 709 71° (1966); 8891;
2 L] E ] F
Gx 14032 +5421 77 27" x 26' Schlvztalro?nl?in ol

1 Gala P
14 16.2 +56 43 7.1,6.6 108" 222° (1}5%6); 9197: %
Optical

;/s[t;[;sm.hAs we look through the Dipper’s home constellation of U
frinl K tfe Gregt Bear, our gaze is traveling out beyond the fart
ges of the Milky Way and into the vast empty void of intergala

space. Scattered throughout the Bear are hordes of distant galaxies,

some quite similar to our own, others amazingly different

M81 (NGC 3031) and M82 (NGC 3034) form one of the

intriguing pairs of galaxies found an i -
; ( ywhere in the sky. Th ¢
K:;SI'IY _located by extending an imaginary line from yGamzam[z_l}y 2

ajoris (Phecda) to Alpha Ursae Majoris (Dubhe) and then contitith

/

The Big Dipper is without question the northern sky’s best know:

nost

ing an equal distance to the northwest. There, you will encounter
these two striking objects.

MS81 is the brighter of the pair by more than a full magnitude.
A classic example of an Sb spiral, binoculars as small as 6x30's show
its oval form. Increasing to 11x80’s heightens the contrast between
the galaxy’s bright central nucleus and the dimmer surrounding halo
of the spiral arms.

M82 is a “peculiar” galaxy, a strikingly different kind of beast.

The brightest and most famous of its species, M82 reveals its well-
known cigar-like shape through 7x binoculars. Giant glasses even
begin to add hints of galactic texture. Using averted vision while
peering through 11x80's, I have seen the well-known M82 dark rift
that appears to slice the galaxy in half.

Deep photographs reveal a pair of huge nebulous plumes extend-
ing from this rift. Many authorities feel that these are clouds of ejecta
erupting from within the galactic nucleus. The detection of intense
radio noise seems to further advance the theory of an exploding M82,
although the studies are not totally compelling.

A third galaxy, NGC 2976, is found about 1%° to the south-
southwest of M81. At 10th magnitude, 7x50 binoculars will reveal
it to patient observers. Although classified as an Sc spiral, NGC 2976
actually shows little spiral structure either visually or photographi-

cally.

M108,(NGC 3556) was first noticed by Méchain in 1781. Located
about a degree south-southwest of Beta Ursae Majoris (Merak), it
may be glimpsed through 7x glasses on good nights. Look for an
almost pencil-thin smudge of gray light; that will be M108.

While in the neighborhood, can you find planetary nebula M97
(NGC 3587)? Commonly called the Owl Nebula for the two dark
“eyes” seen in telescopes, this object really does not belong in a book
about the binocular sky. The Owl glows dimly at 11th magnitude but
suffers from very low surface brightness due to a large 3’ diameter
disk. I mention it only because it lies in the same binocular field as

M108.

Collinder 285 is the closest and one of the sparsest open clusters
visible from Earth. It is without a doubt the most popular cluster in
the northern sky. Nearly every resident of the northern hemisphere
has seen it at least once, yet few people know of its existence! If this
all sounds like a riddle to you, in a way I suppdse it is. The five
brightest stars in Collinder 285 belong to a much more famous

asterism—the Big Dipper itself.



If we could compare the positions of the Di g
years frgm now to how they appear today, we [\Zrlggfé I:eS ila;:dw:%so 4
to 1dcnt_1fy the familiar figure. Over that stretch of time, even l:h :
th_e familiar bowl and handle pattern will be lost, five of, the st e i
still n%?lve with a common proper motion. , .

eir shared movement through space wa
R. A_. Proctor in 1869 and conﬁrmedgthrel::: years l:ltf: itys{;;p:lﬁed'
Studies conclude that at least 16 stars belong to this weak op.cn cl%%l
Thc group is about 75 light years away, and spread across an are t1
light years by 30 light years. That translates to an apparent diam
of over 23°. A dozen of the Collinder 285 stars are brighter than 6
magnitude, and are therefore visible without optical aid on r::1
nights. Although it is impossible to tell at a glance which stars belo
|t)0't}|11€ cluster and which do not, you should be able to pick cout0
Tlsglete?x: :;rllembers of the Ursa Major Moving Cluster with the aid

M40 (Winnecki 4) has had a checkered past. The trouble began in
166_0, when Hevelius recorded a “nebula above the back” 0%361_-
Major. Try as he might to duplicate the observation a century later,
Messier could only find “two stars, very close together and (?f( e i
br}ghmess, about 9th magnitude ... it is presumed that Hevgli:'
mlgtook these two stars for a nebula.” Nevertheless, in 1764, M
assigned the double star as his catalogue’s 40th er;try. '8
- WI'n 186?, Hevclhus’ “nel:_’ula” was discovered again, this time b
- Winnecki, who included it as the fourth listing in his double

WABLE'7.3) Members of th : )
Brighter than 8th Mag:itudz Ursa Major Moving Cluster

R.A
5 5 Dec.
ar (2000) (2000) Mag
21 LMi ‘
1 UM; 10h  07m 25.7s +35° 14' 41" 447
Beta UMa %(1) gf (5]32 s 2 s o
i +56 422 56 8
(D}:EIE ;;i\aa i ; S8 . 497 #8341 440} Z
19, 3f o Ul L eR iy '
l;lzjﬁu&s\f UMa 12 48 393 +60 19 ﬁ ﬁﬁ?
7;8: U;}la a g (5)4 01.7 +55 57 35 179
gz ate TR OR 5 '
;rgal I_lli{lmi UMa 13 13 gl e gy gg 2:3:
S UM: : 13 23 gssli g ies - 300
o 13 23563 nsa lss' 18 398
e 13 2550 A3 4540 590 17 400
peite ra 14 42 03.1 + 6 15 43 6.17
pha CrB 15 34 412 & 42 53 223

Winnecki 4 has shown little change in
le (P.A.). The magnitude 9.3 compan-
ion star remains 50" of arc east-northeast of the magnitude 9.0 pri-
mary. Under dark skies, both are marginally visible through 7X
while 11 and larger binoculars will have little trouble resolv-
you can repeat the original observation of Hevelius,
ty when viewed at lower

inventory. Since that time,
either separation or position ang

glasses,
ing them. Perhaps
as the stars seem to take on a misty quali

magnifications.

Zeta Ursae Majoris, better known as Mizar, marks the bend in the
handle of the Big Dipper. Mizar teams with Alcor (80 Ursae Majoris)
to form the most famous naked eye optical double star in the entire
sky. Separated by nearly 12’ of arc, the pair gleams through even the
smallest binoculars. An 8th-magnitude field star also joins Alcor and
Mizar, to form a flattened triangular asterism.

While Alcor and Mizar are actually nowhere near each other in
space, the latter is one of the most often observed true double stars
in the northern sky. Currently, the 4th-magnitude companion may be
found about 14" to the magnitude 2.4 primary’s southeast. Since its
discovery in 1650, Mizar B has moved little relative to Mizar A. While
there is no doubt of the stars’ true relationship, the companion’s orbit
must take thousands of years to complete. Mizar is believed to lie
about 74 light years away, corresponding to a minimum separation
between the two stars of 318 A.U., or nearly ten times the distance

from the Sun to Pluto.

M101 (NGC 5457) is another object that suffers from low surface
brightness. As a result, many observers scan right over this face-on
Sc spiral without even realizing it. In Messier’s own words, M101 is
“very obscure and pretty large.” Observers stand the best chance of
spotting this elusive target if the binoculars are first braced against a
steady support. The faint galactic nucleus just might be glimpsed by
using averted vision. If you are convinced that your aim is correct,
but still nothing is found, try jiggling the glasses slightly. Sometimes
marginal diffuse objects are more easily seen in this manner.



finor (UMi)

R.A. Deec.
(2000)  (2000) SizelSep/
Typ b m Ry [ Mag. Period Comments
OoC 0232 +89 45’ “Diamond-Ring”
asterism
Vr 1338.7 +7419 8.8-9.9 72 days Semi-Regular
Vr 14173 +6648 7.4-12.7 326.51 days Long Period Variable
tF 18290, 48027 6673 317 80° (1959); 9696
Vr 1529.6 +7838 7.7-12.9

326.25 days Long Period Variable

Apart from having the Earth’s north pole currently aimed a
directly at its brightest star, the constellation Ursa Minor, the
Bear, holds little of interest for amateur astronomers. Its seven
mary stars (also collectively known as the Little Dipper) range fr
2nd to Sth magnitude, which encourages many amateurs to use Ul
Minor as a gauge to assess the clarity of the night sky. Since
Ursae Minoris, the faintest star in the Little Dipper’s bowl, shines

magnitude 5.0, its detectability with the naked eye signals a clear s
at least to us suburbanites.

Harrington 1 is formed from a 45’ circlet of stars that includes Polari
and nine fainter suns. The renowned Burnham’s Celestial Handbo
points out that, collectively, the stars look almost like a heavenl
engagement ring, with Polaris as the diamond. Though not a tru
cluster, the Diamond-Ring Asterism is worth a look. ‘

S [.Irsac Minoris and U Ursae Minoris are a pair of very simi
variable stars. Each fluctuates between approximately magnitud
to magnitude 13 over a 326-day period. Both of these long p

suns cast a reddish glint, especially when spied near their maxim
brightness.

R.A. Deec.
(2000)  (2000) Size/Sep/
ﬂp hi m Be. . Mag Period Comments
** 0809.5 -4720 24,89 41",62",94"  220°, 151°, 141°
(1951)
OC 0810.7 -4916 4.7 20’
Vr 0810.8 -4742 Cepheid
Ve, 08141 —4434

Delta Senti tvne

Vel (continued)

R.A. Dec. ‘
e " (2000)  (2000) s;;zefsegf v
Object Typ h m Mag. erio :
TA069  °* 08144 —4550 6390 3 250° (1959)
Pimis4 OC 08345 -—4416 59 18
08 35.6 —4040 !
?{](Z;C ol 3?‘] 08370 —4407 6.4-7.6 20.397 days g;pl;:“:]'fﬁ 1
! —40 06 67’ eak; difficult to
Ru 64 OC 08 37.4 A
2 -5304 25 50’ Omicron Velorum
1C 2391 OC 08 40 o
12395 OC 08411 -4812 4.6 8 :
15%023 Vr 08436 —4724 74-9.0 23.474 days Cepheid
©r 197 OC 08447 -—-4122 6.7 17! \
SX Vr 08449 -4621 8.0-8.7 9.550 days  Cepheid
NGC 2669 OC 08 449 —5258 6.1 1?'
NGC 2670 OC 08 45.5 —48 47 7.5(35 25r
Tr 10 OC 08478 -—4229 4. ;
Ar73 *». 08562, —3532 7782 65" 35? (.1938?
Ccv Vr 0900.6 —5133 6.5-73p 6.889 days Echpsmngmary_
RW Vr 09203 -—4931 8.9->13.1p 4517 days Long Period Variable
WY Vr 0922.0 -5234 88-10.2p Z And type
\'s Nr 09223 '=5558 7.2-79 4.371 days Cepl_-neld
GL Vr' ' 02267 -5331 73-8.0 117 days Semi-Regular
IC 2488 OC 09276 =5659 74p 15’
A76 *+  0928.6 —4530 78,78 61" 98° (1913)
NGC 2910 OC 09 304 -5254 72 S ot )
S V.| 09332 —4513 (7.7-9.5 5.934 days  Eclipsing Binary
NGC 2925 OC 09 33.7 -5326 8.3p 12’ : J
Z Vr 09529 -5411 78-14.8 421.56 Long Period Variable
Cr 213 QG 09 54.7 .. =50/43 8 y
h 4282 . 10032  ~—5203 7782 48" 199° (1917)
CM Vr 10075 —5316 8.7-11.0p 780 days Semi-Regular
NGC 3132 PN 10077 -—4026 8.2p 84"x53" Eight-Burst Nebula
NGC 3201 GC 10176 —4625 6.8 18’ (
RY . Vr 10207 -5519 7.9-8.7 28.127 days Cepheid
NGC 3228 OC 1021.8 -5143 6.0 18’
h 4329 *+ 10314 . —5343 4984 46" 94° (1938)
h 4330 ** 10329 —4700 5.0,8.9 40" 163° (1960)
NGC 3330 OC 10386 -—5409 74 7!
A 95 ** 10393 —5536 4466 ' 52" 105° (1938)
SV Vr 10449 -5617 7.9-9.0 14.097 days  Cgpheid

Vela is the fourth and final component of the now-defun_ct constella-
tion Argo Navis. Representing the sails of that once-_mlghty ve:sscl,
Vela is composed of several stars that are easily seen with the unaided



eye, but are too low in winter’s sout 1
northern h.emi_sphere residents. From SOhuetr}? osfktiet(;qt:xeatif: ﬂh;\' o
they_are high in the sky and highlighted by the brilliant I\:lilkw \';
passing through. Thanks to the presence of our galactic plan, '
fine clusters, double and variable stars, and even a rgth i m"f
planetary nebula are contained in Vela. “
Gamn?a Velgrum, at 2nd magnitude, is the brightest star in the ¢ '
stcll.anon. Binoculars reveal it to be a fine multiple star. Th ol
obwou_s companion to blue-white Gamma A is a 4th-magn.irude h
star lying to the primary’s southwest. Gamma C and D 0
found_ to the southeast of Gamma A, but shine at onl 8thared
magnitudes, respectively. Therefore, they are to be seen gnl h:;Jm ¥
eyed observers using larger binoculars. ¢

NGC‘ 2547 is located south of Lambda Velorum and stands o
magl?lﬁcenrl_y in a very rich Milky Way star field. Over 80 stars bs'
to this dazzling starry array, with more than a dozen shinin bri
than 9th magnitude. This group always reminds me of a cufved i
lying on its side. If you have never seen NGC 2547 and h .
opportunity, do not let it pass you by! B

gsrlms 4is a we.ak, though apparent, open cluster in western
Inly a few of its 45 stars are bright enough to be seen th
binoculars. The rest fall short of detection, but ma d $
background glow. ’ b
js théSé:l::;ul:d;Jngl Pismis 4 (tho:_,lgh not physically associated w
ety ‘:1] ula. Named for its (j_lrscoverer, Colin Gum, the neb
sy 10:10 y thought of as a visual object, as it usually turns
e g-cxl::qosure Photpgraphs. Certainly, it cannot be seen i
o g(f)]zgm:;c:,t sm;:e lt_extenglslover 35 square degrees. Wi
L ~enhancing nebula filters, however, it just mi
thepcha;:):re] gt;)?sec the Gum Nebula through binoculars. Any takers
: :E(ii:l (.lﬂl'] be seen W!Fh the unaided eye on good nights as a hazy
o Vo f;}i:g many faint stars, including 4th-magnitude Omicr ]
Gamm;n.v : e cluste‘r may easily be found about 14° northwest of
o [we odrum. Binoculars reveal a large, lustrous gathering con#
doublg Uof ozen stars down to 9th magnitude, including several
o esb. nfortunately, the bf:auty of IC 2391 remains unknown
OSt observers, as it never rises above the southern horizon fro:
much of the northern hemisphere. Those amateurs fortunate enou

to be located in the south may partake iﬁmemorablc treat

IC 2395 is another bright open cluster doomed to anonymity because
of its far southern location in the sky. Consisting of about 40 magni-
tude 5 and fainter suns, it appears as a small, tight swarm of stardust
set to the south of a field abundant with stars. In all, I have counted
about a dozen points of light here in 11X binoculars while observing
at latitude 25° N. Perhaps southern hemisphere residents will be able

to see even more with the cluster higher in the sky.

NGC 2669 is found about a degree due east of Omicron Velorum
and IC 2391. Through binoculars, it is a moderately bright glow
surrounding six stars set in a trapezoidal pattern. By itself, NGC 2669
would be a noteworthy object, but when combined with larger IC
2391 to its east, as well as its general surroundings, the overall effect
is truly magnificent. Unfortunately, once again, neither of the two
clusters is ever seen well above latitude 25° N.

Trumpler 10 is a tightly packed swarm of stars more ideally placed
than the two previous clusters for observation by northern hemisphere
astronomers. Found just east of the star d Velorum, Trumpler 10
claims 40 stars crammed into a crowded 15'-of-arc area. Approxi-
mately nine of these are bright enough to be seen in binoculars,
including a readily visible 6th-magnitude double star.

IC 2488 is located 2° south of Kappa Velorum and 2° west of N
Velorum, riding the Vela-Carina boundary. Over 70 stars belong to
this 15'-diameter open cluster, but most shine at fainter than 9th
magnitude. Only a few are bright enough to be seen through most
glasses, while the rest coalesce into a dim stellar fog totaling 7th

magnitude.

NGC 3132 is one of the brightest planetary nebulae in the entire sky.
Located exactly on the Vela-Antlia border, it is officially assigned to
the former. NGC 3132 shines conspicuously at 8th magnitude and is
comparable in size to the famous Ring Nebula in Lyra. Its central
star is 10th magnitude and may possibly be seen in 10X glasses.
Nicknamed the Eight-Burst Nebula due to its complex multi-ring
appearance in photographs, NGC 3132 reveals a whitish disk to
visual observers. About 2,600 light years separate it from Earth. The
Eight-Burst Nebula may be found by scanning 10° due east of Psi
Velorum. To aid in locating it, there is an unrelated 9th-magnitude
star just south of the nebula. {

NGC 3201 is the only globular cluster found within Vela. It may be
found about §4° northwest of 3rd-magnitude Mu Velorum. Globulars



(Vir)

are typically classified on a 12-point scale according to their
concentration, with higher values signifying a lower density. On
basis of this scale, NGC 3201 is listed as Class X, implying a |
structure. Binoculars will readily show its disk, but the cluster’s ¢
sands of individual stars remain invisible at magnitude 13 and be

NGC 3228 is a bright galactic cluster in eastern Vela. Through 7%
glasses, about a dozen 9th-magnitude stars compressed into an
zone are visible here, with about half crushed into a tight centra
knot. Collectively, the cluster has an integrated magnitude of

permitting easy detection through binoculars. A

R.A. Dec.
(2000)  (2000) SizelSep/
Typ b m b Mag. Period Comments
Vr 12019 +0904 73-11.2 Unkno
- . wn
Vr 12072 -0646 8.6-9.1p Irregular i
6 Gx 12159 +1309 10.0 8 x 2 Sh
3 Gx 12219 +0428 9.7 6 x5 Sc M6l
NG 012951 +1283 93 5" x 4 El MS84
Vr 12253 +0048 6.0-9.6 354.66 days Long Period Vari
:6 Gx 12262 +1257 92 7' X 6 E3 MS86
2 sx g :3:9.8 +08 00 8.4 9 x 7' E4 M49
v 04 +0425 73-88 150 days Semi-
6 Gx 12308 +1224 8.6 7* 3 E‘;mlﬁgular
6 Gx 12340 +0742 96 7' x 2 E7
S Gx 12343 +0812 98 Vi SBc
6 Gx 12345 +0211 104 7' % 3 Sc
2 Gx 12357 +1233 98 4 E0 MS89
9 Gx 12368 +1310 95 9" x 5’ Sb+ M90
9 Gx 12377 +1149 9.8 5" % 4 Sb M58
: Vr 12385 +0659 6.0-12.1 145.64 days Long Period Variable
Gx 12400 -1137 8.3 9 x 4 Sb M104 Sombrerc
Gal
1 Gx 12420 +1139 98 5" x 3 E3 1\:?;
) Gx 12437 #1133 838 7' %X 6 El Mé60
7 Gx 12486 -0548 9.3 6" X 4 E4
) sx 12490 -0840 9.6 e S Sa
r' 12511 40533 7.5-135 206.80 days L i iable
3 8" 12524 -0112 9.9 gt i l='ong i
r 13026 +0511 9.0-10.3p 155da Semi-R.
Vr 13141 -0248 6.9-79 150; Seln;ikeguleglﬂ::

Vir (continued)

P

R.A. Dec.

" (2000)  (2000) SizelSep/
Object Typ b m i Mag. Period Comments
S Vr 1333.0 -0712 6.3-13.2 377.43 days Long Period Variable
DL Vr 13526 -—1843 7.0-75 1.315 days  Eclipsing Binary
RS Vr 14273 +0441 7.0-144 352.80 days Long Period Variable

Welcome to galaxy country! Virgo, the Virgin, is home to more bright
galaxies than any other constellation in the sky. Most belong to a
colossal galactic swarm called the Virgo Realm of Galaxies.

The Virgo Realm of Galaxies is the closest and one of the largest
assemblages of galaxies in the known universe. Studies indicate that
at least 2,500 individual galaxies are found within the Realm at an
average distance of 78 million light years from the Milky Way. Span-
ning over 100 square degrees in Virgo and neighboring Coma Beren-
ices, the Realm’s actual diameter is about 16 million light years.

The 17 brightest island universes in Virgo’s Realm await the
roving eye of binocular astronomers. These galaxies are rather faint
by binocular standards; they certainly will not poke you in the eye
and say “here I am!” Through most glasses, each will challenge the
skill of even the most accomplished observer. Still, with patience, their
tiny dim glimmers of light can be seen floating amongst the stars.

M61 (NGC 4303) is found 5° north of 4th-magnitude Eta Virginis,
‘although it is difficult to spot in anything less than 10X binoculars.
Photographs reveal this 10th-magnitude galaxy to be a face-on spiral
measuring about 6’ across; visually, it appears about half that size.

M84 (NGC 4374) teams with M86 (NGC 4406) to form a pair of
close-set galaxies near the Virgo—Coma Berenices border. Through
binoculars, both of these elliptical galaxies appear as nebulous, oval
disks punctuated by brighter central nuclei. M86, the westernmost of
the two, appears somewhat brighter than M84. They were both
discovered by Messier in March 1781.

M49 (NGC 4472) is located a little to the east of the halfway point
between M61 and M84/86. Messier saw M49 “only with difficulty”
when he happened upon it in February 1771. It leaves me with a
somewhat brighter impression, as I feel it stands out fairly well in
7%50's on dark nights. Of course, it is quite a different matter to
discover something for the first time than it is to see something you
know exists. Classified as an E4 elliptical, M49's 8th-magnitude,
9'x7" oval disk makes it the second brightest galaxy in Virgo.



M87 (NGC 4486) is famous as one of the largest and most luming
galaxles' in the entire universe, with estimates indicating a
populaqon of approximately 800 billion solar masses. In 1918
D. Cl:ll’tls of Lick Observatory discovered a luminous jet of rr’xa
b_urstmg from M87’s core. To add to the mystery, strong radio ¢
sions were detected from M87 in 1948, while X-rays from thi
unusual object were identified 18 years hence. Today, all l:hs
these unusual features are tied into a single theory statir:g that e
results from a massive gravitational collapse from deep withi
galacg:c conlr, perhaps caused by a black hole. 3
inoculars reveal M87 to have a perfectl
Eulfeg in a fa;nltler round mist. To my cye?it outs?iit:sll;r;;iu:rlle&ls
y about a full magnitude i im it i '
i brighter_g , but most lists claim it is only hz

M89 (NG_C 4552) and M90 (NGC 4569) form a challenging
duo h.ugglng the Virgo-Coma Berenices border. The former 1
magnitude EO elliptical, can prove difficult to detect through’ bin
lallrs of less than 10X, especially from a less-than-perfect obse
site. Even .then, it appears as little more than a minute, fea
smudge without the slightest trace of a central concentr;tion
’ M90, found ¥4° northeast of M89, is about half a ma .ni
b.nghter and somewhat more impressive. With a bit of stud)% -
cially through giant glasses, this Sb spiral shows a faint stcllar,cen
girdled by the oval nebulosity of its tightly wound arms. '

M58 (NGC 4579) lies about a degree southeast of M89. Altha
they are listed as the same magnitude, I always seem to.be able t
locate M58 more easily than its neighbor to the north. This is prob :
due to the slightly smaller sized disk of MS 8, which concentl:'ate.s th
same amount of light over a lesser area to yield a brighter effect. Onc
again, obser.vers peering through large binoculars just discern a ste lar
nucleus !aurled within a dull, milky haze. ..
_ Il?cu:!er?tally, about half a degree southwest of M58 is an interest-
ing pair of interacting galaxies labeled NGC 4567 and NGC 456§
z]md mckna_med the “Siamese Twins.” Although they just break the

Ith-magnitude barrier (and are therefore too faint to be included in
our,sun{ey), they are still of special interest since they form one of the
sky’s brightest pairs of physically connected galaxies. Most amateu£ .

M104 (NGC 4594), the brightest galaxy in Virgo, is found far to the
south of the Realm’s center. This is the c%brated Sombrero Galaxy,

named for its protruding central core and broad, flattened spiral arm
rim. Its appearance is further highlighted by a prominent dark lane
encircling the galaxy along the arms’ outer circumference.

M104 is a marvel to behold in nearly all binoculars. Lower
power glasses reveal an oval disk, which brightens rapidly toward the
center. With higher magnification comes an even more spectacular
view. Through 11x80’s, the galaxy’s bisecting band of dark nebulos-
ity may be suspected as it slices across the Sombrero’s “brim.”

M59 (NGC 4621) and M60 (NGC 4649) may be found by continuing
another two degrees to the southeast from MS58. Although both are
evident when conditions are right, M59 will pose quite a challenge
through less-than-optimum skies. Shining at 10th magnitude, its
5'x3' oval disk will frequently require averted vision to be spied.
M60 appears a full magnitude brighter and a bit larger than
M59, and looks just like a tiny ball of fluff. Its nucleus is also suspect-
ible when viewed with averted vision. Both M59 and M60 were

discovered in April 1779 by ]. Koehler.

Volans (Vol)

R.A. Dec.

(2000)  (2000) SizelSep!
Object Typ h m gkl Mag. Period Comments
S V. 07298 -7323 77-13.9 395.83 days Long Period Variable
Kappa'*? ** 0819.8 =7131 54,5.7 65" 57° (1835)

Volans, the Flying Fish, is another of the many southern hemisphere
constellations conceived by the creative mind of Bayer in the early
17th century. Occupying the space bordered by Dorado and the Large
Magellanic Cloud to the west and Carina to the east, Volans holds
but two deep sky objects that are bright enough for binocular scratiny.
Many galaxies also dwell in the area, but they are undeiZCtablc
through binoculars.

Kappa'*? Volantis is a bright, attractive binary star found close to the
constellation’s center. Kappa', a magnitude 5.4 type-B star, is isolated
from magnitude 5.7 Kappa’, a type-A sun, by more than a full minute
of arc. This wide tract of sky between them makes the pair a pictur-
esque binary system when viewed with almost any optical aid. Both
Kappa' and Kappa® glisten pure white against a dark sky far from
any stellar competition.



tla (Vul)

R.A. Dec.

(2000)  (2000) SizelSep/
Typ h m SR Mag. Period Comments
Vr 19177 . +2226 6.9-7.6p 4.478 days  Eclipsing Binary
Vr 1921.7 +2534 74-92p 2.455 days  Eclipsing Binary
OC 19254 +2011 3.6 60’ Coathanger Cluster
QC 19272 +151U8
OC 19358 " 12315 5.3 60’

Vr 1936.6 +2020 6.8-7.5
OC 19409 +26 51

7.991 days  Cepheid

DNF 19431 42317 40’
OCT1943:1 257185 71 12’
QOGNS 310 233040 7.9 12’

Vi o 195105 10 #2728, .6.7-7.8
PN 19.59.6] |+22:43,, 8.1

45.035 days Cepheid
480"x240" M27 Dumbbell

Nebula
OC . 2012.6 42629 57D 7
OC 20346 +2818 6.3 31 h
Vr 2048.9 +2300 8.6-9.4p Irregular -

Vr 20515 +2815 5.4-6.1
Vr 21044 +2349 7.0-143

4.436 days  Cepheid
136.36 days Long Period Variable

Vulpecula, the Fox, is a small summertime constellation found
drenched in the Milky Way, yet it offers no stars brighter than magni-
tude 4.5. For an observer armed with binoculars, however, this region
blossoms forth with many deep sky splendors.

Collinder 399, seen above the center in Figure 7.31, is a fine cluster
of stars when viewed through binoculars, yet many observers seem
to overlook it. You may know it by one of its more popular nicknames,
the Coathanger Cluster or Brocchi’s Cluster. The Coathanger contains
some five dozen stars spanning a full degree of sky, and may be seen
without any optical aid as a bright patch within the Milky Way. The
cluster’s brightest suns, labelled separately as 4, 5, and 7 Vulpeculaé,
are also visible to the unaided eye if conditions permit. _
Binoculars easily reveal how this cluster came to be known as
the heavenly Coathanger. Six stars, aligned in a straight line, form
the coathanger’s cross bar, while four other points of light curve away
to create its hook. Seven-power binoculars display a total of 20 stars

sprinkled across Collinder 399. Surrounded by a magnificent field =
filled with stardust, this is sure to become one of your favorite sum= =

mertime objects, just as it has become one of mine.

\

Figure 7.31

The Coathanger Cluster, Collinder 399, in Vulpecula appears just above
the center of this photograph, while Altair (in neighboring Aquila) is the
bright star below left center. The author took this ten-minute exposure
using a 50-mm {/1.7 lens on ISO 400 film.



|
Stock 1 is a second large galactic cluster inside of Vulpecula. Studies
indicate that 40 stars may be found within its 1°-diameter boundarieg,
About half of these are 9th magnitude or brighter, and are therefore
visible in 7x50 glasses. However, unlike Collinder 399, it is difficuls
to tell exactly where Stock 1 begins and ends. It impresses me more
as a rich star field than a true cluster.

To find Stock 1, scan about 312° southeast of Albireo (Beta Cygni)
for a distinctive, though faint, arc of four stars positioned just west
of an 8th-magnitude orb. These suns are centrally located within the
cluster. A 7th-magnitude star to the arc’s northwest stands out as the
group’s brightest luminary. .

NGC 6823, an open cluster found about 6° southeast of Albireo (Beta
Cygni), consists of 30 magnitude 9 and fainter stars. Most binoculars
reveal only four separate points of light amid a soft glow of other
unresolved cluster members.

Under ideal conditions, it might also be possible to detect NGC
6820, a large diffuse nebula. Extending for about half a degree around
the cluster, this cloud’s low surface brightness makes it a most difficult
object to run down. E

M27 (NGC 6853), the Dumbbell Nebula (Figure 7.32), is famous as
one of the finest planetary nebulae around. Many observers, including
myself, feel this is the most spectacular of its kind in the entire sky. =
Messier was first to happen upon the Dumbbell Nebula in July 1764.
Although he could not imagine its origin, he correctly observed that =
it was nonstellar in appearance. Its nickname comes from its similarity
in appearance to a closely set pair of weights joined by a short bar.

Equal to an 8th-magnitude star in brightness, the Dumbbell may
be seen through 7x glasses as a hazy, rectangular smudge just south
of 14 Vulpeculae. Higher magnification begins to reveal its celebrated
hourglass form and azure color.

Astronomers estimate that the Dumbbell Nebula lies about 975
light years away, making it one of the nearer planetaries. This corre-
lates to an actual size for M27 of about 2% light years across. Given
these facts, and a measured expansion rate of approximately 17 miles
per second, we can work backwards to determine the age of M27,
which works out to be about 48,000 years. This is more than twice
the age of typical planetaries.

NGC 6940 is a striking open cluster lying just inside the northern =
border of Vulpecula. Here, observers will find about five or six feeble =

\

Figure 7:32
The Dumbbell Nebula, M27 (NGC 6853), in Vulpecula. Photogra_ph 1by
Lee Coombs through a 610-mm £/6 lens using 103a-E spectroscopic film

and a ten-minute exposure.

pinpoints against the combined glow of the cluster’s five dozen suns.

. One of these faint stars is known as FG Vulpeculae, a red semi-regular

variable star. It ranges in brightness from magnitude 9.0 to magnitude
9.5 across approximately 80 days.
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Caveat Emptor! (Let
the Buyer Beware!)

Anyone can buy a pair of binoculars,
but buying the right pair for your needs
requires planning and forethought. The bin-
oculars you choose will become an exten-
sion of your senses, so yeu want the partner-
ship to be a long and happy one. Before you
begin to shop, consider a few factors.

Modern binoculars are available in
two basic styles, depending on the type of
internal prisms used: porro prism glasses
and roof prism glasses (Figure A.1). Roof
prism glasses, although more compact in
design than porro prism glasses, do not lend
themselves as well to astronomical applica-
tions. The problem is that roof prism assem-
blies do not reflect light as efficiently as
porro prisms. By design, roof prisms require
one internal surface to be aluminized in or-
der to bounce light through the binoculars.
As the light strikes the aluminized surface,
a bit of it is lost, resulting in a dimmed
!mage. Porro prisms—at least those made
frorn high-quality glass—totally reflect the
Incoming light without the need for'a mir-
fored surface, allowing for a brighter final
Image,

The second disadvantage to roof
Prism glasses is their high cost. Part of the

igher expense is the result of the precision

e

<
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Figure A.1

Cutaway diagram showing internal
components of porro prism (left) versus
roof prism (right) binoculars. Courtesy of
Unitron Corporation.

required for their assembly: unless con-
structed with great care, the image quality of
roof prism binoculars will be unacceptable.
Still, for viewing the night sky, even the

263



ism glasses are inferior to porro
:ls.

prism binoculars come in two
- German and American (Figure
serman style consists of a two-
with the objective lenses held in
rrels from the barrels holding
and eyepieces. Due to the joint
e two pieces, German glasses
cked out of alignment with only
. In addition, the construction
de poor seals against the infil-
lust and moisture. It is not un-
German-style glasses to suffer
nal fogging, especially during
h humidity.

can-style binoculars consist of a
ody. Their design offers a stur-
| of holding the optics and main-
nment. Lacking the central joint
1an-style glasses, American bin-
e thoroughly seal out water and
1ination.

f the most important choices to
ecting a new pair of binoculars
fying power of the glasses. Low-
culars are great for wide-field
> Milky Way, but higher power

yle (one-piece) versus German-style (two-piece) binoculars. Courtesy of

rporation.
|

glasses are preferred for the Moon, Sun, a
planets. Keep in mind that as magnifica
increases, so does the binoculars’ weigh
This is especially important if you plan ¢
holding the glasses by hand. Most peop!
can support 7X binoculars with minim
strain and fatigue, but with 10x gla
the extra weight might make hand suppo
impractical.

Binoculars over 10x are classified
giant binoculars. These are especially usef
in comet hunting, lunar and planetary
amination, and any application that
quires a little more power than tradition
glasses.

If you have your heart set on purchas-
ing a high-power pair, then some sort
external support (typically a photograph
tripod) is a must. Appendix B evalua
methods for mounting binoculars and offé
a sampling of alternatives to traditional
pods constructed by some amateur ast
omers. .

Another critical choice is the binoci
lars’ objective lens diameter. When it comes
to selecting a telescope, amateur astron
mers always assume that “bigger is better.”
While this is generally true for telescopes,

-

\)

is not always the case for binoculars. For
optimum performance, the objective di-
amevers should be matched to both your eye
and your observing site.

The human eye is an amazing optical
mechanism. It can automatically adapt itself
to a wide range of varying light conditions.
The amount of light entering the eye is con-
trolled by the central opening in the iris
called the pupil. For most people, the pupil
contracts to about 22-mm in broad daylight
and dilates to about 7-mm in total darkness.
To be perfectly matched for nighttime sky
watching, the cone of light leaving the bin-
oculars’ eyepieces, known as the exit pupil,
should be the same diameter as the diameter
of the eye’s pupil. If the exit pupil is too
small, then some of the eye’s light-gathering
capability is wasted; with too large an exit
pupil, we are physically unable to make use
of the binoculars’ full potential.

The exit pupil for a particular pair
of binoculars is determined by dividing the
objective’s diameter by the power of the
binoculars. For example, a 7 x50 pair has a
7.1-mm exit pupil, while 7% 35 glasses have
a 5-mm exit pupil.

The binoculars’ objective diameter
and resulting exit pupil should be closely
related to the conditions under which the
binoculars will most frequently be used. If
you spend most of your observing time un-
der dark, rural skies, then your eyes’ pupils
should dilate fully to about 7-mm. There-
fore, a diameter-power combination pro-
ducing a matching 7-mm exit pupil should
be chosen. Among these are 7x50, 10x70,
and 11x80 binoculars.

If your location suffers from light pol-
llution, then your pupils will never become
fully dilated. Instead, they may only expand
to 5-mm or 6-mm, making night -glasses
with large exit pupils unnecessary. In fact,
along with increased aperture may come in-
creased sky glow interference. The larger
diameter objectives will pick up more light
pollution along with more starlight and may

actually produce images inferior to those
produced by smaller binoculars. Accord-
ingly, urban and suburban residents might
do better by selecting binoculars with
smaller exit pupils, such as 7x35’s or
10x50’s.

Most binocular manufacturers offer
zoom binoculars. These permit the user in-
stantly to double or even triple the power
of the instrument. Unfortunately, nothing
in this life is free, and zoom binoculars pay
heavily. To perform this feat, zoom models
require far more complex optical systemis
than fixed-power glasses. More optical ele-
ments increase the risk of imperfections and
inferior performance. Additionally, image
brightness suffers terribly at the high end
of zoom binoculars’ magnification range,
causing faint objects to vanish.

In purchasing binoculars, it is also im-
portant to know the binoculars’ field of
view. A value for the field of view is usually
found stamped on the barrels’ tail stock and
may be expressed in two different ways.
Typically, manufacturers will either note
the area of view in degrees or express it as
a separation in feet at 1,000 yards (e.g., 325
feet at 1,000 yards). The latter tells us thit
if a 325-foot-long ruler were viewed
through the glasses from a thousand yards
away, it would just squeeze into the eye-
pieces’ field of view. If your binoculars spec-
ify the field of view by this second method,
you may determine their true angular field
by dividing the number of feet by 52.5.
Thus, the view through the “325-feet” bin-
oculars actually covers a little over 6° of sky.

Wide-angle binoculars are becoming
increasingly popular. These binoculars may
give up to a 10° to 12° field, permitting
easy detection of objects over a broad area.
Wide-angle glasses are available in the same
magnification-diameter combinations as
normal-angle glasses, but require larger and
heavier prisms and eyepieces. Accordingly,
they are more difficult to make and more
expensive to purchase. So-called extra-



binoculars should be looked
| suspicious eye. Glasses that
reater than about 600 feet at
(11.5°) often suffer badly from
g stars near the edge of the field
fle comets) and other optical
s. Of course, all optical systems
coma, but it generally becomes
mced as the angular field of
s.

A.1 summarizes some of the
ar binocular sizes and their

Comparison of Binoculars

When shopping for a pair of bing
lars, it is a good idea to compare seve;
brands side by side. Look at the objecti
lenses. Does the manufacturer state that ¢
lenses are coated? Optical coatings redu,
lens flare and improve light transmissio
two desirable characteristics for astronomi-
cal binoculars. :

A plain, uncoated lens actually refle
about 4% of the light striking it. By applyi
an antireflection coating to both sides of the
lens, light reflection is reduced to abe
12%.Most opticalinstruments availableto-

Advantages

Small size, light weight.

Easily hand-held; excellent
wide-field views of Milky
Way and deep sky objects.
Easily hand-held; light-
gathering ability sufficient for
hundreds of objects; best

overall choice.

Good choice for urban or
suburban users who want a
little higher magnification;
added power reveals many

details on the Moon.

Excellent for star clusters,

nebulae, and galaxies.

Excellent for faint objects;

stereoscopic views of

interstellar regions beyond

comparison.

High power good for lunar

and planetary viewing.

- Limited to bright objects,

such as planets and the
Moon.

many celestial objects.

Exit pupil restricts dark:
effectiveness.

Increased objective
diameter may cause sky-
glow problems in urban
and suburban areas.

May require a tripod.

Heavy; tripod usually
needed. _
Tripod needed; heavy; can
be clumsy to carry and use.

i

Restricted exit pupil might
be a problem for dark-sky
viewing.

Not intended for
astronomical use due to
small exit pupil.

day, such as camera lenses and binoculars,
are coated with magnesium fluoride, which
is-applied by evaporation to the glass sur-
face 1n a vacuum chamber.

The images produced by binoculars
with uncoated lenses appear far inferior to
those produced by their coated counter-
parts. The runaway reflected light strays
throughout the optical system, causing low-
contrast images against a muddy back-
ground.

Some moderately priced binoculars
that state that they have “coated optics”

- should be interpreted to mean, “Only the

exposed faces of the objectives and eye
lenses are coated”; the internal optics are
probably not. Others may claim that all air-
to-glass optics are coated, which implies
that all internal surfaces are coated as well.
However, the manufacturer may “forget”
to inform the prospective consumer that
some of the internal lenses are made of plas-
tic. Chances are that those nonglass ele-
ments are uncoated.

The thickness of the applied coating is
critical to its effectiveness. For magnesium
fluoride, the ideal thickness is ¥ of the wave-
length of the light passing through. The hu-
man eye is sensitive to all light across the
visible spectrum ranging from red to blue,
but especially to the color in the middle:
yellow. Yellow has a wavelength of 550 na-
nometers (one nanometer equals 10" me-
ter). Manufacturers aim at 25% of 550 nm
when specifying the coating’s thickness.

A lens with the proper thickness of
magnesium fluoride exhibits a purplish hue
when held at a narrow angle toward a light.
If the coating is too thin, it will appear pink-
ish; if it is too thick, then a greenish tint
will be cast. Uncoated lenses have a whitish
glint, Reject any lenses that are not fully
coated with the correct thickness.

Top-of-the-line binoculars receive
multiple antireflection coatings, reducing
reflectiontoless than /2% . Most multicoated
lenses show a greenish reflection when

turned toward a light. However, some less-
than-honest dealers may try to pass off a
lens with too thick a single coating as multi-
coated binoculars, as both can appear very
similar.

When shopping, carefully check the
binoculars’ optical alignment. The brain is
used to getting two nearly identical images
from our eyes. Any misalignment between
the binoculars will result in two slightly off-
axis images. In an effort to correct this ap-
parent malfunction, the brain will strain to
bring the images together. As a result, mis-
aligned binoculars will cause undue eye
strain and headaches when used for any sig-
nificant length of time. In his book, Binocu-
lars and All-Purpose Telescopes (New
York: AMPHOTO, 1980), the late Dr.
Henry Paul recommends a simple way to
check the alignment of binoculars quickly.
While looking at a distant terrestrial object,
cover one side of the binoculars with your
palm, but keep both eyes open. Then
quickly remove your hand to uncover the
lens. If any misalignment exists, two images
will be seen for an instant before thebrain
tries to snap the images together.

Now hold the binoculars at arm’s
length, and look at the circle of light coming
out of each eyepiece (Figure A.3). Are they
both clear circles, or do you notice a dia-
mond shape within? Clear circles indicate
that the pair’s prisms are made of BAK-4, a
superior-quality glass. The index of refrac-
tion of this type of glass allows for total
internal reflection of all light entering the
prisms. The diamond effect is caused by
light falloff from using cheaper Crown glass
(BK-7) prisms. Crown glass does not permit
total internal reflection, which forces manu-
facturers to aluminize one face of the prisms
in order to reflect light. The result is dimmer
images.

Besides noting the optical quality of
the binoculars you are considering purchas-
ing, take a long, hard look at the mechanical
assembly, starting with the focusing mecha-



1 between the clear circular exit pupil of binoculars with BAK-4 prisms
mond-like exit pupil from glasses constructed with less expensive BK-7
graphs courtesy of Unitron Corporation.

ntemporary binoculars havea
ing wheel between the barrels,
inoculars frequently require
to be focused separately. Re-
e method used, the focusing
move smoothly. Incidentally,
vinoculars use a “fast-focus”
nstead of a wheel. This ap-
its rapid, coarse focusing,
e terrific for moving objects,
rate enough for the fine focus-
hen stargazing.
Id the binoculars up to a light
the front end of the barrels
bjectives. Are the lenses free
he barrel walls should be free
matter such as dust, adhesive,
vings. If not, the binoculars
ble.
item to check is the eyepieces’
distance adjustment. Binocu-
djusted to fit a wide range of

observers. To achieve this versatility, glasses
have a central hinge that permits the dis-
tance between the eyepieces to be adjusted
comfortably for your eyes. Also, check

whether the particular model you are inter-

ested in has a built-in standard photo-
graphic tripod socket. In most cases, the

front end of the barrel hinge is threaded

for this purpose, which makes a right-angle
adaptor necessary for mounting the glasses
onto a tripod. Rarely, a pair is found with
the tripod socket built right into the bottom

of one of the barrels. This type of tripod
socket should be avoided, as ahgnrnent
problems may be mtroduced

As with nearly everything we buy, the
budget will be the final dictating factor. Per-

haps you cannot afford the best binoculars
around, but after performing these simple
tests, you will be able to select the best bm-
oculars within your price range.

\

AEEencﬁx B

Mounting Concerns

One of the basic advantages binocu-
lars have over telescopes is portability:
while telescopes may require a half hour or
more to set up, it is a simple task to pull
binoculars out of their case and begin scan-
ning the heavens.

With the ever-increasing popularity of
so-called giant glasses, more and more ama-
teurs are realizing the difficulty in holding
binoculars steady for extended periods of
time. Whereas most of us have little trouble
supporting 7% glasses for short periods
while viewing level, terrestrial objects such
as sailboats on the horizon, we quickly grow
fatigued while searching for a faint celestial
object near the zenith. Moreover, as magni-
fication climbs, so will a pair’s weight and
size, making larger glasses even more diffi-
cult to support by hand. Great care may be
given to their selection, but without solid
support, the performance of even the finest
binoculars will be less than satisfactory.

If you want to hold binoculars steady
by hand, try this trick. Most people natu-
rally hold binoculars around the prism end
of the barrel, which places the entire weight

of the objective lenses out in fro%- of the
support points (your hands). Hewever, if
the binoculars are grasped at the objective
(front) end of the barrels, the overhanging
weight will be directly supported, thereby
greatly reducing shaking. I have been able
to steadily hold 20 and even 30X glasses
in this manner without the use of a tripod.
Extended use will still cause fatigue, how-
ever, making some sort of external support
necessary.

Not all camera tripods are suitable for
supporting binoculars; indeed, most are not
suitable for the task. The flimsy legs and
weak heads of less expensive tripods prove
little better than holding binoculars by
hand, especially when used with heavier gi-
ant models. A good tripod will have cross-
braced telescoping legs that lock firmly in
place. Since most of your viewing time will
be spent looking up from under the binocu-
lars, the tripod’s maximum height is also an
important consideration. Nothing takes the
joy out of stargazing quicker than having to
bend and strain just to look through the
eyepieces. Depending on your height, the
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raise the binoculars six feet or

the best binocular mounts are
any price. Many clever ama-
makers have come up with
igns for making observing
s more comfortable and con-
cample, Jerry Burns, a retired
n Moorestown, New Jersey,
nd constructed the clever, but
ilar mounting system shown
{is idea of a “flexible parallel-
ngly akin to swing-arm desk
amps may be raised and low-
osition, with the light itself
ed at a constant angle.

ight) and his homemade
inocular mount and
>d. Photograph by the

The “flexible parallelogram” idea is
one of the nicer features of Burns’s system,
Once aimed, the binoculars may be raised
and lowered to permit comfortable viewing
by observers of different heights without
ever losing the target. To see how this s
possible, notice that, like swing-arm desk
lamps, the frame of Burns’s construction
forms a hinged parallelogram. Thus, even
though the angle between adjacent sides
may change, the sides opposite each other
remain parallel. Further, the shorter vertical
sides always hold the same angle relative to
the tripod on which they are mounted. This
means that anything attached to one of the
shorter legs of the parallelogram will stay
aimed in one direction even when the frame
is raised up or down.

All of the mount’s components were
machined from scrap aluminum in Burns’s
home workshop. Each joint is pinned to
ensure the close tolerances required for the
mount to work properly. Nylon washers are
placed between each pinned metal-to-metal
pivot to prevent possible binding.

An adjustable counterweight, oppo-
site the binoculars, helps stabilize the
mounting. Burns found that, even when the
mount was perfectly balanced, some addi-
tional frictional drag was required. To sup-
ply this drag, he introduced a pair of nylon-
tipped threaded rods into the system that
pass through two side members and press
against an aluminum semicircle attached to
the top beam. Pressure may be adjusted by
turning one or both of the white sheathed
rods by hand. :

While his design can be attached to
any heavy-duty photographic tripod, Burns
chose to build his own tripod from scratch.
The resulting combination of homemade
binocular mount and tripod is elegant for
its simplicity, functionality, and execution.

John Riggs of Buffalo, New York, has
designed and constructed the attractive ob-
serving chair shown in Figure B.2. Though

\

Figure B.2

John Riggs and his rotating observing
chair. Note the placement of the
platform’s pivot points relative to the
observer’s neck. Photograph supplied by
John Riggs.

made for a 3-inch {/5 richest field refractor,
the chair is easily adapted to a pair of binoc-
ulars. Riggs’s inspiration for the chair came
from Leslie Peltier’s “Merry-Go-Round”
observatory and Edgar Everhart’s comet
seeker, two outstanding designs from the
1940s and 1960s, respectively, as well as
from the currently popular Dobsonian tele-
scope mount.

There are four main components to
the Riggs observing chair: the seat, seat box,
base, and instrument platform. The seat is
constructed of Y2-inch-thick plywood and
hardwood dowels. Since it needs to be cus-
tom fit to the individual, this part must be

made first. The seat pads and headrest are
important factors to consider when building
the chair. Four-inch-thick foam is used for
the pads, while the cylindrical headrest is
made by rolling a thinner, flat piece of foam
around a hardwood dowel and then fitting
it into a cloth cover.

The seat box is also fabricated from V-
inch-thick plywood. In order to reduce vi-
bration, the seat back never actually touches
the seat box. The bottom is secured into the
seat box’s frame by two machine screws and
wing nuts. These permit easy disassembly
for transporting the chair to rural observing
sites,

A frame of 2 X4’s and ¥4-inch plywood
comprises the base of the chair. Note the
hexagonal shape, which is needed in order
to provide enough foot room for the ob-
server. P

The seat—seat box assembly ard the
base are connected by a large, centrally lo-
cated bolt. Originally, a sheet of Formica
was glued to the bottom of the seat box,
and three equally spaced Teflon pads were
tacked onto the top of the base, like a Dob-
sonian telescope mount. The Teflon and
Formica combined for a smooth and sturdy,
yet inexpensive, bearing. More recently, a
ball-bearing Lazy Susan has been substi-
tuted, reducing the force needed to rotate
the chair even further.

The ¥%-inch plywoodsides of theinstru-
ment platform are affixed to maple cross
members to which the instrument is
mounted. The altitude bearings are short
sections of three-inch-diameter aluminum
tubing. The bearings ride on two Teflon
pads inside each of the semicircular cutouts
on the seat box. Note that, for added rigid-
ity, these cutouts are reinforced with a sec-
ond piece of plywood. To counterbalance
the mass of the instrument, two adjustable

steel weights are attached to the ends of the
platform arms.

Riggs notes that his observing chair,
which was constructed with only simple



is “the ultimate” for viewing
uses it for monitoring variable
t seeking, and just enjoying the

the previously described
work fine for most binoculars,
t strong enough to support truly
s. This was the problem faced by
snoher of Greenwich, Connecti-
pund that heavy-duty tripods
awkward, so he began to build
itotype devices to hold his 60-
non 25x 105 binoculars.
ther’s early attempts evolved into
'd steel-framed observing chair
Figure B.3. The design is built
arplus airport cargo transporter.
concrete blocks, the transporter
#s as both a rock-steady founda-
in azimuth bearing. The latter
lakes good use of the transport-
ch-wide, five-foot-diameter steel

combined weight of the chair,
Iter, and observer is carried on
ack by three steel wheels and one

rubber drive wheel. A sleeve bearing, cen-
trally located on the frame, keeps the wheels
from derailing. The rubber wheel is driven
by a reversible Vi-horsepower AC motor,
Found inside the shelter, the motor has a
reduction of 28,500-to-1 and produces a
shelter rotation time of 16.3 minutes.

The chair itself is a welded frame of
steel angles with wooden cross members,
Seat pads taken from an old easy chair pro-
vide comfort and support for the observer,
The all-important headrest can be adjusted
to the individual, as can be the footrest,
taken from an old barber’s chair.

Unlike the Riggs chair, where only the
instrument platform swings in altitude, the
entire Menoher chair pivots in elevation
with the platform affixed to it. To move
in altitude, a second Ys-horsepower electric
motor turns a long %-inch-diameter shaft
threaded to a coupler on the chair’s footrest.
Pivoting on two side bearings, the chair can
travel from a near-horizontal position to the
zenith in three minutes.

Control switches for both the altitude
and azimuth motors are found at the ends
of the armrests. Their convenient location

Figure B.3
Pearson Menoher at the controls of his binocular chair observatory.

Photograph by the author.

1

permits the user to aim the binoculars at any
point in the sky without ever having to gaze

“away from the eyepieces. Limiting switches

guarantee that the observer will not acciden-
tally tilt the chair beyond safe limits.

The walls of the shelter are framed
with two-inch wooden members and cov-
ered with Ya-inch exterior grade plywood.
These give excellent protection from the
wind, while also sealing out the elements.
Wide shelves found along the inside walls
are used for charts, a radio, and lights.

Menoher spends most of his observing
time monitoring variable stars for the Amer-
ican Association of Variable Star Observers.
The slow, smooth altitude and azimuth mo-
tions also make this an ideal instrument for
comet hunting,

Norman Butler is the proud owner of
the beautiful homemade pair of 6-inch bin-
oculars shown in Figure B.4. The finished
product took this San Diego, California,
amateur nearly three years to design and
build. Surely you will agree that his patience
paid off nicely.

The optical system is composed of two
identical 6-inch /15 Cassegrain telescopes.
For binoculars to function properly, both
sides must be the same focal length; other-
wise, there would be noticeable differences
in effective magnification. When the pair
of primary mirrors and matching 2.36-inch
Cassegrain secondary mirrors were ordered,
the manufacturer was told that each set had
to match the other closely in focal length.
Happily, after testing the mirrors on an opti-
cal bench, no noticeable disparities were
found. Instead of using prisms to reflect light
exiting the telescope tubes to the eyepieces,
Mr. Butler chose optically flat first-surface
mirrors. The image bounces off a 1%2-inch
mirror to a pair of 1'4-inch diagonal mirrors
and out through the eyepieces. The eye-
pieces themselves are taken from a pair of
zoom binoculars. These give a magnifica-
tion range of 105 % to 315 x, which proves

Figure B.4

Norman Butler proudly displaying his
exquisite home-built 6-inch Cassegrain
binocular telescope. Note the fine
workmanship of the mounting.
Photograph supplied by Norman Butler.

quite adequate for viewing nearly all types
of celestial objects.

The twin 6-inch telescope assemblies
are mounted together in parallel and ride
between a pair of 17%-inch-diameter steel
rings. Four small pulleys support the binoc-
ulars against the inner rim of each ring, to
permit the instrument to rotate as a unit.
This alleviates any problem in eyepiece ac-
cessibility that may arise at odd viewing
angles. The pulleys are attached to adjust-
able brackets, which are bolted onto the
central mating tube.

The binoculars-ring assembly is held
on a nicely executed home-built fork mount.
A commercially purchased clock drive,
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Figure B.5
Lee Cain and his mammoth 172-inch
binocular telescope. Photograph supplied
by Lee Cain.

on “hardware-store technology,” as he calls
it, the instrument required only hand tcols
to construct. To ensure the lightest weight
and simplest design possible, Cain utilized
an open-truss tube and a Dobsonian alti-
tude-azimuth mount, two popular trends
among amateur telescope makers.
The binoculars’ framework is fabri-
cated from exterior-grade plywood. The
base and mirror box were glued: and
screwed together and then laminated with
Formica for improved appearance and some
added stiffness. Due to the instrument’s
weight, Cain chose rubber casters over the
more typical Teflon-on-Formica bearing
surface for the Dobsonian mount’s azimuth
axis. Still, the casters compress slightly, giv=
ing a “mushy” feeling. He suggests that steel
wheels augmented by adjustable friction
pads might be 1bctter choice. The altitude

bearings ride on pads of Teflon, as on stan-
dard Dobsonians.

The primary mirrors are supported by
a moéiﬁed sling system. Using no compress-
ible material such as felt or leather to brace
them, the mirrors hold better collimation
than more traditional sling designs. This is
an especially important consideration in a
binocular telescope.

The secondary-tertiary mirror assem-
bly was constructed from double-wall card-
board tubing used as concrete column forms
in building construction. The forward end

- of each telescope rotates on Teflon pads for

adjustment of the interpupillary distance.
Cain notes that this adjustment is not as
critical as might be thought at first. In fact,

of all the people who have looked through
his instrument, only a few have required a
change in eyepiece spacing.

The views through Cain’s binoculars
are nothing short of phenomenal. Bright ob-
jects, such as the Orion Nebula, Lagoon
Nebula, and globular cluster Omega Cen-
tauri, offer stunning detail that rivals, or
even surpasses, the best photographs.
Fainter targets, such as the Veil Nebula, Pel-
ican Nebula, and Horsehead Nebula, are
not just tentatively visible (as they may be
ina 17%2-inch monocular telescope), they are
easily seen and intricately detailed. Cain’s ..
17V2-inch binoculars perhaps prove the oft!
heard statement that they do things in a big
way down in Texas!



tached to the right ascension axis, tracks
e instrument with the stars.

There are five mirrors to align on each
de of the binoculars, making optical colli-
ation a painstaking task. Only after a
me-consuming three-step process of ad-
sting one primary-secondary mirror pair,
en the other, and finally the common diag-
nal mirror assembly, can correct alignment
- achieved. With proper collimation, the
vo images remain perfectly merged even at
e highest magnification.

The stereo-optical effect of these giant
noculars provide dramatic views of the
nar landscape, the planets, and deep sky
bjects. Butler has glimpsed 14th-magni-
ide planetary nebulae through his binocu-
rs on good nights, further testimonial to
e improved performance of binocular vi-
on over monocular viewing. (Typically, a
-inch single-eyepiece telescope can pene-
ate only to 13th magnitude.) Friends have
smmented that looking through this out-
anding instrument is like peering out
wrough a porthole of a spaceship!

While most of us think of giant binoc-
lars as perhaps 10x70’s up to about
5x105’s, Lee Cain has a different idea. An
mateur astronomer and telescope maker
-om Houston, Texas, Cain has conceived
nd built three truly huge binoculars, with
perturesof 10,13, and 17"-inches!

Cain’s inspiration comes from the
ame studies referred to in Chapter 1 that
how a gain of up to 40% in the visibility
f low-contrast objects. As proof of this,
bservers peering through his binoculars
onstantly rave about the contrast and ap-
arent brightness of extended nebulae and
alaxies, as well as the extraordinary detail
isible.

All of Cain’s binoculars are twin New-
onian reflecting telescopes by design. Of
he three, he is most famous for his 174-inch
/4.5 binocular telescope (Figure B.5). Based

Figure B.5

Lee Cain and his mammoth 17 2-inch
binocular telescope. Photograph supplied
by Lee Cain.

on “hardware-store technology,” as he calls
it, the instrument required only hand tools
to construct. To ensure the lightest weight

and simplest design possible, Cain utilized

an open-truss tube and a Dobsonian alti-
tude-azimuth mount, two popular trends
among amateur telescope makers.

The binoculars’ framework is fabri-
cated from exterior-grade plywood. The
base and mirror box “were glued and
screwed together and then laminated with
Formica for improved appearance and some
added stiffness. Due to the instrument’s
weight, Cain chose rubber casters over the
more typical Teflon-on-Formica bearing
surface for the Dobsonian mount’s azimuth
axis. Still, the casters compress slightly, giv-
ing a “mushy” feeling. He suggests that steel
wheels augmented by adjustable friction
pa‘s might be a better choice. The altitude

bearings ride on pads of Teflon, as on stan-
dard Dobsonians.

The primary mirrors are supported by
a modified sling system. Using no compress-
ible material such as felt or leather to brace
them, the mirrors hold better collimation
than more traditional sling designs. This is
an especially important consideration in a
binocular telescope.

The secondary-tertiary mirror assem-
bly was constructed from double-wall card-
board tubing used as concrete column forms
in building construction. The forward end
of each telescope rotates on Teflon pads for
adjustment of the interpupillary distance.
Cain notes that this adjustment is not as
critical as might be thought at first. In fact,

of all the people who have looked thro
his instrument, only a few have requir
change in eyepiece spacing.

The views through Cain’s binocu
are nothing short of phenomenal. Bright
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even surpasses, the best photogra
Fainter targets, such as the Veil Nebula,
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ina 17%-inch monocular telescope), the
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way down in Texas!



AEEemﬁx ¢

Care, Maintenance,

and Other Tidbits

Binoculars are precise optical instru-
ments that require care and occasional
maintenance in order to ensure their contin-
ued optimal usefulness. Many of the objects
discussed in this book may be at the very
limits of your binoculars’ capabilities of de-
tection and resolution. If your glasses are
not in peak operating condition, these ob-
jects will remain invisible.

As they say, the best offense is a good
defense. This is especially true when it
comes to the care of optics. The best way to
fight dirt and dust is simply to keep the lens
caps on whenever the binoculars are not in
use. Even if the glasses are in their case, dust
will find its way onto uncapped lenses.

Perhaps your binoculars are older and
their original lens caps have been long since
lost. Steps can still be taken to seal out dust
and dirt. Simply place the glasses into a
clean plastic storage bag, such as the kind
used in the kitchen to keep leftovers. Evacu-
ate as much air out of the bag as possible
before sealing it with a twist tie. Then place
the bagged binoculars in their case.

- Never clean the lenses just for the sake
of cleaning them; dust and dirt should only
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be dealt with when they become apparent
to the eye. Sealing the glasses will go a long
way toward preventing this, but when the
inevitable happens and a lens becomes con-
taminated, it is best to take action as soon
as possible. Scratches and/or damage to the
lens coating may easily result if contami-

nants are left unattended. However, before

any cleaning is attempted, remember that
both glass and optical coatings are relatively
soft, while dirt and dust may b¢ considered
hard. If cleaning is not done correctly, then
the abrasive dust can scratch the vulnerable
optical elements. Remember, dirt can be
cleaned, but scratches are forever, so be
careful!

The intent of this section is to discuss
the cleaning of the lenses’ outer surfaces
only. Under no circumstances should you
dismantle the binoculars. Dirt and dust
should never enter theglasses, as binoculars
are sealed systems. If, for some reason, the
prisms or interior lens surfaces become con-
taminated, they should be disassembled and
cleaned only by a qualified professional.

Otherwise, misalignment and other damage
may result.

Begin the exteriof’ lens-cleaning pro-
cess by removing all abrasive particles. This
is most easily and safely done with either a
soft brush or a can of compressed air. Both
are available from photographic supply
stores.

If the brush is your choice, be certain
to use one made specifically for the purpose.
Camel’s-hair brushes are preferred. Lightly
sweep the surface of the lens in one direction
only, flicking the brush free of any accumu-
lated dust particles at the end of each stroke.

Personally, I prefer using a can of com-
pressed air instead of a brush for dusting
optical surfaces. That way, the lens is never
actually touched. Hold the nozzle of the
can away from the lens at least as far as
recommended by the manufacturer; if the
can is held too close, there is a chance that
some of the spray propellant will strike the
glass surface and stain it. Several short
bursts of air are preferred to one long blast.

Once the dust is removed, a gentle de-
tergent may be used for stains and other
residue. In a gallon container, mix three
quarts of distilled water with one quart of
pure-grade isopropyl alcohol, and add two
or three drops of liquid dishwashing deter-
gent. Dampen a piece of sterile surgical cot-
ton with the solution, making sure that the
cotton is only damp and not dripping.
Gently wipe the lens in a circular motion
with the moist cotton. Once done, use a
second, dry piece of cotton to blot up any
moisture on the lens. Repeat this procedure
for the other objective lens and eyepieces,
but only if needed. Finally, let the binoculars
air dry by placing them on a clean horizontal
surface.

Many readers can probably recall
nights when sky conditions were excep-
tional. On such nights, you aim your binoc-
ulars excitedly toward the heavens. The
star-filled vault is so fantastic that you can
hardly believe it is real. But after a while,

the stars seem to be slowly disappe:
it clouding up? You pull away fr
eyepieces to see that the sky is still
clear. What's going on here?

The answer is that, although
is clear, the binoculars have faller
to an extremely localized cloud co
objective lenses have fogged over! W
midity is high or the binoculars ar
than the surrounding air, fog will |
the front of the objectives.

Fogging is easily combatted by
a dew cap around each objective.
the dew caps should be at least 1
long as the objectives’ diameter. The
must be painted flat black or lin
black paper or felt to dampen a
reflections.

. Soup cans are fine as dew «
smaller glasses. Line one end with s
sive foam weather stripping, which
able from any hardware store. T
will provide a secure fit while preve
caps from scratching the lens barr

For larger binoculars, al
flashing may be used. First, mea
outer circumference of the lens bar
about 10% for a safety factor, plus
inch for overlap. Cut a piece of flz
this length. Wrap the ends loosely
so that one overlaps the other by t
inch. Tape the cylinder together us
tic packing tape.

Once the inside is painted bl
enough weather stripping so that ¢
cap fits snugly around its objective
rel. Dew caps should be removed 1
binoculars are not in use and replac
ever dampness is present.

After lens fogging, nothing
an observing session quicker than |
put up with a street light or a n
porch light. The distraction caused
seen out of the corners of your ey
enough to cause a faint celestial ob
missed.



To help shield our eyes from extrane-
ous light, most binoculars sold today come
with collapsible rubber eyecups. However,
while they prove adequate under most con-
ditions, eyecups may not block out all pe-
ripheral light. If this is the case, what should
you do? Go back inside and watch televi-
sion? Hardly!

If eyecups alone prove inadequate, try
this trick. Take ordinary rubber underwater
goggles, cut out and discard the front “win-
dow,” and then spray them with flat black
paint. To test your creation, put the goggles
on (after the paint has dried, please!) and go
out under the stars. The blackened goggles
should provide enough added baffling to
keep stray light from creeping around the
eyecups’ edges and into your eyes. Admit-
tedly, they may make you feel a little like a
World War I flying ace, but they should do
the job.

These homemade goggles are quite ef-
fective against nearby individual lights, but
they offer no help against sky glow. Sky
glow comes from more distant lights that
collectively light up the horizon and shine
into the sky. This is the most destructive
type of light pollution; it can turn an appar-
ently clear blue daytime sky into a yellow-
ish, hazy night sky of limited usefulness,

Although modern technology has
caused the problem in the first place, it also

offers a partial solution. Many sources of
interference radiate in very narrow regions
of the visible spectrum. Accordingly, light
pollution filters are available that block out
these specific wavelengths while allowing all
others to pass through with little loss.

Most light pollution filters are made
with internally threaded telescope eyepieces
in mind and are difficult to attach securely
to the unthreaded barrels of binocular eye-
pieces. Fortunately, a few companies make
filters specifically for binoculars. You
should contact the manufacturer to see
whether its filters will work with your par-
ticular binoculars before making a pur-
chase.

Keep in mind that light pollution fil-
ters work for only a few types of celestial

objects. The visibility of nebulae suffers .

most from sky glow, but benefits most from

using the filters. Nebulae that have long
been considered impossible targets for the
visual astronomer can now be seen with

comparative ease. On the other hand, stars,
clusters, and galaxies experience little or no

enhancement. While filters can never make !
up for a clear, dark observing site far from

city lights, smoke, and haze, they offer ur-

ban and suburban observers a chance to A

see certain deep sky objects that were once
reserved for rural amateurs only.

Binocular

Manufacturers

Following is a listing of major manu-
facturers of binoculars:

Brunton/Lakota, 620 East Monroe Avenue,
Riverton, Wyoming 82501 (307) 856—
6559.

Bushnell, Division of Bausch and Lqmb,
2828 East Foothill Road, Pasadena, Califor-
nia 91107 (213) 577-1500.

Carl Zeiss, Inc., One Zeiss Drive, Thorn-
wood, New York 10594 (914) 68 1-7603.

Celestron International, 2835 Columbia
Street, Torrance, California 90503 (800)

421-1526.

Company Seven Astro-Optics, 14300
Cherry Lane Court, Laurel, Maryland
20707 (301) 953-2000.

Edmund Scientific, 100 East Gloucester
Pike, Barrington, New Jersey 08007 (609)
547-3488.

Fujinon, 10 High Point Drive, Wayne, New
Jersey 07470 (201) 633-5600.

i dy, Bo
ason Empire, Inc., 9200 Cody,
JO\rcrfland Park, Kansas 66214 (91

0220.

ena Scientific Instruments, 820 Se
-!:nuc, New York, New York 1001

867-3051.

Leica USA, Incorporated, 156
Street, Northvale, New Jerse)
(201) 767-7500.

Meade Instruments Corporation,
ronto Way, Costa Mesa, Califorr

(800) 854-7481.

Minolta Corporation, 101 Willia
Dept. BIN, Ramsey, New
07446 (201) 825-4000.

Nikon, Incorporated, 623 Stewa
Garden City, New York 115
222-0200.

Orion Telescope Center, P.O. ]
Santa Cruz, California 95061 (

1001.



Parks Optical, 270 Easy Street, Simi
California 93065  (800) 447-’-2%“7."%"%

Pentax Corporation, 35 Inverness Dri
East, Englewood, Colorado 80112 (33‘;;
799-8000.

Selsi Company, Incorporated, 40 Veterans
Blvd., Carlstadt, New Jersey 07072 (201)
935-0388.

Swarovski Optik, 2 Slater Road, Cranston,
Rhode Island 02920 (401) 463-3000.

Swift Instruments, Incorporated, 952 Dor-
cester Avenue, Boston, Massachusetts
02125 (617) 436—2960.,

Tasco, 7600 NW 26th Street, Miami, Flor-
ida 33122 (305) 591-3670. \

Unitron Company, Incorporated, 175 Ex-

press Street, Plainview, New York 11803

(516) 822-4601.

AEEemﬁx E

Converting Universal
Time to Local Time

In order to standardize when a partic-
ular celestial event is due to occur, astrono-
mers have chosen to express the time of day
according to “Universal Time,” or simply,
U.T. Universal Time (also called Greenwich
Mean Time or Coordinated Universal Time)
is based on the clock time at the Greenwich,
England, prime meridian. To find out when

a celestial event is to take place frc
location, its U.T. must be converted
clock time. In general, though not
there is an hour’s difference for ever
longitude traveled away from the
prime meridian. Table E.1 shows
convert Universal Time to vario
zones around the world. Remer

TABLE E.1 Converting Universal Time to Local Time

Time Zone Local Standard Time*

North America
Atlantic Standard Time U.T. — 4 hours
Eastern Standard Time U.T. — 5 hours
Central Standard Time U.T. — 6 hours
Mountain Standard Time U.T. — 7 hours
Pacific Standard Time U.T. — 8 hours
Yukon Standard Time U.T. = 9 hours
Alaska-Hawaii Standard Time U.T. = 10 hours

Great Britain L.

Europe U.T. + 1 hour

Australia (west coast) U.T. + 8 hours

Australia (east coast)
New Zealand

U.T. + 10 hours
U.T. + 12 hours

*Note: If you are converting to daylight saving time, be sure to add an extra
hour (or subtract an hour less, depending how you look at it) to the local time.



Observer’s Guide (bimonthly periodical).
P.O. Box 35, Natrona Heights, Pennsyl-
vania 15065

Ottewell, G. Astronomical Calendar (an-
nual). Furman University,

Paul, H. Binoculars and All-Purpose Tele-
scopes. American Photographic Book
Publishing, 1980. (Sadly, this book is cur-
rently out of print.)

Percy, R., et al. Observer’s Handbook (an-
nual). Royal Astronomical Society of
Canada.

Ridpath, L., et al. Norton's 2000.0 (star
atlas). John Wiley and Sons, 1989,

Scovil, C. AAVSO Star Atlas. Sky Publish-
ing, 1980.

P e

Sherrod, C. Complete Manual of Amateur
Astronomy. Prentice-Hall, 1981. g

Sidgwick, J. Observational Astronomy for .L
Amateurs. Enslow, 1982. 1

Sinnott, R. NGC 2000.0. Sky Publishing,
1988.

Sinnott, R., and Hirschfield, A. Sky Cata-
logue 2000.0, volumes 1, 2. Sky Publish-
ing, 1985. i

Sk;;’ gnd Telescope (monthly periodical).

.0. Box 9111, Belmont, Massachusetts
02178. A

Tirion, W. Sky Atlas 2000.0 (star atlas). Sky
Publishing, 1981. )

Tirion, W., Rappaport, B., and Lovi, G. Up-
anometria 2000.0, volumes 1, 2 (stag:l
atlas). Willmann-Bell, 1987. o
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The index offers reference to general discussions, definitions, and sky objects. It does not list
sky objects in Chapter 7, but rather only those specifically detailed. For a complete listing, re
constellation tables found throughout Chapter 7.

Page numbers with illustrations are followed by i (e.g., 6).

Abbreviations, deep sky
object, 82

Acrux, 135

Adams, J., 34

AG Draconis, 149

AG Pegasi, 198

Aitken, R., 72

Albategnius (crater), 6i, 8

Albireo, 56i, 139

Alcock, G., 80

Alcor & Mizar, 249

Alcyone, 237i

Algol, 57, 201

Aliacenis (crater), 61, 8

Almagest, 69

Alpha'** Capricorni, 107~
108

Alpha Centauri, 120

Alpha Crucis, 135

Alpha Herculis, 158’

Alpha Leonis, 165

Alpha'*? Librae, 169

_A!pha Orionis, 194

Alpha Persei Cluster, 201,
202i

Alpha Piscis Austrini, 206—
207

Alphonsus (crater), 134, 14

Alpine Valley, 13i, 18

Alps Mountains, 131, 18

American Association of
Variable Star Observers,
76

Anaxagoras (crater), 134, 14

Andromeda, 8688

Andromeda Galaxy, 86, 87i

Antlia, 88

Apennine Mountains, 13i, 18

Apus, 88-89

Aquarius, 89-91

Aquila, 91-92

Ara, 92-94

Archimedes (crater), 134, 15

Aries, 94

Aristarchus (crater), 134, 15

Aristillus (crater), 13i, 15

Aristoteles (crater), 6,
Arzachel (crater), 134,
Asteroids, 37-39, (381
Asterope, 236-237i
Astronomy with an O
Glass, v
Atlas (crater), 6i, 9
Auriga, 95-97

Barnard, E., 71
Barnard 33, 64i
Barnard 59, 188
Barnard 64, 188
Barnard 65, 188
Barnard 66, 188
Barnard 67, 188
Barnard 72, 188-18¢
Barnard 78, 188
Barnard 88, 219
Barnard 89, 219
Barnard 92, 218
Barnard 103, 232
Barnard 111, 233



Barnard 112, 233
Barnard 119a, 233
Barnard 133, 92
Barnard 142-3, 92
Barnard 168, 144
Barnard 228, 171
Barnard 296, 219
Barnard 318, 233
Barnard’s Galaxy, 222
Barnard’s Star, 189
Bayer, ]., 69
BB Sagittarii, 221
Beehive Cluster, 384, 101
Bernes 157, 131
Beta'*? Capricorni, 108
Beta Cygni, 561, 139
Beta Lyrae, 782i, 173
Beta Persei, 57, 201
Betelgeuse, 194
Binary Stars, (see Stars,
double and multiple)
Binoculars
choosing, 264-268
comparisons of, 266
exit pupil, 265
German-type v. American-
type, 264
giant, 264
porro prism v, roof prism,
263-264
purchasing, 266-268
supporting, 269-275
wide angle, 265-266
zoom, 267
Binoculars and All-Purpose
Telescopes, 267
Black-Eye Galaxy, 130
Blancanus (crater), 134, 15
Blanco 1, 228
Blinking Planetary, 139
BM Scorpii, 226
Bochum 10, 112
Bochum 11, 112
Bodtes, 97-98
Brocchi’s Cluster 258-259i
BU Geminorum, 155
Bullialdus (crater), 134, 15
Burriham 584, 101
Burns, J., 270
Butler, N., 273-274

Butterfly Cluster, 226, 227i
Byrgius A (crater), 13i, 15

Caelum, 98
Cain, L., 274-275
California Nebula, 202, 203i
Camelopardalis, 99-100
Cancer, 100-101
Canes Venatici, 102-104
Canis Major, 104-106
Canis Minor, 107
Capricornus, 107-108
Carina, 108-112
Carpathian Mountains, 134,
19
Cassiopeia, 113-115
Catalogue of 349 Dark
Objects in the Sky, 71
Catalogues,
cross-reference index, 83—
84
deep sky object, 68~72
Caucasus Mountains, 6i, 12
Centaurus, 115-120
Centaurus A, 117-118;
Cepheid variable, 59, 123
Cepheus, 121-123
Cepheus OB2 Association,
123
Cetus, 123-125
Chamaeleon, 125-126
Chi Cygni, 139
Chi Persei, 199-200i
Christmas Tree Cluster, 180
Circinus, 126
Clavius (crater), 13, 15
Cleomedes (crater), 6i, 9
Clusters, Star, (see Star
clusters)
Coalsack, 135-136i
Coathanger Cluster, 258-259;
Cocoon Nebula, 144
Collinder 21, 242
Collinder 62, 95-96
Collinder 65, 191
Collinder 69, 192
Collinder 70, 194,195/
Collinder 89, 155
Collinder 91, 178
Collinder 96, 178

Collinder 97, 178
Collinder 106, 180
Collinder 107, 180
Collinder 121, 105-106
Collinder 135, 208
Collinder 140, 106
Collinder 228, 112
Collinder 240, 112
Collinder 285, 247-248
Collinder 299, 184
Collinder 316, 225
Collinder 350, 189
Collinder 394, 221
Collinder 399, 258-259i
Collinder 464, 100
Columba, 126-127
Coma Berenices, 127-130

Coma Berenices Star Cluster, i

128, 129;
Comets, 39-44, (40)
estimating diameter, 41

estimating magnitude, 40— I.

41
estimating tail length, 41
hunting, 4244, (434)
position angle, 42
reporting new, 44
Copernicus (crater), 134, 16
Corona Australis, 130-131
Corona Borealis, 131-132
Corvus, 133
Crab Nebula, 66; 238-239
Crater, 133
Crux, 134-137
Cygnus, 137-144
Cyrillus (crater), 6i, 9

Delphinus, 144-145

Delta'** Apodis, 89

Delta Centauri, 117

Delta Cephei, 59, 123

Delta'** Chamaeleonis, 125—
126

Delta® Gruis, 157

Delta'*? Lyrae, 174

Delta Orionis, 191

Delta'*? Telescopii, 240

Dew caps, constructing, 277

Diamond-Ring asterism, 250

Dolidze 26, 107

Dolidze-Dzimselejsvili, 4, 239

Dolidze-Dzimselejsvili, 9, 159

Dorado, 145-148

Double Cluster, 1992001

Double stars, (see Stars,
double and multiple),

Double-Double, 173

Draco, 148—150

Dreyer, J., 71

Dumbbell Nebula, 260, 261i

Dunlop 236, 176

Eagle Nebula, 634, 234

Eclipses, lunar, 21-24, (22i,
table 24)

Eclipses, solar, 51-54, (52i,
53i, table 54)

Eight-Burst Nebula, 253

Endymion (crater), 64, 9

Epsilon'*? Lyrae, 173

Equuleus, 150

Eratosthenes (crater), 137, 16

Eridanus, 150-151

Eskimo Nebula, 155-156

Eta Carinae Nebula, 111i-
112

Eta Tauri, 237i

Exit Pupil, (see Binoculars,
exit pupil)

Fabricius (crater), 6, 9
Feinstein 1, 112

54 Sagittarii, 222

Filters, light pollution, 278
5 Lyncis, 172

Fomalhaut, 206-207
Fornax, 152-153

42 & 45 Orionis, 1934, 194
47 Tucanae, 243-244, 245i
Fracastorius (crater), 64, 9
Furnerius (crater), 61, 9

Galaxies (see also specific
entries), 65—69
elliptical, 68i
irregular, 68, 69
spiral, 66—67i
Galileo, 30
Galle, J., 34

- Gamma Cassiopeiae, 60, 114

Gamma Circini, 126

Gamma Crucis, 135

Gamma Equulei, 150

Gamma Leporis, 168

Gamma Velorum, 252

Gassendi (crater), 134, 16

Gemini, 153-156

General Catalogue of
Nebulae, 70-71

Ghost of Jupiter Nebula, 161

Goggles, light pollution, 278

Grimaldi (crater), 134, 16

Grus, 156-157

h 3780, 168
h 5114, 240
h Persei, 199-200i
HV 38, 132
Haemus Mountains, 67, 12
Haffner 13, 209
Harrington catalogue, 71
Harrington 1, 250
Harrington 2, 152-153
Harrington 3, 99
Harrington 4, 95,961
Harrington §, 180
Harrington 6, 167
Harrington 7, 158
Harrington 8, 240
Harrington 9, 145
Harrington 10, 141
Harrington 11, 123
Harrington 12, 115
Harvard 10, 184
Harvard 20, 213
HD 153919, 226
Helix Nebula, 90, 91i
Hercules, 157-159
Hercules (crater), 61, 9
Herschel’s Garnet Star, 122—
123
Herschel, J., 70-71
Herschel, W., 32, 70
Hevelius (crater), 13i, 16
Hipparchus, 69
Hipparchus (crater), 6, 10
Horologium, 159
Horsehead Nebula, 64i
Hubble E., 66

Hubble’s Variable Ne
180

Huygens, C., 32

Hyades, 238

Hydra, 160-162

Hydrus, 162

IC 1396, 122

IC 2391, 252-253

IC 2395,'253

IC 2488, 253

IC 2581, 110

IC 2602, 110-111
IC 2944, 117

IC 2948, 117

IC 4651, 93-94

IC 4665, 189

IC 4725, 219-220
IC 4756, 234

IC 5067/70, 141,142
IC 5146, 14«

Index Catalogue (IC)
Indus, 163

lota Bobtis, 98

lota Cancri, 101

lota Librae, 169-170
lIota Microscopii, 17€

Janssen (crater), 6i, 1
Jewel Box Cluster, 1.
Jupiter, 30-31i

Kappa Pavonis, 196
Kappa'*? Volantis, 2
Kepler (crater), 13i,

L* Puppis, 208
Lacerta, 163-164
Lacus Mortis, 61, 12
Lacus Somniorum, €
Lagoon Nebula, 21¢
227i
Lambda Arietis, 94
Lambda Pavonis, 1¢
Langrenus (crater),
Large Magellanic C
147i
Lens cleaning soluti
formula for, 27
Leo, 164-166



Leo Minor, 167

Lepus, 167-168

Leverrier, U., 34

Libra, 169-170

Little Man Cluster, 114-115

Longomontanus (crater), 13i,
16

Lupus, 170-171

Lynds 906, 140

Lynds 935, 141,142

Lynx, 171-172

Lyra, 172-175

M1, 66i, 238-239
M2, 90

M3, 103-104
M4, 224-225
MS, 234

M6, 226, 227
M7, 226, 227i, 228
MS, 216, 218, 227i
M9, 188

M10, 187
M11, 232i-233
M12, 187
M13, 62i, 158
M14, 189
M15, 197-198
M16, 63i, 234
M17, 219
M18, 219
M19, 188
M20, 216
M21, 218
M22, 220i, 221
M23, 216, 217i
M24, 218
M25, 219-220
M26, 232
M27, 260, 261i
M28, 219
M29, 140
M30, 108
M31, 86,87i
M32, 86-87i
M33, 240-241i
M34, 201

M35, 154i-155
M36, 96i

M37, 96i, 97

M38, 96i
M39, 143i-144
M40, 248-249
M41, 105, 106
M42, 63, 192-194 (1931,
1954)
M43, 192, 193
M44, 384, 101
M45, 236-237i
M4s, 209
M47, 209
M48, 160-161
M49, 255
M50, 181
M51, 103, 1044
M52, 115
M53, 130
M54, 221
M55, 222
Ms5e, 174
M57, 174
M58, 256
M59, 257
Me0, 257
Meé1, 255
Meé2, 187
Mé63, 103
Mé4, 130
Mé6S5, 165-166i
Mé66, 165-166i
Mé67, 61i, 101
Mé8, 161
Meé9, 219
M70, 221
M71, 214
M72, 89-90
M73, 90
M75, 222-223
M77, 125
M?78, 194
M?79, 168
M80, 224
MS81, 671, 246-247
M82, 69i, 246-247
M83, 162
MS84, 68i, 255
M85, 128-129
M86, 68i, 255
M87, 256
M88, 129

MB89, 256

M90, 256

M92, 158-159

MB93, 210

M94, 103

MB95, 165

MB96, 165

M99, 128

M100, 128

M101, 249

M103, 114

M104, 256-257

M10§, 165

M106, 102

M107, 187

M108, 247

M110, 87i

Manzinus (crater), 6i, 10
Mare Cognitum, 12, 13, 14
Mare Crisium, 6i, 7
Mare Fecunditatis, 6, 7
Mare Frigoris, 6i, 7
Mare Humorum, 134, 14
Mare Imbrium, 13i, 14
Mare Marginis, 6i, 7
Mare Nectaris, 61, 7
Mare Nubium, 13, 14
Mare Serenitatis, 6/, 7—8
Mare Smythii, 6i, 8
Mare Tranquillitatis, 67, 8
Mare Vaporum, 6i, 8
Mars, 29i-30
Maurolycus (crater), 67, 10
Melotte 20, 201, 202i
Melotte 25, 238

Melotte 101, 111
Melotte 111, 128, 129
Melotte 186, 189-190
Melotte 227, 185
Menoker, P., 272-273
Mensa, 175
Mercury, 26-27
Messiér, C., 69-70

Messier Catalogue, 70, 73-75

Messier Marathon, 73, 75
Meteors, 44-46, (45i)
Metius (crater), 6i, 10
Microscopium, 176

Mira, 58i, 77i, 124-125
Monoceros, 177-180

Moon, 3-24, (4i, 6i, 13i, 204,
22i)

eclipses, 21-24, (22i, table

24)

map, First Quarter, 67

map, Last Quarter, 13

occultations, 20i-21

surface features (see also
specific features), 6i—
19, (13i)

Young/Old, 4i-5, 27i
Moretus (crater), 131, 17
Morris, C., 40
Mountings, binocular

binocular observatory,

272-273
Cassegrain binoculars,

273-274
Dobsonian binoculars,

274-275

flexible parallelogram, 270

observing chair, 270-272

tripods, 269
Mu Bodétis, 98
Mu Cephei, 122-123
Multiple Stars, (see Stars,

double and multiple)
Musca, 181-183
Mutus, 64, 10

Nebulae (see also specific
entries), 62—65
dark, 64i
diffuse, 63i
emission, 63
planetary, 64—65i
reflection, 63
supernovae remnants, 65,
661
Neptune, 34-35, (334)
New General Catalogue of
Double Stars (ADS), 72
New General Catalogue of
Nebulae and Clusters
(NGC), 71
NGC 55, 229
NGC 104, 243244, 245i
NGC 129, 114
NGC 188, 121-122
NGC 205, 87i

NGC 221, 86-87i
NGC 224, 86, 87i
NGC 246, 124
NGC 247, 124
NGC 253, 229i
NGC 288, 229-230
NGC 292, 244, 245i
NGC 346, 244, 245i
NGC 362, 244, 245i
NGC 371, 244, 245i
NGC 457, 114
NGC 581, 114
NGC 598, 240-241i
NGC 602, 162
NGC 604, 242
NGC 752, 87
NGC 869, 199-200i
NGC 884, 199-200i
NGC 1027, 115
NGC 1039, 201
NGC 1068, 125
NGC 1261, 159
NGC 1291, 151
NGC 1316, 152
NGC 1360, 153
NGC 1365, 153
NGC 1435, 237i
NGC 1499, 202, 203i
NGC 1501, 65i
NGC 1502, 99-100
NGC 1528, 203
NGC 1535, 151
NGC 1545, 203
NGC 1647, 238
NGC 1746, 238
NGC 1763, 146, 147i
NGC 1807, 238
NGC 1817, 238
NGC 1851, 127
NGC 1904, 168
NGC 1910, 146, 147i
NGC 1912, 96i
NGC 1952, 66i, 238-239
NGC 1960, 96i
NGC 1976, 63, 192-194,
(1934, 1951)
NGC 1977, 193i, 194
NGC 1981, 192, 193i
NGC 1982, 192, 193i
NGC 2017, 168

NGC 2068, 194
NGC 2070, 147i, 14
NGC 2099, 96i, 97
NGC 2158, 155
NGC 2168, 154i-15
NGC 2169, 194
NGC 2232, 178
NGC 2237, 179i-18
NGC 2244, 179i-18
NGC 2261, 180
NGC 2264, 180
NGC 2287, 105, 10
NGC 2301, 181
NGC 2323, 181
NGC 2362, 106
NGC 2392, 155-154
NGC 2403, 100
NGC 2422, 209
NGC 2423, 209
NGC 2437, 209
NGC 2439, 209
NGC 2447, 210
NGC 2451, 210
NGC 2477, 210
NGC 2516, 109-11
NGC 2527, 210
NGC 2539, 210
NGC 2546, 210-21
NGC 2547, 252
NGC 2548, 160-16
NGC 2571, 211
NGC 2632, 38i, 10
NGC 2669, 253
NGC 2682, 61i, 10
NGC 2683, 172
NGC 2808, 110
NGC 2903, 164-1¢
NGC 2976, 247
NGC 3031, 67i, 24
NGC 3034, 69i, 24
NGC 3114, 110
NGC 3115, 235
NGC 3132, 253
NGC 3201, 253-2
NGC 3228, 254
NGC 3242, 161
NGC 3293, 110
NGC 3324, 110
NGC 3351, 165
NGC 3368, 165



NGC 3372, 111i-112
NGC 3379, 165
NGC 3532, 112
NGC 3556, 247
NGC 3572, 112
NGC 3623, 165-166i
NGC 3627, 165-166i
NGC 3628, 165-166i
NGC 3766, 116-117
NGC 3909, 117
NGC 3918, 117
NGC 4052, 134
NGC 4103, 135
NGC 4254, 128
NGC 4258, 102
NGC 4303, 255
NGC 4321, 128
NGC 4349, 135
NGC 4372, 182
NGC 4374, 68i, 255
NGC 4382, 128-129
NGC 4406, 68i, 255
NGC 4463, 182
NGC 4472, 255
NGC 4486, 256
NGC 4501, 129
NGC 4552, 256
NGC 4565, 129-130
NGC 4569, 256
NGC 4579, 256
NGC 4590, 161

NGC 4594, 256-257
NGC 4609, 135
NGC 4621, 257
NGC 4649, 257
NGC 4736, 103

NGC 4755, 136137
NGC 4815, 182
NGC 4826, 130
NGC 4833, 182
NGC 5024, 130
NGC 5055, 103

NGC 5128, 117-118i
NGC 5139, 118-119i
NGC 5189, 182183
NGC 5194, 103, 104i
NGC 5195, 103, 104i
NGC 5236, 162
NGC 5272, 103-104
NGC 5281, 119-120

NGC 5299, 120
NGC 5457, 249
NGC 5460, 120
NGC 5466, 98

NGC 5822, 171
NGC 5823, 126
NGC 5897, 170
NGC 5904, 234
NGC 5986, 171
NGC 6025, 243
NGC 6067, 183-184
NGC 6087, 184
NGC 6093, 224
NGC 6121, 224-225
NGC 6124, 225
NGC 6152, 184
NGC 6171, 187
NGC 6188, 93

NGC 6193, 93

NGC 6205, 621, 158
NGC 6208, 93

NGC 6210, 158
NGC 6218, 187
NGC 6231, 225
NGC 6242, 226
NGC 6250, 93

NGC 6254, 187
NGC 6266, 187
NGC 6273, 188
NGC 6281, 226
NGC 6322, 226
NGC 6333, 188
NGC 6341, 158-159
NGC 6397, 94

NGC 6402, 189
NGC 6405, 226, 227i
NGC 6475, 226, 227i, 228
NGC 6494, 216, 217i
NGC 6514, 216
NGC 6523, 216, 218, 227i
NGC 6530, 218
NGC 6531, 218
NGC 6541, 130
NGC 6543, 149-150
NGC 6603, 218
NGC 6611, 63i, 234
NGC 6613, 219
NGC 6618, 219
NGC 6626, 219
NGC 6633, 190

\
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NGC 6637, 219
NGC 6656, 220i, 221
NGC 6681, 221
NGC 6694, 232
NGC 6705, 232i-233
NGC 6709, 92

NGC 6715, 221
NGC 6716, 221
NGC 6720, 174
NGC 6726, 131
NGC 6738, 92

NGC 6744, 196
NGC 6752, 196-197
NGC 6774, 221
NGC 6779, 174
NGC 6809, 222
NGC 6820, 260
NGC 6822, 222
NGC 6823, 260
NGC 6826, 139
NGC 6838, 214
NGC 6853, 260, 261
NGC 6864, 222-223
NGC 6871, 139-140
NGC 6913, 140
NGC 6934, 145
NGC 6939, 122
NGC 6940, 260-261
NGC 6946, 122
NGC 6981, 89-90
NGC 6992, 140-141
NGC 6994, 90

NGC 7000, 141, 142i
NGC 7009, 90

NGC 7039, 143

NGC 7078, 197-198
NGC 7089, 90

NGC 7092, 143i-144
NGC 7099, 108
NGC 7209, 164

NGC 7243, 164
NGC 7293, 90, 91i

"NGC 7331, 198

NGC 7654, 115

NGC 7662, 87-88

NGC 7789, 115

Norma, 183-184

North American Nebula, 141,
142;

Northern Coalsack, 140

Novae, 59, 79-80
Nu Draconis, 149

OB Associations (see also
specific entries), 60

Oceanus Procellarum, 13, 14

Octans, 184—-185

Omega Centauri 118-119i

Omega Nebula, 219

Omicron Ceti, 581, 77i, 124—
125

Omicron® Eridani, 151

Ophiuchus, 185-190

Optical coatings, 266—267

Orion, 190-195

Orion Belt Cluster, 194, 195{

Orion Nebula, 63, 192-194,
(193i), 195

03 178, 92

Palus Epidemiarum, 134, 19
Palus Putredinus, 134, 19
Pail, H., 267
Pavo, 196-197
Pegasus, 197-198
Pelican Nebula, 141, 142
Perseus, 198-203
Petavius (crater), 61, 10
Phoenix, 204
Pi'** Gruis, 156
Pi'** Hydri, 162
Pi'*? Octantis, 185
Piazzi, G., 37
Piccolomini (crater), 6, 10
Pictor, 204-205
Pinwheel Galaxy, 249
Pipe Nebula, 188
Pisces, 205-206
Piscis Austrinus, 206207
Pismis 4, 252
Pitatus (crater), 134, 17
Planets (see also specific
entries), 25-35
Plato (crater), 134, 17
Pleiades, 236-237i
Pluto, 35
Posidonius (crater) 64, 10-11
Position angle
comets, 42
double stars, 56

Praesepe Cluster, 384, 101
Proxima Centauri, 120

Psi' Piscium, 206

Ptolemy, 69

Ptolemy (crater) 134, 17, 69
Puppis, 207-211

Purbach, 134, 17

Putter Cluster, 242
Pythagoras, 134, 17

Pyxis, 211-212

R Caeli, 98

R Cancri, 100-101

R Centauri, 120

R Chamaeleonis, 125

R Coronae Borealis, 60, 132

R Corvi, 133

R Crucis, 135

R Cygni, 139

R Draconis, 149

R Horologii, 159

R Hydrae, 161-162

R Leonis, 78i, 165

R Leonis Minoris, 167
R Leporis, 77i, 168

R Lyrae, 78i, 174

R Pictoris, 205

R Reticuli, 212-213

R Scuti, 232

Rasalgethi, 158
Regulus, 165

Reiner Gamma, 134, 19
Reticulum, 212-213
Rheita (crater), 6i, 11
Rheita Valley, 64, 12
Rho Ophiuchi, 186-187
Riggs, J., 270-272

Ring Nebula, 174
Riphaeus Mountains, 13, 19
Rosette Nebula 1794-180
Roslund 5, 140
RR Lyrae, 59, 175
RU Crateris, 133
Ruprecht 56, 211
Ruprecht 98, 134
Ruprecht 113, 183
Ruprecht 173, 140

S Antliae, 88
S Coronae Borealis, 131-132

S Doradus, 59, 146
S Indi, 163
S Normae, 184
S Trianguli Australis
243
S Ursae Minoris, 25
Sagitta, 213-214
Sagittarius, 214-22.
Sailboat Cluster, 16
Sandqvist and Lind:
131
Saturn, 31-32i
Saturn Nebula, 90
Scheiner (crater), 1.
Schickard (crater),
Schiller (crater), 13
Scorpius, 223228
Sculptor, 228-230
Scutum, 230-233
Serpens, 233-234
Serviss, G., vi
17 Comae Berenice
Sextans, 235
Sinus Iridum, 134,
Sinus Medii, 61, 12
16 & 17 Draconis,
61 Cygni, 141-142
Small Magellanic C
245i
Small Sagittarius St
218
Smithsonian Astro]
Observatory, :
80
Snake Nebula, 188
Societies, astronoi
Sombrero Galaxy,
Spindle Galaxy, 23
Star clusters (see 4
entries), 60—6.
galactic, 6061
globular, 616
OB Association
open, 60—61i
Stars
double and mu
57, (56i),
variable, 57—6(
76, 77i—7¢
Stephenson, 1, 17



Stevinus (crater), 61, 11

Stock 1, 260

Stock 2, 114-115

Stock 10, 96-97

Stock 23, 99

Stofler (crater), 61, 11

Straight Wall, 134, 19

Struve, O., 72

Struve, W., 72

Sun, 47-54, (48i)

eclipses, 49-54, (504, 52i,

53, table 54)

T. Antliae, 88

T Centauri, 119

T Coronae Borealis, 132

T Indi, 163

T Microscopii, 176

T Pyxidis, 211-212

Tarantula Nebula, 1474, 148

Taruntius (crater), 64, 11

Tau'*? Lupi, 170-171

Taurus, 235-239

Telephone “hotlines,”
astronomical, 283-284

Telescopium, 239-240

Temple’s Nebula (Merope),
237i

Thales (crater), 64, 11

Theophilus (crater), 6i, 11

Theta Apodis, 89

Theta'"* Orionis, 192, 193i

Theta Pictoris, 205

Theta'*? Tauri, 238

30 Arietis, 94

36 Ophiuchi, 188
Tombaugh, C., 35
Trapezium, 192, 193/
Triangulum, 240-242
Triangulum Australe, 242~
243
Trifid Nebula, 216
Tripods, selecting, 269-270
Trumpler 2, 200-201
Trumpler 10, 253
Trumpler 14, 112
Trumpler 15, 112
Trumpler 16, 111
Trumpler 18, 112
Trumpler 24, 225-226
Tucana, 243-245
TW Centauri, 119
21 & 22 Tauri, 236-237i
27 Hydrae, 161
27 & BU Tauri, 236, 237i
Tycho (crater), 134, 18
TZ Mensae, 175

U Coronae Borealis, 132

U Delphini, 145

U Geminorum, 60, 156

U Sagittae, 213

U Sagittarii, 220

U Ursae Minoris, 250

Universal time, converting,
281-282

Upgren 1, 102-103

Uranometria, 69

Uranus, 32-34, (33i)

Ursa Major, 246-249

\

Ursa Major Moving Cluster, 7’

247-248
Ursa Minor, 250 - “
V861 Scorpii, 226
van den Bos 1833, 225
Variable Stars, (see Stars,
variable) :
Veil Nebula, 140-141
Vela, 250-254
Vendelinus (crater), 67, 11
Venus, 27-29, (28i)
Virgo, 254-257
Vision, binocular vs.
monocular, 1-2
Volans, 257
Vulpecula, 258-261

Walter (crater), 13i, 18
Werner (crater), 64, 11

Whirlpool Galaxy, 103, 104i
Wild Duck Cluster, 232i-233

Winnecki 4, 248-249
WZ Sagittae, 214

X Cygni, 140
X-Marks-the-Spot Cluster,
240

. Zeta & 80 Ursae Majoris,

249
Zeta Lyrae, 173

* Zeta Phoenicis, 204

Zeta Reticuli, 212
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